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Abstract 

5-Fluorouracil (5-FU) is a conventional anti-cancer agent. Several studies have shown the synergism effect of 

Cannabidiol (CBD) along with 5-FU for skin cancers, thus making this combination cogitate for researchers 

for the management of skin cancer. 

 

A novel, economical, sensitive and robust high-pressure liquid chromatography (HPLC) technique was 

established for the evaluation of 5-Fluorouracil (5-FU) and Cannabidiol (CBD) simultaneously. 

Chromatographic elution was done using the stationary phase Hypersil™ C18 reverse phase column 250 mm 

× 4.6 mm (5 µm) and employing mobile phase as Methanol: Water in ratio 90:10 running at a flow rate of 1.0 

mL/min and evaluated at 235 nm. The total run time of the proposed technique was 4 min.  The retention 

time was obtained at 1.43 min (5-FU), and 2.27 min (CBD).  

 

The proposed analytical methodology validation was executed in consistent with International Conference on 

Harmonization (ICH) regulations and the validation parameter taken into consideration were the limit of 

detection (LOD), robustness, the limit of quantification (LOQ), and system suitability. A linear standard 

curve was plotted from the 10 to 100 μg/ml concentration range. The LOD of the proposed method was 4.75 

ng/ml for 5-FU and 12.12ng/ml for CBD.  

 

All results are under acceptable limits and the method could be suitable for employed in the synchronous 

determination of sample drugs in quality control and assay. 
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1. INTRODUCTION 

A famous fluorinated Pyrimidine analogue 

antimetabolite 5-Fluorouracil (Chemically known 

as 5-Fluoro-1H,3H-pyrimidine-2,4-dione) (Figure 

1) which was accepted as a medicine in 1962 is 

still widely used conventional anticancer agent 

after 60 years of its recognition in the medical 

field (5-Flourouracil, 2022). It is commonly 

employed in the prescription of different 

categories of malignancies and skin problems. 

Evidences of its curative effect in the therapeutics 

of Breast carcinoma (Raymond , et al., 1997) , 

GIT (especially colon) (Raymond , et al., 1997) 

(Arburk, 1989) , ovarian cancer (Raymond , et al., 

1997) and skin cancer ( (Khan, et al., 2015) , 

(Iqubal , et al., 2021)) (Diasio & Harris, 1989) is 

well established.

                                                                                   
 Figure 1: Chemical Structure of 5-Fluorouracil                     Figure 2: Chemical Structure of Cannabidiol 

 

Cannabidiol (CBD) (chemically named as 2-[(1R, 

6R)-6-Isopropenyl-3-methylcyclohex-2-en-1-yl]-

5-pentylbenzene-1, 3-diol) (Figure 2) is major 

non-psychoactive agent derived naturally from 

plant Cannabis sativa. It has gained fame in the 

scientific associations due to its pharmacologically 

activities ranging from antioxidant (Atalay, 

Jarocka-Karpowicz, & Skrzydlewska, 2020), 

antipsychotic, antimicrobial (Blaskovich, et al., 

2021), anxiolytic (Blessing, Steenkamp , 

Manzanares, & Marmar, 2015), antiepileptic, 

antiemetic, anti-inflammatory (Atalay, Jarocka-

Karpowicz, & Skrzydlewska, 2020), colorectal 

cancer (Gustafsson, Lindgren, Jonsson, & 

Jacobsson, 2009), head and neck squamous cell 

cancer (Go, Kim, Kim, Chae , & Song, 2020) to 

skin cancer and lesions ( (Scheau , et al., 2020) 

(Massi, Solinas, Cinquina, & Parolaro, 2012)). 

(Zhornitsky & Potvin, 2012). 

Since both the drug moieties shows well known 

effect in the area of skin cancer which allows the 

author to suggest to take this combination ahead 

for detailed study. 

Several Liquid Chromatography (HPLC) methods 

has been documented for the determination of 5-

Fluorouracil (5-FU) individually plus in 

amalgamation with several different drug moieties 

in Biological matrices (Muhammad, et al., 2018), 

(Semail, et al., 2020), along with ion pairing 

technique (Rustum & Hoffman, 1988), along with 

Fluorescence derivatisation (Iwamoto, Yoshida, & 

Hirose, 1984) and in Bulk drug and marketed 

preparation (Larson, Khazaeli, & Dillon, 2003), 

(Sinha, Kumar, & Bhinge, 2009) , (Haq, et al., 

2013), (Muhammad, et al., 2018), (Tomar, 

Sharma, Kumar, Jain, & Ahirrao, 2021). 

Similarly, several HPLC methods are also 

developed for Cannabidiol (CBD) in Biological 

matrices (Zgair , et al., 2015) and in Raw Material, 

Bulk drug and marketed preparation (Mandrioli , 

Tura , Scotti, & Toschi, 2019), (Nahar, Onder, & 

Sarker, 2019), (Vlad, et al., 2019), ( Ahmed, 

Rizwanulla, Usman, Mir, & Amin, 2022), (Piani, 

Ferfuia, Bortolomeazzi,, Verardo, & Baldini , 

2022), (Analakkattillam, Langsi, Hanrahan , & 

Moore, 2022). 

Many HPLC methods are reported for 5-FU and 

CBD individually in literature, but to the contrary 

no method has been reported in the literature for 

the estimation of 5-Fluorouracil (5-FU) and 

Cannabidiol (CBD) simultaneously. Thus, 

instigating the authors to develop an innovative 

synchronous estimation method for 5-Fluorouracil 

and Cannabidiol which can be intended to be used 

in assay studies, and routine analysis due to its 

cost-effectiveness (Tiwari et al 2021). 

The intent of the ongoing investigation was to 

simply develop a rapid, economical and 

modernistic Reverse Phase HPLC analytical 

technique for the simultaneous quantification of 5-

Fluorouracil (5-FU) and Cannabidiol (CBD) and 

validate it according to the guidelines of ICH 

(ICH, 2005). 

As per literature, 5-FU has been quantified at 

various wavelengths, i.e. 205nm, 210nm, 254nm, 

275nm, 266nm and 269nm, by HPLC method 

(Semail, et al., 2020). Furthermore, CBD has been 

quantified at 221nm by HPLC method (Nahar, 

Onder, & Sarker, 2019). While developing the 

method for simultaneous estimation, 5-FU was 

observed at 267nm and CBD at 221 nm 

individually. Though, the Isobestic wavelength 

was found to be 235nm which provides an 

efficient way for data analysis in the simultaneous 

quantification of two different drug moieties. 

Thus, using the optimised wavelength mentioned 
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earlier, an understandable and methodical 

analytical way was refined for estimation of 5-FU 

and CBD simultaneously which was able to beat 

the issues of the former individual methods. 

Validation of the current method was in 

consonance as per ICH guidelines. 

  

2. MATERIAL AND METHODOLOGY 

2.1. Material Used 

5-Fluorouracil (5-FU) was bought from Sigma-

Aldrich and Cannabidiol (CBD) was acquired as a 

kind from Netherlands, Europe. For mobile phase, 

Water, Methanol and Acetonitrile (ACN), all were 

of HPLC grade and were procured from Merck 

India. HPLC Column used for analysis was 

Hypersil C-18 which was procured from Thermo 

fisher India. The syringe filters used were from 

Merck Millipore. All other reagents used were of 

analytical (AR) or pharmaceutical grade.  

 

2.2. Identification of Standard Drug:  

Bulk drugs’ (5-FU & CBD) identification were 

carried out by determining melting point, Infrared 

spectroscopy and solubility. 

 

2.3. HPLC Instrument and Chromatographic 

Conditions 

Analytical equipment used for this method 

development was Waters e-2695 Separation 

Module, along with Waters e-2998 PDA detector 

equipped with Software EMPOWER 3 for data 

acquisition and analysis. Stationary Phase used 

was Hypersil Reverse Phase column C-18 

(250mm* 4.6mm, 5µm). Mobile phase used for 

the analysis was Methanol: Water (90:10) using 

isocratic elution mode at temperature 25ºC. 

Detection was done at 235nm using PDA detector. 

The flow rate was 1ml/min with ambient column 

temperature. The volume of injection was 10µl 

with the total run time of 4 minutes. 

 

2.4. Formulation of Standard Solutions and 

Working Standards 

5-Fluorouracil and Cannabidiol standard solution 

measuring 1000µg/ml concentration were 

formulated and were marked as SS1 & SS2 

respectively. Stock Solutions of concentration 

100µg/ml were formulated from the standard 

solution (S1& S2) and were marked as A1 and A2 

respectively. Working stock solution of different 

concentration (10, 20, 40, 60, 100 µg/ml) were 

formulated from the standard solution (A1& A2) 

for both 5-Fluorouracil and Cannabidiol and the 

diluent used for working stock solution was 

Methanol. Furthermore, the samples of FU-CBD 

combination were formulated in methanol at 10, 

20, 40, 80, and 100 µg/ml concentration for both 

the sample moieties. All the sample solutions were 

stored in amber-coloured bottles in the freezer at 

4ºC before the set analysis. All the samples were 

filtered via a syringe filter of 0.22µm pore size. 

(Wrightson, Myers, & Galandiuk, 1995) 

 

3. VALIDATION 

Subsequently, the developed optimized method 

was validated for the synchronous determination 

of 5-Fluorouracil and Cannabidiol. The validation 

was attained in accordance with the protocol of 

ICH guidelines Q2 (R1) (ICH, 2005).  The 

developed HPLC method should be validated on 

various domains to ensure that the strategy's 

comprehensive efficacy attributes meet the 

requirements of its intended purpose only 

(Zothanpuii & Selvakumar, 2020). The parameter 

taken into consideration are system suitability 

testing, linearity, specificity, ruggedness, limit of 

detection (LOD) and limit of quantification 

(LOQ).  

 

3.1. System Suitability Test 

This system suitability test (SST) is of key 

importance in liquid chromatography as it aids in 

the validation of the given testing procedure and 

ensures reproducibility. The suitability testing was 

done in six replicates with the sample size of 

20µg/ml for both 5-Fluorouracil and Cannabidiol 

by scrutinizing the RT and AUC at UV detection 

value of 235nm. According to the guidelines laid 

by US-FDA, Relative Standard Deviation 

(%RSD) should be NMT 2%.  

 

3.2. Specificity 

Specificity is described as the capacity of the 

analytical technique to isolate the sample of 

analytical nature from the combination 

(excipients, degraded products, impurities), which 

is the main distinctive feature of HPLC. 

Chromatograms of drug samples were compared 

to blank solution and their amalgamation sample 

to evaluate specificity. The blank solution did not 

contain 5-FU or CBD; the rest of the constituents 

and preparation process were identical to the drug 

sample. 

 

3.3. Linearity 

Linearity of the analytical procedure can be 

determined by preparing sample mixture of 10, 20, 

40, 80, and 100 µg/ml concentration from 

standard solution. The area under the curve is 

calculated for each concentration of the sample 

(individual or mixture). Thus, plotting the 

calibration graph with concentration (x-axis) and 

area under the curve (y-axis) helps in 

derivatisation of regression equation. All standard 
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curves of 5-Flourouracil, Cannabidiol and their 

combination were devised for linear equation. 

 

3.4. Ruggedness 

Ruggedness means having the capacity to generate 

an outcome under different conditions, like  

Employing varied investigator or device of 

unsimilar make. We have utilised three different 

samples of 10, 20, and 30 µg/ml concentration, 

that were examined by various investigator on the 

same Liquid chromatographic equipment located 

in the similar and different laboratory. Ruggedness 

score was calculated by evaluating the Recovery 

(%) of 5-Fluoruracil and Cannabidiol in both the 

situations. 

 

3.5. Sensitivity  

Sensitivity of the HPLC analytical method can be 

determined by calculating the minimum amount of 

drug which can be isolated and quantified i.e limit 

of detection (LOD) and limit of quantification 

(LOQ). 
 LOD LOQ 

Formula 

S= S.D. 

s= Slope 

3.3* S/s 10*S/s                            

Signal to noise ratio 3:1 10:1 

 

4. RESULT AND DISCUSSIONS 

4.1 Development and Optimisation of the 

Technique 

In order to make the prepared approach more 

financially viable and credible, an 

isobestic wavelength was screened for the analysis 

of the both the drug moieties, which is postulated 

on the basis of the absorption maxima of both 

drug samples at a particular wavelength. The 

methanolic solutions of both drug samples (5-FU 

and CBD) of concentration 10 µg/ml each were 

analysed by UV spectroscopy in the 400-200 nm 

spectrum. 5-FU and CBD had the highest 

absorbance at 267 nm and 221 nm respectively. A 

single wavelength of 235 nm was chosen as per 

the Spectral data of both drugs and validated by a 

PDA detector. 

Mobile phase selection for method development 

was done among ACN/Methanol and Water in 

varied concentrations in isocratic and gradient 

flow. The best separation of 5-Florouracil and 

Cannabidiol was marked in the mobile phase 

Water: Methanol in a 90:10 ratio and the flow rate 

of the mobile phase was 1ml/min along with the 

total run time of 4 mins. The retention time of 

1.43 minutes for 5-FU and 2.27 minutes for CBD 

was obtained. 5-Florouracil and Cannabidiol both 

analytes were tested independently at λmax 267 

and 221 nm respectively (Figure. 1a and 1b). The 

combination of 5-FU and CBD was also 

estimated, through which the peaks got separated 

at 1.4 and 2.2 min respectively for 5-FU and CBD 

suggesting no change in the retention time of the 

individual and that combination (Fig. 1c).  

The developed method for analysing 5-FU, CBD, 

and its combination determination indicates 

supremacy in comparison to the different 

established techniques because of its accelerated 

efficacy, and ability to detect both analytes within 

only 4 minutes of run time.

 

a) Chromatogram of 5-Fluorouracil at λmax 267nm,  

 
 

b) Chromatogram of Cannabidiol at λmax 221 nm     
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c) Chromatogram of 5-Fluorouracil and Cannabidiol at isobestic λmax 235 nm 

 
Figure 3: Chromatogram of 5-Flurouracil, Cannabidiol and Combination at their respective 

wavelength 
 

4.2. Method Validation 

4.2.1. Linearity 

a) Calibration curve of 5-Fluorouracil at 267nm 

 
 

b) Calibration curve of Cannabidiol at 221nm 

 
 

c) Calibration curve of 5-Flourouracil & Cannabidiol at Isobestic λmax 235nm 
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Figure 4: Calibration Curve of 5-Fluorouracil, Cannabidiol and Combination at respective wavelength 

Five different samples of 5-FU, CBD and 5FU-

CBD of concentration 10, 20, 40, 80 and 100 

µg/ml were formulated and analysed 

independently. To determine linearity of the 

current HPLC method, 5-Flourouracil, 

Cannabidiol and their combination were 

monitored at 267nm, 221nm and 235 nm 

respectively. A regression graph was devised 

between the concentration on X-Axis and Area 

under the curve (AUC) on Y-Axis. The 

Correlation Coefficient value (R2) for 5-FU at 

λmax 267nm was 0.9965, for CBD at λmax 

221nm was 0.995 and for 5-FU-CBD at λmax 

235nm was 0.9966 for 5-FU and 0.9998 for CBD. 

(Fig 4). The above values showed the current 

HPLC method’s linearity in the stated range of 

concentration. 

 

4.2.2. System Suitability Test 
a) SST of 5-Fluorouracil at 235nm 

SST Criteria TR AUC 

1 1.46 1962575 

2 1.45 1996652 

3 1.39 1914854 

4 1.41 1985485 

5 1.44 1952548 

6 1.42 1995241 

Mean 1.428333333 1967892.5 

Standard Deviation 0.026394444 31500.34069 

RSD 1.847919057 1.600714505 

b) SST of Cannabidiol at 235nm 

SST criteria TR AUC 

1 2.19 3308678 

2 2.24 3348182 

3 2.17 3395527 

4 2.27 3336826 

5 2.23 3382535 

6 2.18 3324173 

Mean 2.213333333 3349320.167 

Standard Deviation 0.039327683 35074.94097 

RSD 1.776853157 1.047225682 

Table 1: a) Retention time & Area under peak data for system suitability test of 5-Flurouracil at 235 nm 

b) Retention time & Area under peak data for system suitability test of Cannabidiol at 235 nm 

 

Six samples runs of 5-FU and CBD were 

conducted to calculate the Relative standard 

deviation (RSD) of retention time and Area under 

the curve. The average retention time for 5-FU 

was 1.4284+ 0.026min with RSD of 1.84% and 

the average retention time for CBD was 2.21+ 

0.039min with RSD of 1.77%. The average area 

under the curve of 5-Fluorouracil was observed as 

1967892.5+ 31500.34 with RSD of 1.60% and the 

average curve area of CBD was found to be 

3349320.167+ 35074.94 with RSD of 1.04%. 

(Table 1). All the obtained Relative Standard 

deviation (RSD) values for both retention time and 

area under the curve for 5-Fluorouracil and 

Cannabidiol are below 2%, thus complying with 

the parameters for system suitability and 

reproducibility for the current liquid 

chromatographic method.  

 

4.2.3. Specificity 

By correlating the chromatograms of 5-

Fluoruracil, Cannabidiol, and Fluorouracil 

R² = 0.9966 

R² = 0.9998 

0

5000000

10000000
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20000000
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Cannabidiol mixture’s standard solution along 

with the blank solution, the assessment of the 

specificity of the current HPLC procedure was 

established.  

The standard sample which was injected was of 10 

µl volume each and all were analysed separately. 

When the retention time of both drug moieties (5-

FU & CBD) were examined individually, they 

were found to be 1.44 and 2.2 minutes, 

respectively. 5-Fluorouracil and Cannabidiol had a 

retention time of 1.44 and 2.2 minutes, 

respectively, in the 5-Fluorouracil-Cannabidiol 

mixture (Fig 1). Thus, implies that the retention 

time is unaltered irrespective the samples are 

analysed individually or simultaneously, therefore 

indicating the specific nature of the current 

analytical method.

4.2.4. Sensitivity  
Drug Sample Slope of the curve Standard deviation (SD) LOD LOQ 

5-Flourouracil at λmax 267nm and Cannabidiol at λmax 221nm  

5-FU 85705 53979 2.07841666 6.298232309 

CBD 161857 373689 7.61890867 23.08760202 

5-Fluorouracil and Cannabidiol at Isobestic λmax 235 nm 

5-FU 89770 129341 4.75465412 14.40804278 

CBD 159246 585240 12.1277269 36.75068762 

Table 2: Sensitivity Table 

The sensitivity of the HPLC analytical method is 

done by evaluating the calibration curves of the 

samples and combination to analyse the lowest 

detection amount of the drug (LOD) and lowest 

quantified drug value (LOQ). Thus, LOD for 5-

Fluorouracil was 2.08 ng/ml at λmax 267nm and 

LOD for Cannabidiol was found to be 7.6 ng/ml at 

λmax 221nm. LOD obtained at the common 

isobestic wavelength 235nm was 4.75ng/ml for 5-

Fluorouracil and 12.12ng/ml for Cannabidiol 

(Table 2). The minimal amount of the analyte that 

can be measured is known as LOQ, which was 

calculated to be 6.29 ng/ml for 5-FU at λmax 

267nm and LOQ for CBD was estimated to be 

23.08 ng/ml at λmax 221nm. The LOQ for the 

current designed HPLC method at λmax 235nm 

were calculated to be 14.04 ng/ml for5-

Fluorouracil and 36.75 ng/ml for Cannabidiol 

(Table 2).  

Hence, the statistics of LOD and LOQ shows 

promising evaluation scope for the current HPLC 

analytical method in assay procedures, and drug 

development. 

 

4.2.5. Ruggedness 
(A)Ruggedness of 5-Fluorouracil and Cannabidiol on varied HPLC unit by same investigator 

Drug Sample 
Sample Concentration 

(µg/ml) 

Amount Recovered 

concentration (in µg/ml) 
Recovery (In percentage) 

HPLC-I HPLC-II HPLC-I HPLC-II 

5-FU 

10 9.48 ± 0.22 9.61 ± 0.43 94.89 96.14 

20 19.24 ± 0.49 19.08 ± 0.89 96.24 95.42 

30 29.86 ± 0.2 29.54 ± 0.75 99.53 98.49 

CBD 

10 9.78 ± 0.23 9.50 ± 0.93 97.89 95.02 

20 19.36 ± 0.56 19.73 ± 0.58 96.82 98.66 

30 29.05 ± 0.69 29.03 ± 0.74 96.83 96.78 

(B) Ruggedness of 5-Fluorouracil and Cannabidiol by varied investigators on the same HPLC unit. 

Drug Sample 
Sample Concentration 

(µg/ml) 

Amount Recovered 

concentration (in µg/ml) 
Recovery (In percentage) 

Investigator-I Investigator-II Investigator-I Investigator-II 

5-FU 

10 9.97 ± 0.90 9.64 ± 0.72 99.72 96.48 

20 19.08 ± 0.45 19.68 ± 1.03 95.44 98.43 

30 28.80 ± 0.46 29.79 ± 0.96 96 99.31 

CBD 

10 9.76 ± 0.41 9.71 ± 0.44 97.67 97.19 

20 19.62 ± 0.89 19.42 ± 0.66 98.11 97.11 

30 28.81 ± 0.59 28.99 ± 1.00 96.04 96.64 

Table 3: Ruggedness Score of 5-Fluorouracil and Cannabidiol at λmax 235nm 

 

The robustness test was used to assess the 

reproducibility of outcome values procured on 

varied HPLCs with the similar investigator and on 

single liquid chromatographic setup with various 

investigators. Then, the test was performed by the 

same investigator on different HPLC. The amount 

recovered of 5-FU for sample concentrations 10, 

20 and 30 µg/ml at 235nm came out to be 9.48 

±0.22, 19.24 ±0.49 and 29.86 ±0.2 µg/ml along 

with percentage recovery of 94.89, 96.24 and 
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99.53 % subsequently on HPLC-1 and the 

recovered concentration was 9.61 ± 0.43, 19.08 ± 

0.89 and 29.54 ± 0.75 µg/ml with percentage 

recovery 96.14, 95.42 and 98.49 % respectively on 

HPLC -2. Similarly, the recovered concentration 

of CBD by the same investigator for sample 

concentration 10, 20 and 30 µg/ml at 235nm came 

out to be 9.78 ± 0.23, 19.36 ± 0.56 and 29.05 ± 

0.69µg/ml along with percentage recovery of 

97.89, 96.82 and 96.83% respectively on HPLC-1 

and the recovered concentration was 9.50 ± 0.93, 

19.73 ± 0.58and 29.03 ± 0.74µg/ml with 

percentage recovery 95.02, 98.66 and 96.78% 

respectively on HPLC -2. (Table 3(A)).  

 

Then, the ruggedness data was collected by 

different analysts on the same HPLC (HPLC-1). 

The recovered concentration of 5-FU for sample 

concentrations 10, 20 and 30 µg/ml at 235nm 

came out to be 9.97 ± 0.90, 19.08 ± 0.45 and 

28.80 ± 0.46µg/ml along with percentage recovery 

of 99.72, 95.44 and 96% respectively by analyst-1 

and the recovered concentration was 9.64 ± 0.72, 

19.68 ± 1.03 and 29.79 ± 0.96µg/ml with 

percentage recovery 96.48, 98.43 and 99.31% 

respectively by analyst-2. Similarly, the recovered 

concentration of CBD for sample concentrations 

10, 20 and 30 µg/ml at 235nm came out to be 9.76 

± 0.41, 19.62 ± 0.89 and 28.81 ± 0.59µg/ml along 

with percentage recovery of 97.67, 98.11and 

96.04% respectively by analyst-1 and the 

recovered concentration was 9.71 ± 0.44, 19.42 ± 

0.66 and 28.99 ± 1.00µg/ml with percentage 

recovery 97.19, 97.11and 96.64% respectively by 

analyst-2. The study findings show an excellent 

level of ruggedness implying that the current 

analytical method is capable of producing 

concurrent results on various HPLC analytical 

setups and by various researchers. The validation 

data produced tends to be consistent with the 

reported work. (Sharma, Goyal, & Chauhan, 

2018), (Swartz & Krull, 1997). 

 

CONCLUSION 

The current study presents a novel approach for 

simultaneous determination of 5-FU and C B D in 

assay procedures and quality control. The 

developed method is simplified, fast, highly 

selective, sensitive and meticulous, and the 

proposed technique was validated in consistent 

with ICH guidelines.  

 

The run time of the method is less than 4 minutes 

i.e. faster elution with great resolution, thus saving 

analyst time and solvents, making it to be cheap 

for routine analysis. This method could employed 

as rapid and economical way to quantify both the 

analytical samples (5-FU and CBD) 

simultaneously in formulation development and 

quality control checks. 
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ABSTRACT: 

A novel and sensitive high-pressure liquid chromatography (HPLC) method was developed for the 

simultaneous estimation of Imiquimod (IMI) and Thymoquinone (THY). Chromatographic elution was 

accomplished using Hypersil™ C-18 reverse phase column measuring 250 mm × 4.6 mm (5 µm) and mobile 

phase as Acetonitrile: Water (0.1% formic acid) in 65:35 ratio. The flow rate used in the method is 1.0 

mL/minute and was observed at 249 nm employing PDA Detector. The run time of the analytical procedure 

was 16 minutes.  The retention time was obtained at 4.1 min (IMI), and 14.3 min (THY). International 

Conference on Harmonization (ICH) guidelines were followed to validate the method and the parameter 

included a limit of detection (LOD), robustness, limit of quantification (LOQ), and system suitability. The 

regression graph plotted showed linearity from 10 to 100 μg/ml concentration. 

All results are under acceptable limits and the method could be suitably employed for the simultaneous 

estimation of both drugs in quality control and assay. 
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1. INTRODUCTION 

An Immunomodulator which is an 

imidazoquinolone synthetic derivative, 

Imiquimod is chemically known as 1-(2-methyl 

propyl)-1H-imidazo [4, 5-c] quinoline-4-amine 

(Figure 1). Imiquimod has the molecular formula 

C14H16N4, is a crystalline white powder, and has a 

molecular weight of 240.30g/mol with a melting 

point of 292-294 °C. Imiquimod is readily miscible 

in oleic acid and lactic acid. It is well known for its 

antiviral and antitumor activity in animal models 

but not able to exhibit its antiproliferative action in 

cells. It acts by inducing the cytokines by binding 

to the toll-like receptor 7. In 1977, Food and Drug 

Administration (FDA) approved Aldara® 5% 

imiquimod ointment for the prophylaxis and 

treatment of genital warts, superficial basal cell 

carcinomas, and scratchy and scaly patches on the 

skin due to prolonged sun exposure known as 

actinic keratosis. (Imiquimod, 2022), (Sharma, 

Kumar, & Rana, 2020), (Gupta, Browne, & Blu, 

2002).Indications of its potential therapeutic effect 

in the therapies of human papillomavirus warts and 

infection (HPV), squamous cell carcinoma, and 

vulvar intraepithelial neoplasia. (Gupta, Browne, & 

Blu, 2002), Bowen's disease (Stanley, 2002), 

cervical cancer (Frank, et al., 2020), as an age-

defying agent (Metcalf, Crowson, Naylor, Haque, 

& Cornelison, 2006) is entrenched. 

                                                                                         
Figure 1: Chemical Structure of Imiquimod                        Figure 2: Chemical Structure of Thymoquinone 

 

A monoterpene molecule Thymoquinone (THY) 

chemically named 2-Methyl-5-(propan-2-yl) 

cyclohexane-2,5-diene-1,4-dione (Figure 2) was 

extracted from plant Black cumin i.e., Nigella 

sativa (Ranunculaceae) by El-Dakhakhany in 1963 

(Gali-Muhtasib, Roessner, & Schneider-Stock, 

2006). Thymoquinone’s molecular formula 

C10H12O2, is a crystalline off-white coloured 

powder, with a molecular weight of 164.204 g/mol 

and a melting point of 45-47 °C. It is readily 

miscible in alcohol and ether. It induces apoptosis 

and regulates the signalling of both pro-apoptotic 

and anti-apoptotic genes, acting as a scavenger for 

free radicals. It has gained fame in the scientific 

associations due to its pharmacological activities 

ranging from anti-oxidant, anti-inflammatory, anti-

histaminic, anti-microbial, anti-psoriasis, anti-

neoplastic and immuno-modulatory. It has 

remarkable anticancer and cytoprotective 

properties on different cell lines such as the breast, 

Cervical, Pancreatic, Colon, Leukaemia, Buccal, 

Cranial & neck, Lungs, Skin, Ovarian, and Bladder 

(Muhammad , et al., 2018), (Gupta, Ghosh , & 

Gupta, 2016), (Gali-Muhtasib, Roessner, & 

Schneider-Stock, 2006), (Almajali, et al., 2021). It 

has also been indicated to have gastro-protective, 

hepatoprotective, nephroprotective, and 

neuroprotective attributes. It is also believed to 

have beneficial effects in the therapeutics of 

epilepsy, diabetes, cardiovascular disease, 

reproductive complications, and lung diseases, as 

well as bone complications, arthritis and fibrosis 

(Goyal, et al., 2017). Furthermore, a significant 

amount of research implies that Thymoquinone has 

very few side effects and no significant toxic 

effects (Darakhshana, Pour, Colagar, & 

Sisakhtnezhad, 2015). 

 

Although both drug moieties have well-known 

effects in the area of cancer, thus, the author 

recommends that this combination to be studied 

further in depth. As combining naturally derived 

moiety with the synthetic one is taking us one step 

closer to the plant-based approach of medicine 

making it acceptable to accommodate alternative 

therapy, either showing synergism or antagonism 

with the conventional medicine because of the drug 

resistance and adverse effects.  (Woo , Kumar , 

Sethi, & Tan, 2012). Conventional medicine is yet 

inadequate to offer complete eradication of cancer. 

 

Many High-Pressure Liquid Chromatography 

(HPLC) Analytical methods are in existence for the 

estimation of Imiquimod (IMI) individually 

(Sharma, Sharma, Singh, & Katare, 2019)  and in 

combination with other drug moieties (Tomar, 

Sharma, Kumar, Jain, & Ahirrao, 2021) has been 

reported in the literature. The analytical method 

was also reported in Biological matrices (Mu, et al., 

2016), in nanoformulation (Frank, et al., 2020), 

(Remiro, et al., 2022), in bulk drug (Rao, Patrudu, 

Rao, & Ganesh, 2020) and in marketed preparation 

(Bachute & Turwale, 2013).  

 

Additionally, several HPLC techniques have been 

developed for Thymoquinone (THY) individually 
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(Aboul-Enein & Abou-Basha, 1995), (Iqbal, 

Ahmad, & Pandey, 2018), in combination with 

other drug moieties (Jagtap, Mahajan, Parte, 

Pananchery, & Jain, 2021), (Soliman, et al., 2020), 

in biological matrices (Ahmed, Khan, & Alkharfy, 

2015), along with Box-Behnken Design (BBD) 

(Alam, et al., 2022), and in nano formulation 

(Gilani, et al., 2019), (Ansar, et al., 2020), (Jain, et 

al., 2017). 

Many analytical methods are published in the 

literature for IMI and THY independently, but no 

simultaneous estimation analytical method of IMI 

and THY together has been stated. As a result, the 

authors were inspired to create a trailblazing 

simultaneous estimation method for IMI and THY, 

which is intended to be used in assay studies and 

routine analysis due to its cost-effectiveness. 

 

The current study aimed to create and validate a 

novel, smooth, quick, and parsimonious liquid 

chromatography method for the synchronal 

evaluation of Imiquimod and Thymoquinone in 

accordance with guidelines laid by ICH (ICH, 

2005). 

 

According to the literature, IMI has been quantified 

by HPLC at various wavelengths, such as 226 nm 

(Sharma, Kumar, & Rana, 2020), 242 nm (Frank, 

et al., 2020), 244 nm (Sharma, Sharma, Singh, & 

Katare, 2019), 245 nm (Bachute & Turwale, 2013) 

and 260nm (Rao, Patrudu, Rao, & Ganesh, 2020). 

Similarly, THY has also been quantified using an 

HPLC method at 249 nm (Alam, et al., 2022), 254 

nm (Ahmed, Khan, & Alkharfy, 2015) (Gilani, et 

al., 2019), (Soliman, et al., 2020), 255 nm (Ansar, 

et al., 2020) and 295 nm (Aboul-Enein & Abou-

Basha, 1995).  

 

IMI and THY were detected at 244 nm and 255 nm, 

respectively, while developing the approach for 

simultaneous estimation. However, the isobestic 

wavelength was discovered to be 249 nm, allowing 

for efficient data analyzation in the combined 

quantification of two distinct drug moieties. Thus, 

using the previously mentioned optimised 

wavelength, a simplified precise method for 

simultaneous estimation of IMI and THY was 

developed, which was able to overcome the 

shortcomings of the previous individual methods. 

The method developed has also been substantiated 

in congruence with ICH guidelines. 

 

2. MATERIAL AND METHODS 

2.1. Materials 

Imiquimod (IMI) was gifted sample from 

Glenmark Pharmaceuticals Ltd, Mumbai. 

Thymoquinone (THY) was procured from Sigma 

Aldrich, Mumbai.  The supply of Water (HPLC-

grade), Methanol and Acetonitrile (ACN) was by 

Merck Specialties Pvt. Ltd., India. The column 

used was HPLC Hypersil C-18 Column and was 

procured by Thermo Fisher, India; and the syringe 

filters were procured from Axiva Sichem Biotech, 

New Delhi, India. All other chemicals employed in 

the method development were of pharmaceutical or 

analytical grade.  

 

2.2 Identification of Standard Drug:  

Identification of the bulk drugs (IMI & THY) was 

executed by measuring the melting point, infrared 

spectroscopy, and solubility. 

 

2.3 HPLC Instrument and Chromatographic 

Conditions 

Analytical equipment used for this method 

development was Waters- e2695 Separation 

Module, along with Waters-e2998 PDA detector 

equipped with Software EMPOWER 3 for data 

acquisition and analysis. The stationary phase used 

was Hypersil C-18 Reverse Phase column 

measuring 250mm * 4.6 mm, 5 µm. ACN: Water 

(0.1% formic Acid) in a 65:35 ratio was used as 

mobile phase using isocratic elution mode at a 

temperature of 25ºC. Detection was done at 249nm 

using a PDA detector. The flow rate was 

maintained at 1ml/min with ambient column 

temperature. The volume of injection was 10 µl 

with a run time of 16 minutes. 

 

2.3. Preparation of Standard and Working 

Solutions 

IMI and THY standard solutions were formulated 

separately at 1000µg/ml concentration and labelled 

S1 and S2, respectively. Stock solutions of 

concentration 100µg/ml were made from the 

standard solutions (S1& S2) and labelled as A1 and 

A2. Using the mobile phase as a diluent, a working 

stock sample of varied concentrations (10, 20, 40, 

60, and 100 µg/ml) was made from the stock 

solution (A1& A2). Furthermore, IMI-THY 

combination samples were prepared in the mobile 

phase at concentrations 10, 20, 40, 80, and 100 

µg/ml for both drugs. All samples were kept in 

amber-coloured bottles in a freezer at 4ºC prior to 

HPLC analysis.  Filtration of all the samples was 

done through a syringe filter (pore size: 0.22 µm). 

(Wrightson, Myers, & Galandiuk, 1995) 

 

3. VALIDATION 

Soon after the creation of an optimization 

technique, the method of simultaneous estimation 
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of IMI and THY was validated in accordance with 

ICH guidelines Q2 (R1) (ICH, 2005). HPLC 

methods should be validated using various 

parameters to ensure that the overall performance 

attributes of the strategy correspond to the demands 

of its desired uses only (Zothanpuii & Selvakumar, 

2020). The parameters considered are system 

suitability testing, linearity, ruggedness, 

specificity, detection limit, and quantification limit 

(Tiwary et al. 2021). 

 

3.1. System Suitability Test 

This Suitability test is pivotal in liquid 

chromatography because it helps validate the 

testing method and ensures reproducibility. 

Suitability testing was performed in six replicates 

with a sample size of 20g/ml for both IMI and 

THY, with the RT and Peak area examined at a UV 

detection value of 249nm. As per US-FDA 

guidelines, the acceptable limit of relative standard 

deviation, %RSD is not more than 2%. 

 

3.2. Specificity 

While developing an analytical process, Specificity 

is the capacity to isolate standard drug from its 

combination such as other drugs, excipients or 

impurities. To assess specificity, individual 

solution chromatograms were compared to a blank 

solution and their combination. The blank solution 

lacked IMI and THY, but the remaining 

constituents and preparation method were exactly 

equivalent to the sample drug solution. 

 

3.3. Linearity 

Solutions of 10, 20, 40, 80, and 100 μg/ml 

concentration were prepared from standard 

solution for linearity determination. Standard curve 

was prepared from the values of peak area (Y-axis) 

and corresponding concentration (X-axis).  

The linear equation was established from IMI, 

THY, and IMI-THY calibration curves that were 

plotted individually by arranging concentration and 

peak area.  

 

 3.4. Ruggedness 

Ruggedness refers to the capability of producing an 

outcome under varying conditions, like by using 

variant investigator or same instrument of 

unsimilar make. We have used three distinct 

samples with concentration levels of 10, 20, and 30 

μ g/ml which were analysed by two varied 

investigator using the same HPLC analytical 

equipment and on different HPLC by the same 

researcher in separate laboratory. Percentage 

amount concentration recovery for both analytes 

was calculated, and ruggedness findings from two 

separate investigators were compared. 

3.5. Sensitivity  

The sensitivity of the LC analytical method is 

determined by its ability to detect and quantify the 

minimal amount of drug sample i.e. LOD (limit of 

detection) and LOQ (limit of quantification). 

 

 LOD LOQ 

Signal to noise (s/n) Ratio 3:1 10:1 

Calculation Formula 

S= S.D.  

s=Slope 

3.3 S/s                              10S/s                                

 

4. RESULT AND DISCUSSION 

4.1.  Development and Optimisation of the 

Method 

To make the prepared methodology more 

economically sustainable and reliable, an isosbestic 

wavelength was chosen for an analytical study that 

is predicted by observing the absorption maxima of 

IMI and THY at a particular wavelength. IMI and 

THY solutions having 10 µg/ml concentration each 

were analysed by UV Spectroscopy in the range of 

400-200 nm.  

 

IMI has the highest absorbance at 244 nm, followed 

by THY at 255 nm. A single wavelength of 249 nm 

was chosen based on spectral data and it 

was validated by a PDA detector. Mobile phase 

selection for method development was done among 

ACN/Methanol and Water in varied concentrations 

in isocratic and gradient flow. 

The best isolation of IMI and THY was observed in 

an ACN: Water (0.1% Formic Acid) in a 65:35 

ratio as mobile phase with a flow rate of the mobile 

phase in stationary column is 1ml/minute and the 

total run time of the analytical method was 16 

minutes. IMI had a retention time of 4.1 minutes 

and THY had a retention time of 14.3 minutes. IMI 

and THY both were tested at their respective 

maxima, 244 and 255 nm, individually (Figs. 1a 

and b). The combination of IMI and THY was also 

analysed, and the peaks were separated at 4.1 and 

14.3 min for IMI and THY, respectively, implying 

no change in the retention time of the individual 

and that combination (Fig. 1c). 

 

The developed method for evaluating IMI, THY, 

and their combinations suggests it to be 

economical, efficient, and can detect both analytes 

in only 16 minutes of run time. Thus, it proves its 

efficiency over other stated methods of estimation. 
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a) Chromatogram of Imiquimod at λmax 244nm 

 
b) Chromatogram of Thymoquinone at λmax 255 nm 

 
 c) Chromatogram of Simultaneous determination of Thymoquinone and Imiquimod at isosbestic wavelength 

249 nm. 

Figure 3: Chromatogram of Imiquimod, Thymoquinone and its combination at their respective wavelength. 

 

4.2. Method Validation 

4.2.1. Linearity 

a)  
Linearity Graph of Imiquimod at λmax 244nm 

b)  
Linearity Graph of Thymoquinone at λmax 255nm 
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c)  
 

Linearity Graph of Simultaneous estimation of Thymoquinone and Imiquimod at isosbestic wavelength 249 

nm 

      Figure 4: Linearity Graph of Imiquimod, Thymoquinone and its Combination at respective wavelengths. 

 

Five distinct concentration levels of 10, 20, 40, 80, 

and 100 μg/ml were prepared as well as analysed 

for IMI, THY, and IMI -THY independently. IMI, 

THY, and IMI-THY were analysed at 244nm, 255 

nm, and 249 nm, respectively, to determine the 

linearity of the Analytical method. A graph was 

created by plotting the concentration of the drug 

moiety on the X-axis with its comparative AUC on 

the Y-axis. The R2 value for IMI at λmax 244 nm 

was 0.9996, for THY at λmax 255 nm was 0.998, 

and for IMI-THY at max 249 nm was 0.9986 for 

IMI and 1 for THY. (Fig 4).  The above values 

demonstrated that the current analytical 

Methodology is linear in the defined concentration 

range. 

 

 

4.2.2. System Suitability Test 

a) System Suitability of Imiquimod at 249 nm 

System suitability criteria Retention Time Peak Area Count 

1 4.12 413209 

2 4.18 421378 

3 4.06 408971 

4 4.15 418107 

5 4.11 407816 

6 4.08 414271 

Average 4.116666667 413958.6667 

Standard deviation 0.044121046 5206.225146 

Relative standard deviation (RSD) 1.07176629 1.25766787 

b) System Suitability of Thymoquinone at 249nm 

System suitability criteria Retention Time Peak Area Count 

1 14.34 1335501 

2 14.26 1312634 

3 14.38 1298632 

4 14.36 1341783 

5 14.39 1351352 

6 14.42 1347929 

Average 14.35833333 1331305.167 

Standard deviation 0.055287129 21737.89004 

Relative standard deviation (RSD) 0.385052555 1.632825485 

Table 1: a) System suitability (Rt & Peak area Count) for Imiquimod at 249 nm; 

b) System suitability (Rt & Peak area Count) for Thymoquinone at 249 nm. 
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Six IMI and THY sample runs were performed to 

determine the RSD of peak area count and retention 

time. The mean retention time for IMI was 4.11+ 

0.044 min with an RSD of 1.07% and 14.35 + 0.055 

min with an RSD of 0.38%. The average peak area 

of IMI was 413958.67+ 5206.2 with an RSD of 

1.25%, while the average peak area of THY was 

1331305.167+ 21737.89 with an RSD of 1.64%. 

(Table 1). All of the obtained RSDs for Peak Area 

count and retention time for both IMI and THY are 

less than 2 %, indicating that the current Analytical 

technique meets the criteria for suitability and 

reproducibility. 

 

 

4.2.3. Specificity 

The specificity of the current analytical method 

was evaluated by correlating chromatograms of an 

IMI, THY, and IMI -THY standard solution with a 

blank solution. 

Each standard sample was injected in a volume of 

10 μl and was analysed separately. IMI and THY 

retention times were observed to be 4.1 and 14.3 

minutes, respectively, when examined separately. 

In the IMI-THY mixture, IMI and THY had 

retention times of 4.1 and 14.3 minutes, 

respectively (Fig 1).  Thus, indicating the specific 

nature of the analytical method as the retention 

time remains constant whether the samples are 

evaluated individually or simultaneously. 

 

4.2.4. Sensitivity  
Sample Slope of linear curve Standard deviation (SD) LOD LOQ 

Imiquimod at λmax 244 and Thymoquinone at λmax 255  

Imiquimod 17861 39961.14 7.383223896 22.37341 

Thymoquinone 59195 126538.2 7.05424546 21.3765 

Imiquimod & Thymoquinone  at Isobestic λmax 249 nm  

Imiquimod 19748 59556.3 9.952187057 30.15814 

Thymoquinone 58458 291580.7834 16.45996417 49.87868 

Table 2: Sensitivity Table of Imiquimod and Thymoquinone individually and in combination at their 

respective wavelength 

 

The sensitivity of the HPLC analytical method is 

assessed by examining the standard curve of the 

samples and combinations to ascertain the LOD i.e. 

lowest detection amount of the drug and LOQ i.e. 

lowest quantified drug value. Thus, the LOD for 

IMI at λmax 244 nm was calculated to be 7.38 

ng/ml, and the LOD for THY at λmax 255 nm was 

7.05 ng/ml. LOD at the isobestic wavelength of 249 

nm was 9.95 ng/ml for IMI and 16.45 ng/ml for 

THY (Table 2). 

 

LOQ is the minimum iota of drug sample that is 

assessed by the proposed method. It was estimated 

to be 22.37 ng/ml for IMI at λmax 244nm and 21.37 

ng/ml for THY at λmax 255nm. The LOQ for said 

current anticipated analytical method at λmax 249 

nm was 30.15 ng/ml for IMI and 49.87 ng/ml for 

THY (Table 2). 

As a result, the LOD and LOQ statistics 

demonstrate an intriguing evaluation possibility for 

the current analytical method in assay procedures 

and formulation development. 

 

4.2.5. Ruggedness 
(A) Ruggedness Score of Imiquimod and Thymoquinone on different HPLC unit by same investigator  

Drug Sample 

 

 Sample Concentration 

(µg/mL) 

Amount Recovered  Recovery (%) 

HPLC-I HPLC-II HPLC-I HPLC-II 

IMI 

 

10 9.61 ±0.68 9.89 ± 0.76 96.10 98.929 

20 19.55 ± 0.35 19.75 ± 0.37 97.77 98.7725 

30 29.68 ± 0.69 28.91 ± 0.87 98.95 96.37 

THY 

 

10 9.68 ± 0.42 9.64 ± 0.35 96.80 96.49 

20 19.41 ± 0.18 19.44 ± 0.08 97.06 97.24 

30 29.76 ± 0.65 29.33 ± 0.26 99.23 97.79 

(B) Ruggedness Score of Imiquimod and Thymoquinone by the different investigator on same HPLC system. 

Drug Sample  Sample Concentration 

(µg/mL) 

Amount Recovered  Recovery (%) 

 

IMI 

 

 Investigator-I Investigator-II Investigator-I Investigator-II 

10 9.74 ± 1.55 9.85 ± 1.77 97.42 98.57 

20 19.43 ± 1.21 19.89 ± 0.77 97.19 99.48 

 

THY 

 

30 29.73 ± 1.46 29.41 ± 0.94 99.12 98.03 

10 9.85 ± 1.24 9.65 ± 0.41 98.51 96.53 

20 19.77 ± 0.25 19.55 ± 0.09 98.87 97.79 

Table 3: Ruggedness Score of Imiquimod and Thymoquinone at λmax 249 nm 
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The robustness of the test was used to evaluate the 

reproducibility of the outcomes obtained on 

different HPLCs by the same investigator and on 

the same HPLC by different investigators. The test 

was then repeated on different HPLCs by the same 

analyst. The recovered concentration of IMI for 

sample concentration 10, 20 and 30 µg/ml at 249 

nm came out to be 9.61 ± 0.68, 19.55 ± 0.35 and 

29.68 ± 0.69 µg/ml along with percentage recovery 

of 96.10, 97.77 and 98.95 % respectively on HPLC-

1 and the recovered concentration was 9.89 ± 0.76, 

19.75 ± 0.37 and 28.91 ± 0.87 µg/ml with 

percentage recovery 98.92, 98.77 and 96.37 % 

respectively on HPLC -2. Similarly, the recovered 

concentration of THY by the same analyst for 

sample concentration 10, 20 and 30 µg/ml at 249 

nm came out to be 9.68 ± 0.42, 19.41 ± 0.18 and 

29.76 ± 0.65 µg/ml along with percentage recovery 

of 96.80, 97.07 and 99.23 % respectively on HPLC-

1 and the recovered concentration was 9.64 ± 0.35, 

19.44 ± 0.08 and 29.33 ± 0.26 µg/ml with 

percentage recovery 96.49, 97.24 and 97.79% 

respectively on HPLC -2. (Table 3(A)).  

 

The ruggedness data was then collected by different 

analysts using the same HPLC (HPLC-1). The 

recovered concentration of IMI for sample 

concentration 10, 20 and 30 µg/ml at 249 nm came 

out to be 9.74 ± 1.55, 19.43 ± 1.21 and 29.73 ± 1.46 

µg /ml along with percentage recovery of 97.42, 

97.19 and 99.12 % respectively by analyst-1 and 

the recovered concentration was 9.85 ± 1.77, 19.89 

± 0.77 and 29.41 ± 0.94 µg/ml with percentage 

recovery 98.57, 99.48 and 98.03 % respectively by 

analyst-2. Similarly, the recovered concentration of 

THY for-sample concentration 10, 20 and 30 µg/ml 

at 249 nm came out to be 9.85 ± 1.24, 19.77 ± 0.25 

and 29.62 ± 1.05 µg/ml along with percentage 

recovery of 98.51, 98.87 and 98.76 % respectively 

by analyst-1 and the recovered concentration was 

9.65 ± 0.41, 19.55 ± 0.09 and 9.71 ± 0.70 µg/ml 

with percentage recovery 96.53, 97.79 and 99.05 % 

respectively by analyst-2.  

 

The study results show a significant level of 

ruggedness, implying that the HPLC analytical 

method is experimentally verified on separate 

systems and by varied researchers. The results 

obtained from validation are congenial with ICH 

Guidelines. (Sharma, Goyal, & Chauhan, 2018), 

(Swartz & Krull, 1997) 

 

CONCLUSION 

The current research presents an innovative method 

for estimating IMI and THY simultaneously in 

assay procedures and process monitoring. The 

methodology is simple, rapid, highly selective, 

sensitive and precise, and it has been 

validated per ICH guidelines. 

The method takes only around 16 minutes to 

complete. Thus, faster elution of the combination 

with high resolution saves researcher time and 

solvents, making the proposed method economical 

and quick for routine analysis. This method could 

be used to simultaneously estimate both analytes 

(IMI and THY) in formulation development, assay 

procedures and quality control checks. 
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ABSTRACT: The effects of preservatives (E281 and E282) on the physicochemical and
structural properties of amino acids in processed foods and other commodities have been
studied using thermophysical (density and viscosity) and spectroscopic techniques in
aqueous solutions. The explication of the derived properties shows that the addition of a
cosolute intensifies the densities and viscosities of L-phenylalanine and L-tyrosine aqueous
solutions and changes in the taste and hydration numbers of solute molecules. Preservatives
have been designed to be physically and spectroscopically dehydrating; they thereby
enhance solute−cosolute interactions over the hydration effect.

1. INTRODUCTION
The pre-eminence of amino acids in biological processes1−3 is
evaluated in a significantly important research class. Un-
doubtedly, as an essential constituent of nutrition, amino acids
are widely used to produce fertilizers, drugs, medicines,
biodegradable plastics, and chiral catalysts.4−6 The hydro-
phobic aromatic rings of essential and nonessential amino
acids7,8 such as L-phenylalanine and L-tyrosine have applica-
tions in the food, pharmaceutical, and agriculture industries. L-
Phenylalanine, primarily utilized in producing food items and
traded as dietary supplements, has the breast milk of mammals
as its primary natural source. Apart from its consumption in
manufacturing food items and nutritional supplements,
pharmaceutical practices involve it as analgesics and anti-
depressants to treat depression, Parkinson’s disease, rheuma-
toid arthritis, chronic pain, osteoarthritis, and alcohol with-
drawal symptoms. The process of protein synthesis in cells
involves L-tyrosine or 4-hydroxyphenylalanine (substituted
with a polar side group) and their derivatives (L-DOPA,
melanin, phenylpropanoids, and others) employed in pharma-
ceuticals as precursors to neurotransmitters, dietary supple-
ments, and food additives. However, amino acids are always
accompanied by other additives such as fortifying agents,
colors, antioxidants, preservatives, and flavor enhancers in
processed foods, medicines, fertilizers, and drugs, as a pervasive
component. These additives in the above-mentioned products
have been considered physiologically inert, as suggested by the
Food and Drug Administration (FDA). Chemical preservatives
are the top category of chemicals used in the current
international market, finding applications as flavor enhance-
ment agents, improving nutritive values, and helping to

diminish microbial growth and spoilage. Sodium propionate,
also known as E281/SP, and calcium propionate, also known
as E282/CP, are propionate-based preservatives that are listed
as E numbers in the Codex Alimentarius.9

These preservatives help prevent mold development in
bakery and dairy preparations and act as an antifungal agent
employed in the treatment of mycoses.10−12 In agronomy,
prevention of milk fever and feeding supplementation in cows
are the major chores accomplished by these propionate salts.
As prescribed by the research evidence procured by the
Ministry of Health of Turkey, CP is nontoxic13 and harmless if
utilized to the maximum limit of 3000 mg kg−1. However, the
presence of this salt may impact the physicochemical
properties, such as enthalpy, hydration, molecular structure,
taste behavior, and water structuring characteristics. Therefore,
aqueous solutions of these propionate-based preservatives need
to be explored in terms of properties and structures14−16 to
understand their significant impact on the biologically
important molecules (amino acids). As a result, the effect of
CP and SP on the volumetric transport behavior, structural
properties, and taste quality of L-phenylalanine and L-tyrosine
at various concentrations and temperatures is reported in this
paper. Moreover, the changes in the hydration properties and
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taste behavior of amino acids in various concentrations of these
salts have been explored using spectroscopic methods.

2. EXPERIMENTAL SECTION
2.1. Materials. Table 1 lists the chemical specifications that

were used. Anhydrous CaCl2 has been used in a vacuum
desiccator to absorb the chemicals’ moisture before exper-
imentation. A Mettler balance accurate to a value of ±0.01 mg
has been utilized to prepare the solutions. To prepare the
solutions, the water is procured from an Ultra UV/UF Rions
lab water system. The specific conductance was less than 1.29
× 10−4 S m−1. The molality of the prepared aqueous solutions
in this report has a relative uncertainty of ur(mA) = u(mA)/mA
= 0.03000 and ur(mB) = u(mB)/mB = 0.01.
2.2. Methods. To determine the densities of the solutions,

a digital densimeter (Model: DMA 60/602, Anton Paar,
Austria) equipped with a Julabo F-25, thermostatic water bath
with a stability of ±0.01 K, was used. Before using the
densimeter, calibration was carried out employing dry air and
pure water. Furthermore, the working of the instrument was
checked by measuring the densities of NaCl(aq) solutions at
298.15 and 308.15 K (Table 2), which agreed well with the
literature values.17 The standard uncertainty in density
measurements, u(ρ), which is a function of temperature,
time periods, constant K, and effect of sample purity, is
0.000011 g·m−3.
The viscosities of solutions have been evaluated using a

Ubelohde-type capillary viscometer further employed with a
Julabo F-25. The flow times of various aqueous solutions were
measured with the help of a digital stopwatch (resolution of
±0.01 s). The viscometer is calibrated by measuring the efflux
time of water at 298.15 and 318.15 K. The values are in good
agreement with the literature values.18 The relative uncertainty
in viscosities is u(η)/η = 0.0101, which also includes 1%
relative uncertainty in viscosity of the calibrated solvent, i.e.,
water.
The ultraviolet absorption spectra of pure L-phenylalanine

and L-tyrosine and CP and SP aqueous solutions were
enumerated using a SHIMADZU (UV-1800) spectrophotom-
eter furnished with a quartz cuvette of 0.01 m path length. The
wavelength range for the study of absorption spectra has been
chosen to be 200−400 nm, and each spectrum was corrected
for the baseline. Aliquots (2 mL) of 10−3 mol·kg−1 solutes have
been titrated by consecutive additions (20 μL) of 1.0 mol·kg−1

SP and CP solution, maintaining the solute molality constant
in the cell. The consistency for λmax of the recorded spectra was
found to be within ±0.1 nm.

1H and 13C NMR spectra have been obtained by employing
a NMR spectrometer (Bruker Ascend 500 MHz) at 300.15 K.
As a lock solvent, D2O has been utilized, and the center of the
HDO signal has been used to establish the chemical shifts, δ,
for other nuclei. The NMR spectra of sheer phenylalanine and

tyrosine and mixtures with CP and SP have been recorded.
The observations in terms of change in the chemical shifts
(Δδ) and different concentrations of cosolutes were
characterized and discussed.

3. RESULTS AND DISCUSSION
3.1. Volumetric Properties. The apparent molar volumes,

V2,ϕ, of L-phenylalanine and L-tyrosine have been determined
in water and in mB = (0.1, 0.25, 0.50, and 0.75) mol·kg−1 SP
and CP aqueous solutions from the density measurements at
varied temperatures (298.15 and 308.15 K) by means of
relation

(1)

where molar mass and molality terms of amino acids are
denoted by M and mA, respectively, and ρo and ρ are the
symbols used to denote densities of solvent and ternary
solutions, respectively. The density values of solutes in water
and in SP and CP aqueous solutions are given in Table 2. The
density data for both L-phenylalanine and L-tyrosine in water
are compared with the literature values.19−27 The experimental
densities for L-phenylalanine in water show good agreement
with the literature data19−21,23,24,27 at 298.15 K (Figure S1A)
and show some deviations from the literature values22,25,26 for
L-phenylalanine at 308.15 K and for L-tyrosine at 298.15 and
308.15 K (Figure S1B−D). Das and Dash22 have reported that
the densities values for (0.0100−0.0811) mol·kg−1 L-phenyl-
alanine in water are lower than the present values at 308.15 K
(Figure S1B). The density values for L-tyrosine reported by
Carto25 have been compared with the present data, which are
higher than those reported by Carto25 at 298.15 and 308.15 K
(Figure S1C,D). Savaroglu and Ildaser26 have reported the
densities for (0.000125−0.002000) mol·kg−1 L-tyrosine in
water, and their values of densities are slightly higher than the
present values at 298.15 K, whereas at 308.15 K, the present
density values are higher (Figure S1C,D). The small deviation
in the values may be due to differences in the concentration
ranges studied, and other factors including purity of materials,
solution preparation, experimental methods, etc. may also be
responsible for the deviations.
The apparent molar volumes of solutes in water and SP and

CP aqueous solutions are given in Table S1. The trend in the
data depicts the increase in densities and V2,ϕ values of amino
acids with ascending concentrations of SP and CP. Solute−
solvent interactions experience an intensification as the molar
mass of the solutes used in the present study increases. The
higher V2,ϕ values in aqueous solutions of CP compared to
those of SP indicate that Ca2+ ions have a greater dehydration
effect on these amino acids than that of Na+ ions.28

Furthermore, standard partial molar volumes at infinite
dilution, V2,ϕo, were evaluated using the following relation

Table 1. Specification of the Chemicals Used

compound [molecular formula] molar mass (g·mol−1) mass fraction puritya source CAS number

calcium propionate [C6H10CaO4] 186.22 0.97 Sisco Research Lab. 4075-81-4
sodium propionate [C3H5NaO2] 96.06 0.99 Sisco Research Lab. 137-40-6
L-tyrosine [C9H11NO3] 181.19 ≥0.99 Sigma Chemical Co. 60-18-4
L-phenylalanine [C9H11NO2] 165.19 ≥0.99 Sigma Chemical Co. 63-91-2
deuterium oxide [D2O] 20.02 ≥0.999 D atomb Sigma Chemical Co. 7789-20-0
sodium chloride [NaCl] 58.44 ≥0.99 Sisco Research Lab. 7647-14-5

aDeclared by the supplier. bIsotopic purity of D2O as declared by the supplier.
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Table 2. Densities, ρ, and Viscosities, η, of Sodium Chloride in Water and L-Phenylalanine and L-Tyrosine in Water and in
Aqueous Solutions of SP and CP over T/K = 298.15 and 308.15 and at the Pressure p = 0.1 MPaab

m (mol·kg−1) ρ (g·cm−3) η (mPa·s) ρ (g·cm−3) η (mPa·s)

298.15 K 308.15 K

Sodium Chloride in Water
0.10215 1.000936 0.997782
0.15234 1.002818 0.999591
0.22547 1.005532 1.002201
0.27125 1.007211 1.003813
0.31264 1.008711 1.005254
0.36417 1.010572 1.007040
0.41201 1.012280 1.008679

L-Phenylalanine in Water
0.00495 0.997265 0.8969 0.994275 0.7221
0.00660 0.997336 0.8976 0.994346 0.7249
0.00922 0.997451 0.8986 0.994457 0.7269
0.02970 0.998342 0.9052 0.995329 0.7321
0.04998 0.999214 0.9144 0.996186 0.7400
0.06943 1.000042 0.9266 0.997000 0.7477

L-Phenylalanine in Aqueous Sodium Propionate Solutions at
mB = 0.10 mol·kg−1

0.00496 1.001371 0.9430 0.998314 0.7664
0.00678 1.001447 0.9446 0.998389 0.7672
0.00932 1.001553 0.9455 0.998492 0.7684
0.01029 1.001593 0.9463 0.998525 0.7685
0.03000 1.002413 0.9538 0.999330 0.7749
0.05113 1.003281 0.9652 1.000172 0.7833

L-Phenylalanine in Aqueous Sodium Propionate Solutions at
mB = 0.25 mol·kg−1

0.00517 1.007527 0.9984 1.004416 0.8109
0.00696 1.007600 0.9992 1.004479 0.8116
0.00897 1.007682 1.0001 1.004580 0.8133
0.01019 1.007732 1.0009 1.004611 0.8149
0.02909 1.008498 1.0099 1.005361 0.8238

L-Phenylalanine in Aqueous Sodium Propionate Solutions at
mB = 0.50 mol·kg−1

0.00538 1.017731 1.1129 1.013314 0.9064
0.00927 1.017883 1.1145 1.013515 0.9073
0.01045 1.017928 1.1158 1.013611 0.9079
0.03015 1.018689 1.1216 1.014640 0.9102
0.05000 1.019451 1.1292 1.015393 0.9152

L-Phenylalanine in Aqueous Sodium Propionate Solutions at
mB = 0.75 mol·kg−1

0.00551 1.026451 1.1935 1.022842 0.9590
0.00725 1.026515 1.1949 1.022905 0.9604
0.00944 1.026596 1.1960 1.022984 0.9627
0.01079 1.026646 1.1981 1.023033 0.9636
0.03113 1.027390 1.2119 1.023760 0.9713

L-Phenylalanine in Aqueous Calcium Propionate Solutions at
mB = 0.1 mol·kg−1

0.00516 1.005812 0.9866 1.002773 0.8037
0.00723 1.005897 0.9878 1.002857 0.8048
0.00900 1.005969 0.9896 1.002929 0.8052
0.01000 1.006011 0.9914 1.002970 0.8059
0.03258 1.006929 1.0009 1.003882 0.8126

L-Phenylalanine in Aqueous Calcium Propionate Solutions at
mB = 0.25 mol·kg−1

0.00586 1.019163 1.1435 1.015865 0.9192
0.00700 1.019208 1.1460 1.015909 0.9224
0.00900 1.019286 1.1478 1.015986 0.9236
0.01032 1.019338 1.1493 1.016037 0.9254
0.03149 1.020160 1.1607 1.016851 0.9325

L-Phenylalanine in Aqueous Calcium Propionate Solutions at
mB = 0.50 mol·kg−1

m (mol·kg−1) ρ (g·cm−3) η (mPa·s) ρ (g·cm−3) η (mPa·s)

298.15 K 308.15 K

0.00586 1.035504 1.3732 1.032051 1.0890
0.00597 1.035508 1.3758 1.032062 1.0926
0.00819 1.035590 1.3797 1.032148 1.0936
0.01032 1.035669 1.3824 1.032215 1.0956
0.03116 1.036438 1.3937 1.033008 1.1055

L-Phenylalanine in Aqueous Calcium Propionate Solutions at
mB = 0.75 mol·kg−1

0.00519 1.052744 1.7296 1.049585 1.3671
0.00678 1.052798 1.7307 1.049638 1.3684
0.00831 1.052850 1.7339 1.049690 1.3711
0.01115 1.052946 1.7369 1.049785 1.3732
0.03125 1.053622 1.7519 1.050453 1.3863

L-Tyrosine in Water
0.00011 0.997053 0.8905 0.994069 0.7195
0.00034 0.997066 0.8906 0.994082 0.7196
0.00059 0.997080 0.8908 0.994096 0.7197
0.00084 0.997094 0.8908 0.994110 0.7198
0.00106 0.997107 0.8909 0.994122 0.7198

L-Tyrosine in Aqueous Sodium Propionate Solutions at mB = 0.1 mol·kg−1

0.00019 1.001166 0.9370 0.998124 0.7622
0.00035 1.001174 0.9371 0.998139 0.7623
0.00049 1.001182 0.9373 0.998146 0.7624
0.00072 1.001195 0.9374 0.998159 0.7624
0.00100 1.001211 0.9374 0.998174 0.7625

L-Tyrosine in Aqueous Sodium Propionate Solutions at mB = 0.25 mol·kg−1

0.00039 1.007178 0.9847 1.004117 0.7991
0.00053 1.007186 0.9848 1.004124 0.7993
0.00077 1.007199 0.9848 1.004137 0.7993
0.00098 1.007210 0.9850 1.004148 0.7994

L-Tyrosine in Aqueous Sodium Propionate Solutions at mB = 0.5 mol·kg−1

0.00025 1.017132 1.1034 1.013817 0.9091
0.00040 1.017140 1.1035 1.013825 0.9109
0.00066 1.017154 1.1036 1.013838 0.9118
0.00084 1.017163 1.1038 1.013847 0.9132
0.00107 1.017175 1.1039 1.013859 0.9145

L-Tyrosine in Aqueous Sodium Propionate Solutions at mB = 0.75 mol·kg−1

0.00035 1.025974 1.1847 1.022463 0.9561
0.00063 1.025988 1.1848 1.022477 0.9563
0.00075 1.025994 1.1850 1.022483 0.9563
0.00096 1.026005 1.1851 1.022494 0.9564

L-Tyrosine in Aqueous Calcium Propionate Solutions at mB = 0.1 mol·kg−1

0.00021 1.005998 0.9875 1.00294 0.8003
0.00039 1.006008 0.9876 1.00295 0.8004
0.00060 1.006019 0.9878 1.00297 0.8005
0.00089 1.006035 0.9879 1.00298 0.8006
0.00107 1.006045 0.9880 1.00299 0.8008

L-Tyrosine in Aqueous Calcium Propionate Solutions at mB = 0.25 mol·kg−1

0.00019 1.017433 1.1242 1.01418 0.9052
0.00039 1.017443 1.1243 1.01419 0.9053
0.00058 1.017453 1.1244 1.01420 0.9054
0.00085 1.017467 1.1246 1.01422 0.9056
0.00103 1.017476 1.1248 1.01422 0.9052

L-Tyrosine in Aqueous Calcium Propionate Solutions at mB = 0.5 mol·kg−1

0.00024 1.036691 1.3559 1.033120 1.0919
0.00040 1.036699 1.3560 1.033128 1.0920
0.00056 1.036707 1.3563 1.033136 1.0921
0.00074 1.036716 1.3564 1.033144 1.0923
0.00096 1.036727 1.3567 1.033155 1.0925

L-Tyrosine in Aqueous Calcium Propionate Solutions at mB = 0.75 mol·kg−1
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(2)

where the symbol Sv stands for the slope.
The V2,ϕo values calculated for amino acids prove good

concurrence with the literature values.29 The solitary presence
of amino acids in water contributed to lower V2,ϕo values
(Table 3). In contrast, the mutual presence of preservatives
enhanced the values, which further showed incremental
behavior with ascending cosolute concentration and ascending
temperature. The high charge density of Ca2+ ions may result
in higher V2,ϕo values of L-phenylalanine and L-tyrosine in CP
aqueous solutions compared to those in SP aqueous solutions.
Moreover, the strong hydration effect of CP affects the
exclusion of water from the amino acid hydration shell. Here, it
can be pointed out that a 2:1 electrolyte ((CH3COO−)2 Ca2+)
persuades the V2,ϕo values to change to a more considerable
extent as compared to what a 1:1 electrolyte (CH3COO− Na+)
does. Here, it is pertinent to mention that the ratios 2:1 and
1:1 signify the charge ratio in electrolytes. Additionally, Sv
represents the volumetric virial parameter and gives evidence
for the solute−solute interactions. The Sv values have very
small magnitudes in comparison to V2°, which shows the
predominance of solute−solvent interactions over the solute−
solute interactions. Furthermore, partial molar volumes of

transfer, ΔtrV2,ϕo, for the studied amino acids at infinite
dilution from water to SP and CP aqueous solutions were
estimated as

(3)

The data of ΔtrV2,ϕo are given in Table 4. Constructive ΔtrV2,ϕo
values of L-phenylalanine and L-tyrosine were observed in both
SP and CP (Figure 1) and increased with a increase in the
concentration of the cosolute, and the magnitude of transfer
values are higher for CP compared to those for SP. In L-
phenylalanine, ΔtrV2,ϕo values show a descent with ascending
temperature, whereas the ΔtrV2,ϕo values follow the reverse
trend with temperature for L-tyrosine. Moreover, the difference
in the magnitude of transfer values at higher molalities is more
extensive than in L-phenylalanine. The ΔtrV2,ϕo values are more
significant for L-tyrosine than for L-phenylalanine, which could
be due to its more polar character, induced by the presence of
the −OH group on the aromatic ring, making it hydrophilic.
Following the co-sphere overlap model,30 the most probable

form of interactions between the molecules of the solute and
cosolute is due to the displacement of the co-sphere material
when there is an overlap between their hydration spheres,

Table 2. continued

m (mol·kg−1) ρ (g·cm−3) η (mPa·s) ρ (g·cm−3) η (mPa·s)

298.15 K 308.15 K

0.00039 1.053693 1.7260 1.049962 1.1498
0.00048 1.053697 1.7261 1.049966 1.1499
0.00059 1.053702 1.7262 1.049971 1.1501
0.00078 1.053711 1.7264 1.049980 1.1504
0.00099 1.053721 1.7267 1.049990 1.1508

amB is the molality of CP/SP in water. bmA is the molality of the
solute in water or water + SP/CP. Standard uncertainties are u(T) =
0.01 K, ur(mA) = u(mA)/mA = 0.03000 and ur(mB) = u(mB)/mB =
0.01, u(ρ) = 0.000011 g·m−3, u(η)/η = 0.0101, and u(p) = 0.0005
MPa.

Table 3. Partial Molar Volumes at Infinite Dilution (V2,ϕ
o) and Hydration Numbers, Nh, of L-Phenylalanine and L-Tyrosine in

SP(aq) and CP(aq) Solutions at Temperature T = (298.15 and 308.15)K

mB (mol·kg−1) V2,ϕo (cm3·mol−1) Nh V2,ϕo (cm3·mol−1) Nh

298.15 K 308.15 K

L-Phenylalanine in Sodium Propionate(aq) Solutions
0.00 121.474 ± 0.038 (6.60)a (121.80)b 4.96 122.782 ± 0.026 (3.18) (122.77) 4.82
0.10 122.901 ± 0.054 (9.85) 4.48 123.952 ± 0.064 (16.06) 4.43
0.25 123.714 ± 0.027 (3.96) 4.21 124.521 ± 0.032 (15.85) 4.24
0.50 124.611 ± 0.039 (4.71) 3.91 125.660 ± 0.034 (7.87) 3.86
0.75 125.784 ± 0.008 (6.13) 3.52 126.461 ± 0.053 (17.57) 3.60

L-Phenylalanine in Calcium Propionate(aq) Solutions
0.10 123.431 ± 0.009 (10.04) 4.30 123.990 ± 0.035 (9.38) 4.41
0.25 123.951 ± 0.028 (3.55) 4.13 124.752 ± 0.036 (10.51) 4.16
0.50 124.881 ± 0.009 (2.02) 3.82 125.801 ± 0.027 (3.32) 3.81
0.75 125.972 ± 0.035 (12.06) 3.46 126.571 ± 0.007 (17.41) 3.55

L-Tyrosine in Sodium Propionate(aq) Solutions
0.00 124.431 ± 0.003 (−75.10) (124.58) 5.23 125.275 ± 0.001 (−83.29) (126.63) 5.24
0.10 125.251 ± 0.002 (−60.31) 4.95 126.272 ± 0.006 (−63.02) 4.90
0.25 126.313 ± 0.002 (−69.58) 4.60 127.234 ± 0.001 (−49.24) 4.58
0.50 127.321 ± 0.003 (−62.49) 4.26 128.552 ± 0.005 (−56.88) 4.14
0.75 128.351 ± 0.002 (−50.13) 3.92 129.312 ± 0.002 (−50.14) 3.89

L-Tyrosine in Calcium Propionate(aq) Solutions
0.10 126.491 ± 0.004 (−67.61) 4.54 127.442 ± 0.004 (−66.96) 4.51
0.25 127.672 ± 0.004 (−60.39) 4.15 128.653 ± 0.004 (−55.64) 4.11
0.50 128.582 ± 0.002 (−67.83) 3.84 129.681 ± 0.002 (−67.84) 3.77
0.75 129.502 ± 0.003 (−64.51) 3.54 130.523 ± 0.003 (−64.52) 3.49

aParenthesis contains Sv values.
bParenthesis contains literature values of L-phenylalanine/L-tyrosine in water. “±” values are the standard deviation.
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which further causes the variations in the thermodynamic
parameters of solutions. Positive ΔtrV2,ϕo values (Figure 1)
result from hydrophilic−ionic interactions among hydro-
philic−ionic (−OH, −NH3

+, −COO−) sites of solutes and
ions (Na+, Ca2+, C3H5O2

−) of cosolutes. In contrast, negative
ΔtrV2,ϕo values result from hydrophobic−hydrophobic/ionic
interactions amid ions of cosolute molecules and solute
molecules. Mutual interactions among L-phenylalanine and L-
tyrosine with cosolute molecules cause dehydration of both the
solutes and cosolute, liberating more water as bulk water. The
positive ΔtrV2,ϕo values possibly result from the more
significant volume contribution via bulk water, with CP having
a more substantial dehydration effect. Preservatives had a more
significant dehydration impact on L-phenylalanine and L-
tyrosine than on L-proline and L-serine31 and on L-leucine, β-
alanine, and L-glycine.32

3.2. Apparent Massic Volume (vϕ) and Taste
Behavior. Apparent massic volumes, vϕ, define the accessi-

bility and efficiency of a solute to stimulate the taste receptor.
The wide range for human taste observation is probably
restricted to molecules having vϕ between 0.1 and 0.95 cm3

g−1, which can be determined as

(4)

The vϕ values are related to the taste behavior in the order
bitter > sweet > sour >salty33 and indicate the depth of
receivers in the taste bud. The vϕ values for L-tyrosine in water
(Table S1) fall in the sweet taste quality range (0.52−0.71)
cm3 g−1, which descends in the presence of preservatives,
whereas values for L-phenylalanine lie in the bitter taste range
(0.71−0.93) cm3 g−1, which becomes more bitter with the
addition of SP and CP.
3.3. Hydration Number. The hydration number, Nh, of

the amino acid was evaluated by using the relation34

(5)

Further Nh values of L-phenylalanine and L-tyrosine in water
were calculated employing the equation earlier used by35 as
follows

(6)

where the symbols Veo and Vbo represent the molar volume of
electrostricted and bulk water, respectively. The (Veo−Vbo)
values are about −3.47 and −3.3 cm3·mol−1 at 298.1536 and
308.15 K,37 respectively. The calculation of Velect values has
been done using the relation

(7)

where intrinsic molar volume, Vinto, was obtained by the
crystallographic volume38 Vcryst.

(8)

Table 3 represents the hydration number, Nh, stipulating the
dehydration of amino acids, i.e., L-phenylalanine and L-tyrosine,
in association with the preservative molecules, contributing
further to concentration increases of the cosolute. The Nh
values for L-tyrosine are more significant in magnitude than
those of L-phenylalanine. However, a further decrease in Nh
values with concentration is prominent in L-phenylalanine
compared to those of L-tyrosine, suggesting higher solute−
cosolute interactions and less electrostatic influence. The Nh
values show that calcium propionate offers itself as a superior
preservative intended for the dehydration process. As a result,

Table 4. Volume of Transfer, ΔtrV2,ϕ
o, and Viscosity B-

Coefficients of Transfer, ΔtrB, for L-Phenylalanine and L-
Tyrosine in CP and SP Aqueous Solutions at T = (298.15
and 308.1)K

mB
(mol·kg−1)

ΔtrV2,ϕo
(cm3·mol−1)

ΔtrB
(cm3·mol−1)

ΔtrV2,ϕo
(cm3·mol−1)

ΔtrB
(cm3·mol−1)

298.15 K 308.15 K

L-phenylalanine in SP aqueous solutions
0.10 1.43 0.014 1.17 0.011
0.25 2.24 0.015 1.74 0.012
0.50 3.14 0.016 2.88 0.013
0.75 4.31 0.019 3.68 0.017

L-phenylalanine in CP aqueous solutions
0.10 1.96 0.014 1.21 0.011
0.25 2.48 0.017 1.97 0.014
0.50 3.41 0.018 3.02 0.015
0.75 4.5 0.02 3.79 0.017

L-tyrosine in SP aqueous solutions
0.10 0.82 0.003 1 0
0.25 1.88 0.003 1.96 0.001
0.50 2.89 0.004 3.24 0.001
0.75 3.92 0.005 4.04 0.002

L-tyrosine in CP aqueous solutions
0.10 2.06 0.012 2.17 0.01
0.25 3.24 0.013 3.38 0.011
0.50 4.15 0.013 4.41 0.011
0.75 5.07 0.014 5.25 0.012

Figure 1. Partial molar volume of transfer, ΔtrV2,ϕo, versus molality, mB, of SP and CP for (a) L-phenylalanine (b) L-tyrosine at 298.15 K and
308.1 K K (dotted line: CP, solid line: SP).
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such properties are utilized to preserve dairy products by
eliminating water in curds and cheese via salting. It reduces the
chances of microbial spoilage and pathogen growth, enhancing
the shelf life of foodstuffs.39−41

3.4. Viscosity. The flow time measurements have been
used to calculate the viscosities η of solutions using the
following relation

(9)

where t is used to represent the efflux time of solutions and a
and b represent the viscometric constants. The η data for both
L-phenylalanine in water are compared with the literature
values.20−23,42 The experimental viscosities for both solutes
studied in water show some deviation from the literature
data20,22 (Figure S2A,B). Das and Dash22 have reported the
viscosities for (0.0100−0.0811) mol·kg−1 L-phenylalanine in
water, and their values of viscosities are slightly higher than the
present values at (298.15 and 308.15) K (Figure S2A,B). The η
values reported by Kumar et al.20 for (0.02−0.12) mol·kg−1 L-

phenylalanine in water are lower than the present values at
(298.15 and 308.15) K (Figure S2A,B). The small deviation in
the values may be due to differences in the concentration
ranges studied, and other factors including purity of materials,
solution preparation, experimental methods, etc. may also be
responsible for the deviations.
The viscosity B-coefficients were evaluated from the relative

viscosities (Table 2), which were fitted in the following
(Jones−Dole) relation43

(10)

where c is the molarity of solutions and the viscosity B
coefficient has repercussions on the solute−solvent inter-
actions and the structure of the solvent when present in the
nearest contact of the solute molecules. Temperature induces a
increase in the B values of amino acids (Table 5), as does the
molality of the cosolute, reflecting it more in CP than in SP.
The variation of the B coefficient is closely associated with the
size of solute molecules; hence, the B value for L-tyrosine is

Table 5. Viscosity B Coefficients, B/V2,ϕ
o, and dB/dT for L-Phenylalanine and L-Tyrosine in CP and SP Aqueous Solutions at T

= (298.15 and 308.15)K

mB (mol·kg−1) B (cm3·mol−1) B/V2,ϕo (cm3·mol−1) B (cm3·mol−1) B/V°2,ϕ (cm3·mol−1) 10−4 dB/dT (cm3·mol1·K1)

298.15 K 308.15 K

L-phenylalanine in SP aqueous solutions
0.00 0.585 4.81 0.589 4.80 5
0.10 0.599 4.87 0.600 4.85 1
0.25 0.600 4.85 0.601 4.85 1
0.50 0.601 4.82 0.602 4.82 1
0.75 0.604 4.80 0.606 4.80 2

L-phenylalanine in CP aqueous solutions
0.10 0.599 4.83 0.600 4.83 1
0.25 0.602 4.82 0.603 4.83 1
0.50 0.603 4.79 0.604 4.80 2
0.75 0.605 4.78 0.606 4.78 1

L-tyrosine in SP aqueous solutions
0.00 0.625 5.02 0.628 5.01 3
0.10 0.628 5.01 0.628 5.03 1
0.25 0.628 4.97 0.629 4.99 1
0.50 0.629 4.93 0.629 4.96 1
0.75 0.629 4.90 0.630 5.13 1

L-tyrosine in CP aqueous solutions
0.10 0.637 4.97 0.638 5.00 1
0.25 0.638 4.94 0.639 4.96 1
0.50 0.638 4.89 0.639 4.92 1
0.75 0.639 4.87 0.640 5.10 1

Figure 2. Viscosity B coefficients of transfer ΔtrB versus molality mB of SP and CP for (a) L-phenylalanine (b) L-tyrosine at 298.15 K and
308.15 K (dotted line: CP, solid line: SP).
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slightly higher than that of L-phenylalanine. Furthermore,
higher values of viscosity B coefficients in CP could be
attributed to the more significant dehydration impact of the
Ca2+ ion and CP ionic strength than in SP, suggesting an
increasingly more structured environment.
In the case of ions, it has been discovered that hydrated ions

have larger ionic radii than those of anhydrous metal ions.44

Moreover, the ion having smaller radii in an anhydrous state
possesses greater radii when hydrated. A comparison of the B
coefficients for L-phenylalanine and L-tyrosine in the incidence
of SP/CP aqueous solutions has been characterized. An
increase in the size of hydrated metal ions induces an increase
in the B coefficient values. The opposite tendency is perceived
with the anhydrous metal ion size. Improved knowledge about
the structure making or structure breaking behavior of the
solute can be sought from the temperature dependence of the
B coefficient (dB/dT) compared to B values.45 Both L-
phenylalanine and L-tyrosine display positive dB/dT values in
water and SP and CP aqueous solutions (Table 5), attributing
to the chaotropic behavior of the solutes owing to their more
extraordinary hydrophilic character. In addition, viscosity B
coefficients of transfer, ΔtrB, were evaluated utilizing the
equation analogous to eq 5, and values are given in Table 4.
An incremental rise in ΔtrB values (Figure 2) with ascending

concentration of SP/CP has been observed, which is again
larger for CP than for SP, which further suggests the strong
dehydration outcome of CP. In both cases of L-phenylalanine
and L-tyrosine, the ΔtrB values decrease with temperature.
3.5. Solvation. The ratio of B/V°2,ϕ provides information

on the solvation behavior of solutes in water and in aqueous
solutions of cosolutes. The dissolution of amino acids in water

indicates B/V°2,ϕ values greater than 2.5 (Supporting
Information, Table S2), which propose them as solvated
spherical species.29 The values are further increased in the
presence of propionate-based preservatives. However, the
magnitude decreases with the concentration increases of
cosolutes, which could be due to the hydrophobic nature of
interactions. Furthermore, the greater B/V°2,ϕ values compared
to those of L-phenylalanine specify the more significant
solvation behavior of tyrosine molecules owing to their extra
polar nature.
3.6. NMR Spectroscopy. Proton (1H) NMR spectra for

pure phenylalanine and tyrosine (mA = 0.3 mol·kg−1) and in SP
and CP (mB = 0.75 mol·kg−1) were obtained in a 9:1 (w/w)
H2O-D2O solvent, and chemical shift changes (Δδ) for nuclear
magnetic resonance spectra are reported in Table 6. The
protons of amino acids in 1H NMR spectra go upfield in the
presence of the molecules of CP and SP, as compared to the
individual solute molecules in the D2O: H2O system, which
could be due to the reduced hydrogen bonding of the solute
molecules with water molecules due to the dehydration effect
of cosolute molecules. Increased hydrophilic−ionic interac-
tions induce a downfield shift. On the other hand, an upfield
shift could be obtained due to the domination of hydro-
phobic−ionic/hydrophobic interactions. The higher upfield
shift in the presence of CP in the present study can be
attributed to its higher ionic strength and the tiny size of Ca2+

ions. However, the present report’s decrease in the water
content of solutes and cosolutes may be considered the reason
for the experimental upfield shift. Also, these observations are
consistent with volumetric and viscometric results.

Table 6. 1H NMR Data for L-Phenylalanine and L-Tyrosine in the Presence and in the Absence of CP and SP
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3.7. UV−Visible Spectroscopy. The absorption spectra
were recorded for L-phenylalanine and L-tyrosine in water and
in association with SP and CP. For pure L-phenylalanine and
pure L-tyrosine, the absorption maxima occur at, λmax, 257.60
and 274.80 nm, respectively, and are in accordance to the
literature.46 On addition of the aqueous solution of propionate
salts to the aqueous amino acids, the absorbance intensified
(hyperchromic shift) in both the cases (Figure 3). The value of
Emax increases with addition of CP/SP without change in λmax,
evidencing hydrophilic interactions between solute (amino
acids) and cosolute (SP/CP) molecules.47 Undoubtedly, it is
larger in CP compared to that in SP, indicating larger solute−
cosolute interactions in the former.48

4. CONCLUSIONS
The results of physicochemical examinations of the inter-
actions of L-phenylalanine and L-tyrosine aqueous solutions
with propionate-based preservatives manifest increases in the
density and viscosity of the solute molecules. Apparent molar
volumes of transfer and viscosity B coefficients of transfer also
increase with the concentration of preservatives, elucidating
the increasing solute−cosolute interactions. Moreover, the
change in vϕ values specifies the sweet taste of L-tyrosine, the
increase in the bitter taste of L-phenylalanine, and the decrease
in the hydration number for the solutes, suggesting the
dehydration effect of the preservatives. The dB/dT coefficient
is positive for L-phenylalanine and L-tyrosine, indicating their
chaotropic behavior. The ascending absorbance and the
upward shift in the proton NMR spectra of solutes also
contribute to the solute−cosolute interactions and the

dehydration effect. Hence, variation in various obtained
parameters is significant for studying the interaction of solutes
with preservatives, which further monitors their hydration and
taste behavior.
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Abstract

Ephedra foliata Boiss. ex C.A. Mey (Ephedraceae) is a well-known source of the
alkaloid ephedrine used for the treatment of chronic asthma and associated respiratory
ailments. This investigation was conducted to standardize an efficient regeneration
protocol for E. foliata via indirect organogenesis through intermodal explants.
Maximum callus induction (80.3%) was achieved on Murashige and Skoog (MS)
medium supplemented with 0.5 mg L‑1 2,4‑dichlorophenoxyacetic acid + 0.5 mg L‑1
kinetin and additives (50 mg L‑1 ascorbic acid and 25 mg L‑1 citric acid). The
maximum shoot regeneration (n = 5.27) was achieved on MS medium containing
6.0 mg L‑1 kinetin, followed by 5.0 mg L‑1 6‑benzylamino purine (n = 4.27). MS half
strength medium with 3.0 mg L‑1 α‑naphthalene acetic acid resulted in the highest
rooting percentage (32%). Sixty percent of the plantlets survived during
acclimatization and were successfully transferred under field conditions. These plants
and callus will be a suitable source of plant material for mass multiplication, genetic
modification for enhanced bioactive constituents, and germplasm conservation.

Key words: callus induction, Ephedra foliata, ex vitro acclimatization, growth regulators,
organogenesis.
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Introduction

Ephedra foliata Boiss. ex C.A. Mey (Ephedraceae), 
commonly known as ‘unthphog’ and ‘shrubby horsetail’, is 
widely distributed in deserts of Africa, Arabian Peninsula 
and India. In India, it is found in arid and semi-arid regions 
of the north-western (Bhandari 1990; Lodha et al. 2014). It 
is the only gymnosperm that grows sporadically on sand 
hills in arid and semiarid areas in the Thar Desert of India 
(Shekhawat et al. 2012). At present, E. foliata is considered 
to be a threatened species in India (IUCN 2017; Meena 
et al. 2019). The plants are woody climbers with highly 
reduced scale-like foliage leaves arranged in a decussate 
pattern on nodes. The branches and seeds of this plant are 
an important component of the diet of camel, sheep, goat 
and insect species surviving in the nutrient poor arid desert 
of Rajasthan. It also acts as a major soil binder (Singh et al. 
2007). 

The species is known to contain the alkaloids ephedrine 
and pseudoephedrine, which are of great importance 
for their biological and pharmacological potential 
(Ghiasvand et al. 2019). It is used to treat bronchial asthma, 
hypersensitivity, fever, influenza, chills, colds, hack, cerebral 
pains, nasal blockage and other respiratory problems 
(Elhadef et al. 2020). It possesses antimicrobial, antioxidant, 
antidiabetic, hepatoprotective and cardiovascular activity 
(Al-Snafi 2017). 

The conventional propagation of this plant is through 
seeds. The percentage seed germination and establishment 
is low due to abiotic stressors like high ambient 
temperature and soil alkalinity, which are common severe 
environmental conditions of the region. Pre-dispersal seed 
predation and post-dispersal seed predation by insects 
groups, rodents and other burrowing animals is a serious 
issue in restricting recruitment of new E. foliata population 
(Singh et al. 2007). Also, anthropogenic activities also have 
impact on the dwindling population of E. foliata (Singh 
2004; Lodha et al. 2014).  

Micropropagation offers an efficient method for mass 
propagation of threatened medicinal plants via direct and 
indirect organogenesis under in vitro conditions for ex 
situ conservation, genetic improvement and commercial 
applications, without any seasonal limitations (Yadav, 
Singh 2012; Yadav et al. 2012; Groach et al. 2014). Although 
there are many reports on in vitro propagation of  E. foliata 
(Lodha et al. 2014a; Lodha et al. 2014b), considerable efforts 
are still required to make it more economical and practical. 
Therefore, the development of an efficient micropropagation 
protocol for E. foliata is urgently needed for both germplasm 
conservation and to expand pharmaceutical prospects. The 
present investigation deals with indirect organogenesis 
through callus-mediated induction of internodal explants 
of E. foliata as an alternative to naturally grown plants.
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Materials and methods

A mature healthy plant of E. foliata growing in the Herbal 
Garden of the Department of Botany, Kurukshetra 
University, Haryana (India) was used as an explant source. 
Healthy internodal explants (1.0 to 1.5 cm) were surface 
sterilized by washing with 5% liquid detergent (Tween 20) 
followed by washing under running tap water in a plastic 
sieve for ten minutes to remove the adhering dust particles. 
Thereafter, the explants were disinfected using 0.1 % (w/v) 
of mercuric chloride (Hi-Media, India) for 3 to 5 min 
followed by a brief rinse with 70% ethanol and five times 
washing with sterilized double distilled water to remove the 
traces of mercuric chloride under aseptic conditions.  

Explants after trimming the ends were inoculated on 
Murashige and Skoog (MS; 1962) medium containing 
3% (w/v) sucrose, 0.8% (w/v) agar, additives (50 mg L–1 
ascorbic acid and 25 mg L–1 citric acid) supplemented with 
various concentrations of auxin-type growth regulators 
2,4-dichlorophenoxyacetic acid (2,4-D), α-naphthalene 
acetic acid (NAA) and cytokinin-type growth regulators 
6-benzylaminopurine (BAP), kinetin (KIN) individually 
or in different combinations (0.5 to 2.0 mg L–1) for callus 
induction. After explanting, the culture tubes, flasks 
capped with non-absorbent cotton plugs, were incubated 
at 25 ± 2 °C and 60 to 70 % relative humidity under a 16 
h photoperiod at 40 μmol m–2 s–1 photon flux density of 
photosynthetically active radiation provided by Philip’s 
cool white fluorescent tube lights. The pH of the medium 
was adjusted to 5.8 and autoclaved at 1.5 kg cm–2 and 121 
°C for 20 min.

After 4 weeks of incubation, the calli formed from 
intermodal explants were periodically sub-culturing 
for multiplication and maintenance on various callus 
proliferation media (Table 1 and 2) and finally, a mass of 
calli was harvested. Visual observations like number of 
days required for callus induction, frequency of the callus 
induction (%) and nature of callus (colour, texture) were 
also recorded. For shoot regeneration, the best in vitro 
regenerated calluses from the 3rd successive sub-culture 
were excised aseptically and implanted on the different 
shoot induction medium (Table 3).

For root induction, the regenerated shoots (2.5 to 3.0 
cm) were excised and cultured on half-strength MS media 
supplemented with various concentrations (1.0 to 4.0 mg 
L–1) of IAA, NAA and indole-3-butyric acid (IBA) alone. 
The well-rooted plantlets were gradually pulled out from 
the culture tubes and gently washed with a soft brush 
under running tap water to remove the adhering agar with 
minimum injury. 

After washing these plantlets, they were then transferred 
to small plastic cups containing autoclaved vermiculite/
sand (3:1) potting mixture. In order to maintain the elevated 
humidity around the plants, the plantlets were covered 
with a glass jar. They were supplied with half-strength MS 
salt solution on alternate days. In the third week, the glass 
jars were removed for 3 to 4 h daily to expose the plants 
to the natural field conditions. After 4 weeks, these plants 
were transferred to bigger pots and were maintained in a 
greenhouse for acclimatization. Finally, the plants were 
transferred to field conditions.

All the experiments were repeated thrice with a 

Table 1. Effect of plant growth regulators on callus induction of E. foliata recorded after four weeks on MS medium. (–) no response, (+) 
poor growth, (++) moderate growth, (+++) good growth. Data shown are mean ± SE of 45 replicates .Mean values followed by different 
letters within a column do not differ significantly at P = 0.05 according to Duncan’s Multiple Range Test 

Growth regulator 
(concentration mg L–1)

Time required for callus 
induction (days)

Callus induction (%) Nature of callus Visual growth of callus

Control – – – –
2,4 D (0.25) – – – –
2,4 D (0.5) 28 20.0 cd Creamish yellow +
2,4 D (1.0) 27 40.3 cb Creamish yellow +
2,4 D (2.0) 21 65.1 a Fluorescent green +++
NAA (0.25) – – – –
NAA (0.5) – – – –
NAA (1.0) 25 45.2 b Yellowish brown ++
NAA (2.0) 26 47.1 ab Yellowish brown ++
BAP (0.25) – – – –
BAP (0.5) 27 22.1 c Light green ++
BAP (1.0) 26 15.0 cd Light green +
BAP (2.0) – – – –
KIN (0.25) 21 5.1 d Green +
KIN (0.5) 17 40.4 cb Dark green +
KIN (1.0) 16 45.1 b Dark green ++
KIN (2.0) 16 42.2 cb Dark green ++

M. Singh, K. Yadav, N. Singh
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minimum of fifteen replicates per treatment and one 
explant per replicate. The statistical calculations were 
all carried out using SPSS (V. 16.0) statistical software. 
The difference between means was analyzed by one-way 
analysis of variance (ANOVA) using Duncan’s multiple 
range test at a significance level p = 0.05.

Results

All of the tested auxins showed a better callogenic response 
over cytokinins (Table 1). MS medium supplemented with 
2,4-D (2.0 mg L–1) resulted in the highest per cent callus 
induction (65%) within 21 days of inoculation (Fig. 1A). 
The callus obtained was fluorescent green in colour. Among 
auxins, 2,4-D was found to be superior over NAA regarding 
the percent callus induction in a lower number of days. 

Since MS medium supplemented with auxins resulted in 
better results, the effect of 2,4-D and NAA in combination 
with KIN and BAP was studied on callogenesis in 
intermodal explants (Table 2). The best callus induction 

percentage (80%) with higher growth was noticed in 
media supplemented with KIN (0.5 mg L–1) + 2,4-D (0.5 
mg L–1) (Fig. 1B). All of the different concentrations of KIN 
+ NAA supplemented media resulted in the production 
of brownish friable callus while light green was observed 
with all of the concentrations of BAP + NAA. The different 
concentrations of KIN + 2,4-D showed different nature of 
calli ranging from brown, brownish green to dark green. 

For differentiation of shoots from intermodal derived 
callus, various concentrations (1.0 to 6.0 mg L–1) of BAP 
and KIN were tested (Table 3). Shoots bud formation was 
occurred in both BAP and KIN fortified medium. Vigorous 
growth of callus was visible in the form of green patches 
after two weeks of transfer on various shoot induction 
media. After three weeks, these green patches further 
developed into multiple shoots. 

Both full and half-strength MS medium devoid of 
growth regulator failed to produce roots (Table 4). Among 
NAA and IBA as root inducers, both NAA and IBA resulted 
in significantly better results. However, the best root 

Table 2. Effect of growth regulators in combinations on callus induction recorded after four weeks on MS medium. (–) no response, (+) 
poor growth, (++) moderate growth, (+++) good growth. Data shown are mean ± SE of 45 replicates. Mean values followed by different 
letters within a column do not differ significantly at P = 0.05 according to Duncan’s Multiple Range Test

Growth regulator 
(concentration mg L–1)

Time required for 
callus induction (days)

Callus induction (%) Nature of callus Visual growth of callus

Control – – – –
KIN (0.25) + 2,4D (0.5) 32.1 10.0 e Brownish +
KIN (0.25) + 2,4D (1.0) 27.2 13.2 de Brownish ++
KIN (0.25) + 2,4D (2.0) 35.7 21.1 d Brownish +
KIN (0.5) + 2,4D (0.5) 21.4 80.3 a Dark green +++
KIN (0.5) + 2,4D (1.0) 25.2 45.2 c Dark green +
KIN (0.5) + 2,4D (2.0) 25.9 42.1 c Dark green +
KIN (1.0) + 2,4D (0.5) 35.2 38.1 cd Brownish green ++
KIN (1.0) + 2,4D (1.0) 36.3 34.1 cd Brownish green +
KIN (1.0) + 2,4D (2.0) 38.0 28.4 cd Brownish green +
KIN (0.25) + NAA (0.5) 32.0 62.0 b Brown friable ++
KIN (0.25) + NAA (1.0) 31.5 62.7 b Brown friable ++
KIN (0.25) + NAA (2.0) 31.0 63.1 b Brown friable ++
KIN (0.5) + NAA (0.5) 32.1 55.1 bc Brown friable ++
KIN (0.5) + NAA (1.0) 32.3 55.6 bc Brown friable ++
KIN (0.5) + NAA (2.0) 30.0 56.0 bc Brown friable ++
KIN (1.0) + NAA (0.5) 33.0 47.0 c Brown friable +
KIN (1.0) + NAA (1.0) 32.8 47.7 c Brown friable ++
KIN (1.0) + NAA (2.0) 33.1 48.5 c Brown friable ++
BAP (0.25) + NAA (0.5) 30.0 46.0 c Light green ++
BAP (0.25) + NAA (1.0) 30.6 46.3 c Light green +
BAP (0.25) + NAA (2.0) 30.8 45.1 c Light green +
BAP (0.5) + NAA (0.5) 29.8 46.2 c Light green ++
BAP (0.5) + NAA (1.0) 29.0 46.0 c Light green +
BAP (0.5) + NAA (2.0) 28.0 45.4 c Light green +
BAP (0.5) + NAA (0.5) 30.1 46.0 c Light green +
BAP (0.5) + NAA (1.0) 30.0 45.1 c Light green +
BAP (0.5) + NAA (2.0) 30.0 44.4 c Light green +

In vitro organogenesis in Ephedra foliata
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AA BB CC EEDD
Fig. 1. In vitro plant regeneration of E. foliata. A, callus from internodal explants on MS medium supplemented with 2,4-D (2.0 mg L–1). 
B, callus formation on MS + KIN (0.5 mg L–1) + 2,4-D (0.5 mg L–1). C, shoot differentiation on MS + KIN (6.0 mg L–1). D, root induction 
on ½ MS medium + NAA (3.0 mg L–1). E, in vitro raised plantlets before transfer to field conditions. 

Table 4. Effect of plant growth regulators on root development 
of E. foliata recorded after four weeks on 0.5 MS medium. (–) 
no response. Data shown are mean ± SE of 45 replicates. Mean 
values followed by different letters within a column do not differ 
significantly at P = 0.05 according to Duncan’s Multiple Range 
Test

Growth 
regulator 
(concentration 
mg L–1)

Root-producing 
shoots (%)

Number of roots per 
shoot

Control – –
NAA (1.0) – –
NAA (2.0) 23.00 ± 0.66 b 1.20 ± 0.01 c
NAA (3.0) 32.00 ± 0.78 a 2.10 ± 0.04 a
NAA (4.0) 25.00 ± 0.05 ab 1.30 ± 0.02 bc
IBA (1.0) – –
IBA (2.0) – –
IBA (3.0) 16.00 ±0.07 bc 1.50 ± 0.02 b
IBA (4.0) 13.00 ± 0.39 c 1.30 ± 0.00 bc

Table 3. Effect of plant growth regulators on shoot regeneration 
of E. foliata from callus recorded after four weeks on MS medium. 
(–) no response. Data shown are mean ± SE of 45 replicates. Mean 
values followed by different letters within a column do not differ 
significantly at P = 0.05 according to Duncan’s Multiple Range 
Test

Growth regulator 
(concentration mg L–1)

Time required 
for formation 

of green patches 
(days)

Number of 
shoots per 

explant

Control  – –
BAP (0.5) – –
BAP (1.0) 16.0 1.13 de
BAP (2.0) 16.2 1.19 de
BAP (3.0) 15.8 1.82 d
BAP (4.0) 15.9 3.45 c
BAP (5.0) 15.5 4.27 b
KIN (1.0) – –
KIN (2.0) – –
KIN (3.0) 17.3 1.86 d
KIN (5.0) 17.1 3.21 c
KIN (6.0) 16.9 5.37 a
2,4D (1.0) + BAP (1.0) – –
2,4D (1.0) + BAP (3.0) 20.0 0.98 e
2,4D (1.0) + BAP (5.0) 16.8 3.75 bc

formation was observed with 3.0 mg L–1 NAA (Table 4; Fig. 
1D). 

The period of acclimatization is one of the most 
important stages, where the plant self-fixes the abnormalities 
to ensure survival under ex vitro conditions. The in vitro 
raised plantlets were then transferred to small plastic cups 
containing autoclaved vermiculite: sand (3:1) potting 
mixture (Fig. 1E). Sixty per cent of the plantlets survived 
during acclimatization and were successfully transferred to 
field conditions. 

Discussion

Indirect organogenesis involves the formation of callus from 
cultured explants followed by shoot bud differentiation. 

Callus is an undifferentiated proliferative mass of cells, 
obtained by culturing explants aseptically on nutrient 
medium under controlled experimental conditions 
(Hussain et al. 2012).

The MS medium devoid of any plant growth regulators 
did not show any callogenic response in the tested explants, 
which may be due to the inadequate level of endogenous 
growth hormones in explants to induce callusing and 
requirement of an external contribution of growth 
regulators to trigger cell division (Huang et al. 2012). 2,4-
D is the most commonly used plant growth regulator in 
callus induction (Zang et al. 2016; Mostafiz, Wagiran 2018; 
Carsono et al. 2021). The resulting colour variation in callus 
might be due to the type and concentration of the growth 
regulator. Compared to only auxin, a combination of 
auxin and cytokinin resulted in a greener callus, caused by 
cytokinin, which tends to promote chlorophyll formation 
(George et al. 2008). Other factors like pigment, nutrients 
and exposure to light also account for changes in callus 
colour (Evans et al. 2003). 

Explants of E. foliata on MS medium fortified with KIN 

M. Singh, K. Yadav, N. Singh



59

(6.0 mg L–1) produced 5.37 shoots per callus culture within 
16.9 days (Fig. 1C). Kinetin was found to be more potent 
over other cytokinins with or without the combination of 
auxin for the differentiation of multiple shoots from callus 
in Ananas comosus (Akbar et al. 2003), Oryza sativa (Libin 
et al. 2012), Plectranthus rotundifolius (Asha et al. 2013) and 
Plectranthus bourneae (Elangomathavan et al. 2017). The 
addition of 2,4-D in lower concentration also facilitated 
better morphogenesis and enhanced the rate of shoot bud 
differentiation in different plant species (Parveen et al. 
2012; Mehaboob et al. 2019; Putri et al. 2020). In contrast, 
BAP was found to be more effective than kinetin for shoot 
multiplication in Albizia lebbeck (Yadav, Singh 2011), which 
may be due to the ability of BAP to induce and produce 
natural hormones, such as zeatin, within the tissue through 
the natural hormone system (Sharma, Wakhlu 2003).

Rooting is necessary to generate the whole plantlet 
from in vitro regenerated shoots. The plantlets have 
difficulty in survival under ex vitro conditions without 
an appropriate root system (De Klerk 2002). MS medium 
without any growth regulators proved ineffective for root 
induction in Prosopis cineraria (Kumar, Singh 2009) and 
Stevia rebaudiana (Verma et al. 2011). The effectiveness 
of half-strength medium over full strength medium in 
inducing in vitro rooting has also been reported by many 
researchers (Yadav et al. 2012; Kumar et al. 2013; Groach et 
al. 2014). The rooting of elongated shoots on MS medium 
supplemented with NAA or IBA has been well documented 
in Stevia rebaudiana (Verma et al. 2011), Simmondsia 
chinensis (Kumar et al. 2013) and Vitex negundo (Groach et 
al. 2014). In the culture laboratory, in vitro raised plants are 
constantly maintained under a controlled environment of 
high humidity, low light intensity, photoperiod, optimum 
temperature, supplementary sugar supply and growth 
regulators (Hazarika, Bora 2006; Yadav et al. 2013). 

The efficient protocol developed for Ephedra foliata in 
the present study could help in using this  plant material 
for mass multiplication, genetic modification for enhanced 
bioactive constituents and germplasm conservation.
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AbstractAbstract
Introduction: Ephedra foliata Boiss. ex C.A. Mey of the Ephedraceae family is an evergreen
shrub distributed throughout North Africa and Southwest Asia. It has been a characteristic source
of alkaloids like ephedrine, pseudoephedrine and other related mixes, which are of great
importance for their biological and pharmacological potential. Objective: This study is aimed to
evaluate the antimicrobial potential and phytochemical constituents studies on stem, leaves and
flowers extracts of E. foliata. Method: The air-dried plant sample was powdered with an electric
grinder, then extracted successively with solvents, namely petroleum ether, petroleum benzene,
ethyl acetate, methanol, and aqueous using Soxhlet apparatus for 72 hours. The solid matter
was separated by filtration and then solvents were evaporated with a vacuum rotary evaporator
to obtain the crude extracts. Freshly prepared crude extracts were subjected to the standard
procedures of preliminary phytochemical screening for the investigation of the presence or
absence of different phytoconstituents. The result showed the presence of reducing sugars,
flavonoids, and cardiac glycosides. Antimicrobial activity of the crude extract was determined by
agar well diffusion method. Results: Ethyl acetate extract showed the highest antimicrobial
activity against all the tested pathogens (Escherichia coli, Staphylococcus aureus, Pseudomonas
aeruginosa, Yersinia enterocolitica, Streptococcus pneumonia, Aspergillus terreus, Cladosporium
herbarum and Candida tropicalis). All five extracts inhibited the growth of Y. enterocolitica.
Conclusion: The antimicrobial properties of E. foliata extracts are of great interest in light of the
ongoing threat of microbial resistance to conventional antibiotics. Phytoconstituents present in
the E. foliata extracts might be a good alternative to modern antimicrobials as a natural
compound.
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Summary

Introduction: Ephedra foliata Boiss. ex C.A. Mey of the Ephedraceae family is an evergreen shrub dis-
tributed throughout North Africa and Southwest Asia. It has been a characteristic source of alkaloids like 
ephedrine, pseudoephedrine and other related mixes, which are of great importance for their biological and 
pharmacological potential. 
Objective: This study is aimed to evaluate the antimicrobial potential and phytochemical constituents stud-
ies on stem, leaves and flowers extracts of E. foliata. 
Method: The air-dried plant sample was powdered with an electric grinder, then extracted successively with 
solvents, namely petroleum ether, petroleum benzene, ethyl acetate, methanol, and aqueous using Soxhlet 
apparatus for 72 hours. The solid matter was separated by filtration and then solvents were evaporated with 
a vacuum rotary evaporator to obtain the crude extracts. Freshly prepared crude extracts were subjected to 
the standard procedures of preliminary phytochemical screening for the investigation of the presence or ab-
sence of different phytoconstituents. The result showed the presence of reducing sugars, flavonoids, and car-
diac glycosides. Antimicrobial activity of the crude extract was determined by agar well diffusion method. 
Results: Ethyl acetate extract showed the highest antimicrobial activity against all the tested pathogens (Escherichia 
coli, Staphylococcus aureus, Pseudomonas aeruginosa, Yersinia enterocolitica, Streptococcus pneumonia, Aspergillus 
terreus, Cladosporium herbarum and Candida tropicalis). All five extracts inhibited the growth of Y. enterocolitica. 
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Conclusion: The antimicrobial properties of E. foliata extracts are of great interest in light of the ongoing 
threat of microbial resistance to conventional antibiotics. Phytoconstituents present in the E. foliata extracts 
might be a good alternative to modern antimicrobials as a natural compound.

Key words: Ephedra foliata, crude extract, phytochemical screening, antimicrobial activity

Słowa kluczowe: Ephedra foliata, surowy ekstrakt, badania fitochemiczne, aktywność antybakte-
ryjna

INTRODUCTION

Medicinal plants are edible or non-edible plants 
which at least accumulate substances in one of their 
organs that reflect health benefits in the treatment or 
prevention of mental illnesses [1]. It has been esti-
mated that 20 to 85% of the world’s population in the 
developed and developing countries use medicinal 
plants [2]. Ephedra foliata, ordinarily known as So-
malata, is a gymnosperm plant belonging to family 
Ephedraceae, is an evergreen shrub developing from 
0.15 to 1.0 m in height. It is distributed in North Af-
rica and Southwest Asia. It is one of the most es-
tablished medicinal plants in the world, notable in 
conventional Chinese drug, used to treat hypersen-
sitivities, bronchial asthma, chills, colds, hack, fever, 
influenza, cerebral pains and nasal blockage. It is 
a source of alkaloids like ephedrine, pseudoephed-
rine and their mixes [3]. The stems of most indi-
viduals from this family contain ephedrine and are 
used in the treatment of asthma and numerous dif-
ferent contradictions of the respiratory framework. 
The activity of ephedrine is more delayed than that 
of adrenaline, being a  functioning vasoconstrictor; 
alkaloids from Ephedra can be utilized to hoist cir-
culatory strain and respiratory rate [4]. It possesses 
antimicrobial, antioxidant, antidiabetic, hepatopro-
tective and cardiovascular activities [5]. 

Secondary metabolite has a  pharmacological or 
bioactivity used in drug discovery process. Based on 
the diverse uses of E. foliata in folk medicine, it is in-
teresting to perform the antimicrobial potential and 
phytochemical qualitative analysis of different plant 
extracts (stem, leaves and flower) of E. foliata.

MATERIALS AND METHODS 

Plant materials

E. foliata chosen for the present study has proficient 
medicinal significance. The plant material was col-
lected from the Herbal Garden, Botany Department, 
Kurukshetra University, Kurukshetra. 

Preparation of extracts

The aerial portions, stem, leaves and flowers of E. fo-
liata were collected and washed with tap water pur-
sued by distilled water to take out the dust and dirt on 
the surface of the plant. The plant material was dried 
at room temperature for 15 days. The dried plant ma-
terial was powdered with an electric grinder. The dif-
ferent extracts were prepared by taking 50 g of plant 
powder extracted by immersing with 200 ml of five 
solvents namely petroleum ether, petroleum benzene, 
ethyl acetate, methanol, and aqueous using Soxhlet 
apparatus for 72 hours. The extracts were filtered with 
filter paper (Whatman No. 1) and solvents were evap-
orated with a vacuum rotary evaporator to obtain the 
crude extracts, residue stored at 4°C until further use. 
The final concentration of 200 mg/ml was made to 
test antimicrobial activity by dissolving extracts into 
DMSO (dimethyl sulfoxide) with the concentration 
of 1 mg/ml being evaluated for biological potential.  

Test microorganisms 

The microbial strains used in the research experi-
ment namely, Escherichia coli MTCC 1570, Staphy-
lococcus aureus (NCIM 5345), Pseudomonas aeru-
ginosa MTCC 1034, Yersinia enterocolitica (MTCC 
3235), Streptococcus pneumoniae (MTCC 2672), 
Aspergillus terreus (NCIM 1325), Cladosporium her-
barum (NCIM 1112) and Candida tropicalis (MTCC 
184) were collected from the IMTECH Chandigarh 
and NCIM, Pune.

Preparation of inoculums

Stock cultures were sustained at 4°C on slants of 
nutrient agar test tubes. Active cultures were read-
ied by moving cells from stock cultures to test 
tubes of Mueller-Hinton broth (MHB) for bacterial 
strains, incubated for 24 h at 37°C and Sabouraud 
Dextrose broth (SDB) for fungal strains that were 
incubated for 7 days at 30°C.
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Antimicrobial assay

The extracts were assessed against pathogens by 
agar well diffusion method. The turbidity of the 
inoculum was adjusted to 1.5 × 108 CFU/ml (cor-
responding to 0.5 McFarland standards). The anti-
bacterial viability of plant extracts were compared 
by standard antibiotics streptomycin and antifun-
gal activity by fluconazole. The final concentra-
tions for antimicrobial drugs were streptomycin 
(15 µg/ml) and fluconazole (130 µg/ml) according 
to CLSI AST norms. Streptomycin was dissolved 
in distilled water and fluconazole in DMSO to 
make the final concentration for antimicrobial 
testing. Distilled water and DMSO act as a nega-
tive control. A 6 mm diameter cork borer was used 
to make well in the medium and filled with 50 µl of 
final concentrations of control and plant extracts. 
The zone of inhibition was measured in millimetre 
(mm) as clear zones seen around the wells.

Minimum inhibitory concentration (MIC)

The minimum inhibitory concentration (MIC) of 
crude extracts was decided by broth microdilution 

method. Stock solutions were set up with the con-
centration of 200 mg of crude plant extracts in 1 ml 
of DMSO and further diluted using two-fold serial 
dilution in sterile broth. A series of test concentra-
tions of 200, 100, 50, 25, 12.5, 6.25 and 3.13 were 
given by serial dilution. Afterward, 100 µl volumes 
of samples were poured into the well of 96-well mi-
crotiter plate followed by 100 µl volume of test strain 
broths. After incubation, the minimum concentra-
tion of the test sample which inhibited the growth 
of the test organism was considered as MIC of the 
plant extract.

Preliminary phytochemical screening

Freshly prepared crude extracts of E. foliata were 
subjected to the standard methodologies (Table 1) 
of preliminary phytochemical screening for the in-
vestigation of the presence or absence of different 
phytoconstituents [6, 7]. The qualitative results of 
the analysis were expressed as + for the presence and 
- for the absence of phytochemical. 

Ethical approval: The conducted research is not re-
lated to either human or animal use.

Table 1. 
Preliminary phytochemical screening methods

Phytochemical Test/ Reagent Method Observation Inference 

Alkaloids Wagner’s reagent Extract + 3–5 drops of Wagner’s reagent reddish brown precipitate or 
coloration alkaloids present

Reducing 
sugars Fehling's Test 1 ml of extract + few drops of Fehling's 

reagent and stirring rusty red precipitate reducing sugars 
present

Tannins Braymer’s test 2 ml of extract + 10% alcoholic ferric 
chloride blue or greenish coloration tannins present

Phenols Ferric chloride 
test Extracts + aqueous 5% ferric chloride deep blue or black coloration phenols present

Flavonoids Alkaline reagent 
test

2 ml of extract + few drops of 20% 
sodium hydroxide + dil. HCl

intense yellow color, turns 
colorless on addition of acid flavonoids present

Saponins Foam test 2 ml of extract + 6 ml of water and 
shaken well formation of persistent foam saponins present

Amino acids Ninhydrin test
2 ml of extract + 2–5 drops of 1% 
ninhydrin solution in acetone and  
boiled for 1–2 min. 

purple coloration amino acids and 
protein present

Cardiac 
Glycosides Keller Kelliani’s test

5 ml extract + 2 ml glacial acetic acid 
+ 1 drop of ferric chloride + 1 ml conc. 
H2SO4

brown to blue color ring at the 
interface

cardiac glycosides 
present

Steroids Salkowki’s test 2 ml of extract + 1 ml chloroform + few 
drops of conc. H2SO4

red color on the upper layer 
and yellow color on lower layer steroids present
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RESULTS AND DISCUSSION

Antimicrobial Activity

In vitro antimicrobial activity of different solvent ex-
tracts of E. foliata was assessed by investigating the 
presence or absence of zones of inhibition. The data 
of the antimicrobial activity of the extracts of E. folia-
ta and reference standard antimicrobials are shown in 
Table 2. The stem extracts of E. foliata in different sol-
vents have potent antimicrobial efficacy against many 
bacterial strains and fungal strains carried out by agar 
well diffusion method. The antimicrobial activity of all 
the crude extracts could be explained by the presence 
of several phytochemicals such as reducing sugars, 
alkaloids, phenols, flavonoids, and cardiac glycosides 
etc., which could be responsible for the observed bio-
logical activities [8]. Results showed some variation 
among different extracts (petroleum ether, petroleum 
benzene, ethyl acetate, methanol and aqueous) of E. fo-
liata against most of the tested strains (Gram-posi- 
tive and Gram-negative) in a dose-dependent man-
ner. Indeed, the bacterial strain Y. enterocolitica was 
observed to be the most sensitive pathogen among all 
the test microorganisms. All the five extracts inhibit-
ed the growth of Y. enterocolitica and showed the zone 
of inhibitions ranging from 28±0.66 to 34±0.15 mm 
and the ethyl acetate extract was observed to be the 
most effective extract followed by aqueous, petro-
leum benzene, methanol and petroleum ether. Ethyl 
acetate extract gave the highest antimicrobial activ-
ity against all the tested pathogens with the zone of 
inhibition 34±0.15 mm against Y. enterocolitica fol-
lowed by S. pneumoniae (32±0.03 mm), S. aureus 
(31±0.34 mm), E. coli (30±0.38 mm), P. aeruginosa 

(29±0.26 mm), C. herbarum (20±0.54 mm), A. ter-
reus (16±0.20 mm), and C. tropicalis (10±0.07 mm). 
Streptomycin was used to compare the sensitivity 
of the bacterial strains and S. pneumoniae as well as 
Y. enterocolitica were found the most sensitive with 
inhibition zone 22±0.63 mm and 22±0.58 mm re-
spectively. Fluconazole was used as a reference anti-
fungal drug and was found to be most effective against 
A. terreus and C. tropicalis with the zone of inhibition 
21±0.90 mm and 20±0.25 mm respectively. Among 
the different solvent tested, hydrophobic fractions 
were petroleum ether and petroleum benzene while 
hydrophilic fractions were ethyl acetate, methanol and 
aqueous. Among all these the hydrophilic fraction, 
ethyl acetate dissolve more compounds and gave best 
inhibition activity. Besides this, methanol extracts of 
E. foliata have been well observed for their antibacte-
rial activity against S. aureus, B. subtilis, P. aeruginosa, 
and E. coli. [3]. Mathur et al. [9] reported the anti-
microbial efficacy of E. foliata against human patho-
genic bacteria. Bissa [10], evaluated the antimicrobial 
potential of different plant part (stem and leaves) ex-
tracts (aqueous, alcoholic, chloroform and petroleum 
ether) of E. foliata against human pathogenic (E. coli, 
S. typhi, K. pneumoniae, and Enterobacter aerogenes) 
as well as plant pathogenic (Agrobacterium tumefa-
ciens) bacteria and reported that all the plant parts 
exhibited antimicrobial activity that is comparable to 
the present research work.

Minimum inhibitory concentration (MIC)

The MIC of the extracts of E. foliata is shown in 
Figure 1. The MIC of the four different extracts 

Table 2. 
Zone of inhibition of different solvent extracts of E. foliata against MTCC microbial strains

Microbial strains 
Zone of inhibition [mm]

Petroleum 
ether

Petroleum 
benzene

Ethyl 
acetate Methanol Aqueous DMSO Streptomycin Fluconazole

E. coli 17±0.62 29±0.54 30±0.38 25±0.86 22±0.32 – 20±0.16 NT
P. aeruginosa 30±0.59 27±0.19 29±0.26 31±0.98 31±1.01 – 18±0.47 NT
S. aureus 28±0.98 28±0.25 31±0.34 27±0.15 30±1.11 – 08±0.07 NT
Y. enterocolitica 28±1.06 30±0.68 34±0.15 29±0.66 33±1.34 – 22±0.58 NT
S. pneumoniae 26±0.82 27±0.63 32±0.03 26±0.63 33±1.10 – 22±0.63 NT
A. terreus 02±0.01 03±0.07 16±0.20 – – – NT 21±0.90
C. tropicalis 02±0.04 - 10±0.07 – – – NT 20±0.25
C. herbarum 04±0.00 06±0.06 20±0.54 – – – NT 10±0.04

Values are the mean of three replicates; significant at p≤0.05 level of analysis of variance; diameter of well: 6 mm; MTCC – Microbial Type Culture 
Collection; DMSO – dimethyl sulfoxide; NT – not tested
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ranged from 3.12-25 mg ml-1 for S. aureus, 3.12-
12.5 mg ml-1 for P. aeruginosa and E. coli, 3.12-
6.25 mg ml-1 for S. pneumoniae and Y. enterocoliti-
ca, 25-100 mg ml-1 for A. terreus, 12.5 mg ml-1 for 
C. herbarum and 12.5-100 mg ml-1 for C. tropicalis. 
The lowest range of MIC (3.12-12.5 mg ml-1 and 
3.12-25 mg ml-1) were observed in the case of ethyl 
acetate and methanol extracts respectively of E. fo-
liata against all the tested pathogens. 

Phytochemical Screening

The qualitative phytochemical screening of the fresh 
and dried shoot powder extracts of E. foliata in five 
different solvents showed the presence of several 
phytochemicals. Reducing sugars, flavonoids, and 
cardiac glycosides were found present in all the five 
extracts however, saponins and amino acids were 
found absent in all the extracts (Table 3). The exi- 
stence of alkaloids, reducing sugars, flavonoids, 
phenols and cardiac glycosides has been reported in 
methol, petroleum ether and petroleum benzene ex-
tract. In an aqueous extract, alkaloids, phenols, tan-
nins, saponins, amino acids and steroids were not 
found. While high yields of phytochemicals with the 
presence of alkaloids, reducing sugars, flavonoids, 
phenols, tannins, cardiac glycosides and steroids 
were documented from ethyl acetate extract. Ac-
cording to previously conducted studies, phenolic 
compounds are the active ingredients of Ephedra 
plant [11, 12]. The antimicrobial activity of many 
species of Ephedra species like E. major, E. mono-
sperma, E. fragilis, E. distachya, E. foeminea, E. alata, 

E. sinica and E. vulgaris showed variations in their 
phytochemical constituents levels using different 
types of extracts [11, 12, 13, 14, 15, 16, 17]. 

Ephedra  contains alkaloids (pseudoephedrine, 
norephedrine and methylephedrine), flavonoids 
(leucodelphinidin, leucoanthocyanidin, leucopelar-
gonine, lucenine, vicenin-1, and vicenin-2), phenols 
(kaemferol 3-rhamnoside, quercetin 3-rhamnoside, 
herbacetin 8-methyl ether 3-O-glucoside-7-O-ruti-
noside and furanofuran) and tannins (proanthocya-
nidines) [18].

In the present research work, the stem extract of 
E. foliata exhibited the presence of several phyto-
chemicals with comparatively more concentration 
of alkaloids that is comparable with Bissa [10]. This 
variation in concentration may be due to several fac-
tors such as soil characteristics, harvesting, storage 
conditions and analytical quantification techniques 
[18]. These different phytoconstituents interact with 
the membrane proteins of the bacteria through in-
ter-helical hydrogen bonding, causing changes in 
membrane permeability and cell destruction, pen-
etrating bacterial cells and coagulating the cell con-
tents [19]. The cytoplasmic membrane of the bacte-
ria also gets damaged through the perforation action 
of the flavonoid [20]. Flavonoid causes retardation 
in the growth of microorganisms by inhibiting their 
nucleic acid synthesis and energy metabolism [21]. 
Therefore, E. foliata species depicts the presence of 
various phytochemicals which may be acting inde-
pendently or synergistically with other compounds 
to show medicinal as well as therapeutic efficacies. 
They showed potentials antimicrobial activity that 
can be exploited as the alternatives of several anti-
biotics in the treatment of microbial infections [22]. 
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CONCLUSION

It has been well known the rate of microbial re-
sistance towards antibiotics increasing day by day. 
Therefore, the medicinal plants and their phyto-
compounds are creating a  new interest as an an-
timicrobial agent. The background of the manu-
script indicates that E. foliata phyto-complex ex-
tracts have an efficacious antimicrobial potential, 
as evidenced by the inhibitory effect on bacterial 
growth of different human pathogens. The antimi-
crobial properties of E. foliata extracts are of great 
interest in light of the ongoing threat of microbial 
resistance to conventional antibiotics. Phytocon-
stituents present in the E. foliata extracts might 
be a good alternative to modern antimicrobials as 
a natural compound. 
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Introduction 

UN and its role, always remains a subject of discussion, debate and criticism among the students, statesmen, policy makers and 
academicians since its origin. United Nations Organisation came into existence after the Second World War in 1945.It was an effort of 
the world leaders to protect the coming generation from the destruction of Third World War. It was formed to maintain the international 
peace and security, to develop friendly relations among nations, to develop international cooperation among the states, for the solution 
of socio-economic, political, cultural and other problems and respect for human rights and other freedoms. 

 
To achieve these objectives UN Charter was framed by the founder members. Basically it was a positive reaction of states 

involved in the Second World War. When the UN Charter was signed in 1945 there was clear consensus on the organization’s role, but 
the world has changed dramatically since then. Member states need to contemplate how global developments have affected the relevance 
of the United Nations and decide how it can be changed so that it can serve better in the contemporary world scenario. The paper is an 
attempt to analyse the relevance of UN in the cotemporary world order especially in the context of Russia-Ukraine war. 

 
With the end of the Cold War and other drastic changes in 1990’s, the emergence of the United States as the most powerful 

country made the world order Uni-polar. This shift in the world order has only added various opportunities and problems especially in 
the context of political instability in different parts of the world. The economic globalisation, which has swept the world like a hurricane, 
has only introduced income inequalities among peoples and countries. The contemporary world order is a subject of discussion and 
debate especially after the out- break of Russia and Ukraine war. But it can stated that it is changing from multi centric to more bi-polar 
world order, as Russia with China are emerging as another centre of power against US and its allied powers in the world. In this changed 
world scenario it is important to analyse the significant role and relevance of UN.  

 
Origin of UN 

With the long process of meetings and conferences of Heads of the state/Government UN came into existence after Second 
World War in 1940’s. On 1 January 1942, President Franklin Delano Roosevelt of the United States convened a conference of 26 
‘Allied’ Nations in Washington D.C. The conference issued the ‘Declaration by United Nations’. The intention of the Declaration was 
to create structures of global governance under the broad framework of the UN. These structures would secure, and sustain the peace 
that would follow the war. 

 
Sustaining post-war peace by creating a holistic triad of structures to deal with financial, developmental, and trade policies 

became a priority for the participants of the Washington conference. Their broad goal was to overcome economic nationalism, which 
had given rise to conditions leading to the Second World War, and to facilitate the flow of capital for investments in reconstruction and 
development, especially of infrastructure, to sustain economic growth.i 

 
After a long process of conferences and meetings UN came into existence in October 1945. During the process of making UN, 

various principles were decided for the smooth working of the organisation. It was decided that UN will work on fundamental principles 
of sovereignty of the states, peaceful settlement of disputes, no use of force, committed for assistance of the state by other states, no 
interference in domestic jurisdiction of the member states. It has own UN charter and constitutional mechanism was developed to guide 
UN in its working. Different agencies were created for the functioning of the International Organisation. 

 
UN is not relevant  

It is being argued by the critics that UN is not playing its role in changed international scenario and it is not relevant. It is not 
capable to face the threats to world peace and security. It has no its own military and economic power for collective security operations. 
Due to lack of its own security mechanism it has to remain dependent on other states. It is also being argued that it is puppet in the hand 
of super powers. The veto powers countries misuse their powers for their own national interests. Like other wars and conflicts in the 
history, during the Russia Ukraine war, it has been proved that UN and its agency are not able to resolve the arms conflict and disputes, 
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especially where the veto power country is involved. Russian Ukraine war is still going on after various efforts by the international 
organizations and European and other countries of the world.  

 
Failure to check arms race in the world 

Arms race and existence of nuclear, chemical atomic and other weapons of mass destruction is the biggest challenge to world 
peace and security. For their security and economic gains countries are involved in making of destructive weapons in the world. Sale of 
weapons is the important base of their economy and economic market. Basically, they are the threat to peace and security. Complete 
disarmament and arms control are the fundamental goals of UN. It has developed various mechanisms for keeping check on arms race. 
Various treaties were made (such as NPT, CTBT, SALT 1, SALT 2, PNTBT, Outer Space Treaty, Chemical Weapon Convention, Arms 
Trade Treaty etc.) to keep check on the making, testing and development of the weapons of mass destruction.  But the agency is failed 
in checking the arms race in the world. Weapons of mass discretions are being developed by all the powerful countries in the world. 
Due to its economic and other limitations UN is not able to impose its policies and decisions on member states who are involved in arms 
race. The existence of these weapons are challenging the harmonious and cordial relations among the states and creating conflicts.   
Nuclear states are using weapons as instruments for their foreign policy goals. They are influencing the small and weak states and 
promoting and protecting their interests at  the international level. 

  
Failure in the pacific settlement of disputes 

Pacific settlement of disputes is one of the important tools for the maintenance of peace and security by the UN. As per UN 
charter UN secretary general has been assigned duty to work as watchdog of world peace and security when any conflict arises, it is the 
prime duty of UN and its agencies to trace the problem and use all the methods mentioned in the UN charter for the pacific settlement 
of international disputes.  

 
The international organisation is not able to resolve the issues between the states and they convert in arms conflicts. Member 

states are bound to follow the decisions of UN but practically they try to avoid UN decisions for their national interest. Fundamentally, 
foreign policy of any state is bound to fulfil the national interests than obligations of regional or international organisations.  Russia-
Ukraine military conflict is the latest example of arms conflict where UN agencies failed to settle the dispute well in time. Now it has 
been converted in one of the longest war of the world. There is a need to strengthen UN and its agencies for effective application 
regarding the provision of the pacific settlement of disputes.             

                  
Failure in the maintenance of peace and security 

World peace and security was the core issue behind the origin of the UN after the Second World War. Special provisions were 
made for coercive methods for maintenance of peace and security in chapter 7 of the UN charter. It has carried out collective security 
actions during Korean war in 1951and Gulf war in 1990’s. but it was hijacked by the then superpowers for their own national interests. 
Even the activities were carried out under the leadership of UN practically it was carried out by America (Superpower) and its allied 
countries. Even the flags of UN were not used in the Gulf War. Only few countries participated in the activity of collective security and 
send their military for the military operations, as per their national interests. In fact, UN does not have its own defence mechanism 
(military and weapons) and resources. The organisation always remains dependent on its member countries for military and financial 
assistance. Therefore, the success of UN collective security activity depends on the will and interests of member countries specially the 
superpowers. 

 
Unable to manage socio-economic crisis in the world 

UN was created for keeping check on armed conflicts and wars in the world. It was a strategic and diplomatic objective but it 
cannot be fulfilled without economic conditions. Economy is the sub-structure of society which determines the political conditions and 
national interest of a state. They play important role in building peace and security in the world. For this purpose, UN established social 
economic council to take care the socio-economic problems of the world. The council has framed various policies and programmes for 
the solution of socio-economic problems and welfare of the masses in the world. It has played an important role in the identification of 
the problems but not able to provide solution and remedies to the problems. After the origin of UN, the world is facing the problem of 
illiteracy poverty, hunger, unemployment, starvation etc. In fact, UN activities depend on the economic support of the member countries. 
It does not have its own economic and financial mechanism for the financial support to the member counties. It depends on the donations 
given by the economically rich countries. As when and how they donate UN use the same donation for its socio-economic objectives. 
UN member countries are facing serious social and economic problems. Economic crisis of Sri Lanka is one of the examples of worst 
economic condition of a member of UN. UN is helpless and not able to cooperate and support the Sri Lankan government at this time 
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of grave economic conditions. In fact, UN agencies didn’t play any role to protect the lives from hunger and starvation. There is need 
to economically strengthen UN and its agencies so that lives of poor people can be saved. 
  
Failure of UNO in the resolution of environmental issues 

Due to technological and other development the world is facing serious environmental issues in the world. In fact, scientific 
and technological development has provided comfort and facilities for better life. They have speed up the industrial, commercial, and 
economic growth in the world. On the other hand they have destroyed the ecological balance and environment. After the industrial 
revolution the world is facing the problem of global warming, climate change, depletion of ozone layer, environmental pollution, acid 
rain and other problems related to environment. 

 
UN has framed various policies and programmes for the production of environment. It has organised various conferences on 

global warming and climate change at international level but the world is still facing the serious problems related to environment which 
are directly related to the human life. In fact, the world is divided between north and south on this issue. North (Rich) are blaming South 
(Poor) for environmental pollution. They are arguing that 70% of the world population is living in south. They are consuming and 
exploiting more natural resources than north. South is blaming north for producing maximum carbon-dioxide and other poisonous gases 
through the use of refrigerators, air conditioners and other household equipments for better living standard. They are polluting more. 
Polluters must pay for the environmental protection. 

 
Due to this North South controversy, UN is not able to play any constructive role to protect the human life from environmental 

pollution. There is a need to strengthen UN and its agencies for effective outcomes of its environmental agenda.  
 

Lack of democratisation of UN and its structure 
Democracy and democratisation of the regional and international organisations is of utmost importance in the modern age. 

Democratisation stands for equal right and participation of the member countries. UN is not a democratic organisation. it is unequally 
organised and structured. Few countries are having more shares in the distribution of power. Especially the super powers have been 
given veto power. They are dominating the whole working of the organisation. Rest are depending on the cooperation of veto power 
countries. The undemocratic structure and working of UN has created questions on its role and relevance in the contemporary world 
order.  

 
Due to undemocratization member countries are not cooperating UN in its working. It has become an instrument of fulfilling 

foreign policy goals of the rich and powerful countries. It is unfortunate on the part of the UN that it is dominated and hijacked by the 
veto power countries for their national interest. If even one veto power country is against the decision of the ogranisation. It can create 
hurdle and avoid UN to take necessary actions in particular conditions specially clash of interests. The powerful countries dominate the 
other developing countries and try to impose their own decisions on these weak countries. It is one of the biggest hurdles in the 
democratic decision making process of the UN. There is a need to democratisation of UN and its agencies for the healthy working of 
the UN in the contemporary world order. Basically, it was a condition at the time of origin of the UN to give special status to the powerful 
countries. In fact imbalance in UN is the base of its survival and growth. If no special powers were given to these countries than UN 
cannot come in existence after the Second World War. Even in the present scenario, it is the survival condition for the world body. 
 
Provision of non- interference in domestic affairs of the member states 

To protect the sovereignty and identity of member states, special provision was made under the article 2(7), of the UN charter. 
According this article UN has no authority to interfere in the domestic affairs of the state. It was an effort to maintain balance between 
UN and state sovereignty so that UN can function in coordination with member states.  

 
Initially, it was respected by all members, later on it was misused by the states as an instrument against UN actions. Basically, 

it is a subjective phenomenon. Sometimes, it is difficult to explain what domestic matter is and what is not domestic. Due to subjectivity, 
state can claim any issue as domestic issue. Due to this structural and functional dimension of UN and the existing international scenario, 
it is difficult for UN to play any role in the pacific settlement of the dispute. The failure and success of UN depends on approach towards 
the issue.  

 
Emerging trends and issues in the cotemporary world order are posing challenge to the working of the UN. Basically, there is 

a conflicting situation between the international organisation and national interests of the member states. In Russia-Ukraine war UN is 
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not able to play any constructive role due to Russia as a Veto Power member. Russia is using veto power and dominating decision 
making process in the security council of UN.  

 
Security threats from the violent arms conflicts between states (such as Russia and Ukraine conflict). Violation of human rights 

in the different parts of the world is emerging as one of the crucial humanitarian problems for UN. Terrorism, religious fundamentalism, 
communalism, violent riots in the different parts of the world are posing another threat to world peace and security. Arms race and 
existence of weapons of mass destruction (Atomic, nuclear weapon, chemical weapon, Hydrogen bomb, biological weapons, Inter 
Ballistic Missiles etc) are another challenge for maintenance of world peace and security. 

 
There has been the existence of political and non-political controversial issues among the states. (Especially the border disputes 

such as Indo-Pak and Indo-China border disputes). Beside this, threats from violence and massive human rights violations within states, 
threats from terrorism, threats from organized crime, threats from the proliferation of weapons - particularly WMD, but also 
conventional.ii 
 
UN is still relevant in the contemporary world order 

Though UN is facing various challenges and problems regarding world peace and security but that do not mean that UN is not 
relevant. The world body has played significant role in the peaceful settlement of international disputes. It has played very significant 
roll abolition of imperialism and colonialism, racialism from the world after the Second World War.  It has successfully created 
awareness about the non- political issues such as environmental protection, human right, welfare and security of women, protection of 
children rights. It provided an important for platform for building of international cooperation, coordination and harmonious relations 
among the member states. UN has increased recognition and respect for international law in the world by its efforts for establishment of 
various institutions. 

 
Moreover, it has created awareness about international issues and conflicts among the states at international level and try to 

avoid conflicting situations among the states. Always try to keep check arms race and the different types of weapons of mass destruction 
in the world. It was an effort towards weapon free world. During COVID- 19 Pandemic UN played significant role in awareness on the 
pandemic and saved the human generation from the menace of the pandemic. 

 
It needs reforms in its basic structure and functioning. There is need to restructure and expend UN Security Council so that it 

can provide representation to all the major powerful countries.iii It is important for the democratic functioning of the Security Council 
that use of veto power should be minimized. It should work as a leading agency of UN for the maintenance of world peace and security. 
Moreover, it is important to democratise the structure and functioning of UN so that it can really work as world body and represent the 
whole world. There is need to create some mechanism for military and financial assistance for UN peace operations so that it should not 
remain depend on the member states for its peace operations and other activities regarding the implementations of its provisions for the 
same. It is important that UN should develop a mechanism for arms control through its agencies so that world can be saved from the 
destruction of the weapons. There is further need to strengthen the efforts for the protection of ecological environment in the world so 
that life can be saved from the threat of global warming, climate change, and other environmental threats. 

 
In the changed scenario social and economic security is one of the major challenges for the developing and poor countries of 

the world, through social and economic council can help these countries to come out from hunger and starvation. Despite crippled by 
Bretton Woods Institutions, UN has played limited but effective role on the economic matters. Supported the North-South dialogue and 
aspired for emergence of new international economic order.iv Moreover, there is need to create an atmosphere of trust and mutual faith 
among the member states. The whole working of UN depends on the cooperation of member states specially the superpowers. For the 
cooperation, mutual faith among member states is must. There is a need to give importance to international issues than national interests 
by the states.  

 
Conclusion 

Role and relevance of UN always remain a topic of debate and criticism among academicians, statesmen and foreign policy 
makers during all world orders. During bi-polar world order, it was used and misused by the bloc politics. After the end of cold war in 
1990’s UN and its actions were dominated by US and its allied countries. Recently it was not able to play any constructive role in 
Russia-Ukraine conflict. It was framed in the post second war era to save the coming generation from the third world war. Various 
organs and agencies were created for its functioning. UN plays a prominent role in settlement of various disputes and maintenance of 
peace and security at international level. UN always remains dependent on its member states specially the superpowers for their financial 
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assistance and military cooperation during peace operations and activities in the world. There is a need to restructure and democratise 
UN and its agencies to make it more powerful so that it can play significant role in the contemporary world order dominated by Russia-
Ukraine war. 
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GOOD GOVERNANCE WITH SPECIAL REFERENCE TO KAUTILYA’S ARTHASHASTRA 
 

Dr. Saroj Bala 
GMN College 

Ambala Cantt, Haryana, India 
 
Abstract 

Good governance is a term which has become an exercise and agenda of almost all institutions. Good governance has 
different implications to different organizations and institutions. But Kautilya’s Arthashastra is a crossover treatise which deals with 
the art of government, its functions, the duties and responsibilities of the leader/ king and his ministers and above all the concerns of 
his citizens. As a good number of works has been completed on the issues related to good governance. The idea of good governance 
has been undergoing expansion and acquiring new features and elements over centuries in human history. Great thinkers, scholars and 
philosopher have raised the issue of good governance from time immemorial in political discourses, treatise and produced many 
writings over the centuries. They have conceptualized many aspects, dimensions and characteristics of good governance in the 
process. In the background of all these facts this paper aims at exploring the various aspects of good governance with special reference 
to Kautilya’s Arthashastra.  

 
Keywords: Good Governance, Arthashastra, Exploring, Functions. 

 
Introduction 

Governance is a dire need of many countries in the world today. The intellectuals, bureaucrats and civil society members 
have been accepting this need day by day. The concept of governance is not new. In fact, the concept of governance is as old as human 
civilization. It is widely accepted that good governance First and for most presupposes justice. The well-established hallmarks of good 
governance include 

 Justice for All citizens 
 Justice between state/government officials  
 Justice between men, women and individuals 
 Justice between minority groups and majority groups  

 
Now the question arises is what justice is and how it can be secured or administered. These specific questions constitute the 

subject matter of Plato’s “The Republic”. Plato's conception of good governance is evident in his theory of ideal state in which 
philosophers i.e. after undergoing years of training and learning to distinguish well from evil would be kings. The Development and 
promotion of the mental and physical health of the citizens would be the responsibility of the state and the citizens would perform 
well-defined public duties.  

 
      If good governance is another name of democratic government then Aristotle should be considered as the strongest defender 
of it. As per Aristotle’s theory the Citizenship signifies participatory Citizenship by which citizens actively participate in 
governmental /administrative decision making processes. The citizen shares in the administration of justice and in the holding of 
public office. Aristotle highlighted the need for observance of ethics in public life i.e. Moral code of conduct for politicians and 
administrators for the First time. Good governance calls for Corruption free management of public affairs and promotion of public 
good. Adherence to High Moral standard by members of political class and the bureaucracy and finally peace+ prosperity for the 
public. So, the credit for stressing the importance of public service ethics in his self-titled works goes to Aristotle. As this master 
philosopher reminded the humanity that good governance can be possible only if the government shows Great concern for equality of 
all the citizens because the existence of inequality in society is bound to trigger revolution as per this theory of revolution.  
 
     After the Second World War and decolonisation, the emergency of new nations i.e. third world acted as a big impetus for 
further evolution of the term good governance for developing nations. The issue of Development became a question of life and death. 
Good government meant removal of ill health, poverty, unemployment, illiteracy, ignorance and good governance became synonyms. 
In India, since   1991 the government has effected a paradigm shift in its development policy. The state led modal i.e. command model 
has been substituted by people participative, democratic and decentralized Model of Development which is based on the policy of 
privatization, liberalization and globalization.  
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       The need for sustainable Development and sustainable human rights including child development women empowerment 
rehabilitation of the displaced and disabled and below poverty line people have been brought with in the ambit of good governance 
since 1975. Good governance means dedicated participation and total commitment of the state civil society, NGO's citizens and 
individuals everywhere working from the grass roots to the national and international level to oppose, supress and root out the 
terrorism and other heinous crimes against humanity. 
 
THE CONCEPT OF GOOD GOVERNANCE: KAUTILYA’S ARTHASHASTRA 

Kautilya’s Arthashastra is a “treasure- trove filled with precious gems of wisdom”. Irrespective of the forms of government 
the concepts and principles of Kautilya have relevance to administrators of society. It is necessary to relate his principles of good 
governance to modern times and concepts and today’s problems in each political system. Rather than focusing on the theories of 
origin and functions of the state Kautilya’s Arthashastra deals with the subject of statecraft i.e.  policy of the state administration. It 
may be said that Arthashastra is the first comprehensive treatise on politics in ancient India. As Artha means material wellbeing of the 
people living on the earth in this reflection Arthashastra may be defined as the Shasta which shows how acquisition and protection of 
earth and its inhabitants may be carried out. Generally, it is the responsibility of the state. 

 
According to Kautilya’s Arthashastra, good governance has three basic objectives: 

1. The provision for national security and infrastructure- such as roads to facilitate and promote commerce should be ensured by 
the king. 

2. The king should ensure the formulation of efficient policies and their effective implementation, he should make arrangements 
for removal of all obstructions to economic growth which encourage capital formation. 

3. The king should ensure a fair and clean administration.  
 

  The concept of good governance refers to a political system in which the king exercises his power in utilizing the economic 
and social resources for the welfare of his citizens. Arthashastra states: “In the happiness of his subject lies his happiness; in their 
welfare his welfare; whatever pleases himself he shall not consider as good, but whatever makes his subjects happy, he shall consider 
good”. The work of government is threefold- that what the king sees with his own eyes, that what he knows indirectly through reports 
submitted to him and that what he infers about work not done by knowing about work that has been done. A King should be bound to 
guarantee that the common good (dharma) is preserved. So, good governance works as foundation for the sustainability of human 
development. 
 
Collaboration of different factors in society/community 

According to the Kautilya’s Arthashastra, good governance comes with peace and order in the system and it can be achieved 
through the collaboration of various different factors in a community. The first of among these factors is the leader. The leader is the 
one who takes responsibility for everything what is happening in a community. The leader or the king who leads the nation plays a 
very significant role in Indian society. Therefore, a leader must be manifested with a lot of virtues. Because the Kautilya’s 
Arthashastra’s main goal is to nurture the welfare of the people, which is called Yoga-kshema, the King or the leader of the society 
must work for achieving this goal. Kautilya says, in the most categorical pronouncement of the concept of good governance, in the 
19th chapter of book1: 
In the happiness of his people lies his happiness, 
 
In their welfare his welfare, 
 
Whatever pleases himself he shall not consider as good, but 
 
Whatever pleases his people he shall consider as good. 
 

Thus, Kautilya is for a welfare state where the welfare and prosperity of the people are the supreme concern of the ruler. This 
welfare goal must be the most important and prime concern even against the King/ leader’s own needs. This is the true service of a 
leader. 

 
The king’s deference to the law 

Apart from rendering his welfare services to the people, the king’s deference to the law is the second most important factor. 
The king of the state must be righteous and must become an example for his citizens. As what is written in the first chapter of the 
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Arthashastra, “as when the king is active the servants become active following his example. If he is too remiss, they too become 
remiss along with him.” So, if the king himself humbly follows rules and regulations, so will the people. Therefore, the king must be 
morally upright in every way. The Arthashastra talks about various qualities of a good leader and stresses on honesty and 
trustworthiness of the King. Kautilya gave much emphasis on the issue of corruption as it was ravaged in the Indian society during 
that time. Even though with the passage of time corruption still remains in the present society.  

 
Political stability and sagacity of the king  

Kautilya’s views on politics were largely based on secular politics. He believed that politics must be considered as an 
independence science. As per Kautilya’s Arthashastra, intelligence and knowledge were the most important factors in maintaining the 
system of the kingdom. Kautilya occupies pre-eminence position among the famous ancient Indian political thinkers because of his 
ideas on politics and ethics. His analysis of the relationship of politics and ethics reflects the most enlightened view-point of one of the 
most renowned political thinkers of ancient India. Artha is an imposing element in this world and politics is also related to it. This idea 
is in complete similarity to materialistic philosophy of Karl Marx, according to which political power is based on economic factors. 
His Arthashastra is “truly an anthology of political wisdom and art of statecraft. Thus, Kautilya declared that politics was the supreme 
art and supreme science. The prosperity and utility of all sciences hinged on the wellbeing of the politics. 

 
The main duty of the king 

The first and form of duty of the king is to ensure the protection of the people. Dakshina aur Palna mint primary the 
protection of the people and property of the state. The ruler most maintain order of the society disorder and offences against the law 
must be repressed without and you severity or leniency. Discipline lays at the route of the success. Kautilya’s whole concept of the 
duties of the rulers is positive and explicitly suggested improvement of every aspect of social life. According to Kautilya justice is the 
Bedrock of the society. The king must follow the views and wishes of the friends and leaders of the people. If the ruler works against 
the wishes of the people or if he fails to keep his promises to the people, he shall become unreliable and untrustworthy. The ruler must 
also find his own prosperity in the prosperity of the people and he must give priority to provide them security and wellbeing. He 
should help the miserable helpless and deceased persons. According to Kautilya’s Arthashastra a good ruler is expected to attend the 
problems himself faced by women, the aged, and the afflicted and helpless person. The ruler should be bound by his vow to be always 
in readiness for action in the discharge of his duties. 

 
Alertness of ruler  

According to Kautilya’s Arthashastra if the ruler is strong and full of energy the people will be equally so. It is necessary that 
the ruler is always wide awake and alert. With the help of the prime Minister, he is expected to keep an examining watch over the 
character and conduct of his ministers. He says that a ruler must devote 18th his time each day for attending the problems and 
concerns of the common people. Kautilya says that a ruler or King must never cause his petitioners to weight at the door. 

 
Kautilya on Economics 

According to Arthashastra, there is a strong relation between good governance and the economy of a nation. As stated in the 
Summary on Kautilya’s Arthashastra: It’s Contemporary Relevance, “the end is economic governance while political governance is 
the means” (Chapter 2). It means that good management and good governance has an effect on the economic aspect of a nation. The 
Arthashastra then serves as basic guidelines for the proper management of the economy of the country. Having the knowledge about 
how to manage resources, such as monetary funds, can contribute to the development of the economy. 

 
And since, the political governance is the means for economic governance, there is a need for good political governance.  

Kautilya noted, “Hence the king shall be ever active in the management of the economy. The root of wealth is economic activity and 
lack of it brings material distress. In the absence of fruitful economic activity, both current prosperity and future growth are in danger 
of destruction. A king can achieve the desired objectives and abundance of riches by undertaking productive economic activity” 

 
Views regarding need of Education 

Kautilya also recognise the need of education of the king and administrator for developing their skills in state apart from 
giving guidelines on good governance. He focused on the overall development of the personality of each person so that he may be able 
to make reasonable judgments. His focus was not only limited to the education of politics. He also imposed upon the ruler strict moral 
discipline as well as control of the senses. It was for the first time that such integrated scheme about education was formulated for the 
ruling class. 
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Appointment of Qualified Ministers 
Kautilya’s Arthashastra Lays down strict norms of conduct and control for the heads of the departments and officers of the 

government. If an officer fails while discharging his responsibilities then he would be fined twice the amount of his pay. Chief Officer 
will be given the responsibility of keeping the watch over the performance of each person under his charge. Therefore, in order to 
maintain the probity in public service and to obviate chances of corruption among officers the confiscation of the wealth i.e., earned 
through unfair means is prescribed by Kautilya. 

 
Conclusion 

However, elements of good governance are not solely dependent on the function of the government itself, but it equally 
hinges on the mutual cooperation, understanding and involvement of the majority of the citizens and organisations. From the above 
facts it can be concluded that Kautilya advises the king to place the interests of his subjects above his own. He should take the 
responsibility to make his subjects prosperous, impartially deliver justice, and never try to misuse his power. In other words, the king 
should not give any chance to his subjects to be disappointed with him. It can be possible through selfless and dedicated service that 
the king wins the love of his subjects, and secures his royal position. In the end it can be said that Arthashastra covers many aspects 
and propounds principles of universal applicability. The use of these principles will enhance our present day efforts towards fulfilling 
the national agenda for good governance undoubtedly. 
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Mahatma Gandhi was the greatest thinker of the twentieth century. andhij 
W as a saint. an educationist a humanist and a great philosopher. He won the hearts of the people 
multidimensional personality. He was a mature political leader. He was a great social 

retormer. He across the globe was known as a saint. Being the leader of the popular and mass struggle like Indian movement. anti-colonialism, anti-imperialism, anti-racism Gandhi ji adopted unique 
freedonm 
methods of Ahimsa (Non-violence) satyagraha (force of truth), trusteeship. Non-cOoperation e and harmony. There is no peace for treachery. hate, cowardness and selfishness in the Gandhian Philosophy. On the other hand Gandhian philosophy to life and politics needs a lot of hard ke purity of soul. self sacrifice and tolerance or patience. He believed in cquality. social justice freedom peace and religious harmony. 

Gandhi ji believed in peace and religious harmony because it is a situation or a period of time in which there is no war or violence in a country or area. In other words the peace Is a concept of societa! friendship and harmony in the absence of hostility and vioience. In a social sense. peace is commonly used to mean a lack of conflict and freedom from fear of violence between Indiv iduals or groups. In Joban Galtung words. "Peace is the absence of physical and structural violence." Alber Einstein says about peace. "Peace is not merely the absence of war but the presence of justice of law of order - in short, of Government." On the other hand communal harmony means that people of different religion. castes, creeds, seX and different background live together in the society w ith love and peace. According to Gandhi. the main aim of religion is to make a one-on-one interaction between God and humans. He believed God is identical with truth. He perceived God through the service of humanity. because God lives in the heart of every human being or for that matter is every 
one of his creations. So, Gandhian philosophy communicates that the peace and harmony are the 
base of development. growth, social justice and stability in the globe. 

Gandhian Philosophy on Peace and Religious Harmony 

Key Words : Thinker. Human, Lcader, Peace, Harmony Religion, Society, Creation. GrOwtn. 
World. 

Mohandas Karamchand Gandhi was born on 2 October 1869 at Porbandar. Kathiawar. His parenis 
were followers of Jainism which regards ahinsa as one of its basic principles. AI nineteen he was se 
to England for the study of law. He returned to India in 1891. In 1893. he proceeded to South Atrid 
as a legal counsel to an Indian firm. He slayed in South Africa for about twenty years. Ihere i 
encountered the problem of racial discrimination. Indians were treated too badly for words. there were many oppressive and unjust laws against them at thát time. In 1906 the overnment ot S 
A frica passed a new law the Asiatic Registration Act. This law laid down that all AsiICS h 

problems peace and harmony. 

register their names with the government and allow their fingerprints to be taken just as if thes were criminals. Under the leadership of Gandhiji, the Asians in South Africa started a 
non-iolent movement of civil resistance. There were thrown into prison by the thousands. Gandhj1 

imprisoned. Ultimately. force had to bow before the heroic gentleness, and the Act Was withdrawn. 

Page | 123 

In the world history it was first ever that the many people's including women. outh and children have participated in the Indian freedom movement and deteated the Briish Impre 
trained to practice Satyagraha and non-violence but they were also made a realize the POwer of truth. 

peacefully. It was under the Gadhi's moral and political leadership quality that the People were nol 
Gandhi said that all the problems come in society due to violence and only are Solutiol of thesc 
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A B S T R A C T

Ovarian cancer is a fatal disease requiring great attention from the scientific community to find novel ways for
diagnosis and treatment. Most ovarian malignancies, or 90% of cases, are epithelial ovarian cancers. HGSC
(High Grade Ovarian Cancer) is the most prevalent subtype, and the majority of women who are diagnosed
with it eventually develop resistance to standard treatments. Expression of genes linked to these immune path-
ways and increased cytotoxic immune cell infiltration is primarily associated with HGSC cancer that shows
DNA damage repair gene deficiency and high chromosomal instability. Currently, chemotherapy, radiation,
and cytoreduction are the most common forms of treatment; nevertheless, in the absence of targeted therapies,
patients experience unfavorable side effects and develop drug resistance. It is critical to understand the intri-
cate biology of the disease and find relevant biomarkers in order to make an early diagnosis or anticipate how a
patient will respond to a given treatment. Interferon activating medicines have been studied as a potential
means of enhancing anti‐tumor immunity in ovarian cancer. Chemical and biological nano‐sensors have also
been developed to detect different types of cancers, including ovarian cancer. Further, the application of nan-
otechnology for diagnostic and therapeutic purposes makes it a more convenient, target‐specific, and side effect
free delivery system for ovarian cancer treatment. A combination of nanotechnology with the physiological
biomarkers and therapeutic agents created a novel system of nano theranostics, which have the potential of
real‐time monitoring and diagnosis and simultaneous delivery of the therapeutic agent for the treatment of
ovarian cancer.
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Introduction

Ovarian cancer is the most prevailing cause of women world wide’s
fatality, being noticeable only at an advanced phase of the disease. In
the early phases of the disease, patients display somegeneral indications
due toadearthof efficient diagnosis approaches [1].Ovarian epithelium
generally results in huge ovarian cancer cases in contrast to stromal or
germ cells [2]. These types of ovarian cancer parade assorted morpho-
logical as well as symptomatic changes [3,4]. Contemporary techniques
employed for diagnosing ovarian cancer are amounts of CA‐125 (cancer
antigen 125) in the serum, MRI, CT, transvaginal ultrasonography, etc.
Each method possesses its pros and cons depending upon the disease
stage as CA‐125 is not much helpful in examining the early stages and
depends on the simultaneous use of other imaging techniques like
MRI, CT. Initially, chemotherapybasedonplatinumwas employed, then
taxanes like paclitaxel were utilized, and presently the intraperitoneal
chemotherapy approach is gaining more attention. Diagnosis of the dis-
ease at an early stage and specific treatment approaches can help in alle-
viating the disease. Further, the drug delivery approach's selection plays
a crucial role in the target‐specific transport of the cytotoxic agents.
Advancements innanotechnologyaid in the treatmentofovariancancer.
The therapeutic agents can be modified using various ligands to make
their complexes with the drug delivery system, for instance, carrier‐
conjugated complexes; self‐assembling composites with polymers/
lipids, using carbon nanotubes, quantum dots, metal–organic com-
plexes, etc. [5‐8]. The nano‐sized colloidal drug delivery systems like
liposomes, nanoparticles, and dendrimers are widely employed for tar-
geted drug delivery in cancer treatment [9‐11]. These drug delivery sys-
temsoffer a controlled release of drugswith advancedpharmacokinetics
and reduced toxic systemic consequences [12]. The nanoparticles gain
access to the target cells through small apertures of the tumor cells' vas-
cular lining [13]. The smaller size and surficialmodification of nanopar-
ticles facilitate their utility as drug delivery carriers as this helps avoid
clearance by the reticuloendothelial system. Techniques like opsoniza-
tion by using polyethylene glycol can be employed to circumvent clear-
ance[12].Theadvancedformsofnanoparticles likemetalnanoparticles,
i.e., gold, silver, copper, etc. nanoparticles, andmagnetic nanoparticles,
abet their targeting ability. The metal nanoparticles also facilitate the
therapeutic effect of drugs used in the treatment [14,15]. Hence, the
effectiveness of nano‐carriers for cancer treatment is increasing recently
due to their constructive assets in the treatment. However, the impedi-
ment in the execution of desired particle size dispersion and scale‐up
studies limits their commercial development [16]. The current manu-
scriptwill expound on the diverse aspects of the nano‐carrier drug deliv-
ery system to treat ovarian cancer, along with its prospects.

Ovarian cancer pathophysiology

Tumors of the ovary are grouped primarily as surface epithelial‐
stromal, sex cord‐stromal, and germ cell tumors, depending on the

anatomical arrangement of tumor origination. In some cases, tumors
are formed of different types hence known as mixed tumors. The
tumors of the sex cord‐stromal group are derived from mesonephric
alongside mesenchymal source. While tumors of the group germ cells
are found to be of similar origin to tumors of testicular germ cells, the
germ cells that have gone off the target while drifting among the yolk
sac and emerging gonads may result in tumors of germ cells outer to
gonads [17]. Nearly 90 % of ovarian cancers are comprised of surface
epithelial carcinomas. In 1972, Sir Spencer Wells identified the ovary's
primary function surface epithelium in melanoma [18]. These tumors
comprise diverse morphological classes such as mucinous, serous,
clear cell, endometrioid, squamous, transitional, undifferentiated,
and mixed depending on the epithelial manifestation of tumors. This
type of tumor may primarily be resulted from the ovarian surface
epithelium and intraparenchymal sacs or analogous benevolent inju-
ries of the ovary and are constituted of mesothelial cells lining the
ovarian surface [19,20]. The precursor of surface epithelium for ovar-
ian cancer can be categorized and analyzed as described in Fig. 1.

Distinct conduits support the growth of the varied ovarian cancers;
the low type serous carcinoma encompasses transmutations in KRAS
and BRAF, the high grade involves the transmutations of TP 53 along-
side malfunctioning of BRCA1/ 2 or both. Adenoma‐ borderline tumor‐
carcinoma series having alterations of KRAS are responsible for muci-
nous carcinoma. Endometriosis embracing alterations in CTNNB1 and
PTEN are the main basis of endometrioid carcinomas; it is also insti-
gated by genetic variations of the immaculate cellular carcinoma. This
implies that high‐grade ovarian carcinoma develops shorn of any cer-
tainly discernable precursor abrasion while the low‐grade type devel-
ops through antecedent endometriosis [19]. The tumors of BRCA1 and
2 are supposed to be comparatively violent with meager diagnosis
potentials [21,22]. Pal et al. 2005 described that the occurrence of
genetic ovarian cancer due to BRCA1 and 2 are prevalent as compared
to the previously reported statistics; the transmutations of BRAC 2 are
credited with a greater number of inherited ovarian carcinoma; around
30% of patients presented obscure ancestral record for implying vul-
nerability to inherited carcinoma [23]. Despite the number of investi-
gations, the exact pathology of ovarian cancer is still unclear and needs
more investigation to locate the proper conduit [24].

Role of mitochondria in ovarian cancer

The two processes of mitochondrial fusion and fission make up
mitochondrial dynamics. Mitochondria have the ability to continually
fuse together and fission, or split into two mitochondria. Small and
fragmented mitochondria are produced during the fission process,
and these mitochondria can produce reactive oxygen species, trigger
mitophagy, or speed up cell proliferation in response to nutritional
overuse and cellular malfunction. There has been evidence of an
increase in mitochondrial fission in a number of human disorders,
including numerous different cancer cell types. Drp1, a modulator of
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mitochondrial fission, may play a role in carcinogenesis in ovarian
cancer, as evidenced by the rise in mitochondrial fragmentation,
Drp1 protein, and mRNA levels in ovarian cancer cells [25,26]. A sig-
nificant gentic incident linked to the development of ovarian cancer
has been discovered to be changed in mtDNA copy number or mt
DNA strength, measured as the amount of mtDNA comparable to nor-
mal DNA in the cell [27].

Ovarian cancer pathways

The epithelial ovarian cancer is the most lethal malignancy of
females responsible for the highest (i.e., 5th ranked) death rates. The
aforementioned categories of cancers are generally illustrated through
mutations of KRAS, PTEN, BRAF, and Beta‐catenin (CTNNB1), and a
regular chromosomal constitution. The Wnt/beta‐catenin signaling
pathway mainly controls the regular differentiation, cellular equilib-
rium, physiological practices, and embryonic growth in comprehen-
sive stem cell niche and exhibit crucial function in ovarian cancers
(Fig. 2) [28,29].

Wnt signaling pathway

The Wnt pathway comprises of Wnt proteins composed of 19 glyco-
proteins opulent in cysteine [30]. Wnt‐2b, Wnt‐5a, Wnt‐11 are the
main three transcripts of Wnt that are generally found in the cell lines
of ovarian cancer descended from ovarian cancers of humans (Fig. 3).

Planar cell polarity pathway

The complex of Wnt–Frizzled binds to Daam1 (Dsh‐associated acti-
vator of morphogenesis) in Planar Cell Polarity Pathway. This chain of
actions results in stimulation of GTPases, i.e., Rhoa and Rac, which fur-
ther facilitate cell polarity.

Ca2+ ion pathway

In this pathway, the complex of Wnt‐Fzd‐Dsh binds to Ror ½ (G‐
protein), resulting in stimulation of CaMKII (calmodulin‐dependent
kinase II), PKC (protein kinase C), along with phosphatase calcineurin.
These reactions encourage the augmentation of the calcium's intracel-
lular amount, which incites further signaling pathways [31‐33].

Canonical (Wnt/β-catenin) signaling pathway

Two phases occur for this pathway in phase 1 is the “Off” occurs
either due to the absence of Wnt ligand, receptor, or blockage of the
receptor. In this state, the transmembrane receptors, i.e., Fzd or
Lipoprotein‐related proteins (LRP5/6) occupied by DKK1–4 (Dikkopf
family) promptly, inhibiting the Wnt binding. Further, WIF‐1 (Wnt‐
inhibitory factor), along with a family of SFRP1‐5 (secreted Fzd recep-
tor proteins), binds with Wnt and averts its binding transmembrane
receptors. Axin, APC (adenomatous polyposis coli), and GSK3β (glyco-
gen synthase kinase 3β) make a complex for degrading the β‐catenin in

Fig. 1. Surface epithelium precursors and examination of ovarian cancer.
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lack of binding of the ligand Wnt. The kinases like GSK3β and CK1 (ca-
sein kinase1) conducts the phosphorylation of β‐Catenin; afterward, 26
S proteasome carries the ubiquitination alongside proteasomal degra-
dation. This stumpy amount of β‐catenin makes Groucho (coprocessor)
available for the transcription factors LEF/TCF (lymphoid enhanced
factor/ T‐cell factor), resulting in blockage of activation of target
genes, confirming the transcriptional suppression.

Phase 2 starts with the pathway's activation by binding the ligand
Wnt to receptors Fzd and LRP5‐6 (low‐density lipoprotein receptor‐
related proteins), stabilizing the β‐catenin. The kinases, i.e., GSK3β
and CK1, conduct phosphorylation of LRP5/6; the Dsh got engaged
with plasma membrane for interaction to Fzd. The destruction com-
plex gets inactivated along with inhibition of β‐catenin available
degradation by binding of Axin to Dsh and phosphorylated LRP5/6.
This makes β‐catenin available for activating the Wnt target gene by
binding with TCF/LEF through Groucho's displacement; interaction
to the coactivators like BCL9/LGS (B‐cell lymphoma 9/Legles) and
pygopus for promoting the target gene transcription. This leads to
the formation of transcriptional activation complex by binding of coac-
tivators with β‐catenin in the nucleus. The transcription of genes is
facilitating survival and propagation through β‐catenin [34‐36].

In the canonical pathway, the downstream proteins like cyclin D1,
c‐MYC, BIRC5 (survivin), Axin2, and MMPs (matrix metallopro-
teinases) get activated as a consequence of binding transcriptional fac-
tors and β‐catenin. Around 100 above target genes have been
recognized that are controlled by the Wnt pathway; in the case of ovar-
ian cancer, about 23 of the target genes were indicated to be overex-
pressed [37,38].

Progranulin (PGRN) regulating PI3K/AKT/mTOR and MAPK
signaling pathways

PGRN protein partakes in the growth, development, metastatic
movement, and chemoresistance of epithelial cancer of the ovary
and cisplatin resistance. The expression of PGRN is controlled by
diverse signaling pathways like PI3K (Phosphoinositol 3 kinase),
AKT, mTOR (Mammalian Target of Rapamycin), ERK1/2, protein
kinase C (PKC), and mitogen‐activated protein kinase (MAPK) in dis-
tinct types of cells. As the mTOR and ERK1/2 pathways regulate PGRN
in Ovarian clear cell carcinoma, it can be correlated that it is highly
resilient to cisplatin treatment. Hence PGRN serves as a biomarker
for the therapeutic response to multi‐kinase and mTOR inhibitors.
The signaling pathway cAMP (EPAC) ‐ ERK1/2 regulates PGRN by
activation of exchange protein for cAMP in cell lines of ovarian cancer,
i.e., OVCAR‐3 and HEY‐A8. The expression of PGRN gets reduced by
restraining the signaling pathways ERK1/2 and PI3K/ AKT/mTOR.
Hence, PGRN may serve as a principal biomarker for carrying thera-
peutic responses in ovarian clear cell carcinoma [39‐42].

In a study by Batool, it was evident that CD83 progressed growth
propagation, colonies and spheroid, and in vivo tumorigenesis in ovar-
ian cancerous cells. It remarkably restrained the movement alongside
the infiltration ability of the cancerous cells. Further, it controls the
factors of proliferation, namely cyclin‐CDKs, CD44/KIT, in a construc-
tive manner; on the other hand, MMP1 & 7 (matrix metallopeptidases)
are controlled negatively. CD83 performs the downstream regulation
of the signaling pathways FOXO1/p21/CDK2/CCNB1 and STAT3/
DKK1 through the instigation of the chute MAP3K7‐MEK1/2‐

Fig. 2. Different pathways involved in ovarian cancer.
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ERK1/2, hence respectively triggering the development of spheroid
and propagation of ovarian cancerous cells. Similarly, it revealed the
role of the CD83‐MAPK pathway in regulating the propagation and dif-
ferentiation of ovarian cancerous cells [43,44]. In addition to this,
epithelial membrane protein 1 (EMP1) stimulates the propagation
and penetration of the ovarian cancerous cells by employing the sig-
naling pathway RAS/RAF/MAPK/c‐JUN [45]. Repression of the sig-
naling pathway transforming growth factor‐β (TGF‐ β) upon aging
causes epigenetic changes resulting in ovarian cancers [46].

Ovarian cancer angiogenesis pathway

Angiogenesis is the characteristic activity resulting in the propaga-
tion of cancer. The pathways allied to angiogenesis occur through
binding among the molecules (platelet‐derived growth factor, fibrob-
last growth factor, vascular endothelial growth factor) and their corre-
sponding receptors (Tie2 receptor).

The vascular endothelial growth factor (VEGF) comprises of a fam-
ily unit of seven proteins, i.e., VEGF A–E proteins and placental growth
factor 1 and 2 (PIGF‐1 and PIGF‐2); these proteins exhibit their action
by signaling by way of tyrosine kinase receptor expressed on the
endothelial cell surface known as VEGFR 1–3 (vascular endothelial
growth factor receptors). Signaling is activated by binding of a ligand
to the receptor causing dimerization of the receptor. VEGF signaling in
ovarian cancer embraces the molecules like PI‐3 kinases, MAP kinases,
and the JAK‐STAT pathway components. Other proteins implicated in
signaling interaction besides VEGF/VEGFR complex are src kinases
and phospholipase C that augment the vascular permeability and inter-
act with Erk/MAPK molecules.

The platelet‐derived growth factor (PDGF) comprises four isomeric
units, i.e., PDGF A‐D, which bind to particular receptors, namely
PDGFR‐α or PDGFR‐β. Consequent to the beginning of the PDGF path-
way, the signaling proceeds through PI‐3 K/Akt composite pathway

alongside MAPK molecules with proteins related to the src group
and phospholipase C‐ γ. Ras protein, STAT protein, and guanine‐50‐
triphosphate (GTPase) activating protein are also involved in PDGF
signaling. Around 5–6 times rise in the amount of PDGF came about
in ovarian cancer compared to the natural ovarian epithelium. Expres-
sion of PDGFR occurs in ovarian cancer. PDGF also exhibits its action
in cooperation with VEGF to uphold the formation and stabilization of
vessels; hence PDGF plays an imperative role in angiogenesis and
oncogenesis.

Fibroblast growth factor (FGF) pathway

It is an important pathway related to embryogenesis; FGF occurs in
around 23 isomeric forms, and a total of five receptors (FGFR 1–5)
with structural similarity alongside two domains, namely intracellular
tyrosine kinase and extracellular immunoglobulin‐like domains have
been identified. The proteins from the PI‐3 K/ AKT course and MAPK
are involved in the signaling conduit of FGF. IP3 and phospholipase –C
also controls the downstream FGF signaling.

Angiopoietin and Tie2 receptor pathway

Angiopoietin with two isomorphs angiopoietin‐1 & 2 (Ang‐1 & 2)
interacts with the Tie 2 receptors to carry formation and stabilize ves-
sels. It can act in conjugation with pro‐angiogenic factors like VEGF
and PI‐3Kprotein, protein kinase B, molecules like MAPK/Erk. Hence,
it may also exhibit a role in ovarian cancer proliferation [47,48].

Diagnosis of ovarian cancer

Several research analyses have been conducted to identify the basic
mechanism behind ovarian cancer and its prognosis in recent decades.
Besides discovering serum biomarkers related to distinct pathways,

Fig. 3. Wnt Non-canonical pathways.
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there is a need to explore more as no single biomarker is adequate to
envisage disparities of an assorted disorder, namely ovarian cancer
(Table 1) [49,50]. Nanosensors are another strategy to develop diag-
nosis tool for ovarian cancer. Both serum biomarkers and nanosensors
play an important role in cancer diagnosis (Fig. 4).

The miRNA can be employed as a biomarker for the prognosis and
recognition of ovarian cancer; in ovary cancer, miR‐9 has been
observed to be under‐expressed. While miR‐ 21/ 15a/ miR‐92 is under
upregulation in the case of ovary cancer. Early‐stage ovarian cancer
can be represented by a lesser expression of miR‐31. The final stage
has been recognized by downregulation of miR‐ 34 a/b/c, miR‐
449b, miR‐503, and miR‐507. Further, the family of miR‐200 and
let‐7 are observed to be overexpressed and under‐expressed, respec-
tively, in patients of ovarian cancer [75,76]. Human epididymis pro-
tein (HE)4 gene acts as a latent biomarker for identifying early‐stage
endometrial and ovarian cancer in high‐risk patients [77].

Role of sensors in ovarian cancer

Reliable early detection of ovarian cancer by measuring the bio-
marker in the serum needs methods whose detection limits (DLs) are
below the normal patient concentration with adequate sensitiveness
[78].

Nano‐sensors are instruments that detect a nanoscale force, either
chemical or biological when a sensor's share is working. In general,
nano‐sensors remain focused on nanoparticles, which remain conju-
gated to an affecting ligand wherever the ligand identifies the explicit
marker of relevance, providing the nano‐sensors specificity the
nanoparticles serve, for instance, the generator or detector of a signal
that determines sensitivity. Nanoparticles can identify a high concen-
tration of markers at exceedingly small concentrations of the instance
due to their high aspect ratio. The attachment of proteins to the anti-

body on the microcantilever's surface contributed to the nano‐
mechanical structural deformation of the microcantilever [79].

The electrocatalytic behavior of the carbon nanotubes was linked
to “topological defects.” A higher charge density is developed than
the normal hexagonal network in the pentagonal domains present at
the hemispheric ends of the graphite cylinder, which improve the elec-
troactivity of carbon nanotubes [80]. For these purposes, they were
commonly used as electrode materials, and a large number of electro-
chemical biosensors were introduced using carbon nanotubes as a plat-
form for both biomolecule immobilization and electrochemical
transduction [81].

DNA aptamer, a special single‐strand DNA (ssDNA) isolated from a
random sequence of DNA/RNA libraries, utilizing the in vitro collection
practice, notorious as the systematic progress of ligands by exponential
enrichment (SELEX) [82].

Wei et al., 2018 synthesized nanocomposites of Gold nanoparticles
(AuNPs)/ abridged graphene oxide (rGO)/thionine (THI), which
remain coated on working electrodes to immobilize the DNA aptamer
sample. They stated the exceptional conductivity of AuNPs and rGO
similarly play an important role in the transfer of electrons [83].

Multi‐wall carbon nanotubes (MWCNTs) have been optimized to
convey thousands of alkaline phosphatase enzyme molecules per car-
bon nanotube and secondary antibodies to reach an FM protein DL
in buffers. Kavosi et al. advanced a sensitive electrochemical immune
sensor for the exposure of Antigen based on the covalent immobiliza-
tion of redox mediator (thionine) on polyamidoamine dendrimer
(AuNPs‐PAMAM) embedded in gold nanoparticles and multi‐walled
carbon nanotubes/ionic liquid/chitosan nanocomposite (MWCNTs /
IL / Chit) as substrate [84].

Lu et al., 2013, reported that Au nanoparticles (AuNPs) dotted car-
bon nanotubes (MWCNTs)–graphene composite for the high‐
performance electrochemical immune sensor, which was immobilized
on the working electrode [85].

Table 1
List of biomarkers for epithelial ovarian cancer.

S.
No.

Name of Biomarker Description Ref.

Abnormal spindle-like microcephaly-associated
protein (ASPM)

It is critical for the natural functioning of the mitotic spindle in the course of cell division
Its level gets increased in ovarian cancer

[51,52]

Cell division cycle associated 8 (CDCA8) It codes a constituent of the chromosomal passenger complex.
Its overexpression occurs in ovarian cancer; promotes cancer growth.

[53]

Centromere protein M (CENPM) also identified as a
proliferation-associated nuclear element

Exhibit a chief part in the assemblage of kinetochore proteins, effective mitotic development, and
chromosome arrangement

[54]

Centrosomal Protein 55 (CEP55), also known as
scaffold proteins

It regulates mitotic spindle as well as microtubule organization
It is being overexpressed during cancer and is related to genomic instability

[55,56]

Hyaluronan Mediated Motility Receptor (HMMR) Essential for the regulation of cell cycle regulation; or activating signaling pathways, it makes a
complex with CD44 and hyaluronan
Its overexpression results in tumor succession, violent phenotype, and reduced diagnosis in multiple
cancers

[57–60]

Ras GTPase-activating protein 1 (RACGAP1) Regulates the processes like cytokinesis, transformation, intrusive movement along with metastasis [61,62]
Targeting protein for Xenopus kinesin-like protein
2 (TPX2)

It is essential for the assembly of microtubule and growth through the M phase.
TPX2/AURK signaling employed as a possible target for gnomically unsteady ovarian cancer as well
as breast cancer

[63,64]

Ubiquitin-conjugating enzyme E2C (UBE2C) It is employed for ubiquitination which, alters anomalous or short-lived proteins with ubiquitin
further direct for degradation

[65,66]

ZWINT a protein having interaction with ZW10 It is a component of kinetochore complex is needed for kinetochore-microtubule connection [67,68]
Kinase insert domain receptor (KDR) is the
vascular endothelial growth factor receptor 2

It is crucial for VEGF-generated regulation of endothelial propagation, migration, and budding;
hence supports angiogenesis needed for cancer development.

[69–71]

Epithelial cell adhesion molecule (EPCAM) It is an epithelium-specific intercellular adhesion molecule conducting Ca2+- free homophilic
cell–cell adhesion. It has been employed as a therapeutic as well as a prophetic marker for several
epithelial tumors like ovarian, breast, non-small cell lung, and urothelial carcinomas

[72]

Mammalian Forkhead Box (FOXM1) transcription
factor

FOXM1 diminution can increase sensitivity for ovarian cancer cells to cisplatin [73]

KIF11 (Kinesin) KIF11 codes kinesin Eg5, a motor protein essential for microtubule antiparallel slipping through
mitosis, which is being used for targeting clinically. It is needed for the maintenance of tumor cell
viability

[74]
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In the immune sensor area, AuNPs, being the most commonly used
nano‐carriers, become particularly attractive. AuNPs have many
unique features, such as ideal biocompatibility, good electrical con-
ductivity, and large surface‐to‐volume ratios [86].

The Silver nanoparticles (AgNPs) are subject to modern innovative
techniques resulting in extremely novel morphologies and characteris-
tics. These nanoparticles hold numerous strengths, enabling much
easier to transfer electrons and accommodate more active sites on their
surface [87].

Thunkhamrak et al., 2020 have successfully established an impor-
tant voltammetric immune sensing framework for sensitive PSA detec-
tion. The probe and transducer were prepared utilizing the hybrid of
graphene oxide modified screen‐printed carbon electrode (SPCE) and
silver nanoparticles (AgNPs) [88].

Argoubi et al. came up with the design of a novel label‐free
aptasensing electrochemical structure for PSA detection. It utilized
the sensing gold electrodes coated with mesoporous silica film which
prevents the diffusion of [Fe(CN)6] 3/4‐ redox probe across the
nanochannels of the mesoporous film [89].

Ovarian cancer treatments

Numerous treatment strategies are available for ovarian cancer,
which can be in conjunction with surgery, chemotherapy, and neoad-
juvant therapy to lower the tumor size. Carboplatin, along with pacli-
taxel, is given in combination as a primary chemotherapeutic
treatment for ovarian cancer. PARP (poly (ADP‐ribose) polymerase)
inhibitors are a novel treatment for ovarian cancer; these help in
self‐renewal of the damaged cells alongside recovering the impairment
caused throughout chemotherapy. Olaparib, rucaparib, alongside nira-
parib are the new agents under this category [90]. Patients diagnosed
with a higher stage of ovarian cancer are generally endorsed for

debulking surgery. Accomplishing the maximum benefit of debulking
surgery is done by carrying investigative laparoscopic surgery [91].
Several other biological agents can be utilized, which proved benefi-
cial for the treatment of ovarian cancer. These are named cytotoxic
agents are described in Table 2.

Therapy through targeting represents biological agents possessing
interference with biochemical and molecular pathways causing
cancerous propagation, angiogenesis, infiltration, metastasis, and
reduced apoptosis. These therapies have been evaluated for mono as
well as combined therapy with chemotherapeutic agents. Stimulation
of epidermal growth factor receptor causes reduced diagnosis as several
cellular progressions are related to cancerous phenotype. Both inhibi-
tions of enzyme EFGR tyrosine kinase by molecules like erlotinib/ gefi-
tinib and binding of the receptor to monoclonal antibodies can be

Table 2
Description of various cytotoxic agents of ovarian cancer.

S.
No.

Cytotoxic
agent

Description Ref.

Epothilones These microtubular agents are effective for
paclitaxel resilient cell-lines.

[92]

TLK 286 It is a glutathione equivalent prodrug that is
actuated by using glutathione S-transferase π (GST
π). It causes apoptosis through the release of
reactive electrophile via a metabolic process by
GST π.

[93]

Yondelis
(ET7.3)

It is a derivative of an organism from the
Mediterranean marine. It binds to a marginal
furrow of DNA and produces cytotoxicity.

[94]

Pemetrexed It is an antifolate targeting dihydrofolate
reductase, thymidylate synthase, 5-
aminoimidazole-4 carboxamide ribonucleotide
formyltransferase, and glycinamide ribonucleotide
formyltransferase

[95–97]

Fig. 4. Serum biomarkers and nanosensors for diagnosis of ovarian cancer.
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employed for impeding the signal transduction [98]. Another small
molecule, cetuximab, which can be used with carboplatin, produced
moderate action in patients having positive EFGR reverted platinum‐
sensitive primary peritoneal or ovarian cancer. Acneiform eruptions
and sporadic hypersensitivity are caused by cetuximab in a high number
of patients [99]. A new EGFR inhibitor, lapatinib, an inhibitor of erbB1
and erbB2, impedes tyrosine kinase activity for both [100]. Beva-
cizumab was employed as an angiogenic inhibitor in monotherapy
and combined therapy with carboplatin (for platinum resilient carci-
noma) and cyclophosphamides [101‐103]. Ovarian cancer continues
to be a challenge; it is fatal for a large number of patients.

Nanotechnology based formulation for ovarian cancer treatment

Indeed, several novel drug delivery systems (NDDS) in clinical tri-
als remain designed to be advanced auxiliarious to integrate vigorous
targeting. Ovarian Cancer is significantly uttered cell‐surface proteins
embraced through claudins, mucins, integrins, folate receptor,
luteinizing hormone Receptor, Epidermal Growth Factor Receptor
(EGFR). Though, the utmost current approaches comprise targeting
of these by peptides and antibodies, through which novel magnetic tar-
geting remains similarly on the prospect for tumor localization [104].
Liposomes, microspheres, dendrimers, nanoconjugates, and nanostruc-
tured lipid formulations are only a few of the nanomaterials‐based
drug delivery systems that have been developed. Numerous benefits
are offered by nanobased vehicle systems to support therapeutic drug
delivery, including biocompatibility, non‐toxicity, biodegradability,
improved therapeutic impact compared to free drug, non‐
inflammatory effects, and scale‐up production options [105]. Few of
these are abridged beneath (Fig. 5):

Microspheres

Guilford Pharmaceuticals Inc. established Paclimer®, microspheres
of biodegradable nature made up of polyphosphoester. The
microspheres were in the size range of ∼ 53 µm, comprising 10%
(w/w) paclitaxel intended to be released over a period of 90 days with
in vitro release rate of 1–2% per day. Armstrong et al., a metronomic
medicating correspondent reported that the phase I trials showed that

intraperitoneal paclitaxel microsphere continuously discharged the
paclitaxel (doses extending from 120 to 900 mg/ml) in ovarian cancer
patients for at least eight weeks [106]. Nevertheless, biocompatibility
concerns designated by the existence of enduring polymer filaments
seven months afterward, the management of signified the noticeable
inflammatory reaction and gentle deprivation of the polymer. Yang
et al. reported that advanced paclitaxel‐loaded microspheres poised
of di‐block copolymers of poly (ethylene glycol) and poly(sebacic acid)
(PEG‐PSA) with a despicable diameter of 14.2 µm that delivered signif-
icant loading (∼13% w/w) and persistent drug discharge for 13 days.
Paclitaxel in Cremophor EL ethanol (50:50) (Taxol®) preparation,
once managed intraperitoneal, stood vacant by systemic absorption
within hours. In distinction, a single dose of IP paclitaxel/PEG‐PSA
particles efficiently circumvented systemic outflow and curbed tumor
progress intended for further than 40 days in a murine ovarian cancer
model and extended the median survival time to 75 days, associated
through 47 days survival with Taxol® management and 34 days per
IP placebo constituents, thus presenting an encouraging prospective
as IP delivery approach [107]. As a type of sustained‐release drug car-
rier, sustained‐release drug microspheres provide a wide range of
development possibilities. Different gelatin‐based microspheres have
been created using novel technologies to act as sustained delivery sys-
tems for genetic material, pharmaceuticals, and favorable bacteria.
Additionally, these microspheres have shown promise as cell carriers
and 3D scaffold components in tissue engineering and regenerative
medicine. They not only have good injectability but can also be incor-
porated into a macroscale construct with the loaded cells [108,109].
To assess the invasion of cancer cells in vitro, a co‐culture system with
3D mesenchymal stem cells 2 aggregates containing gelatin micro-
spheres and cancer cells appears promising [110].

Nanoparticles

Nanotechnology can remain as an outcome for the hindrances of
ovarian cancer management. The current revisions stood appraised,
laterally through the improvements in the nano‐biological discipline.
Nanotechnology remains institute to obligate comprehensively probed
for molecular imaging, drug conveyance, management, and tumor tar-
geting [111]. Nano‐carrier systems such as polymeric micelles, solid

Fig. 5. Nanotechnology based formulations for treatment of ovarian cancer.
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lipid nanoparticles, liposomes, and niosomes are good approaches to
traverse through tumor locality and targeting the tumors due to their
nano size, well‐designed surfaces and constancy which carry and
release the hydrophobic drugs for prolonged period in systemic circu-
lation [112]. Generally, old chemotherapy techniques showed imme-
diate clearance, degradation, detrimental effects of drug distribution
to vigorous tissues, poor localization of drug in tumor tissues owing
to poor penetration capability, and multidrug resistance [113]. So,
the novel nano‐particulate delivery systems reported to augment the
distribution of chemotherapeutics. Due to improved uptake in cancer
cells, nanoparticle preparations can proceed through the benefit of
the improved permeability and retention outcome (EPR) to localize
in tumors deprived of any precise targeting [114]. Paralleled to sys-
temic management, nanoparticles through précised chemotherapeu-
tics can enable augmented therapeutic delivery to the tumor
surroundings.

Further than the EPR consequence, adorning the elements through
cancer cell‐specific ligands deals with a surplus path to distribute a
high drug quantity in a directed approach. Prominently designed for
the patient, encapsulation and site‐specific transport can diminish
the toxicity outlined the numerous therapeutics previously acknowl-
edged for the clinic's practice. The enormous assortment of diverse
nanostructures and empathies presented permits the strategy of
derivatized constituents that integrate diagnostic, imaging, and drug‐
delivery properties, currently labeled theranostics [115].

Polymeric nanostructures can withstand the variations in intracel-
lular microenvironment, comprising pH and enzyme action and
release the drug at desired site in regulated manner. Recently a
hydrophobic core was enclosed in cross linked polymeric shell and a
protective PEG corona made of triblock ethylene glycol‐glutamic
acid‐phenylalanine [116]. These micelles stood co‐loaded through
both paclitaxel and cisplatin that show higher cytotoxicity. The degra-
dation enzymes, such as cathepsin B, destroys the polymer and
releases both medications [117]. The in vivo study showed that combi-
nation therapy was found more effective as compared to free drugs or
micelles comprising one therapeutic in multidrug‐resistant ovarian
cancer tumors [104]. The use of nanoparticles is designed to transport
immune‐stimulatory and immune‐suppressive particles in amalgama-
tion through chemo or radiotherapy or as adjuvants to added
immunotherapies [118]. Nanoparticles of obliging correspondingly
have been considered to generate vaccines to stimulate T cell response.
Besides tumor growth [119], are consenting for the co‐delivery of anti-
gens and adjuvants [120], subsidizing to the insertion of multiple anti-
gens to activate DC targets [115] and ensuring the persistent discharge
of antigens for a protracted immune stimulation [121,122].

The most effective methods that can be employed to enhance ovar-
ian cancer therapy and aid in chemoresistance evasion are RNAi and
nanotechnology. When delivered in‐vivo, siRNA is thought to be partic-
ularly effective at facilitating the knockdown of particular genes upon
their entry into the cytosol by preventing mRNA expression necessary
for their translation. This process is known as RNAi (RNA interference)
[123]. Magnetic nanoparticles have been widely used in biomedical
areas because of their special characteristics. Targeted delivery was
improved by image guided nanoparticles used along with non‐
invasive magnetic resonance imaging contrast agents [124].

Liposomes

Liposomes are spherical lipid bilayers and comparable to nano
micelles and can capture the both lipid and water‐soluble drugs. Lipo-
philic drugs integrate into the lipid bilayer and hydrophilic drugs inside
the vesicle. These lipophilic nano‐carriers can remain employed
intended for imaging and precise targeting of tumor tissues, though,
the ligands specific to the phospholipid bilayer, cellular uptake conse-

quently allowing a distinct remedial outcome to the directed specific‐
sites [125‐129].

Different in‐vivo studies showed the promising outcomes of tar-
geted liposomal preparations for ovarian cancer. Cholesterol lipo-
somes loaded with docetaxel targets a luteinizing hormone‐releasing
hormone analog, LHRHa and within 60 min administration, the tar-
geted liposome accumulates 9 times higher than free docetaxel at
the ovarian tumor and declined undesirable accumulation in the liver
and spleen [130]. Alternative targeting constituent explored intended
for micellar drug carriers is the “OA02″ peptide, having affinity for the
α‐3 integrin receptor overexpressed on tumor cell surfaces. This not
only deals with the optimization for clinical efficiency, but also
declined toxicity reducing the chemotherapeutic complexities [131].

Thermosensitive phospholipids were used for grafting
WSGFPGVWGASVK, an ovarian targeted ligand, to create liposomes
that would target ovarian cancer [132].

Nanogel

Nukolova et al. developed a folate‐targeted nano gel for ovarian
cancer by utilizing a cross‐linked di‐block copolymer delivering the
cisplatin or doxorubicin at tumor‐specific site and studied antitumor
action in a murine ovarian cancer model [133]. Another study showed
encouraging outcomes from nano gel loaded with cisplatin targeted for
luteinizing hormone‐releasing hormone. This marker is overexpressed,
not only in ovaries; but also in breast [134]. In nano gel synthesis out-
lines, the 3D bulk substantial is the main contrived, trailed through the
remedial agent's design. This inadequate management of the drug sus-
tains pharmaceutical reliability.

Solid lipid nanoparticles (SLNs) similarly show comparable proper-
ties to nanomicelles. Lipophilic drugs are encapsulated in the hydropho-
bic interior of SLNs and the release of such drugs delayed as membrane
destabilization takes time. Though, utmost liposomal and SLNs are over-
head 90 nm in size due to inherent structural constraints that ominously
constrain delivery to ovarian tumor tissue [135].

Nano micelles are deliberated as forthcoming carriers for diagnostic
and therapeutic agents owing to this prolonged circulatory time,
amended drug stability, precise targeting, and propagation obsessed
by tumor material.

In doxorubicin‐loaded poly (L‐histidine) micelles, folate is utilized
as a targeting ligand and aimed to release the drug in controlled man-
ner in acidic pH whereas non‐targeted micelles produced 5 times
higher the plasma half‐life than free doxorubicin. The in vivo study
on human ovarian carcinoma A2780 showed that these micelles favor-
ably accumulated at the tumor [136]. The respective group, too,
intended an analogous micelle, adapted through folate consenting
for receptor‐mediated endocytosis and enriched drug uptake. In mice,
these targeted mixed micelles subdued the progress of multidrug‐
resistant tumors with nominal weight loss to the animal [137]. Modi-
fying the pH sensitivity to the initial endosomal pH range of 6.0 is
intended for even more significant action, subduing tumor growth in
mice for at least 50 days [138].

Nanotheranostics in treatment of ovarian cancer

Versatility of nano‐particles allow them to carry various moieties
simultaneously intended for multiple functions such targeting ligands,
drugs molecules and diagnostic agents which enables it for targeting,
therapeutic, diagnostic and real‐time drug tracing. This approach of
co‐delivery of multiple ligands for multiple functions is known as nano
theranostics [139]. Nanotheranostics offers a encouraging approach to
monitor the real time drug distribution inside the body and the cancer
pathophysiological process simultaneously which there by helps in
identification of tumors and predict the therapeutic potential of drugs
[140]. Ganta et al. delivered the docetaxel via folate targeted gadolin-
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ium attached theranostic nanoemulsion which target the chemoresis-
tant efflux transporters of ovarian cancer. The cellular uptake studies
showed that folate receptor‐positive SKOV3 ovarian cancer cell line
exhibited the time dependent uptake of theranostic nanoemulsion
which was higher than non‐targeted nanoparticles. The IC50 value of
chemoresistant SKOV3TR decreased 270‐fold as compared to free drug
in MTT study. In magnetic resonance imaging study it was found that
folate targeted theranostic nanoparticles accumulated over a period of
24 h at the tumor site [141].

Discussion

Ovarian cancer is a deadly disease with shallow detection potential
in the early stages. It is the major cause of death among women
throughout the world, and the situation worsens when it is found that
the early‐stage detection of this disease is infrequent, and around 60%
of cases of ovarian cancer are detected at stage‐III or later stages of the
disease. Therefore, it is very much appropriate to review and under-
stand this disease's pathophysiology to find out the strategies for early
diagnosis and treatment. The majority of the ovary tumors have been
found to originate from the surface epithelial and germ cells, depend-
ing on the anatomical arrangement of tumor origination. This cancer is
generally found to occur through mutations of KRAS, PTEN, BRAF, and
Beta‐catenin (CTNNB1) following different pathways. So, the mecha-
nism of diagnosis of ovarian cancer could be based on identifying dif-
ferent biomarkers from the above‐mentioned pathways and biosensors
as suggested by Eftkahri et al, 2019 and Ahmadian et al, 2022
[142,143]. Early detection of these biomarkers makes ovarian cancer
diagnosed at early stages. The application of nanotechnology in the
diagnosis and treatment approaches makes them more effective with
high sensitivity. Nano‐sensors help scan and detect chemical and bio-
logical markers at very lower concentrations where other conventional
techniques fail to do so. These nano‐sensors have high selectivity,
specificity, and sensitivity toward cancer biomarkers. They can be
incorporated into the novel nanotechnology‐based dosages forms such
as microsphere, nanoparticles, liposomes, nanogel, and others, making
it a potential multifunctional theranostic entity for diagnosis and treat-
ment of ovarian cancer at its early stages. Further, with the advance-
ment in science, a novel concept of pharmacogenomics has great
potential for the future for early diagnosis and effective treatment of
different diseases, including ovarian cancer. However, this system is
nascent and requires much research to become a reality [144].

Future Prospects: Development of newer diagnostic techniques is
the need of time for early detection and diagnosis of life‐threatening
diseases like cancer including ovarian cancer. Development in the
diagnostic science is still in its nascent stage and a lot of efforts are
required in future. Application of newer techniques such as biosensors,
biomarkers, and functional genomics may become the future diagnos-
tic tools integrated in the novel drug delivery systems to actually act as
the theranostic approach of disease treatment in future.
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Abstract
In the present study, we discuss a cosmological model considering interaction between
new agegraphic dark energy and dark matter with sign changeable interaction term
within the framework of Brans–Dicke theory of gravity for a flat universe. We assume
the well motivated logarithmic form of Brans–Dicke scalar field in terms of the scale
factor to find the cosmological parameters such as equation of state parameter, deceler-
ation parameter and plot graphs to discuss their evolution against redshift parameter z.
It is shown that the equation of state parameter may behave like cosmological constant
for suitable values of parameters but it shows quintessence like behavior for different
values of model parameters in future. The deceleration parameter shows observa-
tionally verified recent phase transition and accelerated expansion of the universe in
future. The physical significance of well-known cosmological planes i.e. w − w′ and
statefinder diagnostic is also explored for our model. The statefinder diagnostic shows
that new agegraphic dark energy behaves like chaplygin gas in early time and behaves
like quintessence in future. Moreover, for suitable values of parameters it behaves
like cosmological constant at present. The analysis of w − w′ plane shows that our
model shows freezing region and reaches in the vicinity of �CDM model in future.
Further, we apply thermodynamic analysis and found that the generalized second law
of thermodynamics is satisfied with in the model.
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1 Introduction

It is not a matter of investigation now that our universe is going under an accelerated
expansion which was predicted in 1998 by two teams headed by Perlmutter [1] and
Riess [2], separately using the observations of supernovae Ia. It has been confirmedby a
number of observations like Baryon Acoustic Oscillations [3], Wilkinson Microwave
Anisotropy Probe (WMAP) [4, 5], Large Scale Structure [6], Cosmic Microwave
Background Radiation [7] and recently by the observations of Planck Probe [8, 9].
The matter of investigation is to find the cause of present time accelerated expansion.
If Einstein’s general relativity (GR) is the ultimate theory of the cosmic evolution then
it is expected that something must exist in the universe which have negative pressure.
This unknown energy content having negative pressure is named dark energy (DE)
[10, 11] which contains approximately 70% of the universe. In the literature, a lot
of DE models have been proposed to explain this unknown type of energy content,
but the most accepted model is a non zero cosmological constant [12]. However, it
faces two serious problems: fine tuning and cosmic coincidence problem [13]. Recent
problem the model facing is the H0 tension [14, 15] which is related to the present
value of Hubble parameter. The DE concept may be in essence an issue of quantum
gravity. But till now a complete theory of quantum gravity has not been established.
This issue motivates us to look the effect of gravity in effective quantum field theory
in which basic principle of quantum gravity must be included. One of DE candidates
which contains some notable properties of quantum gravity is agegraphic dark energy.

Agegraphic dark energy (ADE)model takes into account the uncertainty relation of
quantum mechanics together with gravitational effect in GR. On the line of quantum
fluctuation of space time, Karolyhazy and his collaborators [16, 17] observed that
the distance t in Minkowaski space-time can not be known to a better accuracy than
δt = γ t2/3p t1/3, where γ is dimensionless constant of order one, tp denotes the reduced
Planck time. Throughout this paper, we use h = kb = c = 1. The Karolyhazy relation
together with time energy uncertainty relation ensure one to take a quantum energy
density of metric fluctuation of space time. Therefore, the energy density of ADE can
be obtained as [18]

ρD = 3n2M2
p

T 2 , (1)
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where Mp is the reduced Planck mass, T is the age of the universe and the factor
3n2 is taken to avoid some uncertainties like species of quantum field in the universe,
the effect of curved space time. But, this model of ADE suffers from some internal
inconsistencies [19]. To alleviate these inconsistencies, a new form of model was
proposed by Wei and Cai [20] in which the cosmic age T is replaced by cosmic
conformal age η for the time scale in equation (1). This new version of DE is known
as new agegraphic dark energy (NADE) [21–23]. Following [20], the energy density
of NADE is given by

ρD = 3n2M2
pη

−2 (2)

where η is defined as

η =
∫ t

0

dt

a
=

∫ a

0

da

Ha2 . (3)

Here, a is the cosmic scale factor and H is known as Hubble parameter. The NADE
models have been studied extensively in the literature and also fit the observation data
well [24–31].

Apart form GR, the another way to explain this accelerated expansion is modified
theories of gravity whichmodify the Einstein–Hilbert action of GR. These theories are
also able to explain other cosmological aspects of cosmic evolution. One of the most
important modified theories is Brans-Dicke (BD) theory which is a scalar-tensor the-
ory of gravity. BD theory was proposed by Brans and Dicke [32] in 1961 and presents
a natural extension of Einstein’s GR. This theory is a successful theory nowadays
because of its association with string theory and extra dimensional theory. It is solely
based on dimensionless arguments and with the matter lagrangian being minimally
coupled. In BD theory, Newton’s gravitational constant G is not presumed to be con-
stant but is proportional to the inverse of the scalar field φ, which can vary from place
to place and with time. The literature on BD theory is vast and rich in all aspects.
Cosmological models based on BD theory have studied almost all fields of the cosmic
evolution [33–42].

A number of authors have discussed NADEmodels in BD theory [43–45] but most
of them consider the power law form of BD scalar field which faces the constant
deceleration parameter problem (see Ref. [46] and Refs. therein). Recently, Kumar
and Singh [47] proposed a logarithmic form of BD scalar field to counter the constant
deceleration parameter problem of power law form. Authors studied NADE model
in BD theory with this logarithmic form of BD scalar field and also investigated the
scenario by taking interaction between NADE and dark matter. Taking logarithmic
form of BD scalar field, a number of models have been discussed in BD theory [48–
52]. In some recent works, NADE model has been considered in f (G, T ) gravity
[53] and in f (T , B) gravity [54]. It is suggested from observations that the sign of
interaction changes between dark sector during cosmic evolution in the redshift range
0.45 ≤ z ≤ 0.9 [55]. The sign changeable interaction term was proposed by [56, 57]
as Q = q(αρ̇ + 3βHρ) where α and β are constants and Q changes its sign as the
deceleration parameter q changes its sign during evolution of the universe. Therefore,
it is significant to discuss DE models considering the sigh changeable interaction
term. The NADEmodel with sign changeable interaction in GR has been studied [58].
In the present study we extend the work of Kumar and Singh [47] by taking sign
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changeable interaction term as Q = 3b2HqρD in BD theory. We provide a more
detailed study in the present paper as we discuss statefinder analysis, w − w′ analysis
and thermodynamic analysis for our model which was lacking in [47].

The statefinder analysis was proposed by Sahni et al. [65] to discriminate amongDE
models. The statefinder is geometrical in nature as it obtained using scale factor and
its time derivatives only. This analysis can be applied in a model-independent manner
and allows us to characterize the properties of DE. The statefinder analysis is able to
successfully discriminate DEmodels namely the cosmological constant, quintessence,
k-essence, Chaplygin gas, braneworldmodels etc. The Statefinder analysis plays a par-
ticularly important role for modified gravity theories such as scalar–tensor models and
braneworldmodels of DE, for which the equation of state is not a fundamental physical
entity. Another important analysis is the wD − w′

D analysis which attained recogni-
tion for examining the DE models. Caldwell and Linder [66] proposed this analysis
for analyzing the quintessence scalar field model. The wD − w′

D plane explains the
accelerated expansion region of the universe. Thermodynamic analysis has become
an important part of gravitation theories. Jacobson [67] and Padmanabhan [68] estab-
lished connection between gravitation theories and thermodynamics which provided
a background for thermodynamic study in gravitation theories. The generalized sec-
ond law of thermodynamics has become a point of interest for cosmologists in recent
years. The NADEmodel in context of generalized second law of thermodynamics has
been studied in the framework of GR [69]. We apply all above mentioned analysis to
examine our model.

The paper is organized as follows. In Sects. 2 and 3, we present the field equations
of BD theory where we consider interacting NADE and logarithmic form of BD scalar
field. We obtain cosmological parameters, the equation of state (EoS) parameter and
deceleration parameter (DP) in Sect. 4 to study the possible evolution of the universe.
In Sect. 5, we apply statefinder analysis to compare our model with existing models.
In Sect. 6, the trajectories of w − w′ analysis are plotted for different values of model
parameters. Section7 is devoted to thermodynamic analysis of the model. In Sect. 8,
we present a summary of our results.

2 Model and field equations

The action of BD theory with matter Lagrangian density Lm in Jordan frame is given
by

S =
∫

d4x
√−g

[
1

2

(
−φR + ω

φ
gμν∂μφ ∂νφ

)
+ Lm

]
, (4)

where R represents Ricci scalar curvature, g is the determinant of metric tensor gμν

and ω is the dimensionless Brans-Dicke coupling parameter between scalar field and
gravity. Here, φ denotes time dependent scalar field known as BD scalar field given
by φ = (8πG)−1. The scalar field and matter field in Jordan frame do not interact and
matter minimally couples to the metric. We consider a homogeneous and isotropic
Friedmann-Robertson-Walker (FRW) universe, which is given by the line element
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ds2 = dt2 − a2(t)

[
dr2

1 − kr2
+ r2(dθ2 + r2sin2θdφ2)

]
, (5)

where a(t) is the cosmic scale factor of the universe, k is the curvature parameter
having values 0, 1 or −1 describing the nature of space curvature. The observations
suggest that the universe is almost flat at the present time. As we are interested to
study the late time evolution of the universe, therefore, we consider a flat universe for
which k = 0.

The field equations corresponding to the action (4) and line element (5) taking
k = 0 are given by

H2 + H
φ̇

φ
− ω

6

φ̇ 2

φ 2 = ρm + ρD

3φ
, (6)

2
ä

a
+ H2 + 2H

φ̇

φ
+ ω

2

φ̇ 2

φ 2 + φ̈

φ
= − pD

φ
, (7)

φ̈ + 3H φ̇ = ρm + ρD − 3pD

2ω + 3
, (8)

where ρm is energy density of DM, ρD is energy density of NADE and pD denotes the
pressure of NADE. Here, the over dot denotes the derivative with respect to time. We
consider awellmotivated logarithmic formofBDscalar field [47],whichwas proposed
to counter constant DP problem associatedwith power law form. The logarithmic form
of BD scalar field is given as

φ = φ0 ln(α + βa) (9)

where φ0, α > 1 and β > 0 are constants. From Eq. (2), the energy density of NADE
takes the following form

ρD = 3n2η−2φ, (10)

because in BD theory the value of φ is taken as φ = (8πG)(−1) which gives φ = M2
p.

3 Interacting NADEmodel with sign changeable interaction

The interaction between DM and DE is a matter of concern. There is no confirma-
tion of interaction between these two dark components, however, some cosmological
observations [70, 71] suggest existence of it. Several cosmological models of inter-
action between DM and DE have been studied in the literature [58, 72–76]. Taking
the advantage of observational support to interaction, we consider interaction between
DM and NADE. The continuity equations in the presence of interaction between DM
and NADE can be written as

ρ̇m + 3Hρm = Q, (11)

ρ̇D + 3H(1 + wD)ρD = −Q, (12)
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where wD = pD
ρD

denotes EoS parameter of NADE. The term Q denotes interaction
term between DM and NADE. The sign of interaction term Q defines the direction of
the energy transfer i.e. for Q > 0, there is an energy transfer from NADE to DM, and
for Q < 0, there is an energy transfer from DM to NADE.

In the available literature [77–79], the interaction term in general has been taken
as Q = 3cρH , where ρ is energy density of dark sector and c is transfer strength. As
c is constant and energy density and Hubble’s parameter are positive, therefore this
interaction term does not change it’s sign. It is suggested by observations that the sign
of interaction between dark sector changes during cosmic evolution in the redshift
range 0.45 ≤ z ≤ 0.9 [55]. To accommodate the observational evidence, the sign
changeable interaction term was proposed by Wei [56, 57] as Q = q(αρ̇ + 3βHρ),
where α and β are constants, which contains DP q. The interaction term Q changes
its sign as q changes its sign during evolution of the universe. Therefore, we consider
sign changeable interaction term to study the interaction between DM and NADE in
the framework of BD theory with logarithmic form of BD scalar field in present study.
We have considered a simple sign changeable interaction term which is given as

Q = 3b2HqρD, (13)

where b2 is coupling constant.
Sometimes it is beneficial to use dimensionless density parameters for simplification

of system of equations and involved calculation. It also helps to explain physical
quantities in more elaborative way. The critical energy density and dimensionless
density parameters take the form

ρcr = 3φH2, (14)

�m = ρm

ρcr
= ρm

3φH2 , (15)

�D = ρD

ρcr
= n2

η2H2 . (16)

Differentiating (16) with respect to cosmic time t and using �′
D = �̇D

H we get

�′
D = −2�D

(
Ḣ

H2 + �
1/2
D

na

)
, (17)

where prime denotes derivative with respect to ln a.

4 Equation of state and deceleration parameter

To discuss the evolution of the universe, there are several cosmological parameters
which are important, some of which are the DP q and EoS parameter wD . We will
discuss the evolution of the universe through the EoS parameter and DP for our model.
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The EoS parameter defines about accelerated and decelerated expansions of the uni-
verse. It is defined as the ratio of pressure pD and energy density ρD , and looks like
wD = pD/ρD . The value ofwD is classified as follows, forwD = 1, it represents stiff
fluid, wD = 1/3 shows radiation dominated phase whereas wD = 0 shows matter
dominated phase, −1 < wD < −1/3 shows DE dominated accelerated phase with
quintessence,w = −1 shows the cosmological constant andwD < −1 presents phan-
tom era of the universe. The EoS parameter of NADE can be obtained by using Eqs.
(9), (10), (13) and (16) in (12) as

wD = −1 − b2q + 2
√

�D

3na
− βa

3(α + βa) ln(α + βa)
, (18)

where q is DP defined by q = − ä
a H2 = −1 − Ḣ

H2 . It is worth mentioning that for
β = 0 the EoS parameter approaches to it’s respective form in GR [58]. Here, we have
different second term in comparison of [47] due to sign changeable interaction term.
We observe that wD ≈ −1− b2q as a → ∞. Thus, wD will never cross the phantom
divide line if q < 0 in far future whereas it crosses phantom divide line in far future
in the work [47]. The phantom crossing of interacting NADE also observed in GR
[20] and in BD theory (using power-law form of BD scalar field) [44]. For the case
b = 0 (non-interacting NADE),wD approaches to cosmological constant (wD = −1)
in far future as observed in [20, 47]. It is evident from the expression of wD given by
(18) that to explain the evolution of wD we require q. In addition, we also require q
to explain the evolution of the universe. The sign of q describes the accelerating or
decelerating rate of expansion and change in sign represents the phase transition of the
universe. The value of q can be obtained by using Eqs. (9), (10) and (16) in equation
(7) as

q =
1 + 3�DωD + 2βa

(α+βa) ln(α+βa)
− β2a2

(α+βa)2 ln(α+βa)
+ ωβ2a2

2(α+βa)2[ln(α+βa)]2
2 + βa

(α+βa) ln(α+βa)

. (19)

Here, we observe that the expression of q contains wD as expression of wD contains
q. Now, we want to find their values independent of each other. We have two Eqs.
(18) and (19) with two variable wD and q which are of our interest. Therefore, we can
easily obtain final expressions of wD and q using the Eqs. (18) and (19) which are as
follows

wD = 1

2 + βa
(α+βa) ln(α+βa)

+ 3b2�D

[
− 2 +

(
2
√

�D

3na
− 5

3
− 2b2

)

βa

(α + βa) ln(α + βa)
− b2 + b2β2a2

(α + βa)2 ln(α + βa)

+
(−ωb2

2
− 1

3

)
β2a2

(α + βa)2[ln(α + βa)]2 + 4
√

�D

3na

]
(20)
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Fig. 1 We have taken n = 5, b = 2 and � = 0.70 to plot EoS parameter wD against the redshift parameter
z. a is plotted for fixed values ω = 25, β = 9 and for various values of α. b is plotted for fixed values
ω = 25, α = 5.5 and for various values of β. c is plotted for fixed values α = 5.5, β = 4 and for various
values of ω

q =
1 − 3�D + 2�3/2

D
na + βa(2−�D)

(α+βa) ln(α+βa)
− β2a2

(α+βa)2 ln(α+βa)
+ ωβ2a2

2(α+βa)2[ln(α+βa)]2
2 + βa

(α+βa) ln(α+βa)
+ 3b2�D

(21)

Now, we have expressions of wD and q which are given by Eqs. (20) and (21),
respectively. Let us discuss the evolution of both the cosmological parameters one by
one. We first discuss the evolution of wD against redshift z. It is more appropriate to
discuss the evolution of cosmological parameters against redshift z in comparison of
scale factor a. Therefore, using a = (1+z)−1 in normalized unit, we plot the evolution
ofwD versus z in Fig. 1. The graphs have been plotted for various values of α, β and ω

in Fig. 1a–c respectively for fixing the other parameters. It is observed from the figure
that all the evolution trajectories showing quintessence behavior of wD in future and
converge to one fixed point. It is interesting to note that NADE behaves differently
in the present model in comparison of works [20, 44, 47] where NADE behaves like
phantom in far future. It is observed that for smaller values of α and large values of β

and ω the phantom divide line (wD = −1) can be crossed during the evolution. For
large values of α and small values of β and ω, the trajectory remains almost constant
lying in quintessence region in recent time and future. It can be observed that α has
just reverse effects on the evolution of the EoS parameter wD in comparison of β and
ω. It can also be seen from the figure that for suitable values of parameters we can
achieve cosmological constant type behavior (wD = −1) at present time.

It may be observed form the expression of q that q ≈ 1−3�D
2+3b2�D

as a → ∞.
Thus, the universe will observe an accelerated expansion in far future if �D > 1/3
otherwise it will decelerate. Now, let us discuss the evolution of q against the redshift
z. We have plotted the trajectories of q versus redshift z in Fig. 2. The effects of
the model parameters α, β and ω can be seen in Fig. 2a–c respectively. A feasible
model of cosmic evolution must show the recent phase transition rather just showing
acceleration. Our model shows recent phase transition of cosmic evolution for all
values of model parameters. It is observed that for smaller values of model parameter

123



New agegraphic dark energy in Brans–Dicke theory... Page 9 of 18    46 

Fig. 2 We have taken n = 5, b = 2 and � = 0.70 to plot q against the redshift parameter z. a Is plotted for
fixed values ω = 25, β = 9 and for various values of α. b Is plotted for fixed values ω = 25, α = 5.5 and
for various values of β. c Is plotted for fixed values α = 5.5, β = 4 and for various values of ω

α and larger values of the parameters β and ω, the model shows phase transition very
late in future not in present time and for larger values ofmodel parameter α and smaller
values of the parameters β and ω, the model shows phase transition very early not in
present time. Therefore, very small or very large values of the model parameters α,
β and ω are not favourable to observe the recent phase transition of the universe (see
Fig. 1). Our model shows accelerated expansion of the universe in future, i.e., after
recent phase transition universe will accelerate through out the evolution.

The BD parameterω plays an important role in BD theory and has been constrained
by solar system experiments and cosmological observations. In the parameterized post
Newtonian formalism, solar system experiment Cassini put a very high bound ω >

40,000 [59, 60]. On the other hand, cosmological observations put relatively very low
bounds on BD parameter ω. Even, these observations predict negative values of ω and
put negative bounds on it. In 2005, Acquaviva and collaborators [61] found that ω >

120 and, Wu and Chen in 2010 [62] found ω < −120 or ω > 97.8 at 95% confidence
level. Using the data of WMAP and Planck Probe, Li and collaborators in 2013 [63]
obtained ω > 181.65 at 95% confidence level. Recently, Nui and collaborators have
found constraints ω ≥ 40 using the data of gravitational wave observations [64]. The
theoretical studies of cosmological scale properties of the universe also predict small
values of ω to explain the known phenomena of cosmic evolution [46, 85]. In the
present study, we are interested to discuss the cosmological scale properties of the
universe like it’s dynamic evolution. Therefore, cosmological constraints on ω are
preferable than the solar system constraints. Therefore, we have used small values of
ω to plot graphs which are able to explain the recent phase transition of the cosmic
evolution.

5 The statefinder analysis

Although a lot of DE models are available in literature which explain the cosmic
acceleration of the universe but to distinguish between different dark energy models,
a geometrical diagnostic pair known as statefinder diagnostic {r , s}was introduced by
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Sahni et al. [65]. The statefinder pair is constructed directly from space timemetric and
includes the scale factor a(t) and its time derivative upto third order. The statefinder
pair {r , s} is defined as follows

r =
...
a

aH3 = 1 + 3
Ḣ

H2 + Ḧ

H3 , s = r − 1

3(q − 1/2)
. (22)

The trajectories of different DE models show different behavior in r − s plane
which gives a reliable way to differentiate among DE models. The statefinder pair
{r , s} = {1, 0} correspond to �C DM model, {r < 1, s > 0} shows quintessence like
behaviour of DE model and {r > 1, s < 0} shows chapygin gas like behaviour of
DE. The SC DM model correspond to statefinder pair {r , s} = {1, 1}. As a DE model
departs from the fixed point {r , s} = {1, 0}, it suggests a reliable way to differentiate
this model from �C DM model. To calculate r , we need values of Ḣ

H2 and Ḧ
H3 . We

know that q = −1− Ḣ
H2 , thus, we get

Ḣ
H2 = −1− q. Now, using the value of q given

by (21), we get the value

Ḣ

H2 =
−3 + 3�D(1 − b2) − 2�3/2

D
na − βa(3−�D)

(α+βa) ln(α+βa)
+ β2a2

(α+βa)2 ln(α+βa)
− ωβ2a2

2(α+βa)2 ln(α+βa)2

2 + βa
(α+βa) ln(α+βa)

+ 3b2�D

(23)
and differentiating equation (23) w.r.t t , we obtain the value as follows

Ḧ

H3 = 2

(
Ḣ

H2

)2

+
[ (

3(1 − b2) − 3
√

�D

na

)
�′

D + 2�3/2
D

na

+ βa

(α + βa) ln(α + βa)
(�′

D − 3 + �D)

+ β2a2

(α + βa)2[ln(α + βa)]2 (3−�D −ω) + β2a2

(α + βa)2 ln(α + βa)
(5 − �D)

+ β3a3

(α + βa)3[ln(α + βa)]2 (ω − 1) − 2β3a3

(α + βa)3 ln(α + βa)

+ ωβ3a3

(α + βa)3[ln(α + βa)]3

− Ḣ

H2

(
3b2�′

D + βa

(α + βa) ln(α + βa)
− β2a2

(α + βa)2[ln(α + βa)]2

− β2a2

(α + βa)2 ln(α + βa)

)]
[
2 + βa

(α + βa) ln(α + βa)
+ 3b2�D

]−1
(24)
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Fig. 3 To plotted the r − s
trajectories, we have taken
�D = 0.70, n = 5 and b = 0.1.
The trajectory 1 is plotted for
α = 5, β = 4 and ω = 25, the
trajectory 2 is plotted for α = 5,
β = 4 and ω = 35, the trajectory
3 is plotted for α = 4.5, β = 4
and ω = 25 and the trajectory 4
is plotted for α = 4.5, β = 4.5
and ω = 25

Now, using the values given by Eqs. (23) and (24) we can obtain the expression of r
and then the expression of s. We have plotted the trajectories in r − s plane to explore
the behavior of our model which have been shown in Fig. 3. The points plotted on the
straight line in the figure represent the values corresponding to�CDMmodel which is
{1, 0} and for the SC DM model which is {1, 1}. We observe that the trajectories start
from chaplygin gas region and ends in quintessence region. It matches with predictions
of EoS analysis we have done in Sec. 4 where wD showed quintessence like behavior
in future. In the framework of GR, it was observed that interacting NADE behave
almost like quintessence throughout the evolution and approaches to �CDM model
[80]. Thus, the NADE model in BD theory behaves differently in comparison to its
behavior in GR as also observed in the analysis of EoS parameter wD . We observed
that the trajectories meet �CDMmodel during the evolution for suitable values of the
parameters but do not approaches to SCDM model. Further, We have observed that
increasing the value of parameterβ deviates the trajectorymore andmore from�CDM
model. The statefinder analysis of our model shows that NADE shows chaplygin gas
type behavior in early time, cosmological constant type behavior in present time and
behave like quintessence in future.

6 Thew − w′ analysis

In this section, we study thewD −w′
D dynamical analysis for NADEmodel. ThewD −

w′
D analysis attained recognition for examining the DEmodels. ThewD −w′

D (where
prime denotes the differentiation with respect to ln a) plane explains the accelerated
expansion region of the universe. Caldwell and Linder [66] firstly used wD − w′

D
analysis to study the quintessence scalar field. It’s investigation gives us a technique
without any unreliability for classification of the model using the model parameters.
Two different classes have been characterized known as thawing region w′

D > 0 and
freezing region w′

D < 0 on wD − w′
D plane.

For NADE model, the expression for w′
D looks as w′

D = ẇD
H . The expression of w′

D
can be obtained as

123



   46 Page 12 of 18 Pinki, P. Kumar

Fig. 4 To plot trajectories, we have taken �D = 0.70, n = 5 and b = 0.1. The trajectory 1 is plotted for
α = 5, β = 4 and ω = 25, the trajectory 2 is plotted for α = 5, β = 4 and ω = 35, the trajectory 3 is
plotted for α = 4.5, β = 4 and ω = 25 and the trajectory 4 is plotted for α = 4.5, β = 4.5 and ω = 25.
The figure (b) is zoomed version of (a)

w′
D =

[
− 3wDb2�′

D +
(

�′
D

3na
√

�D
− wD − 2b2 − 5

3

)
βa

(α + βa) ln(α + βa)

+
(−2

√
�D

3na
+ wD + 2b2 − ωb2 + 1

)
β2a2

(α + βa)2[ln(α + βa)]2

+
(−2

√
�D

3na
+ wD + 4b2 + 5

3

)
β2a2

(α + βa)2 ln(α + βa)

+
(

−b2 + ωb2 + 2

3

)
β3a3

(α + βa)3[ln(α + βa)]2

− −2β3a3b2

(α + βa)3 ln(α + βa)
+

(
ωb2

2
+ 1

3

)
2β3a3

(α + βa)3[ln(α + βa)3]
+ 2�′

D

3na
√

�D
− 4

√
�D

3na

]
[
2 + βa

(α + βa) ln(α + βa)
+ 3b2�D

]−1
. (25)

We have plotted the evolution trajectories in wD − w′
D plane for different values

of model parameters in Fig. 5a. The Fig. 5b is zoomed version of Fig. 5a to observe
the behavior of trajectories in the vicinity of �CDM model, which has values wD =
−1, w′

D = 0. It is observed that all the trajectories shows thawing region in present and
begin to show freezing region in future. It is observed that the behavior of wD − w′

D
plane analysis shows freezing region which match with today’s observations. It can
be observed clearly from the figure that all the trajectories meets at one single point
in late time signalling freezing region. It seems that the behavior of trajectories in
wD − w′

D analysis depend on the value of model parameters. It is observed from
the figure that the trajectories reach in vicinity of �CDM model in future, which has
values wD = −1, w′

D = 0, shown clearly in Fig. 5b.
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7 Thermodynamic analysis

Thermodynamics and gravity theories are independently well established branches
of science. Jacobson established a fascinating connection between gravity and ther-
modynamics by deriving Einstein’s field equations using only thermodynamical
considerations [67]. Padmanabhan [68] derived the first law of thermodynamics
starting from the Einstein’s field equations for a static and spherically symmetric
space-time. In another work, authors recovered the field equations of f(R) theory
using only thermodynamical considerations [81]. These seminal works have inspired
a number of cosmologists to work on so-called thermodynamics of space-time. Many
aspects of thermodynamics have been studied in gravity theories one of which is gen-
eralized second law of thermodynamics (GSL). According to GSL, total entropy of the
universe (horizon entropy and entropy of the matter inside the horizon) is an increas-
ing function of the time. The GSL has been discussed in both Einstein’s theory and
modified theories of gravity [69, 82–84].

Recently, GSL has been investigated in original BD theory and authors have
obtained expression of rate of change of total entropy of the flat FRW universe [85]. In
the present work, we have also considered original BD theory in a flat FRW universe.
Therefore, we have considered the same expression of rate of change of total entropy
of the flat FRW universe for our investigation of validity of GSL in our model. To be
noted that we have taken NADE in our model while they have not considered any DE
component. The total entropy of the universe is given by

Stot = Sh + Sin, (26)

where, Stot denotes total entropy, Sh denotes horizon entropy and, Sin denotes entropy
of total fluid inside the horizon. The rate of change of total entropy Stot can be obtained
as

Ṡtot = Ṡh + Ṡin, (27)

where dot represents the time derivative. Authors [85] have considered the entropy of
dynamical apparent horizon rather than teleological event horizon which seems more
relevant to the study. The entropy of the apparent horizon is given by the relation
Sh = 2π A, where A = 4π R2

h denotes the area of the apparent horizon. Here, Rh

denotes radius of the apparent horizon which is related to the Hubble parameter in the
flat FRW universe as Rh = 1

H . Thus, the entropy of the apparent horizon takes the

form as Sh = 8π2

H2 and it’s rate of change is given by

Ṡh = −16π2 Ḣ

H3 . (28)

The Gibbs law of thermodynamics for fluid inside the horizon produces the relation

Tind Sin = d Ein + pt dVh, (29)

where the subscript t denotes the total quantity and the volume Vh = 4
3π R3

h . Now, we
can obtain the rate of change in entropy of the fluid inside the horizon as
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Ṡin = (ρt + pt )V̇h + ρ̇t Vh

Tin
. (30)

If we consider that the fluid is in thermal equilibriumwith the horizon then temperature
of fluid inside horizon (Tin) and temperature of dynamical apparent horizon (Th) are
same (see [85] and references therein). It is known as Hayward-Kodama temperature
which is given by

Th = 2H2 + Ḣ

4π H
. (31)

It may be observed that this temperature reduces to the Hawking temperature
THawking = H

2π [86] in de Sitter space where Ḣ = 0. Now, the rate of change of
entropy of fluid inside the horizon can be obtained using Eqs. (30) and (31) as

Ṡin = 16π2 Ḣ

H3

(
1 + Ḣ

2H2 + Ḣ

)
. (32)

Now using Eqs. (27), (28) and (32), one can get the rate of change of total entropy as
[85]

Ṡtot =
(
4π Ḣ
H2

)2

H
(

Ḣ
H2 + 2

) . (33)

If GSL is satisfiedwith in themodel thenwemust observe Ṡtot ≥ 0 otherwisemodel
will violate GSL. We observe that the inequality Ṡtot ≥ 0 is followed if Ḣ

H2 + 2 ≥ 0
because H is a positive quantity as we have shown accelerated expansion in present
and future epochs. Thus, GSL is satisfied with in our model if we observe Ḣ

H2 ≥ −2.
Here, we are considering only present epoch and future evolution because the model
is devoted to explain the late time evolution of the universe. We have plotted graphs
of Ṡtot against redshift z in Fig. 5. We observe that GSL is satisfied during present
evolution and in future for various combination of model parameters. It has also been
observed in the framework of GR that NADE model satisfies GSL [69]. Authors also
considered dynamical apparent horizon for their study as we have considered in the
presentmodel. Further, we observe that Ṡtot freezing to zero in far future, i.e., Ṡtot → 0
and z → −1. It is interesting to observe that Stot becomes almost constant in far future.

8 Closing remarks

The present day accelerated expansion of the universe has become more interesting
with the passing of time. In the present work, we have studied NADE model with
sign changeable interaction term in BD theory of gravitation. BD theory of gravity is
a natural extension of GR and arose interest in modern cosmology. We demonstrated
that how the NADE evolve with cosmic evolution in BD theory. The EoS parameter of
interactingNADEhas been plotted for different values ofmodel parameters. It is found
that all the evolution trajectories converge to one single point showing quintessence
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Fig. 5 To plotted the Ṡtot
against redshift z, we have taken
�D = 0.70, H = 70, n = 5 and
b = 0.1. The trajectories are
plotted for various values of
parameters α, β and ω

behavior in future whereas it shows phantom type behavior in works [20, 44, 47].
The phantom divide line (wD = −1) can also be crossed for different values of
model parameters during the evolution. The plots of q show recent phase transition
(decelerated expansion to accelerated expansion) of the universe which makes our
model more realistic. It is also observed that very small or very large values of the
model parameters α, β and ω are not favourable to observe the recent phase transition
of the universe.

We observed that the r − s trajectories start from chaplygin gas region and end
in quintessence region. The trajectories meet �CDM model during the evolution for
suitable values of parameters. Thus, interacting NADE behaves like chaplygin gas in
starting, behaves like�CDMduring the evolution and in last behaves like quintessence
whereas it behaves like quintessence throughout the evolution in GR and approaches
to �CDM in last [80]. It is also observed that increasing the value of parameter
β deviates the trajectory more and more from �CDM model. The trajectories in
wD − w′

D plane show thawing region in present and freezing region in future. We
also observed that the trajectories reach in vicinity of �CDM model in future, which
has values wD = −1, w′

D = 0. We have applied thermodynamic analysis to check
the validity of GSL in our model. We have plotted graphs of Ṡtot against redshift z
to observe its behavior during the present epoch and in future. It is observed that the
GSL is satisfied for various combination of model parameters. Thus, the model passes
the thermodynamic test successfully.

Acknowledgements The authors are thankful to the referee for constructive suggestions to improve the
manuscript.

Data Availability There is no data associated with this article.

Declarations

Competing interests Authors have no financial interests.

123



   46 Page 16 of 18 Pinki, P. Kumar

References

1. Perlmutter, S., et al.: Measurements of Omega and Lambda from 42 high redshift supernovae (The
Supernova Cosmology Project). Astrophys. J. 517, 565 (1999). arXiv:astro-ph/9812133

2. Riess, A.G., et al.: Observational evidence from supernovae for an accelerating Universe and
a cosmological constant (Supernova Search Team Collaboration). Astron. J. 116, 1009 (1998).
[arXiv:astro-ph/9805201]

3. Eisenstein, D.J., et al.: Detection of the baryon acoustic peak in the large-scale correlation function of
SDSS luminous red galaxies. Astrophys. J. 633, 560 (2005)

4. Spergel, D.N., et al.: First year Wilkinson microwave anisotropy probe observations: determination of
cosmological parameters. Astrophys. J. Suppl. 148, 175 (2003)

5. Spergel, D.N., et al.: Three-yearWilkinson microwave anisotropy probe observations: implications for
cosmology. Astrophys. J. Suppl. 170, 377 (2007)

6. Tegmark, M., et al.: Cosmological constraints from the SDSS luminous red galaxies. Phys. Rev. D 74,
123507 (2006)

7. Komatsu, E., et al.: Seven-year Wilkinson microwave anisotropy probe observations: cosmological
interpretation. Astrophys. J. Suppl. 192, 18 (2006)

8. Ade, P.A.R., et al.: Planck 2013 results I. Overview of products and scientific results (Planck Collab-
oration). Astron. Astrophys 571, A1 (2014)

9. Aghanim, N., et al.: Planck 2018 results. Astron. Astrophys. 641, A6 (2020)
10. Sahni, V.: Dark matter and dark energy. Lect. Notes Phys. 653, 141–180 (2004).

[arXiv:astro-ph/0403324]
11. Caroll, S.M.: The cosmological constant. Living Rev. Relativ. 4(1), 1 (2000)
12. Sahni, V., Starobinsky,A.: The case for a positive cosmological�-term. Int. J.Mod. Phys.D 9, 373–443

(2000). https://doi.org/10.1142/S0218271800000542
13. Peebles, P.J.E., Ratra, B.: The cosmological constant and dark energy. Rev. Mod. Phys. 75, 559–606

(2003). arXiv:astro-ph/0207347
14. Sahni, V., Shafieloo, A., Starobinsky, A.: Model independent evidence for dark energy evolution from

baryon acoustic oscillations. ApJL 793, L40 (2014). https://doi.org/10.1088/2041-8205/793/2/L40
15. Ding, X., et al.: Is there evidence for dark energy evolution? ApJL 803, L22 (2015). https://doi.org/

10.1088/2041-8205/803/2/L22
16. Karolyhazy, F.: Gravitation and quantum mechanics of macroscopic objects. Nuovo. Cim. A 42, 390

(1966). https://doi.org/10.1007/BF02717926
17. Karolyhazy, F., Frenkel, A., Lukacs, P.B.: In Physics as Natural Philosophy. MIT Press, Cambridge

(1982)
18. Cai, R.G.: A dark energy model characterized by the age of the universe. Phys. Lett. B 657, 228 (2007)
19. Neupane, I.P.: A note on agegraphic dark energy. Phys. Lett. B 673, 111 (2009)
20. Wei, H., Cai, R.G.: A new model of agegraphic dark energy. Phys. Lett. B 660, 113–117 (2008)
21. Sheykhi, S., Jamil, M.: Interacting HDE and NADE in Brans–Dicke Chameleon cosmology. Phys.

Lett. B 694, 284 (2011)
22. Pasqua, A., Chattopadhayay, S.: New agegraphic dark energy model in chameleon Brans–Dicke cos-

mology for different forms of the scale factor. Astrophys. Space. Sci. 348, 284 (2013)
23. Fayaz, V.: Bianchi type I universe and instability of new agegraphic dark energy in Brans–Dicke

theories. Astrophys. Space. Sci. 361, 86 (2016)
24. Zhang, J., Zhang, S., Li, H.: Agegraphic dark energy as a quintessence. Eur. Phys. J. C 54, 303 (2008)
25. Zhang, L., Cui, J., Zhang, J., Zhan, X.: Interacting model of new agegraphic dark energy: cosmological

evolution and statefinder diagnostic. Int. J. Mod. Phys. D 19, 21 (2010). arxiv:0911.2838v2 [astro-
ph.CO]

26. Setare, M.R.: New agegraphic dark energy in f(R) gravity. Astrophys. Space Sci. 326, 27 (2010)
27. Jamil, M., Saridakis, E.N.: New agegraphic dark energy in Horava–Lifshitz cosmology. J. Cosmol.

Astropart. Phys. 07, 028 (2010)
28. Sun, C.-Y., Yue, R.-H.: Inflation and new agegraphic dark energy. Phys. Rev. D 83, 107302 (2011)
29. Saaidi, K., Sheikhahmadi, H., Mohammadi, A.H.: Interacting new agegraphic dark energy in a cyclic

universe. Astrophys. Space Sci. 338, 355–361 (2012). https://doi.org/10.1007/s10509-011-0944-y
30. Zhang, J.-F., Li, Y.-H., Zhang, X.: A global fit study on the new agegraphic dark energy model. Eur.

Phys. J. C 73, 2280 (2013). https://doi.org/10.1140/epjc/s10052-013-2280-6

123

http://arxiv.org/abs/astro-ph/9812133
http://arxiv.org/abs/astro-ph/9805201
http://arxiv.org/abs/astro-ph/0403324
https://doi.org/10.1142/S0218271800000542
http://arxiv.org/abs/astro-ph/0207347
https://doi.org/10.1088/2041-8205/793/2/L40
https://doi.org/10.1088/2041-8205/803/2/L22
https://doi.org/10.1088/2041-8205/803/2/L22
https://doi.org/10.1007/BF02717926
http://arxiv.org/abs/0911.2838v2
https://doi.org/10.1007/s10509-011-0944-y
https://doi.org/10.1140/epjc/s10052-013-2280-6


New agegraphic dark energy in Brans–Dicke theory... Page 17 of 18    46 

31. Jawada, A., Ranib, S., Nawazc, T.: Interacting new holographic dark energy in dynamical Chern–
Simons modified gravity. Eur. Phys. J. Plus 131, 282 (2016)

32. Brans, C., Dicke, R.H.: Mach’s principle and a relativistic theory of gravitation. Phys. Rev. 124, 925
(1961)

33. Mathiazhagen, C., Johri, V.B.: An inflationary universe in Brans–Dicke theory: a hopeful sign of
theoretical estimation of the gravitational constant. Class. Quantum Grav. 1, L29 (1984)

34. Berman,M.S.,Gomide, F.M.:Cosmologicalmodelswith constant deceleration parameter.Gen.Relativ.
Gravit. 20, 191 (1988)

35. La, D., Steinhardt, P.J.: Extended inflationary cosmology. Phys. Rev. Lett. 62, 4 (1989)
36. Linde, A.: Eternal extended inflation and graceful exit from old inflation without Jordan–Brans–Dicke.

Phys. Lett. B 249, 18 (1990)
37. Johri, V.B., Kalyani, D.: Cosmological models with constant deceleration parameter in Brans–Dicke

theory. Gen. Relativ. Gravit. 26, 1217 (1994)
38. Artymowski, M., Lalak, Z., Lewicki, M.: Inflationary scenarios in Starobinskymodel with higher order

corrections. J. Cosmol. Astropart. Phys. 06, 032 (2015)
39. Peracaula, J.S., et al.: Brans–Dicke gravity with a cosmological constant smoothes out �C DM ten-

sions. Astrophy. J. Lett. 886, L6 (2019)
40. Papantonopoulos, E., Vlachos, C.: Wormhole solutions in modified Brans–Dicke theory. Phys. Rev. D

101, 064025 (2020)
41. Singh, C.P., Peracaula, J.S.: Friedmann cosmology with decaying vacuum density in Brans–Dicke

theory. Eur. Phys. J. C 81, 960 (2021)
42. Özer, H., Delice, Ö.: Gravitational waves in Brans-Dicke theory with a cosmological constant. Eur.

Phys. J. C 81, 326 (2021)
43. Liu, X.L., Zhang, X.: New agegraphic dark energy in Brans–Dicke theory. Commun. Theor. Phys. 52,

761 (2009)
44. Sheykhi, A.: Interacting new agegraphic dark energy in nonflat Brans–Dicke cosmology. Phys. Rev.

D 81, 023525 (2010)
45. Chattopadhyay, S., Pasqua, A., Khurshudayan, M.: New holographic reconstruction of scalar-field

dark-energy models in the framework of chameleon Brans–Dicke cosmology. Eur. Phys. J. C 74, 3080
(2014)

46. Pinki, Kumar, P., Beesham, A.: Reconsidering holographic dark energy in Brans–Dicke theory. Eur.
Phys. J. C 82, 143 (2022)

47. Kumar, P., Singh, C.P.: New agegraphic dark energy model in Brans–Dicke theory with logarithmic
form of scalar field. Astrophys. Space Sci. 362, 52 (2017)

48. Singh, C.P., Kumar, P.: Holographic dark energy in Brans–Dicke theory with logarithmic form of scalar
field. Int. J. Theor. Phys. 56, 3297 (2017)

49. Srivastva, M., Singh, C.P.: Cosmological evolution of non-interacting and interacting holographic dark
energy model in Brans–Dicke theory. Int. J. Geo. Meth. Mod. Phys. 15, 1850124 (2018)

50. Sadri, E., Vakili, B.: A new holographic dark energy model in Brans–Dicke theory with logarithmic
scalar field. Astrophys. Space Sci. 363, 13 (2018)

51. Aditya, Y., Mandal, S., Sahoo, P.K., Reddy, D.R.K.: Observational constraint on interacting Tsallis
holographic dark energy in logarithmic Brans–Dicke theory. Eur. Phys. J. C 79, 1020 (2019)

52. Aditya, Y., Reddy, D.R.K.: FRW type Kaluza–Klein modified holographic Ricci dark energy models
in Brans–Dicke theory of gravitation. Eur. Phys. J. C 78, 619 (2018)

53. Saba, S., Sharif, M.: New agegraphic dark energy in f(G, T) gravity. Chin. J. Phys. 59, 393 (2019)
54. Pourbagher, A., Amani, A.: Thermodynamics of the viscous f(T, B) gravity in the new agegraphic dark

energy model. Mod. Phys. Lett. A 35, 2050166 (2020)
55. Cai, R.G., Su, Q.P.: On the dark sector interactions. Phys. Rev. D 81, 103514 (2010)
56. Wei, H.: Cosmological evolution of quintessence and phantom with a new type of interaction in dark

sector. Nuc. Phys. B 845, 381 (2011)
57. Wei, H.: Cosmological constraints on the sign-changeable interactions. Theor. Phys. 56, 972 (2011)
58. Xu, Y.D., Huang, Z.G.: New agegraphic dark energy model with the sign changeable interaction.

Astrophys. Space. Sci. 350, 855 (2014)
59. Bertotti, B., Iess, L., Tortora, P.: A test of general relativity using radio links with the Cassini spacecraft.

Nature 425, 374 (2003)
60. Will, C.: The confrontation between general relativity and experiment. Living Rev. Relativ. 9, 3 (2006)

123



   46 Page 18 of 18 Pinki, P. Kumar

61. Acquaviva, V., et al.: Structure formation constraints on the Jordan–Brans–Dicke theory. Phys. Rev. D
71, 104025 (2005)

62. Wu, F.-Q., Chen, X.: Cosmic microwave background with Brans–Dicke gravity. II. Constraints with
the WMAP and SDSS data. Phys. Rev. D 82, 083003 (2010)

63. Li, Y.-C., Wu, F.-Q., Chen, X.: Constraints on the Brans–Dicke gravity theory with the Planck data.
Phys. Rev. D 88, 084053 (2013)

64. Niu, R., Zhang, X., Wang, B., Zhao, W.: Constraining scalar-tensor theories using neutron star-black
hole gravitational wave events. APJ 921, 149 (2021). https://doi.org/10.3847/1538-4357/ac1d4f

65. Sahni, V., et al.: Statefinder: a new geometrical diagnostic of dark energy. JETP Lett. 77, 201 (2003)
66. Linder, E.V., Caldwell, R.R.: Limits of Quintessence. Phys. Rev. Lett. 95, 141301 (2005)
67. Jacobson, T.: Thermodynamics of space-time: the Einstein equation of state. Phys. Rev. Lett. 75, 1260

(1995). ([gr-qc/9504004] [INSPIRE])
68. Padmanabhan, T.: Classical and quantum thermodynamics of horizons in spherically symmetric space-

times. Class. Quantum Grav. 19, 5387 (2002). https://doi.org/10.1088/0264-9381/19/21/306
69. Karami, K., Abdolmaleki, A.: The generalized second law for the interacting new agegraphic dark

energy in a non-flat FRW universe enclosed by the dynamical apparent horizon. Int. J. Theor. Phys.
50, 1656–1663 (2011). https://doi.org/10.1007/s10773-011-0674-5

70. Cao, S., Liang, N., Zhu, Z.H.: Testing the phenomenological interacting dark energywith observational
H(z) data. Mon. Not. R. Astron. Soc. 416, 1099 (2011)

71. Costa, A.A., et al.: Testing the interaction between dark energy and dark matter with Planck data. Phys.
Rev. D 89, 103531 (2014)

72. Amendola, L., Quercellini, C.: Tracking and coupled dark energy as seen by WMAP. Phys. Rev. D 68,
023514 (2003)

73. Zimdahl, W., Pavón, D.: Scaling cosmology. Gen. Relativ. Gravit. 35, 413 (2003)
74. Farrar, G., Peebles, P.J.E.: Interacting dark matter and dark energy. Astrophys. J. 604, 1 (2004)
75. Gumjudpai, B., et al.: Coupled dark energy: towards a general description of the dynamics. J. cosmol.

Astropart. Phys. 06, 007 (2005)
76. Skordis, C., Pourtsidou, A., Copeland, E.J.: Parametrized post-Friedmannian framework for interacting

dark energy theories. Phys. Rev. D 91, 083537 (2015)
77. Neupane, I.P.: A note on agegraphic dark energy. Phys. Rev. D 76, 12306 (2007)
78. Sheykhi, A., et al.: Interacting agegraphic quintessence dark energy in non-flat universe. J. Cosmol.

Astpopart. Phys. 1009, 017 (2010)
79. Sheykhi,A., Setare,M.R.: Thermodynamical description of the interacting newagegraphic dark energy.

Mod. Phys. Lett. A 26, 1897 (2011)
80. Zhang, L., Cui, J., Zhang, J., Zhnag,X.: Interactingmodel of new agegraphic dark energy: cosmological

evolution and statefinder diagnostic. Int. J. Mod. Phys. D 19, 21–35 (2010)
81. Eling, C., Guedens, R., Jacobson, T.: Non-equilibrium thermodynamics of spacetime. Phys. Rev. Lett.

96, 121301 (2006). ([gr-qc/0602001] [INSPIRE])
82. Momeni, D., Moraes, P.H.R.S., Myrzakulov, R.: Generalized second law of thermodynamics in

f (R, T ) theory of gravity. Astrophys. Space Sci. 361, 228 (2016). https://doi.org/10.1007/s10509-
016-2784-2

83. Mamon, A.A., Paliathanasis, A., Saha, S.: Dynamics of an interacting Barrow holographic dark energy
model and its thermodynamic implications. Eur. Phys. J. Plus 136, 134 (2021)

84. Duary, T., Dasgupta, A., Banerjee, N.: Thawing and freezing quintessence models: a thermodynamic
consideration. Eur. Phys. J. C 79, 888 (2019). https://doi.org/10.1140/epjc/s10052-019-7406-z

85. Duary, T., Banerjee, N.: Brans-Dicke cosmology: thermodynamic viability. Eur. Phys. J. Plus 135, 4
(2020)

86. Hawking, S.W.: Black Hole Explosions. Nature 248, 30 (1974)

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such publishing agreement and applicable
law.

123

https://doi.org/10.3847/1538-4357/ac1d4f
https://doi.org/10.1088/0264-9381/19/21/306
https://doi.org/10.1007/s10773-011-0674-5
https://doi.org/10.1007/s10509-016-2784-2
https://doi.org/10.1007/s10509-016-2784-2
https://doi.org/10.1140/epjc/s10052-019-7406-z




Eur. Phys. J. C (2022) 82:143
https://doi.org/10.1140/epjc/s10052-022-10093-7

Regular Article - Theoretical Physics

Reconsidering holographic dark energy in Brans–Dicke theory

Pinki1,a, Pankaj Kumar1,b , Aroonkumar Beesham2,3,c

1 Department of Mathematics, Maharaja Agrasen University, Atal Shiksha Kunj, Kalujhanda, Solan, Himachal Pradesh 174103, India
2 Department of Mathematical Sciences, University of Zululand, Kwa-Dlangezwa 3886, South Africa
3 Faculty of Natural Sciences, Mangosuthu University of Technology, Umlazi 4026, South Africa

Received: 4 September 2021 / Accepted: 6 February 2022 / Published online: 15 February 2022
© The Author(s) 2022

Abstract In this paper, we reconsider the concept of holo-
graphic dark energy in the framework of Brans–Dicke theory
in the formalism of the flat Friedmann–Lemaitre–Robertson–
Walker metric. Firstly, we demonstrate how the assumption
φ ∝ an , where φ and a stand for the Brans–Dicke scalar field
and scale factor, respectively, naturally leads to a constant
deceleration parameter, irrespective of the energy content of
the universe. Secondly, we consider interacting holographic
dark energy with Hubble horizon as IR cut-off, and find the
value of the Hubble parameter and corresponding value of
the scale factor. Further, we find the value of the Brans–
Dicke scalar field φ for the obtained value of the Hubble
parameter and holographic dark energy. We obtain the corre-
sponding value of the deceleration parameter and show that
it can explain the phase transition of the universe. More-
over, statefinder diagnostics has been applied to compare the
model with existing models. On the other hand, we consider
the viscous behavior of holographic dark energy and show
that the viscous holographic dark energy can play the role of
interacting holographic dark energy as it is able to explain the
phase transition of the universe. Further, we find the value of
the Brans–Dicke scalar field φ for this viscous holographic
dark energy. In this model also, we apply the statefinder diag-
nostic.

1 Introduction

The study of distant Type Ia supernovae [1–4] has changed
our perception about the evolution of the universe drasti-
cally and it was found that the universe is going through an
accelerated expansion at present. The observations of the cos-
mic microwave background radiation [5,6], large-scale struc-
ture [7,8], baryon acoustic oscillations [9] and Planck data

a e-mail: shirdpinki@gmail.com
b e-mail: pankajror@mau.edu.in (corresponding author)
c e-mail: abeesham@yahoo.com

[10,11] confirm the accelerated expansion of the universe.
These observations suggest that about 70% of the energy
content of the universe is in the form of a mysterious com-
ponent, which violates the strong energy condition, called
dark energy (DE). A number of DE models have been pro-
posed in the literature but the �CDM model is the simplest
and most successful model of DE. However, despite excel-
lent features, it has some theoretical problems like the coin-
cidence and fine-tuning problems [12]. The major problem
with the �CDM model based on Einstein’s general relativity
arises when it is applied at the quantum level. According to
Einstein, space time is warped by the matter and energy in
it, but quantum physics says the matter and energy exists in
multiple states simultaneously. So, where is the gravitational
field? In recent papers [13,14], the authors have shown that
the �CDM model has some major tension with recent obser-
vations and it may not be the best description of our universe.
Therefore, it is time to explore all the possibilities for a better
understanding of the universe.

Modified theories of gravity have been considered as an
alternative to general relativity (GR) and play an important
role in the study of the evolution of the universe. A natural
extension of GR is Brans–Dicke (BD) theory, introduced by
Brans and Dicke [15] in 1961. In this theory, the gravitational
constant G is no longer a constant, and is replaced by a scalar
field φ(t) = (8πG)−1, called the BD scalar field. The BD
scalar field plays a vital role in BD theory, and various cosmo-
logical phenomena have been studied using a power law form
of the BD scalar field [16–20]. In the literature, it has been
shown by a number of authors [21–23] that the power law
form φ ∝ an , where a represents the cosmic scale factor, of
the BD scalar field leads to a constant deceleration parameter
(DP). Therefore, the well known phase transition of the uni-
verse from deceleration to acceleration cannot be achieved
using a power law form. However, a number of authors [17–
19,24,25] have obtained a time-dependent DP for the same
assumption of φ. Kumar and Singh [26] discussed this prob-

123

http://crossmark.crossref.org/dialog/?doi=10.1140/epjc/s10052-022-10093-7&domain=pdf
https://orcid.org/0000-0002-7156-5637
https://orcid.org/0000-0001-5350-6396
mailto:shirdpinki@gmail.com
mailto:pankajror@mau.edu.in
mailto:abeesham@yahoo.com


143 Page 2 of 10 Eur. Phys. J. C (2022) 82 :143

lem of constant DP associated with the power law form, and
proposed a logarithmic form of the BD scalar field. A number
of authors have considered the logarithmic form to explain
various aspects of cosmological evolution [27–31]. In the
present paper, we are interested to discuss the evolution of
the universe in BD theory without taking any specific form of
BD scalar field and also to find a suitable form of BD scalar
field for the model under consideration in the paper.

Dynamical DE candidates, which contains some signif-
icant properties of quantum gravity, are able to present a
unified model of the universe and explain some problems
of modern cosmology like the coincidence problem [32].
The dynamical DE models based on the holographic prin-
ciple, introduced by ’t Hooft [33] and further discussed by
Susskind [34], have garnered a lot of attention to explain the
accelerated expansion and problems of the �CDM model.
These models of DE are known as holographic dark energy
(HDE) models. It was shown [35] that the formation of black
holes puts an upper bound on the DE density in the formal-
ism of quantum field theory. According to Li [36], if ρh is
the quantum zero-point energy density caused by a short dis-
tance cut-off, the total energy in a region of size L should
not exceed the mass of a black hole of the same size. Taking
the largest IR cut-off L to saturate the inequality, the author
obtained ρh = 3c2 M2

p L−2, where c is a dimensionless con-
stant and Mp stands for the reduced Planck mass. A number
of authors have discussed various aspects of HDE [37–43].

In the present paper, we consider the concept of HDE is
the framework of BD theory. First, we demonstrate how the
assumption φ ∝ an naturally leads to a constant DP which
is not able to describe the phase transition. Further, without
using any specific form of the BD scalar field, we obtain
the value of the scale factor and corresponding value of φ

for HDE model. We obtain the value of the DP by using
the value of the scale factor and discuss the possible evo-
lution of the universe. Further, we are interested to discuss
dissipative behavior of HDE in BD theory. Therefore, we
consider viscous HDE. More precisely, we are interested to
know whether the non-interacting viscous HDE may play the
role of interacting HDE.

Dissipation is a natural phenomenon of the cosmic fluid
and plays a significant role in the evolution of the uni-
verse. Scalar dissipative processes of the cosmic fluid may be
treated via the relativistic theory of bulk viscosity. The phe-
nomenon of bulk viscosity arises in the cosmological fluid
when the fluid expands (contracts) too fast, due to which
the system is out of thermal equilibrium. Then, the effective
pressure become negative to restore the thermal equilibrium
[44]. Therefore, it is natural to consider bulk viscosity in
an accelerating universe. In the literature, bulk viscosity has
been discussed to study early time inflation, as well as late
time acceleration due to its ability to produce an effective
negative pressure [45–52]. We show that the non-interacting

viscous HDE with Hubble length as IR cuf-off can explain the
phase transition (deceleration to acceleration) in contrast to
non-interacting non-viscous HDE [17,18]. This also shows
that viscous HDE may play the role of interacting HDE in
the framework of BD theory.

Sahni et al. [53] introduced a robust analysis to discrim-
inate among DE models, known as statefinder diagnosis.
The statefinder is a geometrical diagnostic, and allows us
to characterize the properties of DE in a model-independent
manner. It is dimensionless and is constructed from the
scale factor of the universe and its time derivatives only.
The statefinder diagnosis is able to successfully discriminate
between a wide range of DE models, including the cosmo-
logical constant, quintessence, k-essence, Chaplygin gas and
braneworld models. Statefinder diagnosis plays a particularly
important role for modified gravity theories such as scalar–
tensor models and braneworld models of DE, for which the
equation of state is not a fundamental physical entity. Thus,
it is important to compare our DE models with existing ones.
Therefore, we obtain the value of the statefinder parameters
r and s, and plot r − s and r −q trajectories to compare both
of our models, interacting HDE and non-interacting viscous
HDE, with existing models.

The paper is organized as follows. HDE with Hubble hori-
zon as an IR cut-off is the subject of the next section in the
framework of BD theory. We demonstrate that φ ∝ an is
not a suitable choice to explain the phase transition of the
universe. Further, we find the scale factor a and the corre-
sponding value of φ. We obtain the expression of the DP
q to study the possible evolution of the universe. Further,
we apply statefinder diagnostics to compare our model with
existing models. Section 3 is devoted to the study of viscous
HDE. We obtain the value of a, φ and q as in Sect. 2. Further,
we discuss statefinder diagnostics in the model. In Sect. 4,
we present a summary of our results.

2 Holographic dark energy in Brans–Dicke theory

The action for BD theory in the Jordan frame is given by

S =
∫

d4x
√−g

[
1

2

(
−φR + ω

φ
gμν∂μφ ∂νφ

)
+ Lm

]
,

(1)

where R, g and Lm represent the Ricci scalar curvature, deter-
minant of the metric tensor gμν and the matter Lagrangian
density, respectively. Here, φ and ω denote the BD scalar
field and BD coupling parameter, respectively. From a theo-
retical point of view, there are no constraints on the coupling
parameter ω. Observational constraints vary depending upon
the method being used. Solar system bounds are ω > 40,000
[54] whereas cosmological scale bounds are very low [55–
57]. In this theory, the Newtonian constant G is replaced with
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a time dependent scalar field φ such that φ = (8πG)−1. The
dimensionless parameter ω is introduced to represent a cou-
pling between the scalar field and gravity. In the Jordan frame,
the scalar field and matter field do not interact, and matter
minimally couples to the metric.

We assume a homogeneous and isotropic flat Friedmann–
Lemaitre–Robertson–Walker (FLRW) space-time to discuss
the evolution of the Universe. The FLRW line element is
given by

ds2 = dt2 − a2(t)

[
dr2

1 − r2 + r2(dθ2 + sin2 θ dφ2)

]
, (2)

where a is the cosmic scale factor. We assume that the uni-
verse is filled with pressureless dark matter (DM) and HDE.
We exclude baryonic matter and radiation due to their neg-
ligible contribution to the total energy budget during late
time evolution. In the above formalism, the Brans–Dicke field
equations take the form

H2 + H
φ̇

φ
− ω

6

φ̇ 2

φ 2 = ρm + ρh

3φ
, (3)

2
ä

a
+ H2 + 2H

φ̇

φ
+ ω

2

φ̇ 2

φ 2 + φ̈

φ
= −ph

φ
, (4)

where ρm , ρh and ph stand for the energy density of DM,
energy density of HDE and pressure of HDE, respectively.
The evolution of the BD scalar field φ follows the wave equa-
tion

φ̈ + 3H φ̇ = ρm + ρh − 3ph

2ω + 3
. (5)

Using Eqs. (3)–(5), we obtain the combined energy conser-
vation equation as follows [16,17]:

ρ̇ + 3H(ρ + p) = 0, (6)

where ρ = ρm + ρh and p = ph .

2.1 Power law form and constant deceleration parameter

To discuss DE models including HDE and models without
DE in the framework of BD theory, there is a general tendency
to assume φ ∝ an . Now, we will show that this assumption
leads to a constant value of DP which does not depend on
which candidate of DE is being considered. It does also not
depend on whether it is non-interacting or interacting DE.
Combining the Eqs. (3)–(5) and using the assumption φ ∝
an , we obtain a single equation as follow:

2
ä

a
(3 − nω) + H2(6 − 4nω − n2ω) = 0. (7)

In cosmology, the DP is defined as q = − ä
a H2 . Therefore,

one can find the value of q from Eq. (7) directly as

q = − ä

aH2 = (6 − 4nω − n2ω)

2(3 − nω)
. (8)

It is evident that a constant DP is obtained irrespective of the
matter content of the universe for the assumption φ ∝ an .
One can observe, whatever the candidate of DE we choose,
non-interacting or interacting, we will get the same Eq. (7)
and the same value of DP. However, a number of authors
[17–19,24,25] have obtained a time-dependent DP for the
same assumption of φ, taking different forms of DE. This
problem of the power law form was addressed in the paper
[26], and the authors proposed a logarithmic form of the BD
scalar field which is free from this problem.

2.2 Interacting HDE, BD scalar field and deceleration
parameter

In the present paper, we are not going to take any one of the
available forms of the BD scalar field. Rather, we are inter-
ested to find an appropriate form of it for the HDE model. We
assume interaction between the pressureless DM and HDE
as taken by [17]. Now, the conservation equations of pres-
sureless DM and HDE are given by

ρ̇m + 3Hρm = Q, (9)

ρ̇h + 3H(ρh + ph) = −Q, (10)

where Q denotes the interaction term between DM and HDE.
For Q > 0, there is energy transfer from HDE to DM and
there is energy transfer from DM to HDE for Q < 0. In the
literature, Q has been assumed to be proportional to the Hub-
ble parameter, i.e., Q ∝ H to maintain the interaction term
Q as a function of a quantity with units of inverse of time
multiplied with the energy density. Therefore, we assume
Q = 
ρh as taken by [17,19], where 
 stands for the inter-
action rate. Here, we do not restrict 
 to be a positive quantity
as in the above cited papers. We are interested to study the
effects of the energy transfer from both sides on the evolu-
tion of the universe, i.e., energy transfer from HDE to DM as
well as from DM to HDE. Therefore, for this requirement, we
have taken 
 such that it can take both the sign, positive and
negative. We consider HDE with Hubble length L−1 = H
as IR cut-off as taken by [17,19]:

ρh = 3c2 M2
p H2, (11)

where c is a dimensionless constant and Mp stands for the
reduced Planck mass, and has the value M2

p = 1
8πG . In BD

theory, we know that Newton’s gravitational constant G is
no more a constant, but we assume Mp as a constant in HDE
(11) as taken in papers [17,19]. It may be noticed from the
equation for ρh that there are no theoretical restrictions on
the constant c, except that it has to be of the order of the
reduced Planck mass Mp. We consider the equation of state
(EoS) of HDE as ph = wρh , where w is the EoS parame-
ter. Now, we are interested to find the value of φ rather than
assuming it. One way is that we assume the scale factor like a

123



143 Page 4 of 10 Eur. Phys. J. C (2022) 82 :143

power or exponential law, and using Eqs. (3)–(5) separately
or together, find the value of φ. But, this will be just a recon-
struction of the BD scalar field and then there will be no
significance to the HDE. Conversely, if we use HDE (11)
in Eqs. (3)–(5), then also we will not get any fruitful result.
Therefore, we find the scale factor from the energy conser-
vation equation (10) of the HDE using the form (11) for the
HDE.

Using the value of Q and Eq. (11), Eq. (10) reduces to

Ḣ + 3

2
(1 + w)H2 + 
H = 0. (12)

Here, we obtain a single evolution equation for the Hubble
parameter. It may be seen from this equation that the constant
c from Eq. (11) does not appear. Hence there are no further
restrictions on c. On solving Eq. (12), we get the value of H
in terms of cosmic time t as

H = e− 

2 t

c0 − 3(1+w)



e− 

2 t

, (13)

where c0 is a constant of integration. On solving Eq. (13),
one can obtain scale factor as

a = c1

[
c0 − 3(1 + w)



e− 


2 t
] 2

3(1+w)

, (14)

where c1 > 0 is an another constant of integration. The non-
negative of c1 is the consequence of calculation because it
appears under the logarithmic function which is not defined
for negative values. We can rewrite the scale factor as

a = a0

[
1 − 3(1 + w)H0



(e− 


2 (t−t0) − 1)

] 2
3(1+w)

, (15)

where a0 and H0 denote the present value of the Hubble
parameter and the scale factor at the time t0, the present value
of time when the HDE begins to dominate. From Eq. (9), we
obtain the value of the DM energy density as

ρm = M2
p c2 


3(1+w)



− ( 1
H0

+ 3(1+w)



)e


2 t

− 3 t

e
3(1+w)



−( 1

H0
+ 3(1+w)



)e



2 t

c2, (16)

where c2 is a constant of integration. Now, using the values of
ρh and ρm in the wave equation (5), one can find the value of
the BD scalar field φ. For simplicity we let c2 = 0, however,
the solution also exists for a nonzero value of c2. On solving
Eq. (5), we obtain the value of φ as

φ(t) = − M2
p c2 


3
t

+ M2
p c2 (1 − 3w)

(2ω + 3)
[(

1
H + 3(1+w)




)
e



2 t − 3(1+w)




] t

0.5 1.0 1.5 2.0
t

2

1

1

2
q

0.2, w 0.2
1, w 1.1
3, w 0.5
1, w 0.5

Fig. 1 The figure of deceleration parameter q against cosmic time t
has been plotted for H0 = 10

−3

2
t

[(
1

H
+ 3(1 + w)




)
e



2 t − 3(1 + w)




]

×e

[(
1
H + 3(1+w)




)
e



2 t − 3(1+w)




]
c3 + c4, (17)

where c3 and c4 are constants of integration. We have
obtained the scale factor a and the BD scalar field φ cor-
responding to HDE with Hubble length as IR cut-off. Now,
using the value of the scale factor, we obtain the value of the
DP (q) to discuss the evolution of the universe. The expres-
sion of the DP for the scale factor (15) is as follows:

q =
[




2H0
+ 3(1 + w)

2

]
e



2 (t−t0) − 1. (18)

Here, we obtain a dynamic DP whose value depends on the
interaction rate (
) and the EoS parameter of HDE (w). Both
the parameters 
 and w play an important role in the evolu-
tion of the universe. If 
 > 0 and w lies in the quintessence
region, i.e. −1 < w < −1/3, then there are two possi-
ble evolutions of the universe. We obtain a phase transition
from early time acceleration (inflation) to deceleration for
( 


2H0
+ 3(1+w)

2 ) < 1, and decelerated expansion through

out the evolution for ( 

2H0

+ 3(1+w)
2 ) > 1. If w lies in the

phantom region, i.e. w < −1, then there are three possible
evolutions of the universe. Two possible evolutions are same
as in the quintessence region with the same conditions. In the
third possibility, we obtain a negative value of q throughout
the evolution with the condition ( 


2H0
+ 3(1+w)

2 ) < 0, i.e.

 < −3(1 + w)H0. Thus, we get recent accelerated expan-
sion of the universe which is not possible in the quintessence
region. Here, our results show that
 > 0 is not an appropriate
choice to discuss the recent phase transition of the universe,
however, we can obtain the recent accelerated expansion in
the phantom region.

A viable model must accommodate the phase transition
rather than only showing acceleration. It seems that the
assumption 
 > 0 has been considered by several authors to
deal with an important issue, viz., why is the observational
value of the vacuum energy (DE) 120 orders smaller than the
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value predicted by quantum physics? Let us now discuss the
case when 
 < 0. In this case, we obtain recent accelerated
expansion for both the quintessence and the phantom HDE.
To achieve the recent phase transition, the parameters must
satisfy the condition ( 


2H0
+ 3(1+w)

2 ) > 1, i.e. w > − 1
3 − 


3H0
.

As we have taken 
 < 0, we obtain w > − 1
3 . The energy

transfer from DM to HDE, due to the choice 
 < 0, is
responsible for the result w > − 1

3 required to explain the
recent phase transition. The value of 
 should be very small
(
 <<< 1) to obtain the phase transition at late times. There-
fore, we can achievew ≈ − 1

3 . We observe that phantom HDE
is not suitable to accommodate the phase transitions of the
universe for both positive and negative values of 
. Further,
we observe that the quintessence HDE successfully describes
the phase transition from early time acceleration (inflation) to
deceleration for 
 > 0. However, to accommodate the recent
phase transition (deceleration to acceleration) for 
 < 0, the
EoS parameter has the value below the quintessence divide
(w > − 1

3 ). The evolution of the DP for various values of the
model parameters has been shown in Fig. 1. It may be seen
that the desired behaviour of a transition from deceleration
to acceleration is obtained for 
 < 0 and w > − 1

3 .

2.3 Statefinder Diagnosis

Sahni et al. [53] introduced a robust analysis to discriminate
among DE models known as statefinder diagnosis which was
further discussed by Alam et al. [58] in detail. The authors
presented a new diagnostic pair {r, s} which is geometri-
cal in nature as it is constructed from the space-time metric
directly. The pair r and s are known as statefinder parame-
ters. The statefinder pair {r, s} provides a very comprehen-
sive description of the dynamics of the universe and con-
sequently the nature of DE. For the �CDM model and the
SCDM model, the statefinder pair {r, s} has the fixed value
{1, 0} and {1, 1}, respectively. The statefinder pair {r, s} is
defined as, respectively,

r =
...
a

aH3 , s = r − 1

3(q − 1/2)
. (19)

In our model, we obtain the value of the statefinder param-
eters using the value of the scale factor a given by (15) and
the value of the DP q given by (18) as follows

r = e
(t−t0)

4H2
0

[
(1 − 3H0(1 + w)(e− 
(t−t0)

2 − 1))

×(
 + 3H0(1 + w) + 6H0w(e− 
(t−t0)

2 ))

+2H0(1 + 3w)(2 + 3w)e−
(t−t0)
]
, (20)

s = e
(t−t0)

(2
H0 + 6(1 + w)H2
0 )e


(t−t0)

2 − 18H2
0

×
[{

(1 − 3H0(1 + w)(e− 
(t−t0)

2 − 1))

×(
 + 3H0(1 + w) + 6H0w(e− 
(t−t0)

2 ))

+2H0(1 + 3w)(2 + 3w)e−
(t−t0)
}

− 1
]
. (21)

We have plotted the r − s trajectories in Fig. 2. The points
plotted on upper boundary of the figure represent the values
of {r, s} for the �CDM model which is {1, 0} and for the
SCDM model which is {1, 1}. In Fig. 2a, we have plotted
r − s trajectories for a negative interaction rate 
 = −0.1
and in Fig. 2b, we have plotted r −s trajectories for a positive
interaction rate 
 = 0.005. We observe in Fig. 2a, where
λ < 0, that in the late time evolution, the trajectories show
quintessence-like behavior and approache the �CDM model
(See Alam et al. [58]). In Fig. 2b, where λ > 0, we observe
that the trajectories for w > −1 look like those in Fig. 2a,
but start with higher negative values of r and higher positive
values of s. Further, the trajectories move towards the �CDM
model at late times, but never reach there. The trajectories of
phantom HDE (w < −1) in Fig. 2b behave differently and
approach the �CDM model at late times, which is shown by
trajectory (5) in the figure.

The r − q trajectories have been plotted in Fig. 3. The
straight line in the figure has been plotted to show the evo-
lution of the r − q trajectory for the �CDM model and the
fixed point values of {r, q} for the steady-state (SS) model
and the SCDM model having the values {1,−1} and {1, 0.5},
respectively. We have plotted r − q trajectories for a nega-
tive interaction rate 
 = −0.1 in Fig. 3a and for a positive
interaction rate 
 = 0.01 in Fig. 3a. It has been observed in
Fig. 3a that for smaller negative values of the EoS parameter
w, the trajectories behave like quintessence during late time
evolution. But as we increase the negative value of w, the tra-
jectories deviate more and more from quintessence behavior.
In Fig. 3b, we observe that for small negative values of w, the
trajectories behave almost like quintessence at early times,
but do not approach the SS model at late times, whereas the
quintessence model approaches the SS model at late times.
As we increase the negative values of w, greater deviation
from quintessence has been observed. Even, phantom HDE
shows totally different behavior from the quintessence HDE
shown by trajectory (5) in the figure.

3 Viscous holographic dark energy in Brans–Dicke
theory

In an isotropic and homogeneous FLRW model, the dissi-
pative process may be treated via the relativistic theory of
bulk viscosity proposed by Eckart [59] and later on pursued
by Landau and Lifshitz [60]. It has been found that only the
bulk viscous fluid remains compatible with the assumption of
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Fig. 2 The r − s trajectories has been plotted in the figure. We have
taken H0 = 10 and t0 = 1 to plot the trajectories. The figure a is plot-
ted for negative value of interaction rate 
 = −0.1 and the figure b is
plotted for positive value of interaction rate 
 = 0.005. In figure (a),

the trajectories 1, 2, 3, and 4 are plotted for w = −0.35, w = −0.5,
w = −0.7, and w = −0.9, respectively. In figure (b), the trajectories
1, 2, 3, 4 and 5 are plotted for w = −0.6, w = −0.7, w = −0.8,
w = −0.9 and w = −1.2, respectively
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Fig. 3 The r − q trajectories has been plotted in the figure. We have
taken H0 = 10 and t0 = 1 to plot the trajectories. The figure a is plot-
ted for negative value of interaction rate 
 = −0.1 and the figure b is
plotted for positive value of interaction rate 
 = 0.01. In figure (a),

the trajectories 1, 2, 3, 4 and 5 are plotted for w = −0.35, w = −0.5,
w = −0.7, w = −0.8 and w = −1.1, respectively. In figure (b), the
trajectories 1, 2, 3, 4 and 5 are plotted for w = −0.6, w = −0.7,
w = −0.8, w = −0.9 and w = −1.1, respectively
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large scale homogeneity and isotropy. The other processes,
like shear and heat conduction, are directional mechanisms
and they decay as the universe expands. Bulk viscosity has
been studied in the literature to discuss inflation as well as the
recent acceleration of the universe. It also plays an important
role to explain the phase transition of the universe, particle
creation, the photon to baryon ratio in the universe and to
avoid the initial singularity [45–52]. We do not know the
exact nature of DE yet except its negative pressure and it
might be viscous in nature. Therefore, it will be interesting
to discuss the bulk viscous nature of HDE. The main purpose
behind considering bulk viscous HDE in BD theory is to find
the answer to the question: Can the non-interacting bulk vis-
cous HDE play the role of interacting HDE? The concept of
viscous DE has been discussed extensively in the literature,
e.g., [39,61–63]. Due to viscous effects, the effective pres-
sure of HDE is given by Pef f = ph + �, where � denotes
the change due to bulk viscosity. According to Eckart theory
[59], � = −3ζ H , where ζ stands for the coefficient of bulk
viscosity. Here, we consider ζ > 0 to satisfy the second law
of thermodynamics. Now, we have the Friedmann equations
and the wave equation for BD theory as follows:

H2 + H
φ̇

φ
− ω

6

φ̇ 2

φ 2 = ρm + ρh

3φ
, (22)

2
ä

a
+ H2 + 2H

φ̇

φ
+ ω

2

φ̇ 2

φ 2 + φ̈

φ
= −Pef f

φ
, (23)

φ̈ + 3H φ̇ = ρm + ρh − 3Pef f

2ω + 3
. (24)

3.1 Non-interacting HDE, BD scalar field and deceleration
parameter

In Sect. 2, we have discussed non-viscous HDE interacting
with DM. In this section, we assume that there is no interac-
tion between DM and viscous HDE. Therefore, the energy
density of viscous HDE and DM conserve separately. The
conservation equations of the viscous HDE and DM are given
by

ρ̇m + 3Hρm = 0, (25)

ρ̇h + 3H(ρh + Pef f ) = 0. (26)

There are a number of choices available for bulk viscosity
coefficient ζ in the literature. One of the important forms of
it is ζ = ζ0 + ζ1 H which is a combination of two forms
ζ0 (constant) and ζ ∝ H . This motivation can be traced in
fluid mechanics where the transport/viscosity phenomenon is
involved with velocity ȧ which is related to the expansion rate
H. As the system of field equations of BD theory is complex,
therefore, for simplicity we choose a constant coefficient of
bulk viscosity, i.e., ζ = ζ0, where ζ1 = 0. In the paper [64],
the authors have shown using observations that 0 < ζ0 < 3
when ζ1 = 0. Therefore, firstly, we have taken ζ0 > 0 in

our model as this is required to satisfy the second law of
thermodynamics as mentioned above. Secondly, in [64], it
has been shown that 0 < ζ0 < 3 to satisfy observations, and
we adopt this condition here also. With the help of Eq. (11),
Eq. (26) reduces to

Ḣ + 3

2
(1 + w)H2 − 3ζ0

2c2 M2
p

H = 0. (27)

On solving Eq. (27), we get the value of H in terms of
cosmic time t as

H = e
3ζ0

2 M2
p c2 t

c5 + M2
p c2 (1+w)

ζ0
e

3ζ0
2 M2

p c2 t
, (28)

where c5 is a constant of integration. On solving Eq. (28),
one can obtain the scale factor as

a = c6

[
c5 + M2

p c2(1 + w)

ζ0
e

3ζ0
2 M2

p c2 t
] 2

3(1+w)

, (29)

where c6 > 0 is an another constant of integration. The non-
negative of c6 is the consequence of calculation because it
appears under the logarithmic function which is not defined
for negative values. We can rewrite the scale factor as

a = a0

[
1 + M2

p c2(1 + w)H0

ζ0
(e

3ζ0
2 M2

p c2 (t−t0) − 1)

] 2
3(1+w)

,

(30)

where a0 and H0 denotes the present value of the scale factor
and the Hubble parameter at time t0, the present value of time
where the HDE begins to dominate. We obtain the scale factor
in exponential form as in the case of non-viscous interacting
HDE in Sect. 2. From Eq. (22), we obtain the value of the
energy density of the DM ρ = A

a3 , where A is a constant
of integration. Now, we obtain the value of φ from the wave
equation (21) for the scale factor given by Eq. (27) as follows:

φ = 1

3
e
− 3ζ0

M2
p c2 t

[
1

H0
+ M2

p c2(1 + w)

ζ0
(e

3ζ0
M2

p c2 t − 1)

]− 2(2+w)
1+w

×t
[ (ζ0 − M2

p c2(1 + w)H0)
3 A

(2ω + 3)ζ 3
0 a3

0 H
5+3w
1+w

0

+ 3A M2
p c2(1 + w)(ζ0 − M2

p c2(1 + w)H0)
2

(2ω + 3)ζ 3
0 a3

0 H
2(2+w)

1+w

0

e
3ζ0

M2
p c2 t

t

+ A M6
p c6(1 + w)3

(2ω + 3)ζ 3
0 a3

0 H
2

1+w

0

e
9ζ0

M2
p c2 t

t

+ 3 M2
p c2(w2 + 2w + 3)

(2ω + 3)ζ0
e

9ζ0
M2

p c2 t

×
(

1

H0
+ M2

p c2(1 + w)

ζ0
(e

3ζ0
M2

p c2 t − 1)

) 2
1+w

t
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+ (ζ0 − M2
p c2(1 + w)H0)

ζ0 H0
e

6ζ0
M2

p c2 t

×
( 3A M4

p c4(1 + w)2

(2ω + 3)ζ 2
0 a3

0 H
2

1+w

0

+ 3M2
p c2(1 − 3w)

(2ω + 3)

× ( 1

H0
+ M2

p c2(1 + w)

ζ0
× (e

3ζ0
M2

p c2 t − 1)
)− 2)

1+w

)
t

−
( 1

H0
+ M2

p c2(1 + w)

ζ0

× c7 (e
3ζ0

M2
p c2 t − 1)

) (5+3w)
1+w

t e

(
−3e

−3ζ0 t

M2
pc2

t

1
H0

+ M2
p c2(1+w)

ζ0
(e

3ζ0
M2

p c2
t

−1)

)

+ 3ζ0e
3ζ0

M2
p c2 t

(
1

H0
+ M2

p c2(1 + w)

ζ0
(e

3ζ0
M2

p c2 t − 1)

) 2(2+w)
1+w

×t + c8

]
, (31)

where c7 and c8 are integration constants. This is the form of
φ for viscous non-interacting HDE.

The DP for this model is given by

q =
3

[
1 + w − ζ0

M2
p c2 H0

]

2 e
3ζ0

2M2
p c2 (t−t0)

− 1. (32)

Here, we obtain a time dependent DP as obtained in the
case of non-viscous interacting HDE. We observe that the
sufficiently large value of the bulk viscous coefficient (ζ0)
can accelerate the expansion of the universe irrespective of
whether the HDE is of quintessence type or of phantom type.
Further, if the HDE is of phantom type, i.e., w < −1, then
this is sufficient to accelerate the expansion irrespective of
the bulk viscous coefficient (ζ0). To accommodate the recent
phase transition from deceleration to acceleration, the param-

eters must satisfy the condition 3
2

[
1 + w − ζ0

M2
p c2 H0

]
> 1,

i.e., w > − 1
3 + ζ0

M2
p c2 H0

. We observe that non-interacting

bulk viscous HDE produces the same type of results as in the
case of non-viscous interacting HDE for 
 < 0. Therefore,
bulk viscosity may play the role of interaction for HDE and
can explain acceleration as well as the phase transition of the
universe. The evolution of DP for various values of the model
parameters has been shown in Fig. 4. We notice that for some
values of the parameters it is possible to get a suitable form of
q which is positive early on, representing deceleration, and
negative at later epochs, representing acceleration.

3.2 Statefinder diagnosis

Let us apply the statefinder diagnosis to the viscous HDE
model also. We obtain the expression of the statefinder

Fig. 4 The figure of deceleration parameter q against cosmic time t
has been plotted for Mp = 1, c = 1 and H0 = 10

parameter r as follows

r = e
− 3ζ0 t

M2
pc2

[
9ζ 2

0

4M4
pc4 H2

0

e
3ζ0 t0
M2

pc2 − 9ζ0

4M2
pc2 H0

e
3ζ0 t0

2M2
pc2

×
(

(w − 1)e
3ζ0 t

2M2
pc2 + 2(1 + w)e

3ζ0 t0
M2

pc2
)

+
(

e
3ζ0 t

M2
pc2 + c2(1 + w)2 M2

p

4ζ0
e

3ζ0 t

M2
pc2

−9(1 − w2)e
3ζ0(t+t0)

2M2
pc2

)]
. (33)

The expression of the statefinder parameter s can be obtained
easily from the formula s = r−1

3(q− 1
2 )

using the values of q and

r from Eqs. (32) and (33), respectively. We have plotted the
r − s trajectories in Fig. 5a and the r − q trajectories in Fig.
5b. In Fig. 5a, the trajectories behave like quintessence for
w > −1; however, for w < −1 the trajectories have higher
positive value of r and negative value of s, and approach the
�CDM model at late times like the Chaplygin gas model. In
Fig. 5b, we observe that all the trajectories show quintessence
like behavior in the late time evolution. Moreover, the trajec-
tories show almost quintessence behavior for smaller neg-
ative values of w. Thus, we observe that the viscous HDE
model shows more similarity with the quintessence model
than the interacting HDE model.

4 Conclusion

To resolve the mysteries of cosmology like the recent accel-
erated expansion and the cosmic coincidence problem, the
concept of HDE in the framework of BD theory has been
studied in the literature. In BD theory, a number of authors
have obtained a time dependent deceleration parameter using
various forms of DE and taking the assumption φ ∝ an

[17–19,24,25]. In the present paper, we demonstrate that the
assumption φ ∝ an naturally leads to a constant decelera-
tion parameter, irrespective of the form of DE in BD theory.
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Fig. 5 The figure a plots the r − s trajectories and the figure b plots
the r − q trajectories. We have taken H0 = 10, Mp = 1, c = 1 and
t0 = 1 to plot the trajectories. In figure (a), the trajectory 1 is plotted
for w = −0.35 and ζ = 1/5, the trajectory 2 is plotted for w = −0.5
and ζ = 1/3, the trajectory 3 is plotted for w = −0.6 and ζ = 1/3 and

the trajectory 4 is plotted for w = −1.03 and ζ = 1/3. In figure (b),
we have taken ζ = 1/2 and the trajectories 1, 2, 3, 4 and 5 are plotted
for w = −0.2, w = −0.33, w = −0.4, w = −0.5 and w = −0.6,
respectively

Taking into account this problem with power law form, a log-
arithmic form was introduced in [26]. We have considered
HDE with Hubble length as IR cut-off in the framework of
BD theory, and we do not use any specific form of the BD
scalar field. We obtain the value of the scale factor and corre-
sponding value of φ for the HDE model. As the assumption
φ ∝ an in Brans–Dicke theory is not suitable to study the
phase transition of the universe; therefore, we have found a
suitable value of φ for HDE. Further, we discuss the possible
evolution of the universe using the DP and apply statefinder
diagnosis to compare our model with existing standard mod-
els.

First, we consider a non-viscous interacting HDE model
and obtain the value of the scale factor. Further, the expres-
sion of the BD scalar field φ has been obtained with the
help of values of scale factor and energy density of the HDE
in the wave equation of the BD scalar field φ. We obtain
the DP to discuss the evolution of the non-viscous inter-
acting HDE model. Using the DP, we observe that if there
is an energy transfer from HDE to DM, i.e. 
 > 0, then
both quintessence and phantom HDE are viable candidates
to describe the early time phase transition (inflation to decel-
eration) under suitable constraints on the parameters as given
in Sect. 2. However, phantom HDE may accommodate the
recent accelerated expansion for 
 > 0 but is not able to
describe the recent phase transition. For 
 < 0, we observe
the accelerated expansion throughout the evolution for both
quintessence and phantom HDE. To accommodate the recent

phase transition, the HDE must not cross the quintessence
divider, i.e., w > − 1

3 . Our results show that we can obtain
the recent accelerated expansion in the phantom region for

 > 0 and 
 < 0, in the quintessence region for 
 < 0, but
the recent phase transition is possible for the quintessence
region only. As is well known, the phase transition is an inte-
gral part of cosmic history. Therefore, to achieve the recent
phase transition HDE must not cross the quintessence divider.
The statefinder diagnostic has been applied to compare our
model with existing standard models. We observe that the
trajectories for λ < 0 show more similarities with trajecto-
ries of the quintessence model than the trajectories for λ > 0.
We also observe that as we increase the negative value of w,
the trajectories deviate more and more form quintessence.

Further, we consider viscous HDE with constant bulk vis-
cous coefficient ζ = ζ0, and assume that there is no interac-
tion between the HDE and DM. As in the case of interacting
HDE for 
 < 0, we observe the recent phase transition for
non-interacting bulk viscous HDE below the quintessence
region, i.e, for w > −1/3. The justification for w > −1/3 is
the bulk viscous nature of the HDE adding the extra negative
pressure to the effective pressure. As w passes the boundary
line of the quintessence region (w ≤ −1/3), the effective
negative pressure becomes sufficient to accelerate the uni-
verse throughout the evolution, which rules out the deceler-
ated expansion of evolution. In the quintessence and phan-
tom region, we have observed the accelerated expansion of
the universe. Thus, We observe that non-interacting bulk vis-
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cous HDE produces almost the same type of results as in
the case of non-viscous interacting HDE. Therefore, bulk
viscosity may play the role of interaction for HDE and can
explain acceleration as well as the phase transition of the
universe. Further, we apply the statefinder diagnosis to the
viscous HDE model. In this model, we observe that the tra-
jectories of both r − s and r − q show more similarity with
the quintessence model than the interacting HDE model.
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CHARACTERIZATION AND APPLICATION OF GREEN SYNTHESIZED SILVER 
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Abstract. Green production of nanoparticles using plant extracts is an intriguing field of study that has the potential to serve as 
an alternative to the hazardous chemical synthesis processes. In this study, silver nanoparticles (AgNPs) were prepared utilizing 
aqueous extracts of the mature leaves (PAgNPs) and seedling leaf derived callus (CAgNPs) of Viola canescens Wall. ex Roxb. 
Callus growth was obtained on Murashige and Skoog (MS) medium supplemented with 2,4-D (2.0 mg/L) and BAP (0.5 mg/L) was 
harvested and used for biogenic synthesis of AgNPs. The UV–visible spectra of leaf and callus mediated AgNPs revealed the SPR 
absorption band at 424.8 nm and 437 nm, respectively. The biochemical interaction and crystalline nature of the AgNPs were 
evaluated by Fourier transformation infrared spectroscopy (FTIR) and X-ray diffraction (XRD) analysis. The surface morphology 
and composition of both the samples were confirmed by HRTEM and EDS analyses. The average particle size as calculated from 
HR-TEM histogram study of both CAgNPs and PAgNPs was found 9.15 nm and 13.9 nm, respectively. The synthesized AgNPs 
showed significant antibacterial activity against Bacillus cereus, Bacillus subtilis and Escherichia coli. The inhibition zone of both 
gram-negative and gram-positive bacteria reflected the broad spectrum antibacterial properties of AgNPs. Callus mediated AgNPs 
showed better antibacterial results with 30±0.90 mm inhibition zone. The protocol of antibacterial potential of silver nanoparticles 
generated from V. canescens plant and callus extracts is a very important aspect in technological point of view in having 
applications in the biomedical field and deserves to be recognized. 

 
Keywords: antimicrobial activity; callus; FTIR; silver nanoparticles; TEM; Viola canescens; XRD. 

 

INTRODUCTION 

 

Viola canescens Wall. ex Roxb. (family: Violaceae) 
commonly known as Himalayan White Violet, is a 
prostrate, hairy perennial herb found mostly at an 
altitude of 2000 meters all the way through temperate 
Himalayan regions of Pakistan, India, Bhutan, and 
Nepal. It is used to medicate various conditions such as 
bronchitis, cold, cough, flu, cancer of the throat, 
respiratory tract problems, eczema, epilepsy, gastric 
acidity, pyrexia, dysentery, rheumatism etc [29, 31]. 
Qualitative testing of ethanolic and methanolic extract 
of this plant revealed the presence of different 
phytochemicals like alkaloids (violin), quercitrin, 
methyl salicylate, saponins, phenols, flavonoids, 
carbohydrates, tannins and triterpenes [9, 38]. Plant 
also exhibits antimicrobial and antispasmodic activity, 
antifungal activity, hepatoprotective activity and 
properties like antioxidant, analgesic, diaphoretic, 
carminative and aphrodisiac [25, 35, 36]. 

In recent past, interest in plant parts and plant based 
products of Ayurveda has led a sharp jam in bulk 
requirement and resulting in illegal and large scale 
extraction of medicinal and aromatic plants and this 
causes the reduction in plant diversity [44, 45]. Owing 
to its far-ranging use, this plant was over uprooted 
from wild threatening to its extinction. Various factors 
like extensive grazing, overexploitation, deforestation, 
effect of invasive plants, change in environmental 
conditions, and attack of pathogens are liable for 
making the conservation status of V. canescens as 
endangered in different regions [20, 29]. Thus, 

micropropagation is an efficient method for mass 
multiplication. 

The modern biotechnological techniques have 
resulted in the establishment of economically 
beneficial green industries. Nanoscience deals with the 
structural and functional aspects of matter in atomic 
and molecular scale [24, 47]. In these dimensions, the 
characteristic physio-biochemical properties of 
material often change dramatically with high surface to 
volume ratio. It has dramatically revolutionized the 
interdisciplinary research by generating importance in 
various fields of material science, optics, mechanics, 
electronics, biotechnology, agriculture and the 
pharmaceuticals industry [1, 17]. 

Silver is a precious noble metal because of their 
usefulness in antimicrobial applications, biosensors, 
cosmetic fibres etc [10]. AgNPs preparation by green 
synthesis approaches have advantages over 
conventional methods involving physical and chemical 
synthesis by being environmental friendly, economical 
and need of fewer instruments [28]. The advantage of 
plant and plant derived extracts for green synthesis of 
AgNPs is that they can be easily available, easily 
cultured, safe and non-toxic.  Moreover, plant extract 
contains a broad spectrum of metabolites such as 
enzymes, proteins, amino acids, polysaccharides, 
vitamins, organic compounds etc. resulting as natural 
reducing, capping and stabilizing agents to prepare 
nanoparticles without the use of any hazardous, toxic 
and expensive chemical substances [2]. Thus, AgNPs 
have emerged as a potential solution to fight against 
the diverse pathogenic microorganisms. 
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Various parts of the Viola sp. are used to develop 
antibacterial medications based on medicinal plant 
extracts. In nanomedicine, antimicrobial properties of 
AgNPs are among the most promising materials, now 
under investigation. Silver nanoparticles has the ability 
to interact with the cell wall of microorganisms, 
producing ROS (reactive oxygen species) that 
eventually kill the cell. As a result, we can hypothesize 
that combining both, i.e. V. canescens extract and 
AgNPs, can enhance their antibacterial properties. 

To date, only a few investigations have been 
published on the antibacterial activity of callus 
mediated green synthesized AgNPs [22, 32, 43]. 
Khajuria et al. [23] also reported the callus mediated 
synthesis of ZnO nanoparticles (NPs) from V. 

canescens but the production of various other metallic 
NPs such as silver and, gold using various plant 
extracts of V. canescens are still required to develop an 
efficient and healthy green route for controlling the 
various endemic diseases with less adverse effect. So, 
the present study was undertaken with an objective to 
synthesize and characterize biogenic AgNPs from leaf 
and leaf derived callus of V. canescens, and to test 
them for antibacterial activity against Escherichia coli, 
Bacillus cereus, and Bacillus subtilis. 
 
MATERIALS AND METHODS 

 

Callus induction 

Healthy seeds of Viola canescens were collected 
from Morni hills, Panchkula, Haryana, India. Selected 
seeds were surface sterilized using different 
concentration of mercuric cloride (HgCl2) and 
germinated on Murashige and Skoog (MS) medium 
supplemented with 0.5 mg/L GA3 [39]. The MS media 
containing 2,4-D (2.0 mg/L) and BAP (0.5 mg/L) was 
used for callus initiation from seedling leaf explants of 
Viola canescens (Fig. 1). The MS basal medium 
consisted of 3% sucrose, 0.8% agar. The pH of the 
medium was adjusted to 5.8. The cultures were 
incubated at 25±2 °C with 55–65% relative humidity 
under a 16-h light/8-h dark cycle at 27 μM m-2s-1 PAR 
light intensity from 6500 K colour temperature white 
fluorescent tubes. The best in vitro regenerated mature 
callus considered to be rich in primary and secondary 
metabolites was excised aseptically and used for 
biogenic synthesis of AgNPs. 
Preparation of aqueous extract 

Fresh biomass of callus and leaves were collected 
and dried in hot air oven at 40° C for 48 hr. Five grams 

of air dried biological material was immersed in 100 
mL of deionized water and kept on magnetic stirrer at 
60°C for 6 hr in a dark room before being centrifuged 
at 5500 r/min for 10 min. This aqueous solution was 
then filtered with the help of Whatman’s Filter paper 
no. 1. The filtrate was stored at 4° C for further 
experiment. 
Biosynthesis of AgNPs 

The reaction mixture was prepared by adding 10 
mL of the aqueous callus/leaf extract and 90 mL of 1 
mM silver nitrate (AgNO3) in a 250 mL flask and 
incubated in a dark place at room temperature for about 
48 h. Visual examination was carried out by observing 
change in color of the solution. When the plant and 
callus extracts were heated and kept in the dark, their 
colors turn rusty brown and dark brown, indicating the 
production of AgNPs (via reduction reaction i.e., Ag+ 
reduced to Ag0 nanoparticles). Both plant leaf mediated 
silver nanoparticles (PAgNPs) and callus mediated 
silver nanoparticles (CAgNPs) were subjected to 
spectrophotometry analysis. 
Ultraviolet-visible (UV-vis) spectra analysis 

The synthesis and characterization of AgNPs of leaf 
and callus extracts were confirmed by using a double 
beam UV- Visible spectrophotometer (Model- 2202, 
Systronics, India). The spectra were recorded between 
200 and 800 nm after 48 hrs for studying the optical 
property of AgNPs. After the biosynthesis, the reduced 
solution containing the AgNPs was separated by 
centrifugation at 12,000 rpm for 10 min at room 
temperature. Supernants were discarded and AgNPs 
were redispersed in distilled water and purified by 
repeated centrifugation for five times. The pellet 
obtained was air-dried in hot air oven to evaporate 
excess liquid; and was used for further 
characterization. 
X-ray Diffraction spectroscopy  

The silver nanoparticles derived from different 
extracts were examined by XRD measurements. The 
crystalline structure of synthesized AgNPs was 
investigated. The silver nanoparticles were centrifuged 
at 12,000 rpm for 20 minutes and the pellets were re-
dispersed in ethanol and centrifuged again for 10 
minutes to get rid of any unwanted entities. The 
centrifugation and re-dispersion process in ethanol was 
carried out three times for better removal of impurities 
from silver nanoparticles. After purification, the pellets 
were dried at 60°C in an oven. Afterward, the 
crystalline metallic Ag was examined by PANalytical 
X’Pert Pro –PW 3040/60 X-ray Diffractometer (45 kV,

 

 
 

Figure 1. In vitro regenerated mature callus from leaf explants of V. canescens on MS media aliquoted with 2,4-D (1.5 mg/L) + BAP (0.5 mg/L) 
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40 mA) with Cu-Kα radiation in scattering range m(2θ) 
of 30–80°. The particle size of synthesized NPs was 
calculated using Scherrer’s equation, which is as 

follows: 




cos

K
D   

where: 
D = mean crystal size; 
K= 0.94 (Scherrer’s constant); 
λ = 1.5406 Å (X-ray wavelength); 
β = X-ray diffraction broadening, in radians; 
θ = Bragg’s peak angle (2θ).  

High Resolution Transmission Electron Microscopy 

(HR-TEM) and Energy Dispersive X-ray Spec-

troscopy (EDX) 

The morphology, structure, and composition of 
silver nanoparticles using high resolution-transmission 
electron microscopy using HR-TEM (JEM-2100 Plus 
electron microscope, JEOL Ltd.), with 200 kV 
accelerating voltage and EDX at Sophisticated 
Analytical Instrumentation Facility, CIL and UCIM, 
Punjab University, India. 
Dynamic light scattering (DLS) and Zeta Potential 

analysis  
The particle mean size and size distribution of 

AgNPs were measured at 25°C using Particle Size 
Analyzer by dynamic light scattering (DLS). The dried 
AgNPs were dissolved in double distilled water and 
loaded in quartz curvet for analysis using a particle size 
analyzer. The standard solutions were first run to 
known the size distribution, the detectors record the 
energy scattered, absorbed at particular angle and 
scattering patterns. Then, the values of samples were 
compared with these standard values. For this, 
Microtrac Nanotrac Wave Particle Size, Zeta Potential 
analyzer was used to evaluate the biologically 
produced solutions. 
Fourier Transform Infrared Spectroscopy Analysis 

(FTIR) 
AgNPs prepared with dried callus extract were 

subjected to FTIR spectroscopy by fourier transform 
infra-red spectrophotometer (Perkin Elmer, Model 
RZX) in the range of 4000-450 cm-1. The solid powder 
sample of AgNPs was crushed, mixed with potassium 
bromide (KBr) in the ratio of 2:98 by weight and 
subjected to hydrolic pressure of about 1.5 bar for few 
seconds to make a disc. The spectrum was collected 
with eight scans co-added at 4 cm-1. The abscissa range 
of the instrument is 4000 to 400 cm-1. The detector was 
purged carefully using clean nitrogen gas to increase 
the signal level and reduce moisture. The sample discs 
were then introduced into the instrument and the 
spectrum was recorded. 
Antibacterial Assay 

The antibacterial activity of the synthesized AgNPs 
was determined by using the agar well diffusion 
method. Stock cultures of all the gram-positive 
(Bacillus cereus MTCC 430), B. subtilis MTCC 441) 
and gram-negative (Escherichia coli MTCC 1885) 
bacteria were maintained at 4°C and transferred to 
Mueller-Hinton broth and incubated for 24 h at 37°C 

for the preparation of fresh active cultures. The 
bacterial strains were obtained from the Department of 
Biotechnology, Kurukshetra University, Haryana 
(India). The inoculum density was maintained at 0.5 
McFarland turbidity standard (1.5×108 CFU/mL). 
Freshly prepared solidified Mueller-Hinton agar plates 
were inoculated by spreading 100 μl of bacterial 
inoculum and 6 mm diameter wells were made by 
using sterilized cork borer. A total of 100 µg of 
samples (leaf extract (PE) and silver nanoparticles) 
were sonicated in 100 µL of dimethyl sulfoxide 
(DMSO) and poured in the well. Plates were allowed to 
settle for 1 hr at room temperature for the diffusion of 
samples and then incubated for 24 hrs at 37°C [33]. 
DMSO and Ciprofloxacin were served as negative and 
positive control respectively. 
 
RESULTS  

 

Synthesis of AgNPs   
The synthesis of AgNPs showed change in colour 

from light brown to dark brown colour in aqueous 
AgNO3 solution due to excitation of surface plasmon 
vibrations phenomena in these nanoparticles thereby 
initially confirming the bioreduction of 1 mM AgNO3 

solution. When the combinations were heated and 
incubated at ambient temperature for 24 hr, the 
reduction process was complete; no additional color 
change was detected. Leaf extract had a stronger color 
intensity than callus extract. In control trails, no brown 
color was observed in the absence of extracts, thereby 
showing that change in color is associated with the 
presence of phyto-extracts. 
UV-visible spectrum analysis 

The silver metal has free electrons which produce 
surface plasmon resonance (SPR) absorption band 
because of the combined vibration of electrons of metal 
nanoparticles in resonance with light waves. The 
nanoparticles were ultrasonically dispersed in distilled 
water for absorbance measurements between 200 nm – 
800 nm. The peak of nanoparticles produced by leaf 
and callus extracts, which were assigned to the SPR of 
AgNPs, was measured at wavelengths of 424.8 nm and 
437 nm, respectively (Fig. 2a,b). 
XRD analysis  

The XRD pattern of the leaf and callus extracts 
derived AgNPs showed well defined diffraction peaks. 
The typical diffraction peaks of leaf extract mediated 
AgNPs lied at 2θ = 38.07, 43.96, 63.78 and 76.96, 
while callus mediated AgNPs peaks lied at 8.19, 44.28, 
64.52 and 77.46. According to the results of the XRD 
spectrum, the produced silver nanoparticles were found 
to be crystalline in nature. The peaks were ascribed to 
silver face-centered cubic (fcc) and crystalline 
reflection planes (111), (200), (220) and (311) 
respectively (JCPDS no. 04-0783). XRD examination 
revealed the existence of high peaks, indicating the 
presence of active Ag content, as confirmed by 
indexing (Fig. 3a,b). The mean diameter of synthesized 
AgNPs using plant and callus was estimated as 13.67 
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nm and 10.39 nm, respectively, which corresponded to 
the nanoparticle size measured by HRTEM analysis 
(Table 1). 
HR-TEM analysis of synthesized AgNPs 

The HR-TEM provided additional information 
regarding the size and morphological characteristics of 
the silver nanoparticles viz, spherical in shape, well 
dispersed, and there was no evidence of aggregation 
(Fig. 4a-d). The mean particle size of CAgNPs and 
PAgNPs, as determined by HR-TEM image obtained, 
was found to be 9.15 nm and 13.9 nm, respectively. 
The particle size histograms of PAgNPs and CAgNPs 
indicated that the maximum NPs are present in the 
range between 4 nm to 18 nm and 6 nm to 9 nm, 
respectively (Fig. 4e-f). These results are consistent 
with the SPR vibrations geometry (Fig. 2). 
Energy dispersive X-ray (EDX) analysis of 

synthesized AgNPs  
The elemental composition of AgNPs was detected 

by EDX analysis [7]. The highest proportional of Ag 
signals revealed qualitative and quantitative 
determination of silver (Fig. 5). A few peaks of copper 
(Cu), carbon and other elements were also found, 
confirming the presence of V. canescens biomolecules 
on the surface of produced silver nanoparticles. 

Consequently, the copper peak was used to coat the 
sample. 
DLS and Zeta Potential analysis 

The particle size of AgNPs synthesized by leaf 
extract varied between 150-250 nm (Fig. 6). Plant leaf 
extract produced silver nanoparticles with mean size of 
210 nm. The synthesized particles possess a charge of -
39.86 mV. Polydispersity Index (PDI) for AgNPs was 
below 0.282. The size of AgNPs synthesized by using 
callus extract was found to vary between 130-200 nm. 
Mean size of CAgNPs was around 180 nm. 
FTIR analysis  

FTIR provides molecular fingerprint for the 
identification organic materials and helps us in the 
confirmation of numerous functional groups of 
biomolecules involved in the capping, production, and 
stability of AgNPs. FT-IR analysis of V. canescens leaf 
extract-AgNPs and callus extract-AgNPs, revealed 
various bands of absorption spanning from 3460 - 613 
cm−1, indicating the existence of functional groups. The 
absorption spectra of AgNPs produced from leaf 
extract (Fig. 7a) exhibits peaks at 3458 cm−1, 2062 
cm−1, 1634 cm−1, 1390 cm−1, 1111cm−1 and 618 cm−1. 
The peaks of CAgNPs (Fig. 7b) are visible at 3460 
cm−1, 2050 cm−1, 1630 cm−1, 1389 cm−1, 1252 cm−1, 
1074 cm−1 and 613 cm−1. 

 
 

   
Figure 2. UV-Visible spectral analysis of AgNPs synthesized by using a) leaf extracts (PAgNPs), b) callus extracts (CAgNPs) of V. canescens. 

 

         
Figure 3. XRD analysis of green synthesized AgNPs using a) Leaf extract, and b) Callus extract. 

 
 

Table 1. Size of biologically synthesized AgNPs calculated by Debye-Scherrer’s equation 
 

PAgNPs CAgNPs 

Position (2θ) FWHM Size (nm) Position (2θ) FWHM Size (nm) 

38.07  0.576  14.56  38.19  0.665  12.64  
43.96  1.152  7.42  44.28  1.052  8.15  
63.78  0.48  19.49  64.52  0.800  11.74  
76.96  0.768  13.21  77.46  1.127  9.03  

 

*FWHM - Full Width at Half Maximum 

(a) (b) 

(a) (b) 
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Figure 4. HR-TEM images showing different magnifications of AgNPs (a-d); and histogram of PAgNPs (e) and CAgNPs (f). 

 
 

 
 

Figure 5. EDX spectroscopy of AgNPs synthesized using (a) leaf extract; (b) callus extract 

 
 

  
 

Figure 6. PSA analysis of biologically synthesized AgNPs by: (a) Leaf extracts (b) Callus extract 
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Figure 7. (a) FT-IR profile of Silver nanoparticles prepared from leaf extract (b) FT-IR profile of Silver nanoparticles prepared from callus extract. 

 
Antimicrobial activity of AgNPs  

After 24 hours of incubation, the leaf extracts, 
AgNPs and positive control (ciprofloxain) effectively 
inhibited bacterial growth over DMSO (Table 2). 
PAgNPs demonstrated strong antibacterial activity 
against gram-positive bacteria. Leaf extracts mediated 
AgNPs showed the highest ZOI of 27.7±1.00 mm 
towards B. subtilis, while a lower degree of ZOI was 
found gradually in B. cereus (27.3±0.45 mm) as gram-

positive bacteria and E. coli (25±0.80 mm) as gram-
negative bacteria (Table 2 and Fig. 8). In the case of 
callus generated silver nanoparticles, the greatest ZOI 
was reported in B. cereus (30±0.90 mm) followed by 
B. subtilis (27±0.76 mm) and E. coli (26.9±1.2 mm). In 
all the tested microorganisms, the ZOI of the callus 
mediated AgNPs found higher than that of leaf extract-
mediated AgNPs. 

 

 

Table 2. Antibacterial activity (zone of inhibition, mm) of AgNPs synthesized using leaf extract and callus extract of V. canescens 
 

Microbial strains (zone 

of inhibition in mm) 

Leaf extract 

(PE) 

PAgNPs CAgNPs Control 

E. coli 23±0.90 25±0.80 26.9±1.21 36.66±1.2 
B. cereus 25.7±1.21 27.3±0.45 30±0.90 34±1.57 
B. subtilis 24±0.57 27.7±1.00 27±0.76 37±0.82 

 
 

   
 

Figure 8. Antibacterial activity of PAgNPs and CAgNPs against: (a) Bacillus cereus, (b) B. subtilis and (c) E. coli. 

 (b) 

   (a) 

   (a)    (b)    (c) 
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DISCUSSION 

 
Our findings substantiate the results reported by 

Cruz et al. [15]; Anjum & Abbasi, [4] and Groach et al. 
[19] indicating the completion of reduction reaction. 
The absorption band in the 400 to 450 nm region is 
typically for the silver nanoparticles [11, 19, 27]. 
According to XRD analysis, a sharp peak at 2θ of 
~38.3° reveals the location (111) of silver, 
corresponding to face-centered cubic [6, 12]. The 
findings demonstrated that the AgNPs generated by 
plants and calli were made of high purity crystalline 
silver. The K value (constant) of 0.94 in the FCC and 
crystalline form of NPs, confirm the formation of silver 
NPs [16]. 

Similar observations regarding the size and 
morphological characteristics of the silver 
nanoparticles produced with leaf extracts of Acacia 

nilotica [40], flower extracts of Jasmine [5], and 
aqueous extracts of Dracocephalum kotschyi [13] 
respectively. The particles carry a charge of -33.75mV 
with a PDI below 0.276, demonstrating the stability of 
the green synthesized AgNPs [21]. The absorption 
bands at 3460 cm−1 & 3458 cm−1 in the FTIR spectra 
are due to OH stretch vibration of hydroxyl group and 
N–H stretch vibration of amines indicating the 
presence of the amine linkages of aniline. The band at 
1634 cm−1 and 1630 cm−1 corresponds to C=O stretch 
bands of the carboxylic acid group [37]. The bands at 
1252 cm−1 and 1074 cm−1 correspond to aryl -O stretch 
of aromatic ethers and C–N (amines) stretch vibration 
of proteins, respectively [22]. The bands at 618 cm−1 
and 613 cm−1 correspond to S-S stretch vibration of 
disulphides bond [14]. 

The capping of several functional groups such as 
alkaloids, flavonoids, proteins, phenols, and glycosides 
was visible in the FT-IR spectra of plant and callus 
produced silver nanoparticles. Our results are in good 
agreement with other reports available on biosynthesis 
of AgNPs [19, 34, 46]. 

Silver nanoparticles may connect to the exterior of 
the plasma membrane interfering with components of 
the microbial electron transport system due to 
electrostatic attraction factors between the cell 
membranes of microbes of negative charge and 
positively charged NPs [3, 41]. The generation of silver 
metal free radicals also increases the oxidation forces 
responsible for the deterioration of membrane and 
nucleic acids causing cell death [26-42]. Similar 
reports on the inhibitory effects of green synthesized 
AgNPs on bacteria had been reported in Azadirachta 

indica [2]; Crocus sativus [8]; Elaeagnus angustifolia 

[30] and Origanum majorana [46]. Our study 
integrates nanotechnology and microbial 
biotechnology, leading to possible developments in the 
formulation of new types of bactericides [18]. 

In conclusion, silver nanoparticles were 
successfully produced from both plant leaves and in 

vitro developed callus of V. canescens. Green synthesis 
of AgNPs utilizing fresh leaves and callus from V. 

canescens has the potential to serve as an eco-friendly 
alternative to the hazardous chemical synthesis 
processes. The in vitro raised callus was proved to 
contain secondary metabolites resulting in 
antimicrobial activity. Thus, callus extract can be 
directly substituted in the extraction of certain useful 
drugs. Aside from that, in vivo studies are required to 
fully comprehend the function of V. canecsens 

mediated AgNPs and to assess their prospective uses in 
the biomedical area. 
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Abstract. Saussurea lappa (Decne.) Clarke (Asteraceae) is a well-known traditional medicinal herb in India and is enlisted in 

Appendix – I of CITES (Endangered Plant List). An efficient regeneration protocol through indirect organogenesis from leaf 

explants of S. lappa has been developed. Mature and cotyledonary leaf explants were inoculated on Murashige and Skoog (MS) 
culture medium containing 3% (w/v) sucrose and 0.8% (w/v) agar supplemented with various concentrations of auxins and 

cytokinins individually or in different combinations. Maximum callus induction (100%) with best visual growth was obtained on 

MS medium supplemented with 2,4-D (2.0 mg/L) and BAP (2.0 mg/L). The appearance of the callus varied depending upon the 
combinations and concentrations of plant growth regulators (PGRs) used. The highest shoot regeneration percentage (66.66%) with 

maximum number of shoots (4.9 shoots/explant) were obtained on MS medium containing BAP (3.0 mg/L) and NAA (0.10 mg/L). 

MS half strength media with NAA (0.5 mg/L) resulted in highest rooting percentage (85%) followed by IAA (0.5 mg/L). After 
acclimatization, plantlets grew normally under greenhouse and field conditions. This protocol could be used for rapid mass 

production, germplasm conservation and provides a basis for genetic improvement of S. lappa. 

 
Keywords: Saussurea lappa; endangered; in vitro; indirect regeneration 

 

INTRODUCTION 

 

Saussurea lappa (Decne.) Clarke (family 

Asteraceae) commonly known as Kuth or Costus is an 

endemic perennial medicinal plant distributed in 

western Himalayas and neighbouring valleys at 

altitudes of 2500-3000 m [22]. It is a critically 

endangered medicinal plant species enlisted in 

Appendix – I of CITES (Endangered plant list) [14]. 

The roots of this plant contain an essential oil known as 

costus oil. The important constituents of the costus oil 

include saussurine, resinoids, inulin, essential oil and 

other alkaloids [31].  

The species has found applications in 

pharmaceutical industry to treat more than forty-three 

diseases [37]. Diverse medicinal properties of S. lappa 

for example anti-inflammatory, suppress hepatitis B, 

anticancerous, antibacterial, antihepatotoxic, anti-

arthritic, antiviral, antifungal, antiproliferative and 

antioxidant have attracted entrepreneurs to set eyes on 

this plant [7]. Its root extract is used as tonic useful in 

skin disease, epilepsy, paralysis, vermicide, diuretic, 

rheumatism, bronchitis, nervous disorders, brain 

stimulant, irregular menstruation, heart diseases, 

carminative, aphrodisiac, antihelminthic, treating deaf 

and ophthalmic condition [6, 22]. Because of its 

diverse medicinal properties, the species was 

overexploited by local population and pharmaceutical 

companies for the preparation of various valuable 

medicines. Large-scale uprooting from wild is the 

major factor threatening its existence. The 

conventional propagation of this plant is through root 

cuttings which is a commercial valuable part of the 

plant. The percentage of seed germination is very poor 

[11]. 

Due to excessive and destructive exploitation, it is 

getting fast depleted. The modern biotechnological 

techniques have come as a boon creating new 

dimensions in the field of agriculture for getting 

modern product with high yield and at faster rate [36]. 

The present investigation porpose an efficient protocol 

for indirect organogenesis of S. lappa by manipulating 

growth regulators on leaf explants. Also, the effect of 

subculture frequencies on S. lappa callus development 

is described. 

 

MATERIALS AND METHODS 

 

Plant material and sterilization. Healthy seeds of 

S. lappa were procured from Lahul valley of Himachal 

Pradesh (India). Healthy plants of S. lappa plants were 

collected from Forest Department, Jammu & Kashmir 

(India) and maintained in pots in the green house of 

Department of Botany, Kurukshetra University, 

Haryana (India). Surface sterilized seeds were 

inoculated on half strength MS medium [18] to raise 

seedlings for production of cotyledonary leaf [7].  

Cotyledonary leafs excised from aseptically raised 

seedlings and mature leaf segments were used as 

explants. Explants were surface sterilized by washing 

with Teepol solution (5%) followed by washing under 

running tap water for fifteen minutes to remove the 

adhering dust particles. Thereafter, the explants were 

disinfected using 0.1 % (w/v) of mercuric chloride for 

3 minutes followed by a brief rinse with 70% ethanol. 

These disinfected explants were then thoroughly 

washed with sterilized double distilled water to remove 

the traces of mercuric chloride.  

Culture media and in vitro culture induction. 
The surfaces sterilized explants were trimmed into 

small pieces (0.8 X 1.0 cm) and inoculated on MS 

medium containing 3% (w/v) sucrose and 0.8% (w/v) 

agar (Himedia, India) supplemented with auxins (2,4-

D, NAA) and cytokinin (BAP) in various 

concentrations of for callus induction and mass 

multiplication. The pH of the medium was adjusted to 

5.8 prior and autoclaved at 1.5 kg cm
-2

 at 121°C for 20 

min. The cultures were incubated under 16 hours 
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photoperiod with a photon flux density (PFD) of 40 

μmol m
–2

s
–1

 at 25 ± 2°C and 70% humidity. After 4 

weeks of inoculation, the efficiency of plant growth 

regulators (PGRs) was determined by recording the 

time required for callus induction, percent callus 

induction, colour and texture of callus. After 40 days of 

callus induction, both cotyledonary leaf and mature 

leaf explants callus were again subcultured (i.e. the 1
st
, 

2
nd

 & 3
rd

 cycle) on their respective medium for callus 

multiplication and finally a mass of calli was 

harvested. 

For shoot regeneration, the best in vitro regenerated 

callus from 3
rd 

successive sub culture were excised 

aseptically and transferred to various concentrations 

(0.5- 3.0 mg/L) of BAP alone and in combination with 

IAA, NAA and 2,4-D.   

Root development and ex-vitro acclimatization. 
In this study, we have used the in vitro rooting protocol 

established by us in our earlier research [7]. For root 

induction, the regenerated shoots (2.5-3.0 cm) were 

excised and cultured on either full or half strength MS 

media supplemented with (0.5- 2.0 mg/L) of IAA or 

NAA. The well rooted plantlets were gently washed 

under running tap water to remove the adhering agar 

with minimum injury. These plants were acclimatized 

and hardened in autoclaved sand: soil ratio (3:1). The 

plantlets were covered with glass jars to ensure 

humidity. They were supplied with half strength MS 

salt solution on alternate days. In third week, glass jars 

were removed for 3-4 hrs daily to expose the plants to 

the field conditions. After 4 weeks, these plants were 

transferred to bigger pots and were maintained under 

greenhouse for acclimatization. 

Data analysis. All the experiments were repeated 

thrice with a minimum of twenty replicates per 

treatment. The statistical calculations were all carried 

out using SPSS (version11.5) statistical software. The 

difference between means was analyzed by one-way 

analysis of variance (ANOVA) and the differences 

contrasted using a Duncan’s multiple range test at P ≤ 

0.05. 

 

RESULTS  

 

Callus Induction. The MS medium without PGRs 

did not show callus induction. The effects of different 

explants and the interactions between different plant 

growth regulators on callogenesis are presented 

in Tables 1 and 2. A wide range of variations in percent 

callus induction, growth and nature of callus were 

observed depending on concentrations and 

combinations of PGRs used. 

It was noticed that callus proliferation usually 

started from the cut surface of the explant used and 

finally covered the whole explant. Significant 

differences in the percent callus induction and friability 

were observed among the different explants used 

(Table 1; Fig. 1a-b). Mature leaf explants showed great 

ability to induce callus, followed by cotyledonary leaf 

explants. In case of mature leaf explants, MS media 

supplemented with 2.0 mg/L of 2,4-D + 2.0 mg/L of 

BAP recorded the highest (86.66%) per cent callus 

induction in comparison among all the tested 

combinations (Table 1). Glassy white soft friable 

appearance of callus was observed in mature leaf 

explant on MS media supplemented with 2.0 mg/L of 

2,4-D alone and 2.0 mg/L of 2,4-D + 2.0 mg/L of BAP, 

while creamish brown friable appearance of callus was 

observed on MS media supplemented with 2.0 mg/L of 

BAP (Fig. 1a). Among the various treatments tested 

with cotyledonary leaf explant, maximum percent 

callus response was observed on MS media 

supplemented with 2.0 mg/L of 2,4-D + 0.5 mg/L of 

BAP (Table 1). The different appearance of the callus 

was observed on all the treatments of cotyledonary leaf 

explant. The cotyledonary leaf callus on MS media 

supplemented with NAA (2.0 mg/L) recorded creamish 

white friable soft, BAP (0.5 mg/L) recorded whitish 

green compact, NAA (2.0 mg/L) + BAP (0.5 mg/L) 

recorded whitish green friable, 2,4-D (2.0 mg/L) 

recorded creamish white friable soft, 2,4-D (2.0 mg/L) 

+ BAP (0.5 mg/L) recorded glassy white soft, while 

2,4-D (2.0 mg/L) + BAP (0.5 mg/L) + NAA (2.0 mg/L) 

recorded glassy brown soft appearance of callus. 

Differentiation was not observed in any of the tested 

combinations of Table 1. 

After 40 days of the 3
rd

 subculture cycle, the best 

visual growth of callus with highest (96.66%) percent 

callus proliferation was recorded on MS media 

supplemented with 2.0 mg/L of 2,4-D + 2.0 mg/L of 

BAP from mature leaf callus (Table 2; Fig. 1c-d). This 

medium also produced shoot buds along with dark 

green friable callus. MS medium with 2.0 mg/L of 

BAP also produced creamish green brown friable 

appearance of callus with the appearance of shoot 

buds. In case of cotyledonary leaf callus, the per cent 

culture response between 67.77% and 71.11% was 

observed from medium with 2,4-D (2.0 mg/L) alone 

and with combination with BAP + NAA, which was 

comparatively lower in comparison to callus formation 

on the same medium from mature leaf callus. 

Therefore, was not tested for further shoot 

regeneration. 

Shoot regeneration. The in vitro regenerated from 

the 3
rd

 successive subculture of mature leaf segments 

on MS medium supplemented with 2.0 mg/L of 2,4-D 

+ 2.0 mg/L of BAP were excised transferred to MS 

medium supplemented with various concentrations of 

BAP alone and with various combinations with NAA, 

2,4-D and IAA for shoot induction (Table 3).  MS 

medium devoid of any plant growth regulator did not 

show any response. MS medium supplemented with 

various concentrations (0.5 - 2.0 mg/L) of BAP 

resulted in the production of shoots with regeneration 

of green and compact appearance  of callus (Fig. 1e). 

Among the various concentrations of BAP tested alone, 

MS medium supplemented with 2.0 mg/L of BAP 

recorded higher percent response with the production 

of 4 shoots per culture (Table 3). An increased visual 

growth of callus was observed with an increase in the 
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concentration of BAP in medium.  However, among 

the various treatments used, the highest percent culture 

response (66.66%) with very good visual growth of 

callus was recorded on MS medium supplemented with 

3.0 mg/L of BAP + 0.10 mg/L of NAA with the 

production of 4.9 number of shoots per culture 

followed by BAP (2.0 mg/L) + NAA (0.25 mg/L) (Fig. 

1f). The combinations BAP (2.0 mg/L) with IAA (0.5 

mg/L) and NAA failed to produce shoots. 

Root development. The MS medium devoid of any 

plant growth regulator failed to develop any roots in 

excised shoots (Table 4). The half strength MS 

medium supplemented with various concentrations of 

IAA and NAA resulted in best results over full 

strength. Half strength MS medium containing IAA 

(0.5 mg/L) recorded an average number of 3.2 roots 

with 76% rooting. An increase in the concentration of 

PGRs along with strength of MS medium resulted into 

the production of more callus comparatively (Table 4).
 

Table 1. Effect of different plant growth regulators on different types of explants after 40 days of culture incubation 
 

Explant + conc. of growth regulator in MS medium 

(mg/L) 

Percent culture 

responding 

Appearance of callus Visual growth 

of callus* 

Differentia-

tion 

Mature leaf explant + 2,4-D (2.0) 80.00d Glassy White, Soft, Friable + + + + + - 

Mature leaf explant + BAP (2.0) 75.55e Creamish brown, Friable + + + + - 
Mature leaf explant + 2,4-D (2.0)  + BAP (2.0) 86.66ab Glassy White, Soft, Friable + + + + + - 

Cotyledonary leaf + NAA (2.0) 69.99e Creamish white Friable Soft + + + + - 

Cotyledonary leaf + BAP (0.5) 69.99e Whitish Green, Compact + + + + - 
Cotyledonary leaf + BAP (0.5) + NAA (2.0) 80.00c Whitish Green, Friable + + + + + - 

Cotyledonary leaf + 2,4-D (2.0) 79.99d Creamish White, Friable, Soft + + + + - 

Cotyledonary leaf + 2,4-D (2.0) + BAP (0.5) 84.44bc Glassy White, Soft + + + + + - 
Cotyledonary leaf + 2,4-D (2.0) + BAP (0.5) + NAA (2.0) 83.33bcd Glassy Brown, Soft + + + + + - 

 

*- No Callus, + Poor Callus (less than 50% coverage), ++ Less Callus (50% to 75% coverage), +++ Moderate Callus (more than 75% coverage), ++++ Good Callus (100% 

coverage), +++++ Very Good Callus (100% coverage + overlap) 
 

Table 2. Effect of different plant growth regulators on 3rd sub culturing of callus after 40 days 
 

Explant + conc. of growth regulator in MS medium 

(mg/L) 
Per cent culture 

responding 
Appearance of callus Visual growth 

of callus* 
Differentia-

tion 

Mature leaf explant + 2,4-D (2.0)  90.00b Glassy White, Soft + + + + - 

Mature leaf explant + BAP (2.0)  88.88c Creamish Green Brown, Friable + + + Shoot buds 

Mature leaf explant + 2,4-D (2.0)  + BAP (2.0)  96.66a Dark Green, Friable + + + + + Shoot buds 
Cotyledonary leaf + NAA (2.0)  69.99ef Glassy Brown, Soft + + + - 

Cotyledonary leaf + BAP (0.5) 68.88fg Creamish  Brown, Friable + + - 

Cotyledonary leaf + BAP (0.5) + NAA (2.0) 73.33d Glassy Brown, Soft + + + - 
Cotyledonary leaf + 2,4-D (2.0)  67.77fgh Glassy Brown, Soft + + + - 

Cotyledonary leaf + 2,4-D (2.0) + BAP (0.5) 72.22de Glassy Brown, Soft + + + - 

Cotyledonary leaf + 2,4-D (2.0) + BAP (0.5) + NAA (2.0) 71.11de Glassy Brown, Soft + + - 
 

*- No Callus, + Poor Callus (less than 50% coverage), ++ Less Callus (50% to 75% coverage), +++ Moderate Callus (more than 75% coverage), ++++ Good Callus (100% 

coverage), +++++ Very Good Callus (100% coverage + overlap) 
 

    
 

    
 

Figure 1. In vitro propagation of  S. lappa: (a) Callus initiation from cotyledonary leaf explants on MS medium with 2,4-D (2.0 mg/L); (b) Callus 

initiation from mature leaf explants on MS medium with BAP (2.0 mg/L); (c) Callus proliferation from cotyledonary leaf explants after 

first subculture on MS medium + 2,4-D (2.0 mg/L) + BAP (0.5 mg/L);  (d) Callus proliferation from mature leaf explants after third 
subculture on MS medium + BAP (2.0 mg/L) + 2,4-D (2.0 mg/L); (e) Callus induction along with shoot formation on MS medium with 

BAP (0.5 mg/L); (f) Indirect shoot regeneration from subcultured matured leaf callus on MS medium with BAP (3.0 mg/L) + NAA (0.10 

mg/L); (g) Root initiation on full strength MS medium with IAA (2.0 mg/L); (h) Acclimatized plantlet. 

a b c d 

e f g h 

   1 cm    1 cm    1 cm    1 cm 

   1 cm   1 cm      1 cm    1 cm 
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Table 3. Effect of different plant growth regulators alone and in combination on shoot regeneration from callus derived from 3rd sub culture of mature 
leaf explant in medium containing 2,4-D (2.0 mg/L) + BAP (2.0 mg/L) 

 

Medium and conc. of growth 

regulator in MS medium (mg/L) 

Per cent culture 

response/ bud break 

No. of days required 

for the bud break 

Appearance of callus Visual growth 

of callus* 

No. of shoots 

per culture 

MS Medium - - - - -- 

MS+BAP (0.5) 40.00f 75d Green, Compact + + 1d 
MS+BAP (2.0) 56.66d 54b Green, Compact + + + + + 4c 

MS +BAP (2.0) + NAA (0.5) 59.99c - Whitish Greenish, Friable + + + + + - 

MS +BAP (2.0) + IAA (0.5) 11.11g - Whitish Greenish, Friable + + + + + - 
MS +BAP (3.0) + 2,4-D (0.5) 84.44a - Whitish Greenish, Friable + + + + + - 

MS + BAP (2.0) + NAA (0.25) 47.77e 61c Greenish, Compact + + + + 4.6b 

MS + BAP ( 3.0) + NAA (0.10) 66.66b 51a Greenish, Compact + + + + 4.9a 
 

*- No Callus, + Poor Callus (less than 50% coverage), ++ Less Callus (50% to 75% coverage), +++ Moderate Callus (more than 75% coverage), ++++ Good Callus (100% 

coverage), +++++ Very Good Callus (100% coverage + overlap) 

 
Table 4. Effect of half strength MS medium and full strength MS medium with or without various concentrations of NAA and IAA in root 

regeneration from excised shoots after 40 days of culture 
 

Medium Plant growth 

Regulator 

Rooting 

(%) 

Number of 

roots 

Root morphology 

MS half strength - - - - 

MS full strength - - - - 

MS half strength 0.5 mg/L IAA 76b 3.2b Long ,Thin 

MS full strength 2.0 mg/L IAA 70c 1.9d Long ,Thick 
MS half strength 0.5 mg/L NAA 85a 6.4a Long, thin and very less callus formation [7] 

MS full strength 2.0 mg/L NAA 20d 2.0cd No rooting and Profuse callus formation 
 

- (no response) 

 

Full strength MS medium supplemented IAA (2.0 

mg/L) resulted in 70 percent rooting with an average 

production of 1.9 long and thick roots.  (Fig. 1g). 

Among auxins, both NAA and IAA proved to be the 

good root inducer, but IAA also induced roots 

formation without callus production. However, the 

highest number of roots was observed on culture 

medium with NAA (0.5 mg/L). 

After 4 weeks, these plantlets were transferred to 

under natural field conditions of photoperiod and 

temperature. More than 60% of in vitro raised plantlets 

were characterized by well-developed leaves with roots 

and showed no morphological abnormalities (Fig. 1h).  

 

DISCUSSION 

 

Plant tissue culture offers a fast alternative to 

conventional propagation technique and it is used as a 

complementary strategy for the conservation and 

utilization of genetic resources [7, 12, 15]. Indirect 

regeneration involves the formation of callus. Callus is 

an undifferentiated mass of cells, obtained by culturing 

explants on nutrient medium [19, 20]. The MS medium 

devoid of any PGRs did not report callus induction. It 

may be due to the insufficient level of endogenous 

growth hormones in explants to induce callusing and 

requires an exogenous supply of PGRs to trigger cell 

division [8]. Under in vitro conditions, the application 

of cytokinins causes a decrease in cell wall 

lignification, facilitating callus initiation and growth 

[13]. It was noticed that callus proliferation usually 

started from the cut surface of the explant used and 

finally covered the whole explant. It may be due to 

accumulation of auxins at the point of injury, which 

stimulated cell proliferation in the presence of growth 

regulators [1]. Dhital et al. [3] also reported that leaf 

explants produced earlier callusogenesis with higher 

frequency of callus induction in potato cultivars. 

Contrary, Shirin et al. [27] emphasized internodal 

segments, as a best explant source for in vitro callus 

induction. The variation in the apperance of callus with 

different PGRs have also been noticed by Ehsandar et 

al. [4] and Kumlay & Ercisli [13] on Solanum 

tuberosum. It could be due to differences in 

endogenous growth regulators in the explants [16]. 

Among the cytokinins, BAP is the most frequently 

used hormone, which interacts actively with 2,4-D or 

NAA for callus initiation and its maintenance [21]. The 

optimal concentration of the PGRs depend on plant 

genotype and type of explants used [17]. Faisal & Anis 

[5] obtained higher frequency of callus formation on 

MS medium containing 2,4-D in Tylophora indica. 2,4-

D is very ideal auxin to initiate callus and somatic 

embryogenesis in different medicinal plant species, 

whereas IAA, IBA, NAA could also be used as 

stimulants in a lesser extent [9, 25]. 

Dark green and compact calli have good 

regeneration ability for shoot proliferation [10]. The 

auxin and cytokinin ratio acts as an important factor in 

determining organogenesis in micropropagation 

experiments [32]. Different endogenous level of 

cytokinins and auxins along with exogenous plant 

hormones that exist in cultured medium combine 

together to induce organogenesis. BAP was more 

efficient for shoot induction due to its ability to induce 

and produce natural hormones such as zeatin within the 

tissue through natural hormone system [26]. The vital 

role of BAP for in vitro shoot induction from different 

explants of medicinal plant species is well documented 

[2]. Lower concentration of NAA in combination with 

BAP also facilitates better morphogenesis and 

enhanced the rate of shoot buds differentiation in 

Cassia sp. [23, 24]. 

The proliferation of callus depends on the media 

composition and optimization of subculture period for 

maintaining its growth in order to obtain higher callus 
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biomass with regenerative potency [17]. It is 

recommended to subculture a callus at every 4–6 

weeks [18]. 

Many researchers have reported the effectiveness of 

half strength MS medium for root induction [30]. 

Effective in vitro rooting on regenerated shoots grown 

on MS medium supplemented with NAA or IAA has 

been well documented in Aegle marmelos [34], Stevia 

rebaudiana [28] and Puya berteroniana [30]. Reports 

on acclimatization and hardening were reported for 

Glycyrrhiza glabra [35], Stevia rebudiana [29], 

Spilanthes acmella [33] and Simmondsia chinensis 

[12]. 

The success of any micropropagation protocol 

depends finally on the establishment of regenerated 

plantlets under ex-vitro field conditions with higher 

survival rate. Plants raised under in vitro conditions are 

maintained under controlled environmental factors 

such as: constant temperature, low light intensity, high 

humidity, supplementary sugar supply and growth 

regulators. Sudden changes in environment condition 

cause low survival or reduced growth rate [36]. 

In conclusion, this experimental study has resulted 

in an expeditious indirect regeneration protocol from 

mature leaf explants may be highly useful for raising 

quality planting material for mass multiplication and 

conservation of S. lappa. It could also facilitate 

phytochemical production, genetic transformation and 

pharmacological studies of this potential medicinal 

plant. 
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Abstract 

Chinua Achebe’s Things Fall Apart, has been one of the most popular, critically acclaimed, and 

discussed novels since its publication in 1958.Despite the apparently exhaustive critical attention paid to 

the novelcertain key aspects remain debatable. One such question deals with the reason forOkonkwo’s 

downfall or fate.The paper intends to explore the possible reasons for Okonkwo’s demise, his tragic 

fall.Throughout the novel Okonkwo lived as a courageous and invincible man. He would bow to none. 

He lived like a lion.Then what were the reasons that made this man embrace his shameful death. In 

choosing his own death he gave the message of not surrendering himself to anyone but his own fears and 

obstinacy.Okonkwo can be defeated by none other than Okonkwo. The  paper  suggests  that  a  number  

of  different  sources  of  explanation appear to be plausible at various levels, but no argument could 

redeem his stature in the eyes of his family and society. The chief conclusion is that one who could have 

been the hero was turned into a villain by his hamartia. His hamartia was his hubris. He chose death over 

defeat. But his death does not make him a martyr, instead it doomed him to disgrace forever.    

 

Keywords: Chinua Achebe, fate, downfall, Things Fall Apart, Okonkwo, demise, self-contradictory. 

 

Introduction 

Things Fall Apart is about the tragic fall of the protagonist, Okonkwo, and the Igbo culture. Okonkwo is 

a respected and influential leader within the Igbo community of Umuofia in eastern Nigeria.Very early 

in his life he determines to gain titles for himself and by his hardwork he becomes a powerful and 

wealthy man and gains two titles. He was a renowned wrestler, a fierce warrior, successful farmer of 

yams (a "manly" crop), hardworking, courageous and an impulsive man.He has three wives and many 

children who live in huts on his compound.  He has a barn full of yams, a shrine for his ancestors, and 

his own hut, called an obi.   

 

At an early age, Okonkwo has won a great fame in spite of his poor family background. He rises to a 

high position by dint of hard work and sincerity of earnest efforts. In those days, a man’s position is 

adjudged in the society by his achievements and not by years of age.“Age was respected among his 

people, but achievement was revered.” (Achebe 12) In his thirties he enjoys the status with the aged 

people who can achieve high position only during their old age. “As the elders said, if a child washed his 

hands he could eat with the kings.”(12) Even the elders holding high ranks and position in Ibo society 

holds him in high esteem. They invite him on the eve of the marriages of their sons and daughters. He 

attends important meetings of the rulers of the village.  

 

Okonkwo’s biggest fear is weakness, a trait he associates with his father and with women. Okonkwo 

despises and resents his father's gentle and idle ways. He resolves to overcome the shame that he feels as 

a result of his father's weaknesses by being what he considers to be "manly"; therefore, he dominates his 

wives and children by being insensitive and controlling. The protagonist of ‘Things Fall Apart’, 

Okonkwo is also considered a tragic hero. A tragic hero holds a position of power and prestige, chooses 

his course of action, possesses a tragic flaw, and gains awareness of circumstances that lead to his fall. 

Okonkwo's tragic flaw is his fear of weakness and failure. 

 

mailto:chaudharyanshu011@gmail.com


RABINDRA BHARATI JOURNAL OF PHILOSOPHY 
ISSN : 0973-0087 

Vol. : XXIV, No:01, 2023                                                                              113 

Over the years, Okonkwo becomes an extremely volatile man; he is apt to explode at the slightest 

provocation. He violates the Week of Peace when he beats his youngest wife, Ojiugo, because she went 

to braid her hair at a friend's house and forgot to prepare the afternoon meal and feed her children. Later, 

he severely beats and shoots a gun at his second wife, Ekwefi, because she took leaves from his banana 

plant to wrap food for the Feast of the New Yam. 

 

He is quick to anger, especially when dealing with men who are weak, lazy debtors like his father. Even 

though he feels inward affection at times, he never portrays affection toward anyone. Instead, he isolates 

himself by exhibiting anger through violent, stubborn, irrational behaviour. Okonkwo demands that his 

family work long hours despite their age or limited physical stamina, and he nags and beats his wives 

and son, Nwoye, who Okonkwo believes is womanly like his father, Unoka. When Nwoye and 

Ikemefuna, help him in planting the farm, he continuously finds fault with their work. He hopes that 

criticism will drive his son to be a great man and farmer. 

 

Because Okonkwo is a leader of his community, he is asked to care for a young boy named Ikemefuna, 

who is given to the village as a peace offering by neighboringMbaino to avoid war with Umuofia. 

Ikemefuna befriends Okonkwo's son, Nwoye, and Okonkwo becomes inwardly fond of the boy.After the 

coming of the locusts, OgbuefiEzeudu, the oldest man in the village, relays to Okonkwo a message from 

the Oracle. The Oracle says that Ikemefuna must be killed as part of the retribution for the Umuofian 

woman killed three years earlier in Mbaino. He tells Okonkwo not to partake in the murder because the 

boy calls him “father”, but Okonkwo doesn't listen. He feels that not participating would be a sign of 

weakness. Consequently, Okonkwo kills Ikemefuna with his machete. Nwoye realizes that his father has 

murdered Ikemefuna and begins to distance himself from his father and the clansmen. 

 

His life turns upside down when during the funeral of Ezeudu, Okonkwo's gun goes off, and Ezeudu's 

sixteen-year-old son is killed accidentally.Because the accidental killing of a clansman is a crime against 

the earth goddess, Okonkwo and his family must be exiled from Umuofia for seven years. The family 

moves to Okonkwo's mother's native village, Mbanta. After they depart Umuofia, a group of village men 

destroy Okonkwo's compound and kill his animals to cleanse the village of Okonkwo's sin. Obierika 

stores Okonkwo's yams in his barn and wonders about the old traditions of the Igbo culture. 

 

Okonkwo is welcomed to Mbanta by his maternal uncle, Uchendu, a village elder. He gives Okonkwo a 

plot of land on which to farm and build a compound for his family. But Okonkwo is depressed, and he 

blames his chi (or personal spirit) for his failure to achieve lasting greatness. 

Six missionaries, including one white man, arrive in Mbanta. The white man speaks to the people about 

Christianity. Okonkwo believes that the man speaks nonsense, but his son, Nwoye, is captivated and 

becomes a convert of Christianity. 

 

After Okonkwo's exile is over, his family arranges to return to Umuofia. Before leaving Mbanta, they 

prepare a huge feast for Okonkwo's mother's kinsmen in appreciation of their gratitude during 

Okonkwo's seven years of exile. 

 

When Okonkwo returns to Umuofia, he discovers that the village has changed during his absence. Many 

men have renounced their titles and have converted to Christianity. The white men have built a prison; 

they have established a government court of law, where people are tried for breaking the white man's 

laws; and they also employ natives of Umuofia. Okonkwo wonders why the Umuofians have not incited 

violence to rid the village of the white man's church and oppressive government. 
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Some members of the Igbo clan like the changes in Umuofia. Mr. Brown, the white missionary, respects 

the Igbo traditions. He makes an effort to learn about the Igbo culture and becomes friendly with some 

of the clan leaders. He also encourages Igbo people of all ages to get an education. Mr. Brown tells 

Okonkwo that Nwoye, who has taken the name Isaac, is attending a teaching college. Nevertheless, 

Okonkwo is unhappy about the changes in Umuofia.Okonkwo is opposed to the new ways. He feels that 

the changes are destroying the Igbo culture, changes that require compromise and accommodation — 

two qualities that Okonkwo finds intolerable. Too proud and inflexible, he clings to traditional beliefs 

and mourns the loss of the past.After Mr. Brown becomes ill and is forced to return to his homeland, 

Reverend James Smith becomes the new head of the Christian church. But Reverend Smith is nothing 

like Mr. Brown; he is intolerant of clan customs and is very strict. 

 

Violence arises after Enoch, an overzealous convert to Christianity, unmasks an egwugwu. In retaliation, 

the egwugwu burn Enoch's compound and then destroy the Christian church because the missionaries 

have caused the Igbo people many problems.When the District Commissioner returns to Umuofia, he 

learns about the destruction of the church and asks six leaders of the village, including Okonkwo, to 

meet with him. The men are jailed until they pay a fine of two hundred and fifty bags of cowries. The 

people of Umuofia collect the money and pay the fine, and the men are set free. 

 

Later when Umuofia is at a meeting, the District Commissioner’s messengers arrive to order the meeting 

dispersed. The angry Okonkwo confronts them, draws his sword and beheads their leader. When none of 

the other clansmen attempt to stop the messengers who escape, Okonkwo realizes that they will never go 

to war and that Umuofia will surrender. Everything has fallen apart for Okonkwo; he commits suicide 

by hanging himself. 

 

Conclusion 

This situation clearly shows Okonkwo’s tragic flaw due to his inability to adapt to the changes of his 

culture, stubbornly seeking to stick to the old ways he once knows. Okonkwo has taken everything about 

the clan in a personal way and has acted accordingly. He has clung to a tiny desperate hope that the clan 

shall redeem itself by following his example to act like brave warriors. But that small hope is 

disappointed. In the end he loses all faith in the world around him and does not care to live in it 

anymore. When the District Commissioner comes with a posse of men to arrest Okonkwo, Obierika says 

to him: 

“That man was one of the greatest men in Umuofia. You drove 

him to kill himself; and now he will be buried like a dog …” (Achebe, 188) 

It is clear that as a great man in Umuofia, Okonkwo cannot face the reality. Even to escape from this 

reality, Okonkwo does something against the earth goddess. His suicide is a message to his community 

that he could not adapt or survive in this newculture. Thus, Okonkwo hangs himself. The suicide then is 

a symbolic act, signifying the break between Okonkwo and his people. A man once truly integrated into 

his society has lost his place among his people because his culture fall apart around him. 
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ABSTRACT
Aim: Aim: Nanoparticles play an important role to develop materials that are light, effective and 
ecofriendly with diverse applications. In this study, Bacterial and Fungal endophytes were screened 
for the synthesis of AgNPs. Materials and Methods: Materials and Methods: Endophytes for biogenesis of nanoparticles 
was isolated from various explants. Selected bacterial and fungal endophytes were identified by 
18s rRNA and 16s rRNA sequencing. Endophyte mediated silver nanoparticles were characterized 
using different techniques like UV-visible  spectroscopy, XRD, HRTEM, DLS, EDX and FTIR. Results: Results: 
Optimization of AgNP synthesis by endophytic bacterial isolate Bacillus cereus showed optimum 5 
mM silver nitrate concentration, reaction mixture temperature 37-40°C, reaction time 30 min and 
PVP as stable surfactant. Characterization carried out using advanced analytical instrumentation 
showed sharp peak at 424 nm by UV-visible  spectroscopy. According to XRD and HR-TEM data 
analyzed it was observed that average size of AgNP was 12.4 and 12.9 nm respectively. DLS 
and zeta potential showed nanoparticles are dispersed evenly, FTIR analysis confirmed coating 
with primary and secondary amino acids which is responsible or stability of nanoparticles. EDX 
confirmed elemental composition of silver nanoparticles. Conclusion:Conclusion: Synthesized nanoparticles 
are uniform in size, ecofriendly, good bio compatibility, easy processing and stable. We can further 
study potential biological activity like plant growth promotion, nano pesticide encapsulations, 
antifungal, anti-bacterial, antioxidant and cytotoxicity of these synthesised AgNPs.

Keywords:Keywords: Silver Nanoparticles, XRD, HRTEM, DLS, FTIR.

INTRODUCTION
Due to the very small size, excellent magnetic 
properties and ability to change surface characteristics, 
high surface area to volume ratio nanoparticles 
possesses various physical, chemical and biological  
properties.[1] Silver nanoparticle possess diverse 
application in the field of  optical, electronic, electrical, 
paint, textile, cosmetics, food industries, medical 
and environmental.[2] The common techniques used 
for the synthesis of  nanoparticles includes chemical 
reduction, physical techniques and green synthesis. 

All these techniques are expensive, time consuming, 
poor compatibility and use the hazardous chemicals. 
Nanoparticles synthesized by physical and chemical 
methods are unstable and possess toxic chemicals 
present over their exterior limits various applications.
[3] Plants are good sources of  microbial diversity that 
secrete bioactive compounds, which can be used for 
the synthesis of  nanoparticles.[4] Biogenesis approach 
is fast, economically feasible, simple and nanoparticles 
synthesized are biocompatible.[5,6] 
Several reports are available for the biogenesis of  
silver nanoparticles by plant, fungi and bacteria.[7] High 
amount of  biomolecules are produced by both bacteria 
and fungi hence prevent the agglomeration, which 
helps in stabilization of  nanoparticles.[8] Endophytic 
microbes are recognized as most valuable group of  
microbes in terms of  diversity and remedial potential.[9]  
These microorganisms nurture in the intercellular 
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spaces of  host plants without causing any  
damage.[10] Endophytes are able to synthesize same 
chemical compounds as synthesized by the host 
plant, make a possible adaptation to the host’s 
microenvironment.[11]In this study we have isolated 
endophytes from various remedial plants for biogenesis 
of  silver nanoparticles. Process for biogenesis of  silver 
nanoparticles was optimized under different conditions. 
Morphological and structural characteristics were 
identified using UV-visible spectroscopy, XRD, DLS, 
HR-TEM, EDX and FTIR. 

MATERIALS AND METHODS 
Isolation and Characterization of endophytes

The endophytes were isolated from leaves, barks and 
root sections of  various medicinal plants.[12] Plants, 
Withania somnifera (Ashwagandha), Aloebarbadensis 
miller (Aloe vera), Tinospora cordifolia (Giloi), Bryophyllum 
(Patherchatt), Anthocephalus cadamba (Cadamb), 
Phyllanthus emblica (Amla) and Melia azadirachta 
(Neem) were taken from the Kurukshetra University. 
Endophytic mediated biogenesis of  silver nanoparticles 
and cleaning for further study was performed.[13,14] 
Endophytic bacterial strain VXB10 was identification 
by using 16s rRNA sequencing form CSIR-IMTech, 
Chandigarh. The 16s RNA sequence attained from 
CSIR-IMTech were subjected to BLAST analysis. 
Similarity study on genetic level was performed by using 
nBLAST. Endophytic fungal strain VXF2 was identified 
by using18s rRNA from Centre for Agriculture and 
Bioscience International, Bangalore. 

Optimization study for biogenesis of silver 
nanoparticles
Concentration of Silver nitrate

Study for biosynthesis of  AgNP with different 
concentration of  silver nitrate and supernatant 
of  VXB10 endophytic strain. Th esilver nitrate 
concentration varied from 1mM to 10mM which was 
mixed with supernatant in ratios (1:1). Then resulting 
solution was incubated for 30 min under bright condition 
for biogenesis of  silver nanoparticles. Observations 
were made using UV-visible spectrophotometry. 

Temperature and time

Opetimization study for biogenesis of  silver 
nanoparticles under different temperature varying from 
20 to 60°C. The silver nitrate with supernatant was 
incubated for 30 min at 20, 37, 40, 50 and 60°C. The 
effect of  reaction time was checked for the biosynthesis 
of  AgNPs by keeping reaction solution in direct sunlight 

at different time (2, 5, 10, 15, 20, 30, 40 and 50 min). The 
effect of  incubation temperature and time was observed 
by UV-visible spectrum analysis.

Surfactant and stability

Surfactant acts as capping agent for nanoparticles, which 
increases stability and availability of  nanoparticles. 
To study the effect of  surfactants 0.1% of  Polyvinyl 
Pyroidone (PVP), Ethylenediaminetetraacetic Acid  
(EDTA), Sodium Dodecyl Sulfate (SDS), Trisodium 
citrate and glyconic acid were added to reaction 
solution. The stability study of  biologically synthesized 
AgNP was checked for 30 days by using UV-Visible 
Spectrophotometer.[15]

Characterization of synthesized AgNPs

Initially biologically synthesized AgNP were 
characterized using UV-visible spectrophotometry 
followed by advance instrumentation techniques like 
XRD, DLS, EDX, FTIR and HR-TEM.[13] XRD was 
done by comparing spectrum with standards in the 
Joint Committee of  Powder Diffraction Standards issue 
2010. Hydrophobic particle size, zeta potential and 
polydispersity index were predicted by DLS. Energy 
Dispersive X-Ray Spectroscopy was used to confirm 
elemental composition of  AgNPs. The size, shape 
and arrangement of  nanoparticles were confirmed by 
HR-TEM. Biomolecules and proteins on surface of  
AgNP were studied by using FT-IR spectrophotometer 
between 4000 - 400 cm−1.

RESULTS
Biogenesis of AgNP by endophytes

A total of  79 endophytes (30 fungi and 49 bacterial) 
were isolated from the various part of  remedial plants. 
The endophytes were coded as VXF1- VXF30 for 
fungi and VXB1-VXB49 for bacteria. The 10 bacterial 
endophytes and 8 fungal endophytes were showing a 
change in colour after reaction of  silver nitrate with 
culture filtrate.  The silver nanoparticles synthesis by 
both bacterial and fungal endophytes were confirmed 
by UV-visible spectroscopy as shown in Figure 1. The 
peak between 400 to 450 nm absorbance confirms the 
synthesis of  nanoparticles.
The fungal endophyte VXF2 was showing peak at  
432 nm with absorbance value 1.158. The fungal isolates 
(VXF9, VXF13, VXF18, VXF20, VXF25, VXF26 and 
VXF30) showed broad peaks with low absorbance 
value. The bacterial endophyte VXB10 was showing 
peak at 424 nm with absorbance value 2.763. The 
bacterial endophytes (VXB5, VXB24, VXB29, VXB34, 
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VXB35, VXB38, VXB39 and VXB40) showed broad 
peaks with low absorbance. Absorbance is co-related 
with the quantity of  nanoparticles synthesized. The 
lower absorbance between 400-450 nm indicates the 
poor synthesis of  nanoparticles. 
To obtain the fungal biomass for the synthesis of  
nanoparticles is highly time consuming as compare to 
bacterial biomass. The synthesis of  nanoparticles was 
slow when fungal biomass was used as compared to 
the use of  bacterial supernatant. This is the reason only 
bacterial isolate VXB10 was used for the further study. 

Identification of selected microbial isolates

The fungal isolate was identified by with fungus 
database from EBI and BLAST algorithm as shown in 
Figure 2. Fungal endophyte VXF2 was showing 100% 
similarity to Alternaria destruens (ATCC 204363). The 
16s rRNA sequence of  bacterial isolate VXB10. On the 
basis of  BLAST analysis, VXB10 showed was showing 
100% identity to Bacillus cereus. The phylogenetic tree 

Figure 1: UV-vis analysis of endophytes VXF2 and VXB10.

Figure 2: Phylogenetic tree constructed by neighbor  
joining method for endophytic fungi VXF2.

Figure 3: Phylogenetic tree constructed by neighbor joining 
method for endophytic bacterial isolate VXB10.

of  bacterial endophyte VXB10 was constructed by 
Neighbor-Joining method was shown in Figure 3.

Optimization of silver nanoparticles biosynthesis
Silver nitrate concentration

The increasing concentration of  silver nitrate resulted 
in higher synthesis of  AgNP. A sharp peak around 420 
nm was observed in case of  5 mM and 6 mM silver 
nitrate concentration as shown in Figure 4(a). The 
continuous rise in the absorbance peak intensities was 
observed with increasing concentration of  silver nitrate 
(5 mM). It was observed that SPR peak after 5 mM 
concentration of  silver nitrate became broadwhich 
depicts large size and agglomeration of  nanoparticles. 
The UV-visi spectroscopy absorbance at 10 mM silver 
nitrate concentration was very less. The maximum 
absorbance was observed at 5 mM silver nitrate. All 
further experiments were carried out by mixing 5 mM 
silver nitrate with equal proportion of  supernatant.

Optimization of temperature

The change in temperature effect the synthesis of  
nanoparticles. At 20 and 30°C change in colour of  
reaction solution was very slow. The colour of  reaction 
solution was dark and prominent at 40, 50 and 60°C. 
The change in colour was recorded by UV-visible 
spectrophotometer as shown in Figure 4(b). The 
absorbance was high at 40°C followed by no significant 
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change at 50°C and 60°C. Therefore, further study was 
conducted at 40°C. 

Time point for Biogenesis of silver nanoparticles

The change in colour was negligible up to 10 min. The 
prominent change in colour was seen after 15 min from 
pale yellow to dark brown. The significant increase in 
colour was not observed after 30 min of  keeping the 
reaction solution. Spectrophotometrically, absorbance 
value increase consistently up to 30 min whereas, no 
significant increase in absorbance was recorded after 30 
min as shown in Figure 4(c).

Surfactants optimization

In UV-vis analysis, maximum surface plasmon 
resonance absorbance value was recorded with 
0.1% PVP as compare to 0.1% EDTA and 0.1% 
SDS followed by minimum absorbance with 0.1% 
Trisodium citrate and 0.1% Glyconic acid as shown 
in Figure 4(d). The results inferred that 0.1% PVP 
was better surfactant for stabilizing nanoparticles 
and reduce agglomeration. The reaction mixture 
containing PVP was stored 4°C to check the stability 
of  nanoparticles at different time interval (1, 15 and 
30 days). The stability of  nanoparticle remain same 
as no change in the absorbance was at different time 
interval as shown in Figure 4(e). The stable position 
of  SPR absorbance peak indicates the stability 

of  nanoparticles. Hence, PVP was as most stable 
surfactant at low temperature.

Characterization of synthesised silver 
nanoparticles

The cell free supernatant of  VXB10 bacterial endophyte 
was mixed individually with silver nitrate (5 mM) in 
equal volume with PVP as capping agent, the reaction 
mixture was incubated for 30 min. The synthesized 
nanoparticles were showing maximum absorbance at 
424 nm as shown in Figure 5(a). In XRD peak analysis 
four diffractions patterns were observed at 38.18°, 
44.39°, 64.55° and 77.45° consistent to (111) (200) (220) 
and (311) face cantered cubic (fcc) planes for metallic 
silver as shown in Figure 5(b). The XRD spectrum 
analysed using Origin software for endophytic mediated 
nanoparticles was consistent with diffraction standard 
database JCPDS 04-0783. Usually high intensity is 
observed for fcc (111), which was similar to the data 
recorded in synthesized silver nanoparticles as shown 
in Table 1.
Hydrodynamic size of  silver nanoparticles was 
estimated by using DLS. DLS analysis of  synthesized 
silvern nanoparticle was done to know the particle 
size, zeta potential and polydispersity index. Size 
of  biologically synthesized silver was in range of   
172-449 nm with average size of  226 nm as shown 
in Figure 5(c). The Polydispersity Index (PdI) of  
synthesized silver nanoparticles was below 0.474 with 
net surface charge of  -35.75 mV which infers to the 
stability of  nanoparticles.
EDX analysis revealed the strong signal in domain 
of  silver which confirms the elemental composition 
of  silver nanoparticles as shown in Figure 5(d). 
EDX spectrum showed presence of  silver (62.7%), 
copper (25.96%) and carbon (11.33%) respectively. 
The crystals of  metallic silver usually show optical 
absorption at 3 keV due to SPR of  biologically 
synthesized silver nanoparticles. The copper was 
observed due to copper gride used in sample support 
during analysis.
The HR-TEM images of  biologically synthesized 
nanoparticles are shown in Figure 6. HR-TEM images 
when analysed using ImageJ software showed that 
nanoparticles were spherical and range from 2.5-30 nm  
with average size of  12.9 nm.  These results are 
consistent with the shape as determined by the XRD 
analysis. The FTIR spectrum of  biologically synthesized 
silver nanoparticles showed strong peaks at 3417.3, 
2919.3, 2851.1, 1740.3, 1618.3, 1465.9, 1381.2, 1221, 
1077.1, 827.3, 630 and 588.7 cm−1 as shown in Figure 7. 

Figure 4: Silver nanoparticles biosynthesis at different a) 
concentrations of silver nitrate b) temperatures (20, 30, 37, 40, 
50 and 60°C) c) time interval d) surfactants e) stability after 1, 

15 and 30 days.
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Table 1: Biologically synthesized AgNPs size calculated by Debye-Scherrer equation.
VXB10

Position FWHM Size (nm) d-space Miller indices 
(h,k,l)

Avg. Size (nm)

38.18512 0.69274 12.1354788 2.354972 (1,1,1) 12.40

44.39455 0.87896 9.76173938 2.038927 (2,0,0)

64.5515 0.66504 14.1286238 1.442524 (2,2,0)

77.45878 0.74856 13.6041936 1.231214 (3,1,1)

Figure 5: Characterization of nanoparticles synthesized by 
bacterial isolate a) UV-visible spectroscopy b) XRD analysis 

c) DLS d) EDX.

The FTIR peaks corresponding to different functional 
groups are shown in Table 2.

DISCUSSION
The isolated bacterial endophytes VXB10 was identified 
by using 16s RNA sequencing as Bacillus cereus and 
fungal endophytes VXF2 identified by using 18s RNA 
sequencing as Alternaria destruens. Both endophytes 
VXF2 and VXB10 were showing silvernanopartical 
synthesis form silver nitrate. The silver nanoparticles 
synthesised by endophytes Cryptosporiopsis ericae, 
Aspergillus tamarii and Aspergillus versicolor.[16-18] The 
bacterial isolate was easy to grow and showed faster 
reduction of  silver nitrate as compared to fungi.[19] In 
fungal isolates due to high pigmentation the reduction 
of  silver nitrate was taking more time as compared to 
bacterial isolates.[20] In this study bacterial endophytes 
were used for silvernanopartical synthesis. The silver 
nanoparticles show strong absorption at 424 nm in the 
visible range due to SPR. High absorbance value shows 
quantitative analysis of  AgNPs. XRD peak data was 
used for estimating size silver nanoparticles by using 
Debye-Scherer’s formula. The average size calculated for 
silver nanoparticles was 12.4 nm, which was similar to 

Figure 6: HR-TEM analysis of silver nanoparticles  
synthesized by bacterial isolate.

Figure 7: FTIR analysis of silver nanoparticles synthesized by 
bacterial isolate.

the nanoparticles size 12.9 nm calculated by HR-TEM 
image analysis. XRD spectrum broad peaks indicate the 
role of  bacterial extract in particle formation and crystal 
nuclei growth.[21] Biogenesis of  silver nanoparticles 
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from rizobial-isolate Arthroderma fulvum and discovered 
particles which were spherical with average diameter 
15.5 ± 2.5 nm, with high uniformity and minor 
diameter distribution.[22] Energy Dispersive X-ray gives 
qualitative as well as quantitative status of  elements 
involved in the formation of  silver nanoparticles. The 
occurrence of  primary silver was confirmed by EDX 
study, which confirms the silver element in reaction 
mixture was due to reduction of  silver ions from silver 
nitrate.[23]In addition to size of  metallic nanoparticles 
by XRD and HR-TEM, DLS also measures the size of  
stabilisers absorbed on the surface. As a result, DLS 
measurements of  size are larger than TEM and XRD 
analysis measurements. PdI value ~0.4 indicated that the 
nanoparticles have highly polydisperse and moderately 
disperse distribution.[24] Zeta potential showed negative 
surface charge which explains the long-term stability, 
dispersity and high colloidal nature of  nanoparticles. 
The surface charge could avoid agglomeration of  
nanoparticles and thus provide stable particles.[25] The 
interaction of  biomolecules present in cell free extract 
with AgNPs was evaluated by using FTIR measurement 
of  dried AgNPs. FTIR analysis showed presence of  
primary and secondary amines, alcohol or phenol O-H, 
saturated hydrocarbons, carbonyl compound and amino 
acids respirable of  reduction of  silver nitrate and coating 
nanoparticles for stability and better biocompatibility.[26] 
According to a previous statement, proteins can connect 
to nanoparticles via free amine groups or cysteine 
residues and by the electrostatic attraction of  negatively 
charged carboxylate groups. This could lead to the 
stability of  the silver nanoparticles by proteins.[27]The 

microbial strain used, temperature, capping agent and 
pH play an important role in synthesis of  nanoparticles 
with specific size, shape and functional group.[28] The 
optimized condition for silvernanopartical synthesis 
were 5 mM silver nitrate, bacterial supernatant in ratio 
1:1, light exposure for 30 min, reaction temperature 
of  40°C and PVP as most suitable surfactant. 
Nanoparticles could be stored to more than 30 days at 
4°C for more than 30 days. The optimum condition for 
the synthesise of  nanoparticles by Escherichia coli were 
pH 5-6, temperature 30-37°C.[29]

CONCLUSION
In this study fungal and bacterial isolates were used 
for the synthesis of  silver nanoparticle. Bacterial 
endophytes have advantages over fungal endophytes for 
biosynthesis of  silver nanoparticles due to their faster 
growth rates, easier culturing, and potential for genetic 
modification. Study has shown that bacterial endophytes 
produce smaller, more uniformly sized nanoparticles 
and can reduce silver ions more efficiently than fungal 
isolates. The bacterial endophyte was identified as 
Bacillus cereus. The synthesized silver nanoparticles were 
evenly distributed, small size, stable and crystalline in 
nature. We can further study potential biological activity 
(antifungal, anti-bacterial, antioxidant and cytotoxicity) 
of  these synthesised AgNPs. 
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Table 2: Analysis of FTIR spectrum of silver  
nanoparticles synthesized by bacterial endophyte 

VXB10.
Peak Value cm-1 Corresponding functional group

3417.3 N-H primary and secondary amino acids

3564 and 3584 O-H stretch

1465.9 C-C aromatic stretch

2929.3 and 2851.1 -CH hydrocarbons

1740.3 Carbonyl compound

1618.3 C=O amide stretch

1065 -CH3 amino acid

2886 N-CH3 bend

1381.2 C-O stretch

1221 free carboxylate group

827.3 C-H linkage

630 and 588.7 Disulphide
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AgNP: Silver nanoparticles; HR-TEM: High-
resolution transmission electron microscopy; XRD: 
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Fourier Transform Infrared; PVP: Polyvinyl Pyroidone
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SUMMARY
Bacterial endophyte VXB10 identified as Bacillus cereus 
(italics) can be used for synthesis of  silver nanoparticles 
with uniform size, ecofriendly, good bio compatibility, 
easy processing and stable. We can further explore 
potential biological activity like plant growth promotion, 
nano pesticide encapsulations, antifungal, anti-bacterial, 
antioxidant and cytotoxicity. 
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Biological synthesis of nanoparticles is emerging as a promising solution to tackle issues associated with conventional 
synthesis methods. Silver nanoparticles (AgNPs), owing to their unique physiochemical and antimicrobial properties, attract 
more attention. In this study, we have made an attempt to develop ecofriendly and stable AgNPs with antimicrobial 
potential. AgNPs were synthesized using Gram negative Sphingobacterium multivorum supernatant and characterized by 
UV-Visible spectrophotometric analysis, X-Ray Diffraction analysis, Transmission electron microscopy, Fourier transform 
infrared and Dynamic Light scattering. Biosynthesized AgNPs exhibited broad spectrum antimicrobial activity against both 
Gram-positive and Gram-negative bacteria. Minimum inhibitory concentration was detected 19.5 µg for E. coli and 
Staphylococcus aureus. AgNPs have exhibited significant synergistic effect with all the selected antibiotics. The results 
demonstrated a rapid, economic and ecofriendly method for the synthesis of stable AgNPs and further evaluation of the 
antimicrobial activity against Gram-positive and Gram-negative bacteria.  

Keywords: AgNPs, Antimicrobial, Dynamic light scattering (DLS), Polydispersity index (PDI) 

Nanotechnology, a multidisciplinary field, is emerging 
exponentially form last few decades owing to its 
enormous application potential. Advances in 
nanotechnology have revolutionized many sectors like 
electronics, defence, cosmetics, agriculture, food, 
health and medicine1-6. Nanobiotechnology, an 
amalgamation of nanotechnology with biotechnology 
includes design and synthesis of materials or devices 
of nanometer range7. Ultrafine particles due to their 
nano scale size possess novel physiochemical and 
biological properties. The physiochemical properties 
of metal nanoparticles are based on the size, shape, 
composition, crystallinity and morphology. Anti-
microbial resistance is a global threat growing at an 
alarming rate. There is a dire need to seek solution for 
this problem. Inefficacy of conventional antibiotics 
against drug resistance has pushed search for other 
novel options. Among metal nanoparticles, silver 
nanoparticles (AgNPs) gain more attention owing to 
their unique physiochemical and antimicrobial 
properties8. AgNPs have revolutionized different 
sectors like electronics, optics, catalysis and Raman 
scattering, pharmaceuticals and medicine9,10. Silver 
has been used since several years owing to their 

antimicrobial properties. Silver based products are 
employed in topical ointments, surgical bandages for 
wound healing and stents coating to prevent microbial 
infections11,12. 

A large number of physical and chemical processes 
have been exploited for synthesis of metal nanoparticles. 
However, these processes require high temperature/ 
pressure which is extremely harmful for environment. 
Selection of environment friendly and cost-effective 
process for the engenderment of nanoparticles is one 
of the major challenges in the newly emerging field of 
nanobiotechnology. Biologically fabricated AgNPs 

have significantly contributed to different areas like 
biosensor technology, biomedical, drug delivery, 
diagnostics, etc.12-14. Green synthesis methods are 
gaining more attention over conventional synthesis 
methods as they do not require toxic chemicals for 
their synthesis. Green synthesis processes are based 
on plant, bacteria and fungi mediated synthesis of 
nanoparticles. Microbes based synthesis is a rapid, 
economic, environmentally friendly and easy to scale 
up as compared to other methods15-17. Bacteria 
mediated synthesis may occur either extracellularly or 
intracellularly. Extracellular synthesis methods are 
preferred over intracellular methods due to easy 
downstream recovery and purification steps. In the 
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present study, we have made an attempt to develop a 
rapid and environment-friendly method for synthesis 
of stable AgNPs and also evaluated their 
antimicrobial activity against Gram-positive and 
Gram-negative bacteria.  
 
Materials and Methods 
 

Isolation and characterization of bacteria from soil  
The AgNPs synthesizing bacteria was isolated from 

metal contaminated soil by serial dilution method17. 
The isolated colonies were further screened for their 
ability to tolerate silver nitrate. The selected bacterial 
culture was identified on the basis of 16S rRNA 
sequencing performed at Institute of Microbial 
Technology, Chandigarh (India). 
 

Extracellular synthesis of silver nanoparticles  
The synthesis of AgNPs was carried out by 

extracellular method17 and polyvinyl pyrollidone 
(0.1% PVP) was used as a stabilizing agent. The 
isolated bacterial culture DNP 5 was inoculated in 
basal salt media (BSM) for 48 h at 30°C under 
shaking conditions of 220 rpm. After incubation, the 
broth culture was centrifuged at 8000 rpm for 20 min. 
The supernatant was used for the synthesis of AgNPs. 
The synthesis of AgNPs was observed at regular 
intervals visually on the basis of colour change of 
culture supernatant from a transparent to brown 
appearance. The brown colour of culture supernatant 
was considered as a sign of the synthesis of AgNPs. 
 

Characterization of silver nanoparticles 
The produced nanoparticles were characterized by 

UV–Vis spectroscopy and X-Ray Diffraction 
analysis. The morphological examination of AgNPs 
was done by Transmission electron microscopy 
(Hitachi (H-7500) at CIL, Panjab University, 
Chandigarh. The particle size distribution and zeta 
potential of synthesized AgNPs was evaluated using 
dynamic light scattering (DLS) (Microtrac Nanotrac 
Wave Particle Size and Zeta Potential analyzer. 
Fourier transform infrared (FTIR) spectrum was 
recorded using FT-IR spectrophotometer (Horizon 
ABB) in the range of 4000-400 cm−1 (scan speed of 
16 cm/s) and elemental composition was confirmed 
by energy dispersive X-ray spectroscopy (EDX). 
 

Antimicrobial studies 
Antimicrobial potential of biofabricated AgNPs 

was analyzed against 10 different test pathogens 
(seven bacteria and three fungi). The test 
microorganisms were Escherichia coli, Bacillus 
subtilis, Psuedomonas aerugenosa, P. fluorescens, 

Staphylococcus aureus, Streptococcus mutans,  
S. pyrogenes, Fusaium graminearum, Candida 
albicans and C. glabrata. The test cultures were 
procured from MTCC, IMTECH, Chandigarh. 
Antibacterial activity of synthesized AgNPs was 
determined by agar well diffusion assay with some 
modifications17,18. Further, the interaction between 
test pathogen P. aeruginosa and synthesised AgNPs 
was confirmed by TEM analysis.  
 

Minimum inhibitory concentration (MIC) 
Minimum inhibitory concentration of AgNPs for 

different test pathogens (E. coli, P. aerugenosa, S. 
aureus, B. subtiliis and C. albicans) was measured by 
agar well diffusion assay method with some 
modifications17,18. Different concentrations (19.5, 39, 
78.1, 156.2, 312.5, 625 and 1250 μg) of synthesized 
AgNPs suspended in deionized water were used. The 
smallest concentration of AgNPs that inhibits the test 
pathogens was recorded as MIC. 
 

Synergistic effect of AgNPs with antibiotic 
The collective effect of AgNPs and antibiotic was 

assessed by agar well diffusion assay as discussed 
earlier. Five different classes of antibiotics i.e. (1) 
Norfloxacin 10 μg (Quinolone), (2) 15 μg 
(Macrolide), (3) Rifampicin 5 μg (Rifamycin), (4) 
Kanamycin 30 μg (Aminoglycoside) and (5) 
Amoxyclav 30 μg (β Lacatm) were selected to 
measure synergistic effect of AgNPs. Antibiotic discs 
were soaked with 30 μL biologically synthesized 
AgNPs (0.1 mg/mL). The diameter of inhibition zone 
was measured as mean ± SD of the triplicate 
experiment19. 
 

Stability study  
The synthesized nanoparticles were stored at 4°C 

for 40 days. The stability of synthesized nanoparticles 
was confirmed by UV-Visible Spectrophotometer 
analysis. Further, these stored nanoparticles were 
incubated in autoclave at 121°C for 40 min and then 
analyzed for antimicrobial activity. 
 
Results 

In the present study, we carried out bacterial 
supernatant mediated extracellular biogenesis of silver 
nanoparticles (AgNPs). The soil sample from metal 
contaminated site was used for isolation of bacteria 
capable to synthesize silver nanoparticles. The silver 
nanoparticles producing bacterial strains were 
screened on the basis of their growth on nutrient agar 
containing 1 mM silver nitrate (AgNO3) at 30°C for 
48 h. All the bacterial isolates were checked for 
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extracellular biosynthesis of AgNPs and out of all 
bacterial isolates, DNP5 was selected for biosynthesis 
of AgNPs. On the basis of BLAST analysis, the 16S 
rDNA sequence of DNP5 exhibited 100 % identity to 
already reported sequence of Sphingobacterium 
multivorum. 16S rDNA sequence was submitted to 
NCBI (accession number KX011877) (Fig. 1). 
 

Extracellular synthesis of silver nanoparticles was 
primarily confirmed by visual monitoring of colour 
change (transparent to dark brown). The test flask 
(supernatant, AgNO3 (2 mM) and PVP exhibited light 
yellow colour within 2 min of incubation. The colour 
change was completed within 20 min of incubation 
(Fig. 2). However, control flasks containing only 
supernatant and silver nitrate remained colourless. 
 

Further, biosynthesized AgNPs were characterized 
by UV–Visible spectroscopy analysis and spectrum 
exhibited peak at 418 nm (Fig. 3A). In the present 
study, one SPR symmetric shape peak was observed 
in UV-Visible spectral analysis of synthesized 
AgNPs. Hence, it could be inferred that the 
synthesized AgNPs are monodispersed and of 
spherical shape. On the basis of TEM analysis, silver 
nanoparticles were in the range of 17-30 nm and the 
average size of biosynthesized AgNPs was 22.28±0.2 
nm (Fig. 3 B & C). 
 

The crystal structure of biologically synthesized 
silver nanoparticles was determined by X-ray 

diffraction (XRD) analysis. The XRD pattern of 
synthesized AgNPs exhibited four peaks at 38.14, 
44.35, 64.84 and 77. 53 which belong to 111, 200, 220, 
and 311 face centered cubic (fcc) planes respectively 
for metallic silver (Fig. 3D). Average size of 
biosynthesized silver nanoparticles was determined as 
39.38 nm using Debye-Scherer’s equation. The 
calculated size of nanoparticles was same as the size 
estimated by TEM analysis. The XRD spectrum for 
synthesized AgNPs was in agreement with JCPDS  
04-0783 diffraction standard, which verified the 
crystalline nature of synthesized Ag-NPs.  
 

The DLS analysis confirmed that silver 
nanoparticles synthesized using DNP 5 (Sphingo-

 
 

Fig. 1 — (A) Graphic summary of BLAST analysis of 16 S rDNA sequence of DNP 5; (B) Phylogenetic tree constructed by UPGMA
method; and (C) Description of BLAST analysis  
 

 
 

Fig. 2 — Extracellular synthesis of silver nanoparticles 
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bacterium multivorum) were in the range of 160-230 nm 
(Fig. 3E). Average size of DNP 5 synthesized silver 
nanoparticles was approximately 200 nm. The particles 
bear a charge of -41.55 mV. The polydispersity index 
(PDI) for biosynthesized AgNPs was less than 0.276. 

The silver nanoparticles synthesized using DNP 5 
(Sphingobacterium multivorum) exhibited peaks at 
3456 cm−1, 3124 cm−1, 2986 cm−1, 1774 cm−1, 1651 
cm−1, 1535 cm−1, 1288 cm−1, 1227 cm−1 and 1065 
cm−1 in FTIR spectrum (Fig. 3F). The peaks at 1651 

 
 

Fig. 3 — (A) UV-Visible spectral analysis; (B) TEM analysis; (C) XRD analysis; (D) DLS analysis; and (E) FTIR analysis of silver 
nanoparticles synthesized by using culture supernatant of DNP 5 
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cm−1 corresponds to stretching of C=O amide I bands 
of peptide linkage and 1288 cm−1 corresponds to 
bending of NH and CN stretching of peptide. The 
peak at 1065 cm−1 indicated –CH3 bending in amino 
acid and the peak at 1443 cm–1 was related to C=N 
vibration and 1535 cm-1 confirmed change in NO 
asymmetric stretch due to nitro compound. The peak 
at 2885 cm–1 and 3163 cm–1 was observed due to -CH 
vibration. The peak at 2616 cm–1 and higher energy 
region peaks at 3217, 3456 cm−1 correspond to alcohol 
or phenol O-H stretching. The peak at 3078 cm−1 and 
3286 cm−1 indicated –NH stretching.  
 

The energy dispersive X-ray analysis (EDX) is 
used to get the qualitative and quantitative 
information about elements. EDX exhibited strong 
signal in silver region and substantiated the formation 
of silver nanoparticles. EDX analysis demonstrated 
silver (66.2 %), chlorine (18.92%) and oxygen 
(14.8%) as elemental constituents of fabricated 
nanoparticles. On the basis of these characterizations, 
this could be concluded that synthesized particles are 
of silver and in nano range. 
 

Further, the stability of synthesized AgNPs 
solutions was determined by UV-Vis spectra at 
intervals of 1, 15 and 40 days after storage at 4ºC. 
There was no change in the peak position even after 

40 days (Fig. 3A). The constant position of absorbance 
peak confirmed that nanoparticles did not aggregate. 
Further, autoclaved nanoparticles also showed the same 
antimicrobial activity as shown by freshly synthesized 
silver nanoparticles. This can be inferred that 
nanoparticles colloidal solution could be stored for  
40 days and were stable even at high temperature. 
 

The antimicrobial activity of biosynthesized AgNPs 
against different test pathogens is shown in Fig. 4. The 
presence of inhibition zone signified the antimicrobial 
action of synthesized AgNPs. The inhibitory effect was 
present against all the test pathogens. The AgNPs 
synthesized by DNP 5 showed a maximum effect 
against C. albicans with an inhibition zone of 
27.16±0.28 mm followed by S. aureus with a zone of 
inhibition of 24.66±0.57 mm. The minimum effect of 
AgNPs was observed against S. mutans (15.66±0.57 
mm) and Fusarium graminearum (16.66±0.57). The 
Antimicrobial activity of biofabricated AgNPs was 
notably higher than AgNO3 against all test pathogens 
Fig. 5.  
 

In the present study, TEM analysis has also 
confirmed the attachment and penetration of silver 
nanoparticles in Pseudomonas aerugenosa (Fig. 6). 
The MIC values of silver nanoparticles for different 
strains were measured (Fig. 7). The MIC of silver 

 
 

Fig. 4 — Antimicrobial activity of AgNPs synthesized by bacterial DNP 5 against test pathogens (A) Escherichia coli; (B) Candida 
glabrata,; (C) Streptococcus mutans; (D) Bacillus subtilis,; (E) Fusarium graminearum (F) Pseudomonas aerugenosa; (G) Pseudomonas 
fluorescens; (H) Candida albicans; (I) Streptococcus pyrogenes; and (J) Staphylococcus aureus 
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nanoparticles was measured as 19.5 μg for E. coli and 
S. aureus, 39 μg for P. aerugenosa and C. tropicalis
and 78 μg for B. subtilis. At concentrations less than
MIC, inhibition zone was not observed. The diameter
of zone increased with silver concentration

confirming that the antimicrobial activity is directly 
proportional to silver nanoparticles concentration. 

The synergistic effect of AgNPs with norfloxacin 
and kanamycin was observed against all selected 
pathogens except S. aureus shown in Table 1. The 
highest effect was against P. aerugenosa for both the 
antibiotics. P. aerugenosa was not sensitive to 
kanamycin but addition of AgNPs rendered them 
sensitive. The increase in antimicrobial activity of 
rifampicin and erythromycin after AgNPs addition 
was against all pathogens. However, in case of 
amoxyclav synergistic effect was only against 
S. aureus and P. aerugenosa.

The antimicrobial effect of antibiotic combined
with AgNPs was statistically different from antibiotic 
alone. The measured synergistic effect of AgNPs was 
significant with all the classes of antibiotics. 

Discussion 
Green synthesis process is rapid, easy to perform, 

economic and also avoids the use of toxic chemicals 
and thus has overcome the limitations associated with 
physical/chemical synthesis methods19,20. Biological 
synthesis methods being ecofriendly are seeking more 
attention than other methods. Different biological 
materials like plants, bacteria and fungi have been 
exploited for the synthesis of nanoparticles10,11,17,19-24. 
Various studies have already exploited different 
bacterial strains for the synthesis of stable silver 
nanoparticles (AgNPs)17,19,22,24. 

In the present study, the selected bacterial strain 
DNP5 identified as Sphingobacterium multivorum 
showed ability to synthesize AgNPs by extracellular 
mechanisms. Extracellular synthesis method is 
preferred over intracellular synthesis due to easy scale 
up and purification which leads to reduced production 
cost. The screening of microbial isolate for silver 
nanoparticle synthesis is generally carried out on the 
basis of colour change17. The change in colour was 
due to the surface plasmon resonance (SPR) of silver 
nanoparticles formed in the medium12,24. The metal 
type, size and morphology of nanoparticles and 

Table 1 — Synergistic effect of silver nanoparticles with antibiotics 
Test pathogens Nx Nx+ Rif Rif+ E E+ K K+ Amx Amx+ 

Escherichia coli 27 29 32 33 21 23 24 25 40 40 
Staphylococcus aureus 30 30 15 17 25 27 21 21 10 13 
Pseudomonas aerugenosa 20 23 13 15 11 13 0 14 0 11 
Bacillus subtilis 33 36 21 23 28 30 23 24 30 30 
Candida tropicalis 31 33 - 10 12 14 21 23 - - 

Fig. 5 — Inhibition zone (diameter in mm) of AgNPs synthesized
by DNP 5 

Fig. 6 — TEM analysis of interaction of AgNPs with P. Aerugenosa 

Fig. 7 — Minimum inhibitory concentration (MIC) of biologically
synthesized AgNPs against different test pathogens 
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dielectric properties of the medium may affect SPR of 
silver nanoparticles15,24-27. 
 

Biosynthesized AgNPs were further characterized 
by UV–Vis spectroscopy, which measures the 
absorption spectra of AgNPs. The presence of 
characteristic peak at 418 nm confirmed the synthesis 
of AgNPs. The UV-Vis absorption peak around  
420 nm is due to surface plasmon resonance (SPR) of 
AgNPs28. A single peak represents the spherical shape 
nanoparticles and two or more peak belongs to the 
anisotropic molecules29. The XRD spectrum of 
synthesized nanoparticles was in agreement with 
diffraction standard JCPDS 04-0783, which confirms 
the presence of elemental silver. 
 

TEM images of biosynthesized AgNPs confirmed 
the spherical shape and monodispersity of 
nanoparticles. On the basis of TEM analysis, 
nanoparticles are in the range of 17-30 nm and 
average size of synthesized AgNPs is 22 nm. 
 

The dynamic light scattering (DLS) calculate 
hydrodynamic size of the AgNPs and includes the size 
of stabilizers absorbed. Therefore, the size measured by 
DLS is larger than measured by other techniques. 
Stable AgNPs bear a minimum of ± 30 mV and the 
polydispersity index (PDI) below 0.330. This inferred 
the stability of biologically synthesized AgNPs. The 
result of present study was consistent with the results 
of already reported studies. The mechanism of 
synthesis of nanoparticles is not clear; some studies 
have reported the role of nitrate reductase in reduction 
of silver nitrate to silver31. Different peaks observed in 
FTIR spectrum indicated the role of biological 
molecules viz. proteins or enzymes (present in bacterial 
supernatant) in the synthesis and stability of AgNPs. 
Stable absorption peak of synthesized AgNPs in  
UV-Visible spectrophotometric analysis confirmed the 
stability of nanoparticles. Antimicrobial activity of 
nanoparticles remained same even after incubating 
them at high temperature. Previous studies have 
already reported that PVP coated AgNPs are 
considered as the most stable nanoparticles in OECD 
recommended media (chloride present)32.  
 

Various studies have already documented the 
antimicrobial activity of AgNPs against micro-
organisms19,33-37. In the present study, the 
biosynthesized AgNPs exhibited considerable 
antimicrobial activity against both bacterial strains and 
fungi strains. The precise mode of antimicrobial 
activity is not clear yet, but previous data reported that 

AgNPs due to small size can easily enter into bacterial 
cell, harm cell membrane and functions of cell, 
enhance the free radicals production and finally may 
leads to cell death38. The present study on the basis of 
TEM analysis also confirmed the attachment and 
penetration of AgNPs to bacterial membrane. 
 

The Gram-negative bacteria possess external 
lipopolysaccharides and an inner thin peptidoglycan 
layer39. It is also proposed that the negative charges on 
lipopolysaccharides may attract positively charged 
AgNPs40. However, in the present study, synthesized 
nanoparticles are negatively charged. These AgNPs 
may inhibit the Gram-negative bacteria by metal 
reduction41-43. Different studies have reported different 
MIC values for the same pathogens44-47. Various 
factors, such as size and shape of nanoparticles, strains 
of pathogens, pathogen source and stabilization method 
can affect MIC value48. The antimicrobial effect of 
AgNPs is inversely proportional to their size. 
Nanoparticles, due to large surface to volume ratio, can 
easily make contact with pathogens that impart them 
high biocidal activity. Biosynthesized nanoparticles 
exhibited synergistic antimicrobial effect in 
combination with different classes of antibiotic. 
Various studies have supported that the addition of 
AgNPs can enhance the antimicrobial effect of 
antibiotics49-51. Different Level of activity increment is 
reported with different classes of antibioitics52. 
Combination of nanoparticles and antibiotic may 
decrease the required concentration of antibiotic and 
may help to fight against resistant microbial 
infections53. 
 

Conclusion 
In the present study, we developed a rapid, 

economic and ecofriendly method for the synthesis of 
stable silver nanoparticles (AgNPs). Size and crystal 
nature of synthesized particles was in nano range as 
confirmed by TEM and XRD analysis, respectively. 
Synthesized AgNPs exhibited broad spectrum 
antimicrobial activity against different test pathogens 
and showed synergistic effect with selected classes of 
antibiotics. Therefore, biosynthesized nanoparticles 
possess great application potential in the medical field 
and can be explored to fight against alarming issue of 
antimicrobial resistance. However, a further 
mechanistic insight into the antimicrobial action of 
AgNPs and in vivo studies related to toxicity of 
biofabricated AgNPs need to be conducted before 
commercial applications. 



BHATIA et al.: EXTRACELLULAR BIOSYNTHESIS AND ANTIMICROBIAL ACTIVITY OF SILVER NANOPARTICLES 
 
 

371

Conflict of interest 
Authors declare no competing interests. 

 

References 
1 Dawadi S, Katuwal S, Gupta A, Lamichhane U, Thapa R, 

Jaisi S, Lamichhane G, Bhattarai DP & Parajuli N, Current 
Research on Silver Nanoparticles: Synthesis, 
Characterization, and Applications. J Nanomater, 2021 
(2021) 6687290.  

2 Payal & Pandey P, Role of Nanotechnology in Electronics: 
A Review of Recent Developments and Patents. Recent Pat 
Nanotechnol, 16 (2022) 45.  

3 Lele A, Role of Nanotechnology in Defence. Strateg Anal, 
33 (2009) 229. 

4 Salvioni L, Morelli L, Ochoa E, Labra M, Fiandra L, 
Palugan L, Prosperi D & Colombo M, The emerging role of 
nanotechnology in skincare. Adv Colloid Interface Sci, 293 
(2021) 102437. 

5 Krishna AR, Gurumoorthy S, Elayappan P, Sakthivadivel P, 
Kumaran S & Pushparaj P, A Review on the Application of 
Nanotechnology in Food Industries. Curr Res Nutr Food 
Sci, 10 (2022).  

6 Anjum S, Ishaque S, Fatima H, Farooq W, Hano C, Abbasi 
BH & Anjum I, Emerging applications of nanotechnology 
in healthcare systems: grand challenges and perspectives. 
Pharmaceuticals (Basel), 14 (2021) 707  

7 Lugani Y, Sooch BS, Singh P & Kumar S, 
Nanobiotechnology applications in food sector and future 
innovations. Micro Biotechnol Food Health, (2021) 197.  

8 Husen A & Siddiqi KS, Phytosynthesis of nanoparticles: 
concept, controversy and application. Nano Res Lett, 9 
(2014) 229. 

9 Wei L, Lu J, Xu H, Patel A, Chen ZS & Chen G, Silver 
nanoparticles: synthesis, properties, and therapeutic 
applications. Drug Discov Today, 20 (2015) 595.  

10 Lokina S, Stephen A, Kaviyarasan V, Arulvasu C & 
Narayanan V, Cytotoxicity and antimicrobial activities of 
green synthesized silver nanoparticles. Euro J Med Chem, 
76 (2014) 256. 

11 Nandi SK, Shivaram A, Bose S & Bandyopadhyay A, Silver 
nanoparticle deposited implants to treat osteomyelitis. J 
Biomed Mater Res B Appl Biomater, 106 (2018) 1073.  

12 Paladini F & Pollini M, Antimicrobial silver nanoparticles 
for wound healing application: progress and future trends. 
Materials (Basel), 12 (2019) 2540. 

13 Shah M, Nawaz S, Jan H, Uddin N, Ali A, Anjum S, 
Giglioli-Guivarc'h N, Hano C & Abbasi BH, Synthesis of 
bio-mediated silver nanoparticles from Silybum marianum 
and their biological and clinical activities. Mater Sci Eng C 
Mater Biol Appl, 112 (2020) 110889 

14 Biyela B & Mohanlall V, Biocatalytic and biological 
activities of Kigelia africana mediated silver monometallic 
and copper-silver bimetallic nanoparticles. Indian J 
Biochem Biophys, 59 (2022) 73. 

15 Bai HJ, Yang BS, Chai CJ, Yang GE, Jia WL & Yi ZB, 
Green synthesis of silver nanoparticles using Rhodobacter 
sphaeroides. World J Microbiol Biotechnol, 27 (2011) 2723. 

16 Parashar UK, Kumar V, Bera T, Saxena PS, Nath G, 
Srivastava SK, Giri R & Srivastava A, Study of mechanism 
of enhanced antibacterial activity by green synthesis of 
silver nanoparticles. Nanotechnology, 22 (2011) 415104. 

17 Bhatia D, Mittal A & Malik DK, Antimicrobial activity of 
PVP coated silver nanoparticles synthesised by 
Lysinibacillus varians. 3 Biotech, 6 (2016) 1.  

18 Perez C, Pauli M & Bazerque P, An antibiotic assay by 
agar-well diffusion method. Acta Biol et Med Exp, 15 
(1990) 113. 

19 Bhatia D, Mittal A & Malik DK, Antimicrobial potential 
and In vitro cytotoxicity study of polyvinyl pyrollidone-
stabilised silver nanoparticles synthesised from 
Lysinibacillus boronitolerans. IET Nanobiotechnol, 15 
(2021) 427.  

20 Upadhyay LSB & Kumar N, Green synthesis of copper 
nanoparticle using glucose and polyvinylpyrrolidone (PVP), 
Inorganic and nano-Metal chemistry, Inorg Nano-Met 
Chem, 47 (2017) 1436. 

21 Siddiqi KS & Husen A, Fabrication of metal nanoparticles 
from fungi and metal salts: scope and application. Nano Res 
Lett, 11 (2016) 98. 

22 Siddiqi KS & Husen A, Fabrication of metal and metal 
oxide nanoparticles by algae and their toxic effects. Nano 
Res Lett, 11 (2016) 363 

23  Sundaramanickam A & Maharani V, Antibiotic and 
antioxidant activities biogenic silver nanoparticles 
synthesized using Escherichia coli (VM1) bacterium. Indian 
J Exp Biol, 59 (2021) 523.  

24 Kailasa SK, Park TJ, Rohit JV & Koduru JR, Anti-microbial 
activity of silver nanoparticles. In: Nanoparticles in 
Pharmacotherapy, (Ed.: Grumezescu, AM, William 
Andrew Publishing Elsevier), 2019, 461. (10.1016/B978 
-0-12-816504-1.00009-0). 

25 Hamouda RA, Hussein MH, Rasha AA & Bazawir SS, 
Synthesis and biological characterization of silver 
nanoparticles derived from the cyanobacterium Oscillatoria 
limnetica. Nat Sci Rep, 9 (2019) 13071. 

26 Sharma V, Verma D & Okram GS, Influence of surfactant, 
particle size and dispersion medium on surface plasmon 
resonance of silver nanoparticles. J Phys Condens Matter, 
32 (2019) 145302. 

27 Castellanos LR, Hess O & Lischner J, Single plasmon hot 
carrier generation in metallic nanoparticles. Commun Phys, 
2 (2019) 47. 

28 Muthukrishnan S, Bhakya S, Kumar TS & Rao MV, 
Biosynthesis, characterization and antibacterial effect of 
plant-mediated silver nanoparticles using Ceropegia 
thwaitesii- an endemic species. Ind Crops Prod, 63 (2015) 
119. 

29 Krishnaraj C, Jagan EG & Rajasekar S, Synthesis of silver 
nanoparticles using Acalypha indica leaf extracts and its 
antibacterial activity against water borne pathogens. Coll 
Surf B, 76 (2010) 50. 

30 Gengan RM, Anand K, Phulukdaree A & Chuturgoon A, 
A549 lung cell line activity of biosynthesized silver 
nanoparticles using Albizia adianthifolia leaf. Colloids Surf 
B, 105 (2013) 87. 

31 Bharti S, Mukherji S & Mukherji S, Extracellular synthesis 
of silver nanoparticles by Thiosphaera pantotropha and 
evaluation of their antibacterial and cytotoxic effects. 3 
Biotech, 10 (2020) 237.  

32 Tejamaya M, Romer I, Merrifield RC & Lead JR, Stability 
of citrate, PVP, and PEG coated silver nanoparticles in 
ecotoxicology media. Environ Sci Technol, 46 (2012) 7011. 



INDIAN J EXP BIOL, MAY 2023 
 
 

372 

33 Abdeen S, Geo S, Sukanya PK & Dhanya RP, Biosynthesis 
of silver nanoparticles from actinomycetes for therapeutic 
applications. Int J Nano Dimens, 5 (2014) 155. 

34 Gaidhani S, Singh R, Singh D, Patel U, Shevade K, 
Yeshvekar R & Chopade BA, Biofilm disruption activity of 
silver nanoparticles synthesized by Acinetobacter 
calcoaceticus PUCM 1005. Mater Lett, 108 (2013) 324. 

35 Nallal VUM, Prabha K, Vetha Potheher I, Ravindran B, 
Baazeem A, Chang SW, Otunola GA & Razia M, Sunlight-
driven rapid and facile synthesis of Silver nanoparticles 
using Allium ampeloprasum extract with enhanced 
antioxidant and antifungal activity. Saudi J Biol Sci, 28 
(2021) 3660. 

36 Manikandan D, Prakash DG, Arun J, Gandhi NN, Mani U & 
Kathirvan K, Antibacterial and anticancer activities of silver 
nanoparticles biosynthesized using Embelia ribes Burm.f. 
berries extract. Indian J Exp Biol, 57 (2019) 175. 

37 Liao C, Li Y & Tjong SC, Bactericidal and cytotoxic 
Properties of Silver Nanoparticles. Int J Mol Sci, 20 (2019) 
449. 

38 Li WR, Xie XB, Shi QS, Duan SS, Ouyang YS &  
Chen YB, Antibacterial effect of silver nanoparticles on 
Staphylococcus aureus. Biometals, 24 (2011) 135. 

39 Madigan M & Martinko J, Brock Biology of 
Microorganisms (11th Ed.), (Prentice Hall, Englewood 
Cliffs, NJ USA), 2006. 

40 Sui ZM, Chen X, Wang LY, Xu LM, Zhuang WC, Chai YC 
& Yang CJ, Capping effect of CTAB on positively charged 
Ag nanoparticles. Physica E, 33 (2006) 308. 

41 Amro NA, Kotra LP, Wadu-Mesthrige K, Bulychev A, 
Mobashery S & Liu G, High resolution atomic force 
microscopy studies of the Escherichia coli outer membrane: 
structural basis for permeability. Langmuir, 16 (2000) 2789. 

42 Husain S, Verma SK, Hemlata Azam M, Sardar M, Haq 
QMR & Fatma T, Antibacterial efficacy of facile 
cyanobacterial silver nanoparticles inferred by antioxidant 
mechanism. Mat Sci Eng C, 122 (2021) 111888. 

43 Saha C, Das A, Das P & Chakraborty A, Effect of quercetin 
loaded silver nanoparticles on Gram negative and Gram 
positive bacteria. Indian J Exp Biol, 59 (2021) 132 

44 Tanase C, Berta L, Coman NA, Roșca I, Man A, Toma F, 
Mocan A, Nicolescu A, Jakab-Farkas L, Biro D & Mare A, 
Antibacterial and antioxidant potential of silver 

nanoparticles biosynthesized using the spruce bark extract. 
Nanomaterials, 9 (2019) 11. 

45 Figueiredo EP, Ribeiro JM, Nishio EK, Scandorieiro S, 
Costa AF, Cardozo VF, Oliveira AG, Durán N, Panagio LA, 
Kobayashi R & Nakazato G, New approach for simvastatin 
as an antibacterial: synergistic effect with bio-synthesized 
silver nanoparticles against multidrug-resistant bacteria. Int 
J Nanomed, 14 (2019) 7975. 

46 Hossain MM, Polash SA, Takikawa M, Shubhra RD, Saha 
T, Islam Z, Hossain S, Hasan MA, Takeoka S & Sarker SR, 
Investigation of the antibacterial activity and in vivo 
cytotoxicity of biogenic silver nanoparticles as potent 
therapeutics. Front Bioeng Biotechnol, 7 (2019) 239.  

47 Gondil VS, Kalaiyarasan T, Bharti VK & Chhibber  
S, Antibiofilm potential of Seabuckthorn silver 
nanoparticles (SBT@AgNPs) against Pseudomonas 
aeruginosa. 3 Biotech, 9 (2019) 402.  

48 Rabiee N, Ahmadi S, Akhavan O & Luque R, Silver and 
gold nanoparticles for antimicrobial purposes against multi-
drug resistance bacteria. Materials (Basel), 15 (2022) 1799.  

49 Fayaz AM, Balaji K, Girilal M, Yadav R, Kalaichelvan PT 
& Venketesan R, Biogenic synthesis of silver nanoparticles 
and their synergistic effect with antibiotics: a study against 
gram-positive and gram-negative bacteria. Nanomedicine, 6 
(2010) 103. 

50 Naqvi SZ, Kiran U, Ali MI, Jamal A, Hameed A, Ahmed S 
& Ali N, Combined efficacy of biologically synthesized 
silver nanoparticles and different antibiotics against 
multidrug-resistant bacteria. Int J Nanomed, 8 (2013) 3187. 

51 Dastidar MG, Nallal VUM & Razia M, Synergistic 
antibacterial activity of mycosynthesized AgNPs with 
antibiotics against multidrug resistant Pseudomonas 
aeruginosa and investigation of protein profile. Indian J 
Exp Biol, 59 (2021) 842. 

52 Singh R, Wagh P, Wadhwani S, Gaidhani S, Kumbhar A, 
Bellare J & Chopade BA, Synthesis, optimization and 
characterisation of silver nanoparticles from Acinetobacter 
calcoaceticus and their enhanced antibacterial activity when 
combined with antibiotics. Int J Nanomed, 8 (2013) 4277. 

53 Gumel AM, Surayya MM, Yaro MN, Waziri IZ & Amina 
AA, Biogenic synthesis of silver nanoparticles and its 
synergistic antimicrobial potency: an overview. J Appl 
Biotechnol Bioeng, 6 (2019) 22. 

 



 Review of Economics and Finance, 2023, 21, 669-679 669 

 

 

Integration among Selected Asian Stock Markets 

Prof. D.P. Warne1 and Dr. Suman2,* 

1Senior Academic Analyst and Planner, Haryana State Higher Education Council, Panchkula-134112(Haryana, India)  

(Former Head and Dean, Faculty of Commerce and Management, Chaudhary Devi Lal University, Sirsa Haryana, India. 

2Assistant Professor, Dept. of Commerce, Gandhi Memorial National College, Ambala Cantt. (Haryana)(India). 

Abstract: The purpose of present study is to investigate the integration among selected Asian stock markets (India, 

Japan, H.K., China, South Korea, S. Lanka, Pakistan, Philippines, Taiwan and Indonesia). Daily closing prices of 

representative indices of selected stock exchanges of Asia for the period from 1 Jan. 2001 to 28th Feb. 2023 have 

been used for the purpose of analysis. Statistical tools namely descriptive statistics and correlation analysis and 

econometric techniques such as Augmented Dickey Fuller test, Granger Causality test and Johansen’s cointegration 

test have been used. The results of granger causality test found that both bidirectional and unidirectional causality 

occurs in most of the cases and also found long run equilibrium relationship as well as short run relationship among 

the selected stock markets of Asia. It concludes that investors cannot get abnormal gains by portfolio diversification 

in Asian stock markets under the study. 

Keywords: Stock market integration, portfolio diversification and Granger causality. 

 

INTRODUCTION 

Financial market reforms in international market during last 
decades break up the boundaries of world market for interna-
tional investors. The globalization of the world stock mar-
kets is the most significant development that has occupied 
during the last years. Various factors such as liberalization of 
financial policies, increased transparency, deregulation of 
stock markets and change in political and economic envi-
ronment of international market increased confidence of in-
vestors in stock market to invest. Because of the revolution 
of IT with high speed internet, the information is available to 
one at any place at any time at low cost. Capital markets are 
dependent on information and the information revolution has 
transformed these markets world over. Investors can now 
keep track of the movements of capital market and they react 
to the flow of information from around the world. These 
dealing sometime create huge waves of panic actions and 
reactions affecting global markets one by one. Investors, 
Govt. and institutions are concerned about the visible linking 
of geographically separated markets. The topic of stock mar-
ket integration is an emerging issue in financial research now 
a days and it is also important for economist, researchers, 
investors, government and policy makers. The benefits of 
portfolio diversification may be reduced if the stock markets 
are found to be integrated with each other. If stock markets 
move together then investing in various markets would not 
generate any long term gain to portfolio diversification. So it 
is important to know for both investors and academicians the 
existence of integration among stock markets. The funda-  
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mental objective of diversification of portfolio is to minimize 
systematic risk. For an investor, diversification of portfolio 
in the international market is justifiable if and only if the 
gains from it exceed those from diversification in the domes-
tic market. Stock market integration not only have implica-
tions for portfolio diversification, but also have importance 
for macroeconomic policies that influence trade and fiscal 
balances of countries and the financial policies of different 
agents within the capital improving economy. The issue is 
important for policy makers for the following reasons too: if 
stock markets are found to be closely linked then there is a 
danger that shocks in one market may spill over to other 
markets. The benefits due to stock market integration as it 
enables capital accumulation, skill and technology transfer 
through foreign direct invests. The present study is a humble 
attempt to analyze the integration among selected Asian 
stock markets to reap abnormal gains by the portfolio diver-
sification in Asia. If integration exits, the strategy of diversi-
fying one’s portfolio may no longer apply.  

REVIEW OF EMPIRICAL EVIDENCE 

The integration among stock markets is a subject that has 
attracted worldwide concern. This section of paper presents a 
detailed review of the studies concentrating on Asian econ-
omies. These studies are reviewed for the purpose of the 
current study and are included herein. A study by Bahng 
(2003) found positive correlation between Indian stock mar-
ket and other Asia’s emerging markets. Indian stock market 
move towards the integration with other Asian markets. Nath 
and Verma (2003) showed no long run relationship between 
the stock markets of South Asia (India, Taiwan and Singa-
pore). Narayan, Smyth and Nandha (2004) found a long run 
relation between the stock prices of four countries (Bangla-
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desh, India, Pakistan and Sri Lanka). There was unidirec-
tional causality from stock prices in Pakistan to India, Sri 
Lanka to India and from Pakistan to Sri Lanka. The impulse 
response function showed that Bangladesh was the most ex-
ogenous of the four markets. Azad found long run relation-
ship between the three markets (China, Japan and South Ko-
rea). Raju and Khanpuri (2009) revealed that all Asian stock 
markets (China, India, Thailand, Malaysia, Indonesia and 
South Korea) share positive but low correlations. They also 
found that international investors can get maximum benefits 
by investing in China, India and S.K. Gupta and Aggarwal 
(2011) found very weak correlation between the Indian stock 
market and H.K., Indonesia, Malaysia and Japan. They also 
found that Indian stock market offer diversification benefits 
to international investors looking for investment in the Asia 
Pacific Region. Sharma and Bodla (2011) found the exist-
ence of opportunity for diversification among South Asian 
countries (India, Pakistan and S. Lanka). Saha and Bhunia 
(2012) found the short run relationship among Asian stock 
markets and also found the existence of portfolio diversifica-
tion opportunity for international investors in South Asian 
countries. Roa (2014) investigated the interrelationship 
among Indian stock market and selected stock prices of the 
Asia pacific region (India, Australia, Hong Kong, Indonesia, 
Japan, Malaysia, South Korea, Singapore and Taiwan) by 
taking monthly closing prices for the period from April 2004 
to March 2014. The author used econometric tools and found 
both bidirectional and unidirectional causality among the 
selected indices and also the presence of long run equilibri-
um relationship between the SENSEX and other selected 
market indices. Babu, Hariharan and Srinivasan (2016) in-
vestigated the integration of Asian stock markets (Australian, 
India, China, Hong Kong and Japan) by using daily data 
from April 2009 to March 2014 and found long run relation-
ship among the selected indices. Also found unidirectional 
causal relationship between Australia, Hong Kong and Chi-
na. Between Indian, H.K., witnessed unidirectional causation 
with China. Patel R.J. (2017) found that BSE does not have a 
significant correlation with rest of the markets. Long term 
association and co integration was also found between relat-
ed 14 stock exchanges. BSE was integrated with other mar-
kets in short run as well as in long run. Saji T.G. (2022) re-
investigated stock market linkages in Asian region (Japan, 
Singapore, South Korea, India and China) using monthly 
data over the period 1999-2019. By using VECM the author 
found weak price convergence among Asian markets and 
suggest several opportunities for global investors to optimize 
returns through portfolio diversification across leading stock 
markets of the region (Asia). On the basis of review of litera-
ture, we see that different methods of analysis have been 
used by the researchers about integration of stock markets of 
world. Correlation analysis, ADF test, Granger Causality 
test, Johansen’s cointegration test have been used to analyze 
the data about stock market integration. Only one or at the 
most two methods were used in different researchers. Bodla 
and Turan (2004), Chang et al (2006), Raju and Khanpuri 
(2009), Sharma and Gupta (2011) and Tripathi et al (2013) 
used correlation analysis in their studies. Yang et al. (2003), 
Hoque (2007), Nath and Verma (2003), Ibrahim (2005), 
Cheign and Glascock (2005) and Palamalai (2013) were 
used cointegration test for data analysis. Granger Causality 
test has been used by many researchers in their studies to 

find the cause and effect relationship among different stock 
markets such as Wong et al (2004), Tripathi and Sethi 
(2010), Iqbal et al (2011), Roa (2014) and Seth and Sharma 
(2015). So, we also use these econometric methods in our 
study.  

The current study is the attempt to further investigate the 
long run, short run and causal relationship among the Asian 
stock markets for the period from Jan. 2001 to Feb. 2023. 
We will try to find out the existence of enough opportunities 
for diversification among the stock exchanges of Asia. Spe-
cifically, the aim of the present study is to achieve the fol-
lowing objectives: 

1. To examine the correlation among the selected 
stock markets of Asia. 

2. To study the long run equilibrium relationship 
among the selected stock markets. 

3. To study the short run relationship among the se-
lected Asian stock markets. 

4. To investigate the cause and effect relationship 
among selected stock indices. 

RESEARCH METHODOLOGY 

Database 

There were many studies on integration among international 
stock markets but very few studies are there on Asian stock 
market integration. The present study will fill this research 
gap. The proposed research is a study of the integration 
among Asian stock markets namely India, Japan, Hong 
Kong, China, South Korea, Sri Lanka, Pakistan, Philippines, 
Taiwan and Indonesia. The study used one stock exchange 
from each of the ten countries as a representative of the re-
spective country. Bombay stock exchange, Colombo stock 
exchange, Karachi stock exchange, Shanghai stock ex-
change, Tokyo stock exchange, Hong Kong stock exchange, 
Korea stock exchange, Taiwan stock exchange, Indonesia 
stock exchange and Philippines stock exchange are selected 
as the benchmark stock exchange of India, Sri Lanka, Paki-
stan, China, Japan, Hong Kong, South Korea, Taiwan, Indo-
nesia and Philippines respectively. BSE SENSEX index, All 
Share Price Index, KSE 100 index, SSE Composite index, 
NIKKIE 225, Hang Seng Index, Korea Composite Stock 
Price Index, Taiwan Capitalization Weighted Stock index, 
IDX Composite index and PSEi index are used as the repre-
sentative index of above mentioned stock exchanges. This 
study was based on secondary data on the daily closing prices 
of the selected indices for the period started from 1 Jan. 2001 
to 28th Feb. 2023 collected from www.yahoofinance.com and 
also verified from websites of different stock markets of the 
selected countries. E-Views and SPSS software were used to 
apply different econometric tools and statistical methods. 
Out of the time for which the data about stock indices were 
taken, it is observed that on few days, one or two of the ex-
changes were open while other(s) was (were) closed. The 
data for all the days on which any of the stock exchanges 
under reference were open, has been taken. As a result, there 
were missing values in the data of some of the stock ex-
changes for some days. These missing values have been 
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filled-up by taking average of the two nearest cases1. The 
total number of observations were 5781. 

METHODOLOGY 

Tools and techniques 

Natural log of selected series gave the daily return of the 
given indices under the study. The formula of calculating the 
natural log of indices/closing prices was given as follows: 

Rt = ln (Pt /Pt-1)  (1) 

Where: 

Rt = Return on day ‘t’,  

Pt =Index closing value on day ‘t’ 

Pt-1 = Index closing value on day ‘t-1’ 

ln= Natural log 

Descriptive statistics was used to get an insight in to the data. 
The descriptive statistics included mean percent return (over 
the entire reference period), maximum and minimum return, 
and standard deviation, skewness, kurtosis and Jarque bera 
statastics. Karl Pearson’s coefficient of correlation was used 
to see the correlation among selected stock markets. The 
modern portfolio theory propounded by Markowitz (1952), 
said that the benefits of diversification of portfolio can be 
reaped when the return on assets in which funds are invested 
have low correlation. It two stock markets have low correla-
tion; making investment in them can lead the reduction of 
the systematic risk of the portfolio. If the correlation coeffi-
cient was more than 0.05, the correlation was significant 
otherwise not. The formula of correlation coefficient was as 
follows: 

r = .  (2) 

Econometric analysis can be performed on stationary series. 
In order to check the stationary nature of all series, the aug-
mented dickey fuller test was performed under the unit root 
test. The ADF test was used at level and at first difference on 
closing prices. In order to make the series stationary, we took 
log of the selected series and arrive at the daily returns of 
selected series. A process was said to be stationary if it’s 
mean and variance remain unchanged over time. In other 
words, a time series was said to be stationary if it’s probabil-
ity distribution remains unchanged as time proceeds. To test 
the unit root problem, the most widely used test was ADF. 
The general form of ADF test can be written at level and first 
difference were as follows: 

∆Yt = α +βt +δYt-1 + t-i +µt  (3) 

Yt = α + βt + Yt-1 + t–i + µt  (4) 

Hence, if the hypothesis, is rejected for the above 
equations then it can be concluded that the time series did 

                                                      

1 Sharma G. D. and Bodla B.S., “Interlinkages Among Stock Markets of 

South Asia”, Asia Pacific Journal of Business 

Administration, 2011, Vol. 3, No. 2, pp. 136. 

not have a unit root and is integrated of order zero I(0) i.e. it 
has stationary properties.  

Johansen’s cointegration test was applied on closing prices 
of the selected indices (which are not stationary in nature) to 
see the long run relationship among selected indices. The 
Johansen (1988) (1991, 1995) procedure tests the presence of 
long run relationship between the variables and to perform 
the cointegration analysis. If the two or more series were 
found to be co-integrating, then they were said to have com-
mon stochastic trend. They tend to move together in the long 
run. EViews supports VAR-based cointegration tests using 
the methodology developed in Johansen (1991, 1995) per-
formed using a Group object or an estimated Var object. 
Consider a VAR of order : 

Yt = A 1 y t-1 + ... + A p y t-p +B x t+ ε t  (5) 

where yt is a k-vector of non-stationary I(1) variables, xt is 
a d-vector of deterministic variables, and ε t is a vector of 
innovations. If there was not the existence of any long run 
comovement among the indices, then VAR model has been 
used. 2If the cointegration exists, Vector Error Correction 
Model (VECM) is appropriate for further econometric analy-
sis to discover the short run relationships. If the variables 
were cointegrated than VECM would be used for further 
analysis (Dhanraj, Gopalaswamy and Suresh, 2013, Ag-
garwal and Khurana, 2018). At the stationary log series, we 
applied granger causality test to see whether any indices 
granger causes other indices or not or to see the cause and 
effect relationship between the selected indices. The Granger 
(1969) approach to the question of whether x causes y is to 
saw how much of the current y can be explained by past val-
ues of y and then to see whether adding lagged values of x 
can improve the explanation. y is said to be Granger-caused 
by x if x helps in the prediction of y , or equivalently if the 
coefficients on the lagged x ’s was statistically significant. It 
is pertinent to note that two-way causation is frequently the 
case; x Granger causes y and y Granger causes x. It was im-
portant to note that the statement “x Granger causes y” did 
not imply that y is the effect or the result of x. Granger cau-
sality measures precedence and information content but did 
not by itself indicate causality in the more common use of 
the term. In Granger’s Causality, there were bi variate re-
gressions of the under-mentioned form: 

Yt = α0 + α1Yt-1 + …+α Yt- 1 + Xt-1 +…. +β Xt- 1 + εt (6) 

 Xt = α0 + α1Xt-1+….+ α Xt-1 + 1Yt-1 +…+ β Yt-1 +µt  (7) 

for all possible pairs of (X, Y) series in the group. Where εt 
and µt are two white noise random disturbance terms. In 
equation (6), the study took lags ranging from 1 to l. In 
Granger’s model, one can pick a lag length, l that corre-
sponds to reasonable beliefs about the longest time over 
which one of the variables could help to predict the other. 
The reported F-statistics were the Wald statistics for the joint 
hypothesis: 

β1 = β2 = β3 = βt = 0  (8) 

                                                      

2 Vardhan H., Sinha P. and Vij M., “Behavior of Indian Sectoral Stock Price 

Indices in the Post Sub Prime Crises Period”, Journal of 

Advances in Management Research, 2015, Vol. 12, No.1, pp. 

15-29 (17). 
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The null hypothesis was that x does not Granger-cause y in 
the first regression and that y did not Granger-cause x in the 
second regression. 

Results of the Study 

The results of descriptive statistics (applied on return series) 
are as follows: 

The descriptive statistics shows that highest mean return is 
0.07% of Pakistan. The std. dev. of China is highest (1.44%) 
which show the highest risk factor. All the series are nega-
tively skewed except Hong Kong and all series are leptokur-
tic in nature. 

Table 2 shows the results of correlation analysis (applied on 
return series) and found significant correlation of Japan with 
South Korea and Hong Kong. Hong Kong stock market was 
found highly correlated with South Korea and Taiwan. There 

are also a significant positive correlation between South Ko-
rea and Taiwan. 

Table 3 shows the results of ADF test (applied on closing 
prices). It shows that the series are non stationary in nature at 
level but at first difference, the t-statistics is more than the 
test critical value (irrespective of sign) in all the cases, which 
confirms that all the series are stationary in nature at first 
difference.  

The optimum Lag test is very important for further analysis 
and the next step is to select the optimum lag length before 
we conduct the Johansen co integration test. 

A total of five criteria are taken in to account in the study. 
LR sequential modified LR test statistic, final prediction 
error, Akaike information criterion, Schwarz information 
criterion and Hannan Quinn information criterion are used, - 

Table 3. Augmented Dickey Fuller Test. 

 At Level At First Difference 

 Intercept Trend None Intercept Trend None 

India 0.75 -1.83 2.44 -31.51 -31.51 -31.41 

Table 1. Descriptive Statistics. 

 India Japan H.K. China S.K. Sri Lanka Pakistan Philippines Taiwan Indonesia 

Mean daily % return 0.046 0.01 0.004 0.007 0.02 0.052 0.056 0.025 0.02 0.48 

Median daily % return 0.07 0.03 0.01 0 0.05 0.008 0.065 0.008 0.03 0.06 

Maximum daily % return 15.99 9.56 13.4 9.4 11.28 13.3 8.25 16.17 12.19 7.6 

Minimum daily % return -14.1 -12.1 -13.5 -9.25 -12.8 -13.9 -7.7 -13.08 -12.29 -10.9 

Std. Dev. daily % return 1.34 1.39 1.40 1.447 1.3 1.11 1.23 1.23 1.22 1.22 

Skewness -0.42 -0.49 0.007 -0.35 -0.49 -0.49 -0.39 -0.28 -0.23 -0.65 

Kurtosis 14.25 9.24 11.43 8.56 10.5 26.73 6.7 14.96 9.59 10.3 

Source: Data Processed through E-Views Software. 

Table 2. Correlation Analysis. 

 India Japan H.K. China S.K. Sri Lanka Pakistan Philippines Taiwan Indonesia 

India 1          

Japan 0.34 1         

H.K. 0.48 0.55 1        

China 0.19 0.24 0.42 1       

S.K. 0.41 0.58 0.60 0.23 1      

Sri Lanka 0.06 0.07 0.06 0.02 0.05 1     

Pakistan 0.12 0.09 0.1 0.07 0.11 0.02 1    

Philippines 0.27 0.33 0.34 0.15 0.34 0.06 0.1 1   

Taiwan 0.34 0.47 0.52 0.22 0.6 0.07 0.10 0.33 1  

Indonesia 0.41 0.36 0.46 0.19 0.43 0.05 0.1 0.39 0.4 1 

Source: Data Processed through E-Views Software. 
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Japan 0.65 -2.44 0.55 -52.37 -52.38 -52.36 

H.K. -1.99 -2.59 -0.31 -78.05 -78.05 -78.06 

China -2 -2.53 -0.33 -34.83 -34.83 -34.83 

S.K. -1.7 -2.85 0.57 -51.58 -51.58 -51.58 

S. Lanka -1.1 -2.89 0.51 -17.59 -17.59 -17.55 

Pakistan -0.79 -2.04 0.89 -68.3 -68.29 -68.26 

Philippines -1.19 -1.8 0.44 -75.61 -75.6 -75.6 

Taiwan -0.51 -2.25 1.14 -74.72 -74.72 -74.7 

Indonesia -0.64 -3.11 1.44 -74.5 -74.49 -74.45 

Source: Data Processed through E-Views Software  

  Intercept trend None 

Level of significance 1% -3.43 -3.95 -2.56 

 5%  -2.862 -3.41 -1.94 

 10% -2.567 -3.127 -1.61 

Table 4. VAR Lag Order Selection Criteria. 

Lag LogL LR FPE AIC SC HQ 

0 -491771 NA 4.51E+61 170.3432 170.3547 170.3472 

1 -336440 310069.5 2.01E+38 116.5743 116.7012 116.6185 

2 -335962 952.8386 1.76E+38 116.4433 116.6856* 116.5276* 

3 -335863 196.1741 1.76E+38 116.4438 116.8014 116.5682 

4 -335743 239.4241 1.75E+38 116.4367 116.9097 116.6012 

5 -335625 232.9546 1.74e+38* 116.4306* 117.019 116.6353 

6 -335539 170.6868 1.75E+38 116.4354 117.1391 116.6802 

7 -335440 196.2209 1.75E+38 116.4356 117.2547 116.7206 

8 -335351 175.5765* 1.75E+38 116.4394 117.3738 116.7645 

* indicates lag order selected by the criterion 

LR: sequential modified LR test statistic (each test at 5% level) 

FPE: Final prediction error 

AIC: Akaike information criterion 

SC: Schwarz information criterion 

HQ: Hannan-Quinn information criterion 

Table 5. Johansen’s Cointegration Test. 

Unrestricted Cointegration Rank Test. 

Hypothesized No. of CE(s) Eigenvalue Trace Statistic 0.05 Critical value Prob.** Max-Eigen Statistic 
0.05 Critical 

Value 
Prob.** 

None * 0.0139 261.38 239.23 0.0033 81.22 64.5 0.0006 

At most 1 0.008 180.16 197.37 0.25 47.23 58.43 0.399 

At most 2 0.0061 132.92 159.52 0.53 35.68 52.36 0.75 

At most 3 0.0046 97.24 125.61 0.68 26.47 46.23 0.92 

At most 4 0.0044 70.49 95.75 0.70 25.47 40.07 0.73 

At most 5 0.00279 45.01 69.81 0.83 76.18 33.87 0.94 

At most 6 0.0023 28.83 47.85 0.77 13.79 27.58 0.83 
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At most 7 0.0016 15.03 29.79 0.77 9.56 21.1 0.78 

At most 8 0.0009 5.47 15.49 0.75 5.35 14.26 0.69 

At most 9 0.00001 0.11 3.84 0.73 0.11 3.84 0.73 

Source: Data Processed through E-Views Software. 

Trace statistics and Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level. 

* denotes rejection of the hypothesis at the 0.05 level. 

**MacKinnon-Haug-Michelis (1999) p-values. 

 

which are shown that in the table 4. The FPE and AIC tests 
show the lag length 5, which is very high. So, if we take such 
a high lag length, there is more risk. Therefore, lag length 2 
as recommended by SC and HQ would be adopted in the 
present study. We will further proceed for Johansen’s Coin-
tegration test now. 

Table 5 shows the results of cointegration test (applied on 
closing prices) and indicate that there is only one cointegrat-
ing equation at trace statistics and maximum eigenvalue sta-
tistics which prove the existence of long run equilibrium 
relationship between Asian stock markets. Now, we will 
proceed for VECM for further analysis. 

Table 6 shows the VECM results. In the Indian stock equa-
tion, 1 period lagged changes in Hong Kong, Chinese, South 
Korean, Philippines and Taiwan stock prices are significant. 
In the Japanese and Hong stock equation, at 1 period lagged 
changes in all the countries stock prices are significant ex-
cept Sri Lanka, Pakistan and Indonesian stock prices. In the 
Chinese stock equation, 1 period lagged changes in Indian, 

H.K., South Korean, Philippines and Taiwan stock prices are 
significant. In the South Korean stock equation, 1period 
lagged changes in Indian, H.K., Chinese, Sri Lanka and Tai-
wan stock prices are significant. In the Pakistan stock equa-
tion, 1 period lagged changes in Chinese stock prices are 
significant. In the Philippines stock equation, 1 period lagged 
changes in H.K, S.K., Taiwan and Indonesian stock prices 
are significant. In the Taiwan stock equation, 1 period lagged 
changes in Indian, Chinese, Philippines and Indonesian stock 
prices are significant. In the Indonesia stock prices, 1 period 
lagged changes in Indian, S.K., Philippines and Taiwan stock 
prices are significant. So, we can conclude that there is a 
short run relationship among the stock indices of Asia. 

Now, we proceed for granger causality test for further analy-
sis. We accept the null hypothesis for the cases with proba-
bility value above 0.05, we reject the ones with lesser than 
0.05. The table 7 shows the results of granger causality test 
(applied on returns) as follows: 

Table 6. (Vector Error Correction Model). 

Error Cor-

rection: 
D(Ind) D(Japan) D(HK) D(China) D(SK) D(SL) D(Pak) D(Phil.) D(TW.) D(Indo.) 

CointEq1 -0.32 0.29 0.43 0.19 0.39 0.02 0.01 0.12 -0.11 0.07 

 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 

 [-17.3]* [ 15.2]* [ 23.2]* [ 9.2]* [ 22.4]* [ 1.46] [ 0.36] [ 7.10]* [-6.60]* [ 4.14]* 

D(India(-1)) -0.30 -0.05 -0.15 -0.06 -0.14 0.00 0.02 0.01 0.13 0.05 

 -0.02 -0.02 -0.02 -0.02 -0.02 -0.01 -0.01 -0.01 -0.01 -0.01 

 [-19.1]* [-3.26]* [-9.01]* [-3.51]* [-9.05]* [ 0.26] [ 1.53] [ 0.59] [ 8.75]* [ 3.11]* 

D(Japan(-1)) -0.02 -0.54 0.05 0.00 0.02 0.01 0.02 0.02 -0.02 -0.02 

 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

 [-1.50] [-38.2]* [ 3.79]* [ 0.18] [ 1.31] [ 1.12] [ 1.26] [ 1.85] [-1.29] [-1.61] 

D(H.K.(-1)) -0.14 0.15 -0.33 0.13 0.17 0.01 0.01 0.09 0.01 0.02 

 -0.02 -0.02 -0.02 -0.02 -0.02 -0.01 -0.02 -0.02 -0.02 -0.02 

 [-8.50]* [ 8.2]* [-19.2]* [ 6.67]* [ 10.3]* [ 0.54] [ 0.38] [ 5.87]* [ 0.53] [ 1.21] 

D(China(-1)) -0.04 -0.03 -0.05 -0.51 -0.02 0.00 -0.02 0.01 -0.03 -0.01 

 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

 [-3.13]* [-2.47]* [-4.33]* [-39.8]* [-2.20]* [-0.48] [-2.20]* [ 1.06] [-2.70]* [-0.50] 

D(SK(-1)) -0.09 0.17 0.24 0.08 -0.32 -0.01 0.02 0.09 -0.03 0.05 
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 -0.02 -0.02 -0.02 -0.02 -0.02 -0.01 -0.02 -0.02 -0.02 -0.02 

 [-5.10]* [ 9.12]* [ 13.1]* [ 4.06]* [-18.8]* [-0.37] [ 1.21] [ 5.74]* [-1.57] [ 3.09]* 

D(SL(-1)) -0.02 0.02 0.02 0.01 0.03 -0.43 0.00 -0.01 0.00 -0.02 

 -0.01 -0.01 -0.01 -0.02 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

 [-1.32] [ 1.36] [ 1.59] [ 0.84] [ 1.95]* [-35.6]* [ 0.25] [-0.76] [ 0.09] [-1.22] 

D(Pak(-1)) -0.02 0.01 0.00 0.01 0.01 0.00 -0.47 -0.01 0.02 -0.01 

 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

 [-1.7] [ 0.87] [ 0.15] [ 0.57] [ 0.41] [ 0.30] [-40.1]* [-0.61] [ 1.9]* [-1.1] 

D(Phill.(-1)) -0.09 -0.04 -0.04 -0.03 -0.02 0.01 0.00 -0.50 -0.03 -0.05 

 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

 [-6.32]* [-2.97]* [-2.81]* [-1.99]* [-1.58] [ 0.68] [-0.03] [-40.1]* [-2.2]* [-3.7]* 

D(Taiwan(-

1)) 
0.10 -0.17 -0.29 -0.12 -0.22 -0.01 -0.03 -0.11 -0.53 -0.07 

 -0.02 -0.02 -0.02 -0.02 -0.02 -0.01 -0.02 -0.02 -0.02 -0.02 

 [ 5.5]* [-9.2]* [-16.2]* [-6.31]* [-13.3]* [-0.87] [-1.78] [-6.64]* [-33.1]* [-4.66]* 

D(Indonesia(-

1)) 
-0.01 0.02 0.00 0.02 0.02 0.00 0.00 0.05 0.04 -0.46 

 -0.02 -0.02 -0.02 -0.02 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

 [-0.59] [ 0.98] [ 0.13] [ 1.14] [ 1.41] [ 0.13] [-0.1] [ 3.49]* [ 2.74]* [-33.0]* 

C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 [-0.01] [ 0.004] [ 0.01] [-0.006] [-0.003] [-0.005] [-0.02] [ 0.003] [ 0.007] [ 0.007] 

Table 7. Pair wise Granger Causality Test (Lag 2). 

Null Hypothesis F-stat Prob. Direction of Causality 

Japan does not granger cause India 4.75 0.008 Japan granger cause India 

India does not granger cause Japan 65.7 6.00E-29 India granger cause Japan 

H.K. does not granger cause India 5.24 0.005 H.K. granger cause India 

India does not granger cause H.K. 32.5 9.00E-15 India granger cause H.K. 

China does not granger cause India 3.3 0.033 China granger cause India 

India does not granger cause China 8.44 0.0002 India granger cause China 

S.K. does not granger cause India 9.51 0.14 ------ 

India does not granger cause S.K. 7.25 0.0007 India granger cause S.K. 

S. Lanka does not granger cause India 1.9 0.14 ------ 

India does not granger cause S. Lanka 7.25 0.0007 India granger cause S. Lanka 

Pakistan does not granger cause India 0.65 0.51 -------- 

India does not granger cause Pakistan 13.76 1.00E-06 India granger cause Pakistan 

Philippines does not granger cause India 3.85 0.02 Philippines granger cause India 

India does not granger cause Philippines 106.1 5.00E-46 India granger cause Philippines 

Taiwan does not granger cause India 5.34 0.004 Taiwan granger cause India 
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India does not granger cause Taiwan 76.6 1.00E-33 India granger cause Taiwan 

Indonesia does not granger cause India 1.06 0.34 ---------- 

India does not granger cause Indonesia 33.2 4.00E-15 India granger cause Indonesia 

H.K. does not granger cause Japan 19.8 2.00E-09 H.K. granger cause Japan 

Japan does not granger cause H.K. 0.92 0.39 ----------- 

China does not granger cause Japan 1.21 0.29 ------ 

Japan does not granger cause China 0.66 0.51 -------- 

S.K. does not granger cause Japan 13.2 2.00E-06 S.K. granger cause Japan 

Japan does not granger cause S.K. 1.71 0.18 ------ 

S. Lanka does not granger cause Japan 1.69 0.18 ------- 

Japan does not granger cause S. Lanka 2.53 0.07 ------- 

Pakistan does not granger cause Japan 2.55 0.07 ------ 

Japan does not granger cause Pakistan 8.39 0.0002 Japan granger cause Pakistan 

Philippines does not granger cause Japan 0.64 0.52 ----- 

Japan does not granger cause Philippines 30.45 7.00E-14 Japan granger cause Philippines 

Taiwan does not granger cause Japan 2.29 0.1 ------- 

Japan does not granger cause Taiwan 16.14 1.00E-07 Japan granger cause Taiwan 

Indonesia does not granger cause Japan 10.87 2.00E-05 Indonesia granger cause Japan 

Japan does not granger cause Indonesia 4.83 0.008 Japan granger cause Indonesia 

China does not granger cause H.K. 11.11 2.00E-05 China granger cause H.K. 

H.K. does not granger cause China 2.09 0.12 -------- 

S.K. does not granger cause H.K. 4.42 0.012 S.K. granger cause H.K. 

H.K. does not granger cause S.K. 6.6 0.001 H.K. granger cause S.K. 

S. Lanka does not granger cause H.K. 0.88 0.41 ------- 

H.K. does not granger cause S. Lanka 3.73 0.02 H.K. granger cause S. Lanka 

Pakistan does not granger cause H.K. 0.64 0.52 ------. 

H.K. does not granger cause Pakistan 7.23 0.0007 H.K. granger cause Pakistan 

Philippines does not granger cause H.K. 0.97 0.37 ------- 

H.K. does not granger cause Philippines 73.11 4.00E-32 H.K. granger cause Philippines 

Taiwan does not granger cause H.K. 3.31 0.03 Taiwan granger cause H.K. 

H.K. does not granger cause Taiwan 52.67 2.00E-23 H.K. granger cause Taiwan 

Indonesia does not granger cause H.K. 1.61 0.19 ------- 

H.K. does not granger cause Indonesia 3.11 0.04 H.K. granger cause Indonesia 

S.K. does not granger cause China 0.85 0.42 ------ 

China does not granger cause S.K. 2.78 0.06 ------ 

S. Lanka does not granger cause China 2.09 0.12 ------ 

China does not granger cause S. Lanka .0007 0.99 ------ 

Pakistan does not granger cause China 1.03 0.35 ----- 

China does not granger cause Pakistan 3.15 0.04 China granger cause Pakistan 
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Philippines does not granger cause China 1.6 0.2 ------ 

China does not granger cause Philippines 11.8 7.00E-06 China granger cause Philippines 

Taiwan does not granger cause China 2.5 0.08 ----- 

China does not granger cause Taiwan 0.17 0.84 ------ 

Indonesia does not granger cause China 4.34 0.01 Indonesia granger cause China 

China does not granger cause Indonesia 0.28 0.75 ---- 

S. Lanka does not granger cause S.K. 1.45 0.23 ------ 

S.K. does not granger cause S. Lanka 9.86 5.00E-05 S.K. granger cause S. Lanka 

Pakistan does not granger cause S.K. 1.75 0.17 ------ 

S.K. does not granger cause Pakistan 12.6 3.00E-06 S.K. granger cause Pakistan 

Philippines does not granger cause S.K. 2.76 0.06 ------ 

S.K. does not granger cause Philippines 65.1 1.00E-28 S.K. granger cause Philippines 

Taiwan does not granger cause S.K. 1.62 0.19 ----- 

S.K. does not granger cause Taiwan 35.3 6.00E-16 S.K. granger cause Taiwan 

Indonesia does not granger cause S.K. 6.48 0.0015 Indonesia granger cause S.K. 

S.K does not granger cause Indonesia 9.5 7.00E-05 S.K. granger cause Indonesia 

Pakistan does not granger cause S. Lanka 0.28 0.75 ----- 

S. Lanka does not granger cause Pakistan 1.98 0.13 ----- 

Philippines does not granger cause S. L. 1.5 0.2 -----. 

S. Lanka does not granger cause Philip. 1.5 0.2 ------- 

Taiwan does not granger cause S. Lanka 3.05 0.04 Taiwan granger cause S. Lanka 

S. Lanka does not granger cause Taiwan 1.2 0.28 ---- 

Indonesia does not granger cause S.L. 5.17 0.005 Indonesia granger cause S. Lanka 

S. L. does not granger cause Indonesia 0.53 0.58 ------ 

Philippines does not granger cause Pak. 3.77 0.02 Philippines granger cause Pakistan 

Pak. does not granger cause Philippines 1.67 0.18 ----- 

Taiwan does not granger cause Pakistan 10.4 3.00E-05 Taiwan granger cause Pakistan 

Pakistan does not granger cause Taiwan 6.82 0.0011 Pakistan granger cause Taiwan 

Indonesia does not granger cause Pak. 7.69 0.0005 Indonesia granger cause Pakistan 

Pak. does not granger cause Indonesia 0.25 0.77 ------ 

Taiwan does not granger cause Philipp. 24.6 2.00E-11 Taiwan granger cause Philippines 

Philipp. does not granger cause Taiwan 12.16 5.00E-06 Philippines granger cause Taiwan 

Indonesia does not granger cause Philipp. 75.9 3.00E-33 Indonesia granger cause Philippines 

Philipp. does not granger cause Indonesia 6.7 0.001 Philippines granger cause Indonesia 

Indonesia does not granger cause Taiwan 21.6 4.00E-10 Indonesia granger cause Taiwan 

Taiwan does not granger cause Indonesia 6.5 0.001 Taiwan granger cause Indonesia 

Source: Data Processed through E-Views Software Level of significance 5%. 

 

There are some cases of bidirectional causal relationship of 
India with Japan, H.K., China, Philippines and Taiwan, of 

Taiwan with Pakistan, Indonesia, H.K. and Philippines, of S. 
K. with H.K. and Indonesia and of Indonesia with Japan and 



678    Review of Economics and Finance, 2023, Vol. 21, No. 1  D.P. Warne and Dr. Suman 

Philippines. There exist unidirectional relationship between 
India and S.K., S. Lanka, Pakistan, and Indonesia. Also, 
there exist unidirectional relationship of Japan with H.K., 
S.K., Pakistan, Philippines and Taiwan, of H.K. with China, 
S.L., Pakistan, Philippines and Indonesia, of China with Pa-
kistan, Philippines and Indonesia, of S.K. with S.L., Paki-
stan, Philippines and Taiwan, of S.L. with Taiwan and Indo-
nesia and of Pakistan with Philippines and Indonesia. In the 
remaining cases, there are no cause and effect relationship 
between each other. 

RESULTS AND DISCUSSIONS 

The highest % mean return is 0.07% of Pakistan and the 
most risky stock exchange is of Japan (with the std. dev. of 
1.44%). All the series are negatively skewed and leptokurtic 
in nature. We observe significant correlation of Japan with 
South Korea and Hong Kong. Hong Kong stock market is 
highly correlated with South Korea and Taiwan. There are 
also a significant positive correlation between South Korea 
and Taiwan. 

All the series are stationary in nature at Ist difference. There 
are some cases of bidirectional causal relationship of India 
with Japan, H.K., China, Philippines and Taiwan, of Taiwan 
with Pakistan, Indonesia, H.K. and Philippines, of S. K. with 
H.K. and Indonesia and of Indonesia with Japan and Philip-
pines. There exist unidirectional relationship between India 
and S.K., S. Lanka, Pakistan, and Indonesia. Also there exist 
unidirectional relationship of Japan with H.K., S.K., Paki-
stan, Philippines and Taiwan, of H.K. with China, S.L., Pa-
kistan, Philippines and Indonesia, of China with Pakistan, 
Philippines and Indonesia, of S.K. with S.L., Pakistan, Phil-
ippines and Taiwan, of S.L. with Taiwan and Indonesia and 
of Pakistan with Philippines and Indonesia. The outcome of 
Johansen cointegration test indicates that there is also long 
run relationship among Asian stock markets. The study can 
be used in taking investment decisions keeping in mind the 
international portfolio diversification opportunities. But we 
see that there is cause and effect relationship in most of the 
cases and also exist long run as well as short term equilibri-
um relationship among the Asian stock markets so the inves-
tors cannot get abnormal gain by portfolio diversification. It 
concludes that there is no benefit of portfolio diversification 
in Asian stock markets. 

The present work is not free from limitations. Firstly, be-
cause of lack of time only closing prices are included in the 
current study. Opening prices can also be taken in this study. 
All the limitations associated with various techniques used in 
the present study. The time period could also be extended in 
order to have a broader view of the scenario. Other macroe-
conomic variable factors can also be taken for future study. 
The future study can also be done to examine the short run 
relationship among Asian stock markets by using further 
econometric techniques namely Variance decomposition and 
Impulse response. It is also recommended to investigate in-
tegration among more markets of different regions. 
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1. INTRODUCTION 

The recent advancement in 
pharmaceutical and biotechnolo-
gy research using nanotechnology 
has provided the significant im-
provements in early and real-time 
diagnosis, effective treatment of 

cancers by offering lower toxicity, specific targeting, and 
reduced treatment cost. Polymeric micelles (PM) in clinical 
trials have revealed better and effective clinical outcomes in 
small animals and human beings [1]. It is prepared by self-
assembly of diblock of biodegradable copolymers into core-
shell nanostructures and the diameter from 10-100 nm [2] 
which reduces their accumulation in reticuloendothelial sys-
tem (RES) and facilitates overcoming physiological barriers 
and extravasation, deep penetration and high accumulation in 
solid tumors after systemic injection [3]. It provides a con-
trolled and triggered release of therapeutic moiety in lung 
cancer tissue and have advantages such as nontoxic and 
nonimmunogenic composition, effective core size, surface 
functionalization and active targeting [4]. 

2. CLINICAL TRANSLATION OF POLYMERIC MI-
CELLES 

The small size (<100 nm) of PM not only avoids RES 
recognitions but also prevent rapid clearance of therapeutic 
or bioactive agents from systemic circulation. The metabo-
lites of PM could be excreted in urine due to their lower mo-
lecular weight than the threshold of glomerular filtration 
which suggests the safety of micelles with a lower risk of 
chronic accumulation in the body [5]. PM can greatly accu-
mulate in cancers cells and diseased tisuues followed by its 
EPR effect [6]. In a clinical trial at phase-I of doxorubicin-
loaded micelles (NK911) in 23 patients with solid tumors has 
revealed a desired drug dose tolerance and its safety and pro-
ceeded for phase-II clinical trial. Similarly, genexol-PM syn-
thesized from a PEG-poly (D,L-lactide) polymerization con- 
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taining paclitaxel which have been approved for its clinical 
uses. Likewise, docetaxel-loaded PM were formulated by 
conjugation of docetaxel to PEG-b-poly(α,β-aspartic acid) 
through a hydrazone bond [8] after better preclinical results 
and further recommended for phase I study to investigate the 
safety, tolerability, and recommended dosage, in patients 
suffering from late stage of solid tumors [9]. Subsequently, 
phase I clinical trial of NC-4016 has been started in Novem-
ber 2013 at The University of Texas MD Anderson Cancer 
Center in US to find its therapeutic effect, associated toxici-
ties, and dosage in patients with advanced solid tumors or 
lymphoma which have revealed the better clinical outcomes 
[10]. In conclusion, it has been observed that PM based 
nanoformulations may utilise for effective delivery of anti-
cancer drugs, bioactive molecules, proteins, peptides, and 
diagnostic agents against a wide variety of cancers. 

3. RECENT GENERATION OF POLYMERIC MI-
CELLES 

The block copolymers of PM can be adjusted for improv-
ing drug loading, release, pharmacokinetics and its tumor 
targeting ability. Accordingly, groups of PEG with different 
ligands can recognize specific surface receptors, also pro-
vides cell selectivity and intracellular delivery of drug 
through micelles. There are so many novel strategies by 
which PM can greatly improve clinical outcomes of thera-
peutic agents against cancers [10]. 

3.1. Stimuli Responsive Micelles 

Lung cancer is characterized by lower pH in both inter-
tumor and interstitial confines of tumor, overexpression of 
enzymes such as procathepsin D (pCD), fatty acid synthase 
(FASN), elevated cytoplasmic glutathione (GSH), and 
heightened temperatures employed as internal triggers in 
conjunction magnetic fields, ultrasound, and light to allow 
destabilization of stimuli-responsive PMs for the delivery 
and release of drugs in a controlled manner [11]. Liu et al, 
focused on sonodynamic nanotherapy in which reactive oxy-
gen species (ROS)-responsive micelles of poly (ethylene 
glycol)-poly (propylene sulfide) (PEG-PPS) were delivered 
upon the irradiation with ultrasound waves. The oxidization 
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of anticancer drug loaded sonosensitizer hypocretin due to 
ultrasound waves triggers the disassembly of amphiphilic 
PEG-PPS-HC to hydrophilic PEG-PPS. The separated drug-
loaded HC escapes the polymer and was released in blood 
circulation near the tumor site [12]. Zhang et al. constructed 
dual enzyme/redox-responsive PMs with active targeting 
abilities for fast intracellular drug release in a recent study 
[13].  

3.2. Dual Drug Combination Nanotherapy 

Currently, etoposide (ETO) and platinum, and the com-
binational delivery system settles problems with ratio metric 
co-loading of hydrophilic and hydrophobic drugs to achieve 
their maximal anticancer efficacy in non-small cell lung can-
cer (NSCLC). Liang et al, reported that the successfully 
loading of gemcitabine and paclitaxel into targeted 
nanostructured PM in an accurate ratio of the two drugs 
achieved maximal anticancer efficacy in NSCLC [14]. 

3.3. Imaging Micelles 

PM containing MRI contrast agents like gadolinium-
diethylenetriaminepenta-acetic acid (Gd-DTPA) and super-
paramagnetic iron-oxide nanoparticles (SPIONs) have been 
created to serve the purpose of imaging of cancer. SPIONs 
micelles are self-assembled amphiphilic polymers which are 
modified and actuate by electrostatic ineraction prussian blue 
staining. However, there are limitations for SPIONS due to 
their surface hydrophobicity which attributes to macrophage 
engulfing and rapid decrease in concentration in blood circu-
lation [15]. It has been observed that PM can used for the 
delivery of imgaing agents in cancer therapy.  

4. FUTURE PROSPECTS 

According to the research done till date into the devel-
opment of various PM, it is clear that PM have enormous 
potential for drug delivery applications, particularly in can-
cer therapy. The polymer’s toxicity, as well as their degrada-
tion kinetics, must be investigated to an extent. However, 
with these improved drug loading capabilities, easy scale-up, 
and a thorough understanding of the fate of the PM in the 
biological system would propel them from the bench to the 
bedside as a promising drug delivery candidate in cancer 
therapy. 

CONCLUSION  

PM have been extensively researched in recent decades 
due to their ability to load hydrophobic medicines efficiently 
and consistently in their core. Also it can be an ideal vehicle 
for enhancing the prolonged circulation of anti-
cancer/therapeutic agents followed by avoidance of drug 
accumulation in RES. Furthermore, tumor-targeting ligands 
can be added to PM to improve tumor selectivity and intra-
tumoral drug delivery. To date, clinical trials have looked 
into about nine drug-loaded PM, with genexol-PM being 
licensed in Korea in 2007 and commercialized in Europe for 
the treatment of breast cancer and lung cancer. The clinical 
translation and intended therapeutic outcomes of PM, how-
ever, remain unsatisfactory it need further extensive re-
search. Based on published research it can surely be con-

cluded that PM have proved its drug loading capabilities, 
enhanced biodistribution with lower risk of chronic accumu-
lation, and easy scale-up process for the treatment of lung 
cancer.  
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  Abstract: For many years, petroleum-based polymers have been successfully enhanced by 
the addition of nanoparticles as additives. Carbon nanotubes, graphene, nanoclays, 2-D 
layered materials, and cellulose nano whiskers are a few of the several nano-
reinforcements that are currently being researched. In comparison to unmodified polymer 
resin, the use of these nanofillers with bio-based polymers could improve a wide range of 
physical properties, including barrier, flame resistance, thermal stability, solvent uptake, 
and rate of biodegradability. This nano-reinforcement is a very appealing method to create 
new functional biomaterials for a variety of applications because these enhancements are 
typically achieved at minimal filler content.  
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1. INTRODUCTION 
As the name implies, biological polymers, such 

as plants, animals, and bacteria, or those created 
chemically from various saccharides, are known as 
biopolymers. They are functionally flexible, non-
toxic, biocompatible, and degradable. Contrarily, 
nanocomposites are hybrids created by embedding 
components (referred to as the reinforcing phase) 
into another material (referred to as the matrix 
phase). Both or at least one of the materials must 
have nanoscale dimensions. While the filler mate-
rials give the matrix phase new qualities, the ma-
trix material is in charge of sustaining the loca-
tions of the reinforcement components. In biopol-
ymer-based nanocomposites, fillers that make up 
nanoparticles are mixed throughout the matrix of 
the biopolymer. Collaborating nanomaterials with 
biologically important molecules open new doors 
to the invention of novel physical therapies, as 
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well as the drug delivery systems highly sensitive 
to the temperature and pH variation at pathological 
sites. Fillers produce strong interactions with the 
biopolymer matrix because they have distinct 
characteristics from the bulk and have a small 
number of atoms per particle [1, 2]. Furthermore, 
conducting polymers and a variety of proteins can 
be used to create nanocomposites. Additional ben-
efits associated with nanocomposites include the 
options to involve them in distinct applications as 
pertinent functional materials can be crafted. Be-
cause of their exceptional mechanical, thermal, 
and electrical characteristics, nanocomposites are 
well suited to replace metals in a variety of indus-
trial applications. A adjusted weight proportion 
of polymer network and nano fillers restrain the 
propensity of filler aggregation further maintain-
ing the ductile and affect quality of composite ma-
terials. When it comes to barrier qualities, oxygen 
impermeability, solvent resistance, moisture per-
meability, thermal stability, and antibacterial traits, 
polymeric nanocomposites are noticeably superior 
to traditional packaging materials, 4 [3, 4]. 
(https://pubmed.ncbi.nlm.nih.gov/34883701) 
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(https://ift.onlinelibrary.wiley.com/doi/10.1111/15
41-4337.1283) 

2. DISCUSSION  
Only when nanoparticles are evenly dissemi-

nated within a polymer matrix can their ad-
vantages become apparent. The main obstacle to 
creating nanocomposites with desirable qualities is 
achieving a uniform and homogenous dispersion 
of nanofillers in biopolymer matrix. A significant 
amount of interfacial area in the composite matrix 
may result from the homogeneous dispersion of 
nanofillers. Its reinforcement depends on a number 
of variables, including particle size, distribution, 
orientation, and structure, as well as the character-
istics and filler and polymer matrix concentrations 
[5]. Further processing method affects the ther-
momechanical properties of polymer based nano-
composites in expansion to have an impact on the 
aggregation properties and morphology of the end 
product. Combining two or more types of fillers 
with varying nature such as natural or synthetic 
along with the distinct packing arrangements of 
fibres broadens the arena of applications of con-
cerned nanocomposites. Chemical nature of the 
fillers used which may be organic or inorganic fur-
ther characterise thermomechanical, interfacial and 
optical properties proving the inorganic ones to be 
better choice. Nanofillers have been proven to be 
an ideal choice when compared with fillers in mi-

cro dimensions used in fibre reinforced composites 
owing to specific surface area of former resulting 
in improved intermolecular interactions of filler 
with the polymer [6]. 

3. CLASSIFICATION OF POLYMER 
NANOCOMPOSITES 

Polymer nanocomposites can be categorized on 
the basis of: 

• Dimensions of nanofillers, 

• Type of nanofiller, 

• Type of polymer matrix 

3.1. Classification Based on the Dimension of 
Nanofillers 

 Nanofillers can be categorized into zero- (0D), 
one- (1D), two- (2D), or three dimensional (3D) 
nanoparticles according to their dimensions at the 
nanoscale (Fig. 1). The 0D nanofillers have all the 
dimensions in the nanometer-scale. For example- 
quantum dots. Acquiring the spherical shapes, the-
se nanoparticles having radius less than 50 nm of-
fer excellent optical properties due to their wave-
length dependent photoluminescence. Being bio-
compatible, these nanomaterials find diverse ap-
plications in the area of pharmaceuticals, cosmetic 
industry and biosensoring. Recently graphene 
based quantum dots have been utilized successful-

 
Fig. (1). Classification of nanofillers on the basis of dimensions. (A higher resolution / colour version of this figure 
is available in the electronic copy of the article). 



Biopolymers and their Nanocomposites Current Physical Chemistry, xxxx, Vol. xx, No. x     3 

ly in the cancer diagnostic devices sensing particu-
lar excreted chemicals as well as pH changes in 
the affected tissues [7]. 

1D nanofillers have two dimensions in the na-
nometer range. For example- Nanofibers, nan-
owires, nanotubes, nanowhiskers and nanorods. 
Nanofillers of this particular type have been found 
to be extremely efficient in the area of energy stor-
age devices. Further ZnO Nano rods, polyvinyl 
alcohol composite nanofibers, single walled car-
bon nanotubes are some other widely studied nan-
ofillers with numerous applications.  

2D nanofillers have only one dimension in the 
nanometer-scale. For example- nanofilms, nano-
coatings, nanosheets, nanowalls, and nanoplates 
such as layered silicate clays and graphene. As 
mentioned earlier, conventional biopolymers can-
not offer desirable thermal, mechanical and ob-
struction properties, however, nanocomposites in 
conjugation with these biopolymers lead to the 
formation of nanofilms having great degree of bio-
compatibility and biodegradability.  In addition, 
potential applications in biomedical field as well 
as nourishment industry have made their area of 
research a much intrigued one. 

The 3D nanofillers have no dimension in the 
nanometerscale, such as bulk powders [8]. 

3.2. Classification Based on the Types of Nano-
fillers 

A uniform nanophase-separated structure is 
created on the biopolymer matrix by dispersing 
metal or metal oxide nanofillers (such as silicon, 
zinc, magnesium, titanium oxide, zirconium oxide, 
aluminium oxide, and iron oxide) to give the 
nanocomposites which enhance their flame retard-
ancy and thermal stability. 

Compared to pure polymer, metal-sulfide nano-
fillers have improved thermal, optical, electrical, 
and mechanical capabilities. Popular examples of 
this class are CdS, ZnS, and HgS [9, 10]. 

In order to create flame-retardant polymer 
nanocomposites, metal hydroxide nanofillers—
such as aluminium and magnesium hydroxide or 
double hydroxides—such as zinc and alumina—
have been deposited as fillers on the surfaces of 

polymer matrices. Increased number of active 
sites, enlarged surface area available for interac-
tion, and porous structure are some additional mer-
its of layered double hydroxides making them a 
material of top choice in textile industry. The me-
chanical and thermal properties of silicate polymer 
nanocomposites are respectable. Suitable treatment 
of nanoscale layered silicates augments the bond-
ing of filler with the matrix resulting in the en-
hanced thermomechanical performance. Agglom-
eration of nanofillers in composites is not as im-
portant as in the case of microscale reinforce-
ments, rather intercalation of dispersion matrix and 
filler resulting in uniform distribution matters 
more in this case. Balanced forces between parti-
cles and suspending medium results in the better 
reinforcement [11].  

The easiest approach for creating these silicate 
polymer nanocomposites is the direct mixing of 
silica into polymers. 

Classification Based on Type of Polymer Ma-
trix 

Biopolymer or biodegradable polymer matrices 
are softer and more malleable than other polymeric 
matrices. The primary sources of natural polymers 
are proteins, starch, cellulose, pectin, chitosan, col-
lagen, and cellulose. Some examples of biopoly-
mers that are utilised as matrices are polylactic 
acid (PLA], polyhydroxybutyrate (PHB), poly-
butylene adipate terephthalate (PBAT), and poly 
3-hydroxybutyrate-co-3-hydroxyvalarate (PHBV) 
[12-14]. Embedded with lot of carboxylic func-
tional groups, PLA has magnificent mechanical 
and optical characteristics, limiting applications 
owing to the economic issues as well as weak per-
formance. Chitosan being biologically renewable, 
has become the centre of prime research interest 
due to widespread applications in drug delivery, 
bio sensing and in the field of super capacitors.  
Cellulose is another important biopolymer from 
commercial point of view and is hydrophilic in 
nature being a derivative of hydroxypropyl methyl 
cellulose. Polyhdroxy butyrate is a type of bi-
opolymer that is renewable and biocompati-
ble, have elastic properties, can be produced 
from solutions and can be used in biosensors 
and charge distribution applications. 
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4. PROCESSING TECHNIQUE OF BIO-
NANOCOMPOSITES 

The most commonly used methods in preparing 
bio-nanocomposites are briefly explained as fol-
lows. 

4.1. Melt Extrusion 
Because of its exceptional endurance and com-

patibility, extrusion is regarded as a cost-effective 
and ecologically benign method for producing bio-
nanocomposites. The nanoparticles and polymer 
granules are combined while still in a molten state 
to create a uniform and homogeneous dispersion 
of nanoparticles for a predetermined amount of 
time. This technique takes advantage of the fact 
that the need of solvent is minimized, however 
high temperature conditions have to be main-
tained. A surface modification-related compatibil-
ity with the host polymer and the nanofiller's pro-
cessing conditions is ensured by the uniform dis-
tribution [15, 16]. 

4.2. Solution Casting 
In the lab, this method is mostly employed to 

create polymer nanocomposites. Typically, a suit-
able solvent is used to dissolve the polymer that 
contains uniformly dispersed nanoparticles. Me-
chanical stirring and ultrasonication are typically 
utilised to create a homogenous dispersion of 
nanostructure additions into the biopolymer [17, 
18]. After the completion of homogenization, ex-
cess solvent can be removed by vaporization, mak-
ing this method a convenient one as it requires low 
temperature conditions as compared with melt ex-
trusion.  

4.3. Spraying 
It is possible to create bio-nanocomposites coat-

ings with improved qualities by misting melted 
bio-nanocomposites—typically carbon-based, me-
tallic, or ceramic—onto a substrate. This technique 
is appropriate for coating applications like thermal 
barrier, abatable seal, and corrosion and wear re-
sistance. High deposition rates, cheap operating 
costs, simplicity, and portable equipment are some 
benefits of this approach [19-20]. Depending upon 
the temperature of deposited material technique 
can be further categorized as Physical Vapour 

Deposition (PVD) or Chemical Vapour Deposition 
(CVD). Moreover Coating comprised of particles 
in nanoscale has been proven to be possessing im-
proved wear performance as compared to coatings 
with microcrystalline dimensions [21].  

4.4. Electrospinning 
The manufacture of scaffolds, synthetic organ 

materials, body implants, tissue engineering, and 
drug delivery vehicles using bio-nanocomposites 
has been documented. The spinneret is a syringe 
needle with the polymer solution loaded on it. A 
high voltage produces a direct current. Constant 
pressure is applied while a collection plate, which 
electrically functions as a ground plate, is posi-
tioned above the syringe tip. Electrospinning has 
been proved to be one of the best techniques to 
manufacture nanocomposites of different dimen-
sionality which can certainly act as synthetic coun-
terparts of natural matrix and find applications in 
medicinal as well as tissue engineering fields. Un-
fortunately, it is challenging to create huge 
amounts of fibres quickly, using the electrospin-
ning method [22, 23]. 

5. PROPERTIES OF BIONANOCOMPO-
SITES 

5.1. Mechanical Properties 
The performance, mechanical characteristics, 

and dimensional stability of advanced composite 
materials are primarily determined by the polymer 
matrix interface. When materials like nanofiller 
and polymer matrix are mixed together to improve 
the dispersion of materials into matrices, interfa-
cial adhesion takes place [24, 25]. To produce 
greater interfacial adhesion and a strong bond be-
tween the two materials, the combination of com-
ponents must have the same qualities, such as hy-
drophobic fillers and hydrophobic matrices or hy-
drophilic and hydrophilic materials. Recent re-
search has shown that a generalised analytical 
three-phase-series-parallel model can be used to 
predict the effective mechanical reinforcement of 
polymeric nanocomposites incorporating spherical 
nanofillers. The mechanical characteristics of bio-
nanocomposites are also highly influenced by the 
particle size and loading. A study on the mechani-
cal properties of carbon based reinforced compo-
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site papers reveals that its challenging to maintain 
a balance between the strength and toughness 
which can be met by refining the dimensions of 
nano fibrils involved. Nature of intermolecular 
bonding involved in filler permits the stress trans-
formation under pressure and results in enhanced 
strength and roughness [26]. A good adhesion be-
tween the fillers and the matrix is a prerequisite for 
high strength in the resulting composite. 

5.2. Barrier Properties 
The intrinsic propensity of polymers to allow 

the exchange of low-molecular-weight compounds 
is strongly connected with their barrier qualities. 
The degree of alteration of the barrier characteris-
tics of nanocomposites can be influenced by the 
architectures of nanocomposites as well as the 
kind and size of nanofillers. Well-dispersed nano-
fillers in the polymer matrix have the potential to 
affect the solubility and diffusivity of penetrating 
molecules, particularly in interfacial domains, by 
lengthening the diffusion length and the tortuous 
path of penetrating molecules to form an imper-
meable structure in the polymer matrix due to their 
high aspect ratio. The barrier qualities are further 
controlled by the shape, polarity, and crystallinity 
of the diffusing molecule, the degree of cross link-
ing, and polymer chains. Packaging of food mate-
rials require special types of properties as com-
pared to wrapping of other materials as in case of 
former one has to take care of the safety aspects 
and comparatively short shelf life. Platelet-shaped 
fillers and latex membranes, when compared to 
clean membranes, offer greater permeability and 
improved gas barrier qualities, respectively. Simi-
larly, in the category of biopolymers, wrapping 
sheets of proteins and carbohydrates act as excel-
lent barrier against oxygen in normal humid condi-
tions however the barrier against water vapours is 
not that good. Formation of bionanocomposites 
with filler as organoclays improve the above men-
tioned shortcomings to a great extent.  

5.3. Thermal Properties 
However, the majority of nanofillers or nano-

materials exhibit high thermal conductivities in the 
range of 100-400 W/m·K. Thermally stable plain 
polymers typically exhibit thermal conductivities 
in the range of 0.1-1.4 W/m·K. The thermal stabil-

ity of polymeric nanocomposites is greatly influ-
enced by the use of various types and concentra-
tions of nanofillers, which have lower thermal ex-
pansion coefficients and greater E (Young's modu-
lus) values than the polymer components. In order 
to prevent heat-induced polymer degradation, nan-
ofillers operate as barriers to heat and mass trans-
mission. They also lower the diffusion of gaseous 
products and the molecular mobility of polymers. 
The thermal stability of polymeric nanocomposites 
is also improved by the combined chemical and 
physical mechanisms [27-28]. The primary mech-
anisms underlying the thermal stability of poly-
meric nanocomposites are those described above. 

5.4. Flame Retardency 
The flammability and physical characteristics 

of polymeric nanocomposites can be simultane-
ously improved by nanofillers such CNTs and 
clay, making them appealing materials for flame 
retardants. Nevertheless, nanofillers are coupled 
with other fire retardants because they do not show 
notable fire retardancy on their own. By prevent-
ing the forceful bubble action during combustion-
induced degradation, nanofillers like nanoclay par-
ticles or CNTs can reduce flammability. The phys-
ical properties of nanocomposites as compared to 
those of the polymer matrix are often improved by 
the inclusion of these nanofillers. As a result, nan-
ofiller-incorporated nanocomposites can provide a 
solid, continuous layer of protection on the burn-
ing surface made of clay and CNTs. 

5.5. Optical Properties 
Dimensional quantization, local surface plas-

mon excitation, and dielectric limitation are all 
factors that contribute to nanomaterials' distinctive 
optical characteristics. Surface plasmon resonance 
has a very particular spectrum location and intensi-
ty for each type of nanomaterial and is very de-
pendent on both the spatial organisation and char-
acteristics of the nanomaterials or nanofillers. By 
adjusting the size, shape, concentration, and die-
lectric constant of the nanomaterials as well as the 
polymer matrix, it is possible to control the optical 
properties of nanocomposites. The activation of 
local SPR, particularly the collective oscillations 
of the conduction electrons, has an impact on the 
linear and non-linear optical characteristics of 
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nanocomposites including nanofillers. The sub-
micrometer-scale ordering of nanocomposites is 
clearly related to their plasmon characteristics. 
Moreover, the addition of graphene and CNTs 
provides certain benefits to other useful optical 
properties. 

CONCLUSION 
Bio-nanocomposites is a rapidly expanding and 

highly intriguing field. The world is currently on 
the cusp of using bio-nanocomposites in large-
scale technological applications. Biopolymers are 
crucial for a sustainable economic development 
since they are renewable, biodegradable, biocom-
patible, and environmentally benign. Their use 
lessened numerous difficulties created by synthetic 
polymers, including greenhouse gas emissions, 
reliance on fossil fuels, biodegradation to innocu-
ous compounds, and many others. Excellent gas 
and water permeability, as well as a low thermal 
breakdown temperature, characterize biopolymers. 
The qualities and capabilities of biopolymers are 
enhanced by the addition of nanoparticles. Getting 
a homogeneous nanofiller additive dispersion in 
the biopolymer matrix is a serious problem. We 
will end up with a generic composite material that 
contains the filler if they are not properly dissemi-
nated during their preparation. It won't exhibit the 
appropriate nanocomposites-specific characteris-
tics. Then, they ought to be referred to as bio-
composites. 

The family of nanomaterials known as bio-
nanocomposites is yet not well defined. It is a rap-
idly expanding area at the moment. Biopolymers 
are the matrix that gives bio-nanocomposites their 
shape, structural organisation, and functioning. 
Dispersed nanoparticles alter the matrix by allow-
ing the structure, characteristics, and functionality 
to be tuned. Composites for each desired applica-
tion are made possible by a wide range of biopol-
ymers and nanosized particles. Currently only few 
of them are used to create bio-nanocomposites. 

Bio-nanocomposites are appropriate for a wide 
range of biomedical applications due to their ex-
ceptional biocompatibility. Nowadays, bio-
nanocomposites are of utmost importance in this 
field [29,30]. They are employed in the production 
of biomaterials such as scaffolds and implants, 

drug delivery mechanisms, diagnostic tools, and 
biomedical equipment. They are also ideally suited 
for biotechnology and cosmetics due to their bio-
compatibility.  

In addition to ensuring the quality and safety of 
food for consumers, the ultimate purpose of new 
food packaging technologies is to take environ-
mental issues into account and lessen its effects. 
Using environmentally friendly biopolymers rather 
of standard petroleum-based polymers is one ap-
proach in this area [31]. 

Reinforcement of both man-made and natural 
fillers in order to make bio nanocomposites is a 
composition specific process as fillers embedded 
in the nanoscale dimensions grace the physical and 
chemical properties. However enhanced Vander 
Waals forces beyond a certain concentration, re-
sults in great cohesive forces of filler particles and 
have an adverse effect on the polished properties 
of bio nanocomposites. Fillers of organic and non-
synthetic origin enhance the moisture resistance 
but reduce thermal resistance to some extent. On 
the other hand, interfacial as well as sound absorp-
tion properties get improved as optimum vol-
ume/weight ratio of filler and polymer with appro-
priate particle size of former is maintained.   De-
pending on the required properties, a supposition 
to rule out the use of a certain type of filler (natu-
ral/ engineered) seems incomprehensible and a 
balance is to be kept to create the best of these. 
Further expanded applications are anticipated. 

CONSENT FOR PUBLICATION 
Not applicable. 

FUNDING 
None. 

CONFLICT OF INTEREST  
Not Applicable 

ACKNOWLEDGEMENTS 
None declared. 

REFERENCES 
[1] George, J.; Ishida, H. A review on the very high nan-

ofiller-content nanocomposites: Their preparation 



Biopolymers and their Nanocomposites Current Physical Chemistry, xxxx, Vol. xx, No. x     7 

methods and properties with high aspect ratio fillers. 
Prog. Polym. Sci., 2018, 86, 1-39. 

 http://dx.doi.org/10.1016/j.progpolymsci.2018.07.006 
[2] Taib, M.N.A.M.; Julkapli, N.M. Dimensional stability 

of natural fiber-based and hybrid compo-
sites.Mechanical and Physical Testing of Biocompo-
sites, Fibre-Reinforced Composites and Hybrid Com-
posites; Elsevier: Amsterdam, The Netherlands, 2019, 
pp. 61-79. 

 http://dx.doi.org/10.1016/B978-0-08-102292-
4.00004-7 

[3] Basavegowda, N.; Baek, K.H. Advances in functional 
biopolymer-based nanocomposites for active food 
packaging applications. Polymers, 2021, 13(23), 
4198. 

 http://dx.doi.org/10.3390/polym13234198 PMID: 
34883701 

[4] Taherimehr, M.; YousefniaPasha, H.; Tabata-
baeekoloor, R.; Pesaranhajiabbas, E. Trends and chal-
lenges of biopolymer‐based nanocomposites in food 
packaging. Compr. Rev. Food Sci. Food Saf., 2021, 
20(6), 5321-5344. 

 http://dx.doi.org/10.1111/1541-4337.12832 PMID: 
34611989 

[5] De Silva, R.T.; Soheilmoghaddam, M.; Goh, K.L.; 
Wahit, M.U.; Bee, S.A.H.; Chai, S.P.; Pasbakhsh, P. 
Influence of the processing methods on the properties 
of poly(lactic acid)/halloysite nanocomposites. 
Polym. Compos., 2016, 37(3), 861-869. 

 http://dx.doi.org/10.1002/pc.23244 
[6] Alhusaiki-Alghamdi, H.M.; Elashmaw, I.S. Defini-

tion, preparation, processing and characterization 
strategies of polymer nanocomposites containing 
nanocomposites. Pharma Chem., 2019, 11(4), 1-15. 

[7] Cotta, M.A. Quantum dots and their applications: 
What lies ahead? ACS Appl. Nano Mater., 2020, 3(6), 
4920-4924. 

 http://dx.doi.org/10.1021/acsanm.0c01386 
[8] Yu, Z.; Alsammarraie, F.K.; Nayigiziki, F.X.; Wang, 

W.; Vardhanabhuti, B.; Mustapha, A.; Lin, M. Effect 
and mechanism of cellulose nanofibrils on the active 
functions of biopolymer-based nanocomposite films. 
Food Res. Int., 2017, 99(Pt 1), 166-172. 

 http://dx.doi.org/10.1016/j.foodres.2017.05.009 
PMID: 28784473 

[9] Xiong, R.; Grant, A.M.; Ma, R.; Zhang, S.; Tsukruk, 
V.V. Naturally-derived biopolymer nanocomposites: 
Interfacial design, properties and emerging applica-
tions. Mater. Sci. Eng. Rep., 2018, 125, 1-41. 

 http://dx.doi.org/10.1016/j.mser.2018.01.002 
[10] Habibi, Y.; Lucia, L.A. Current advances on polymer-

layered double hydroxides/metal oxides nanocompo-
sites and bionanocomposites: Fabrications and appli-
cations in the textile industry and nanofibers. Applied 
Clay Science, 2014, 206, 106054. 

[11] Mallakpour, S.; Radfar, Z.; Hussain, C.M. Current 
advances on polymer-layered double hydrox-
ides/metal oxides nanocomposites and bionanocom-
posites: Fabrications and applications in the textile 

industry and nanofibers. Appl. Clay Sci., 2021, 206, 
106054. 

 http://dx.doi.org/10.1016/j.clay.2021.106054 
[12] Adrar, S.; Habi, A.; Ajji, A.; Grohens, Y. Combined 

effect of epoxy functionalized graphene and organo-
montmorillonites on the morphology, rheological and 
thermal properties of poly (butylenes adipate- co -
terephtalate) with or without a compatibilizer. Appl. 
Clay Sci., 2017, 146, 306-315. 

 http://dx.doi.org/10.1016/j.clay.2017.06.009 
[13] Akbar, M.U.; Rehman, F-U.; Ibrahim, M.; Barikani, 

M.; Mohammadi, M.; Sobhani, H.; Mohammadi, A.; 
Farrukh, M.A. Processing methods of bionanocompo-
sites.Bionanocomposites; Mahmood Zia, K.; Jabeen, 
F.; Anjum, M.N.; Ikram, S., Eds.; Elsevier, 2020, pp. 
87-104. 

 http://dx.doi.org/10.1016/B978-0-12-816751-
9.00004-0 

[14] Aloui, H.; Khwaldia, K. Natural antimicrobial edible 
coatings for microbial safety and food quality en-
hancement. Compr. Rev. Food Sci. Food Saf., 2016, 
15(6), 1080-1103. 

 http://dx.doi.org/10.1111/1541-4337.12226 PMID: 
33401837 

[15] Vera, M.; Mella, C.; Urbano, B.F. Smart polymer 
nanocomposites: Recent advances and perspectives. 
J. Chil. Chem. Soc., 2020, 65(4), 4973-4981. 

 http://dx.doi.org/10.4067/S0717-97072020000404973 
[16] Biji, K.B.; Ravishankar, C.N.; Mohan, C.O.; Sriniva-

sa Gopal, T.K. Smart packaging systems for food ap-
plications: A review. J. Food Sci. Technol., 2015, 
52(10), 6125-6135. 

 http://dx.doi.org/10.1007/s13197-015-1766-7 PMID: 
26396360 

[17] Burmistrov, V.A.; Lipatova, I.M.; Rodicheva, J.A.; 
Losev, N.V.; Trifonova, I.P.; Koifman, O.I. Rheolog-
ical, dynamic mechanical and transport properties of 
compatibilized starch/synthetic copolymer blends. 
Eur. Polym. J., 2019, 120, 109209. 

 http://dx.doi.org/10.1016/j.eurpolymj.2019.08.036 
[18] Lavorgna, M.; Piscitelli, F.; Mangiacapra, P.; Buono-

core, G.G. Study of the combined effect of both clay 
and glycerol plasticizer on the properties of chitosan 
films. Carbohydr. Polym., 2010, 82(2), 291-298. 

 http://dx.doi.org/10.1016/j.carbpol.2010.04.054 
[19] Rachtanapun, P.; Klunklin, W.; Jantrawut, P.; Janta-

nasakulwong, K.; Phimolsiripol, Y.; Seesuriyachan, 
P.; Leksawasdi, N.; Chaiyaso, T.; Ruksiriwanich, W.; 
Phongthai, S.; Sommano, S.R.; Punyodom, W.; 
Reungsang, A.; Ngo, T.M.P. Characterization of chi-
tosan film incorporated with curcumin extract. Poly-
mers, 2021, 13(6), 963. 

 http://dx.doi.org/10.3390/polym13060963 PMID: 
33801132 

[20] Ebrahimifar, M.; Taherimehr, M. Evaluation of in-
vitro drug release of polyvinylcyclohexane carbonate 
as a CO2-derived degradable polymer blended with 
PLA and PCL as drug carriers. J. Drug Deliv. Sci. 
Technol., 2021, 63, 102491. 



8     Current Physical Chemistry, xxxx, Vol. xx, No. x Aggarwal et al. 

 http://dx.doi.org/10.1016/j.jddst.2021.102491 
[21] Tjong, S.C.; Chen, Haydn Nanocrystalline materials 

and coatings. Mater. Sci. Eng., 2004, 4, 1-88. 
[22] Khan, I.; Saeed, K.; Khan, I. Nanoparticles: Proper-

ties, applications and toxicities. Arab. J. Chem., 2019, 
12(7), 908-931. 

 http://dx.doi.org/10.1016/j.arabjc.2017.05.011 
[23] Liu, X.; Antonietti, M. Molten salt activation for syn-

thesis of porous carbon nanostructures and carbon 
sheets. Carbon, 2014, 69, 460-466. 

 http://dx.doi.org/10.1016/j.carbon.2013.12.049 
[24] De Oliveira, A.D.; Beatrice, C.A.G. Polymer nano-

composites with different types of nanofiller. 
IntechOpen; Nanocomposites-Recent Evolution Si-
vasankaran, S., Ed.; London, UK, 2018, pp. 103-128. 

[25] Tsai, S.W.; Hahn, H.T. Introduction to Composite 
Materials; Routledge: Boca Raton, FL, USA, 2018.  

 http://dx.doi.org/10.1201/9780203750148 
[26] Mokhena, T.C.; Sadiku, E.R.; Mochane, M.J.; Ray, 

S.S.; John, M.J.; Mtibe, A. Mechanical properties of 
cellulose nanofibril papers and their bionanocompo-
sites: A review. Carbohydr. Polym., 2021, 273, 
118507. 

 http://dx.doi.org/10.1016/j.carbpol.2021.118507 
PMID: 34560938 

[27] Nasrollahzadeh, M.; Issaabadi, Z.; Sajjadi, M.; Sajadi, 
S.M.; Atarod, M. Types of nanostructures. Interface 
Science and Technology, 2019, 28, 29-80. 

 http://dx.doi.org/10.1016/B978-0-12-813586-
0.00002-X 

[28] Nouri, A.; Yaraki, M.T.; Ghorbanpour, M.; Agarwal, 
S.; Gupta, V.K. Enhanced antibacterial effect of chi-
tosan film using montmorillonite/cuo nanocomposite. 
Int. J. Biol. Macromol., 2018, 109, 1219-1231. 

 http://dx.doi.org/10.1016/j.ijbiomac.2017.11.119 
PMID: 29169945 

[29] Lin, Y.; Hu, S.; Wu, G. Structure, dynamics, and me-
chanical properties of polyimide-grafted silica nano-
composites. J. Phys. Chem. C, 2019, 123(11), 6616-
6626. 

 http://dx.doi.org/10.1021/acs.jpcc.8b12519 
[30] Starch-based polymeric materials and nanocompo-

sites: Chemistry. In: Ahmed, J.; Tiwari, B.K.; Imam, 
S.H.; Rao, M.A., Eds.; Processing, and Applications; 
CRC Press, 2012.  

 http://dx.doi.org/10.1201/b11848 
[31] Visakh, P.M.; Mathew, A.P.; Oksman, K.; Thomas, 

S. Starch-based bionanocomposites: Processing and 
properties; Wiley, 2012.  

 

 

 

 

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final ver-
sion. Major publication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to 
changes in the final published version, if it is eventually published. All legal disclaimers that apply to the final published article 
also apply to this ahead-of-print version. 

 

 

 

 



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2023/12.06.123 
www.ijmer.in 

            

 

ISSN:2277-7881; IMPACT FACTOR :8.017(2023); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:12, ISSUE:6(6), June: 2023 

Online Copy of Article Publication Available (2023 Issues) 
Scopus Review ID: A2B96D3ACF3FEA2A 

Article Received: 2nd June 2023   
 Publication Date:30th June 2023 

Publisher: Sucharitha Publication, India 
Digital Certificate of Publication: www.ijmer.in/pdf/e-CertificateofPublication-IJMER.pdf 

 

 
181 

 

PEREGRINATION FOR FEMALE LIBERATION: STRUGGLE OF THREE GENERATIONS IN ARUNDHATI 
ROY’S A GOD OF SMALL THINGS 

 
Dr. Jyoti Sorout 

Assistant Professor, Dept. of English, Gandhi Memorial National College, Ambala Cantt 
 

Abstract: 
 
The present paper critically analyses the meandering journey of three generations of women characters in Arundhati Roy’s 
Booker Prize winner novel, The God of Small Things. It studies the effects of gender bias prevalent in Indian society on the 
psyche of women.  The analysis focuses on the portrayal of various types of marginalisation and subjugation of women by 
their powerful and dominating counterparts. Further, it also throws light on the general condition of women throughout the 
country. The paper highlights the struggle of female characters for their liberation from discriminatory and exploitative 
patriarchal norms. It also underlines women’s miserable condition in Indian society and their reaction to their social position. 
From the passive acceptance of their plight with a fatalistic attitude initially, the journey of women characters in the novel 
toward their amelioration and self-assertion has really been an arduous one. The present paper reflects this progression and 
evolution of the femme eternelle. 
 
Keywords: Human Rights, Subjugation, Discrimination, Patriarchy, Liberation 
 
Female life and experience have been seen mostly through the masculine lens. As a result, the female experience has been 
either ignored or completely wiped off the pages of history. It is a sad commentary on the existing affairs in the life of 
women that they have been denied their fundamental right to make decisions about their life. Article 1 of the United Nation’s 
Universal Declaration of Human Rights states that all human beings are born free and are equal in dignity and rights 
(“Universal”). However, for ages, women’s rights, freedom, equality, and dignity have been compromised in the male-
dominated world. Though women represent one-half of the world population, they have been struggling to voice their 
opinions and assert themselves. As Simone de Beauvoir rightly comments: “They have gained only what men have been 
willing to grant; they have taken nothing, they have only received” (19). Women have been rendered voiceless, powerless, 
and even purposeless by the patriarchy. The struggle to bridge the gap between the powerful and powerless, voiced and 
voiceless, exploiter and exploited is one of the biggest challenges of modern times. Though there are no quick answers or 
easy solutions to such a practical problem, social activists and litterateurs from all corners of the world have tried to empower 
women by empathizing with them and by presenting their stories to the world. In India, women writers like Anita Desai, 
Shashi Deshpande, Anita Nair, Nayantara Sehgal, Manju Kapur, Amrita Pritam, Githa Hariharan, Arundhati Roy, etc. have 
beautifully showcased in their works the various nuances of female life, including their aspirations, sufferings, struggles, 
suppression, marginalisation, and also, their relentless efforts to lead a life of dignity. Arundhati Roy’s name shines out in 
this list for presenting a realistic picture of the plight of women in her debut novel, The God of Small Things (1996). The 
book offers the readers a critique of male chauvinism through the portrayal of the suffering of females due to patriarchal 
ideologies and hegemony. Fittingly, the novel won the prestigious Booker Prize in 1997 for exploring how ‘small’ things 
which are seemingly insignificant and generally ignored can make a deep impact on the lives of ‘big’ people. 
 
The God of Small Things deals with the lives of three generations of women who must pay the price of being women in a 
male-dominated world. The novel is set in Ayemenem in Kerala, a place that symbolizes a microcosm of the whole country 
in terms of the unfair treatment of women. The novelist gives a realistic portrayal of her women characters to highlight the 
fact that despite the tall claims of equality made in the constitution of India, women are still subordinated and marginalised 
on various fronts. Such suppression and gender inequality alienate them from the ‘centre’ and push them to the ‘margins’ 
of the social fabric. 
 



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2023/12.06.123 
www.ijmer.in 

            

 

ISSN:2277-7881; IMPACT FACTOR :8.017(2023); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:12, ISSUE:6(6), June: 2023 

Online Copy of Article Publication Available (2023 Issues) 
Scopus Review ID: A2B96D3ACF3FEA2A 

Article Received: 2nd June 2023   
 Publication Date:30th June 2023 

Publisher: Sucharitha Publication, India 
Digital Certificate of Publication: www.ijmer.in/pdf/e-CertificateofPublication-IJMER.pdf 

 

 
182 

 

The book successfully portrays various types of marginalisation and subjugation of women by their powerful and 
dominating counterparts. The very title of the novel is an indication of the novelist’s aim of underscoring “the intrinsic 
dignity, worth and beauty of all that is considered to be ‘the small’ (trivial or insignificant) by ‘the big’ (those who wield 
power over others…)” (Ghotra 227). Besides other things in her book, Arundhati Roy has represented the inferior status of 
female characters in the Keralite society in Postcolonial India. B.S. Jamuna remarks that the novel, The God of Small Things 
is a “neo-colonial text highlighting the struggle for liberation not from the colonial hegemony but from one’s own oppressive 
neo-cultural set-up” (189).  
 
The three generations of women characters in this novel become victims of double marginalisation at the hands of their 
male counterparts as well as their own native culture. In general, they are treated as mere objects of possession and are 
meant to be controlled by the ‘man’ of the house. Mammachi represents the first generation of women. She complacently 
accepts her subordinate existence and never thinks of questioning male sovereignty. She is truly a subdued Indian woman 
who has no control over her life and is not allowed to take decisions on her own. She cannot even think of questioning the 
authority of her father who gets her married to a man who is seventeen years older than her. After marriage, she silently 
bears all the tortures and beatings of her husband and never complains. Regarding the silent subordination of women, R.K. 
Mishra’s comment seems apt in the Indian context. He says that in India, “there is a willing resignation of the women to the 
subordination of the male. They have accepted this subjugation as a traditional prescription of the Hindu society” (48). 
Mammachi’s husband, Pappachi is a male chauvinist, jealous, possessive, and cruel man who beats his wife at the slightest 
pretext. He disallows her violin lessons just because her teacher tells him that his wife is “exceptionally talented and, in his 
opinion, potentially concert class.” (Roy 50). The thought of subverting the arbitrary and atrocious male authority never 
crosses Mammachi’s mind for she had been taught since her childhood that the husband is the God of a woman. Thus, she 
mutely resigns to her fate and, like Kamla Das’ female persona, “Cowering / Beneath your monstrous ego I ate the magic 
loaf and / Became a dwarf”. Frequent and severe beatings also affect the psyche of Mammachi’s children, especially, her 
daughter, Ammu who observes, “Father Bear beat mother Bear” (180). It is only towards the fag-end of Mammachi’s painful 
married life that her husband stops beating her because of the intervention of their son, Chacko. Symbolically, the novelist 
makes the reader hear the “long-smothered wail” of all the suffering females in the country (Sharma 178). Pappachi’s male 
chauvinism becomes evident from the fact that he considers it below his dignity to help Mammachi in pickle-making though 
he has nothing else to do after his retirement. Even the fact that his wife has become nearly blind due to her conical corneas 
does not alter his decision. Though after Pappachi’s death, she gains the legal right to be the mistress of the house, yet the 
de-facto master of the house in all matters is her son, Chacko. 
 
The women workers’ predicament at the pickle factory is even worse than that of Mammachi. Nobody sympathizes with 
them, nor hears their silent cries. They are doubly oppressed and marginalized. The whole narrative shows how the elite 
women become the centre and the factory women the margins. Vicious roots of patriarchy deeply ingrained in the female 
psyche affect these women’s subconscious selves so adversely that even when, like Mammachi, they are free from male 
oppression, they turn into the female version of patriarchy. Mammachi, now the woman in power, accommodates and 
overlooks the sexual affairs of her son, Chacko with the factory women who have to become mere sexual objects for 
satisfying the “man’s needs”. Chacko’s clandestine relationships receive silent approval from the mother as she constructs 
a separate entrance for his room, “so that the objects of his ‘Needs’ wouldn’t have to go trespassing through the house” 
(169). Such commodified women suffer at the hands of both the men and women of the elite class. It is not only the 
patriarchal ideology, but also the hegemony which becomes instrumental in the oppression of such hapless women 
indiscriminately by both genders. Benita Parry is right to point out that such females are “positioned on the boundary 
between human and animal” (39).  
 
The second-generation women are represented mainly by Ammu in the novel. Since her childhood, she suffers in a 
patriarchal household where there is a discriminatory attitude towards her. She is not allowed to get a college education 
while her brother Chacko is sent to Oxford to study as a Rhodes scholar. Ammu does not get equal treatment at home since 
she is a woman and such discrimination makes it unbearable for Ammu to spend her life at Ayemenem. Though Ammu 
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contributes to factory work, she is never paid anything, and her legal and natural right on the family property is also denied 
and usurped by her brother, Chacko who always refers to the property as “my Factory, my pineapples, my pickles” (57). He 
brazenly tells Ammu, “What’s yours is mine and what’s mine is also mine” (57). To such a statement, Ammu retorts: 
“Thanks to our wonderful male chauvinistic society” (57). Her ironic reaction indicates the root cause of gender bias 
prevalent in Indian society.  
 
Ammu’s life at her parental home has been bad, but her married life with a Bengali Hindu is worse than that. Her husband, 
besides being a habitual liar and a drunkard, is so mean that he stoops to the extent of forcing her to act as his boss’ concubine 
for allowing him to remain absent from duty. When Ammu refuses to oblige him, he “lunged at her, grabbed her hair, 
punched her, and then passed out from the effort” (42). Under this exigency, Ammu decides to retaliate to reclaim her self-
respect and distinct identity. She refuses to submit to the highly invidious patriarchal norms. She picks up “the heaviest 
book she could find in the book-shelf… hit[s] him with it as hard as she could. On his head. His legs. His back and shoulders” 
(42). Finally, she walks out on her husband for good and returns to Ayemenem. She expresses her fervent feministic stance 
by getting her wedding ring melted down and made into a bangle for Rahel, her daughter. Her family does not let any 
opportunity slip to make her realize that she and her children are unwelcome guests in the house. But by that time, Ammu 
has learned to assert herself and hit back at the chauvinistic world. She starts defying the social norms which use the silence 
of women as “a tool of oppression” because she has realized that women’s retaliating voice is “a tool of resistance” (Faheem 
63). Ammu is not ashamed of her divorce since she knows that it is better to live alone with dignity rather than keep dragging 
on a life of woes and innumerable insults at the cost of one’s self-respect. She even establishes a sexual relationship with 
an untouchable Paravan, Velutha. Such a relationship is unacceptable in an orthodox caste-ridden society. When Ammu’s 
aunt, Baby Kochamma comes to know about their affair, she cannot tolerate it and decides to punish them. She is, in a way, 
the doppelganger of elderly Mammachi who is unreasonably vicious and oppressive towards Ammu. Kochamma’s 
unrequited love for Father Mulligan has turned her so bitter, self-centered, and vindictive that she makes a scheme of filing 
a false case of molestation, kidnapping of children, and murder of Chacko’s wife, Sophie Mol against Velutha. She even 
forces Estha to testify against the poor Velutha, leading to his impending doom. Ammu fails to get her lover released from 
that charge since the attitude of the Police Inspector is also biased against him. She finds social and administrative forces to 
be against her. She is separated from her children and asked to leave the house at Ayemenem. She yearns to be united with 
her kids, but ultimately, she dies all alone in a cheap hotel room. Though she pays the price for her free-thinking attitude 
and assertive behaviour, she paves the way for the next generation of women who would put up a good fight against the 
stringent phallocentric norms.  
 
Ammu’s daughter, Rahel represents the third generation of women. She is also important in the story as she grows through 
her traumatic childhood experiences. Owing to the divorce of her parents, she does not enjoy a normal childhood. Deserted 
by her father and separated from her twin brother Estha, she becomes a victim of biased treatment in Ayemenem, by her 
maternal grandparents and maternal uncle who do not welcome Ammu and her daughter, Rahel after the former one’s 
divorce. While Ammu raises her voice against the prejudicial social norms meekly, her daughter flouts the same openly 
since her childhood. Her expulsion from school and a virtual social boycott by her college mates do not make her a 
conformist. The neglect of her family gradually makes her an independent, bold, and free-spirited girl, ready to take the 
decisions of her life. She gets admitted to a college of Architecture in Delhi, not out of interest, but to stay away from 
Ayemenem. When she comes to understand that nobody at Ayemenem is taking an interest in finding a suitable match for 
her, she decides on her own and marries an American scholar, Larry McCaslin. Unfortunately, the marriage does not work 
and she gets divorced after some time, but she does not bother about this and asserts her right to follow her convictions. She 
becomes finally independent and starts earning by doing various jobs in New York without feeling any shame or moral 
scruples for getting a divorce. She leaves her job and returns to Ayemenem when she comes to know that her twin brother, 
Estha has ‘re-returned’ to Kerala. The separation from Estha has taken a toll on the psychological health of both the brother 
and sister. While Estha turns speechless in the process of dealing with the painful memories of separation, Rahel becomes 
so mentally and emotionally wrecked that she fails to form a long-lasting healthy relationship with her husband or any other 
man and even ends up a pervert, committing incest with her brother towards the end of the novel.  



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2023/12.06.123 
www.ijmer.in 

            

 

ISSN:2277-7881; IMPACT FACTOR :8.017(2023); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:12, ISSUE:6(6), June: 2023 

Online Copy of Article Publication Available (2023 Issues) 
Scopus Review ID: A2B96D3ACF3FEA2A 

Article Received: 2nd June 2023   
 Publication Date:30th June 2023 

Publisher: Sucharitha Publication, India 
Digital Certificate of Publication: www.ijmer.in/pdf/e-CertificateofPublication-IJMER.pdf 

 

 
184 

 

Hence, Arundhati Roy has successfully depicted the plight of her female characters and how they subvert as well as assert 
their doubly marginalized identity. While older women become subdued under the phallocentric social set-up and conform 
to it, the younger generation’s educated women claim their right over their lives by rebelling against the rigid patriarchal 
norms. Thus, the novelist seems to convey that women can reclaim their lost dignity and self-esteem with education and 
proper grooming. She skilfully portrays the revolutionary progress made by modern women in exploring new avenues, 
availing themselves of opportunities, making bold unorthodox decisions, taking life’s challenges unwaveringly, and moving 
forward “…strong in will/ To strive, to seek, to find, and not to yield” (Tennyson).  
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Shape mema pohners are emerging class of smart materials which can change their: 
polymers which can change from shape A to shape B. Shape A is a temporary shape whi 

when exposed to an external stimulus. These polmers belong to a group of'actively movig 
shape B is the permanent one. The external stimuli may be heat, light, electric field, infrar light, alternating magnetic field, water immersion or any other indirect actuation. Thes: polymers are gaining popularit' day bv day because ofits immense applications in everda life. The shape-memorv effect is not an intrinsic properhy but results from the combination polymer morpholog" and specific processing. In this mini review, the author i 

focusing on creating anareness among the readers regarding this class of novel matera Since these materials are ver good respondent of temperatre, light, pH there are vn 
interesting possibilities of innovations with them. For instance, innovating possibilites a 
clothing is in terms ofaesthetics, sustainabilin, environmentalprotection, comnfort etc. 

The shape memory polymers are materials that have a "memory of their shape. Specifically, they are able to return to their original shape after they have been deformed in some way. They can return to their original shape when a particular stimulus is applied. These all belong to a wider set of "smart materials", also known as intelligent or responsive materials that have one or more properties that are affected in a controlled manner by some external stimuli (1-3). 
The shape-memory effect is not an intrinsic property, meaning that polymers do not display this effect by themselves. Shape memory results froma combination of polymer morphology and specific processing and can be 

Gandhi Memonal 

84 

\ssue: 

understood as a polymer functionalization ; 
conventional processing, e.g. extruding 
injection molding, the polymer is formed into 

its initial, permanent shape B. Afterwards. it i 

process called programming, the polymet 

Sample is deformed and ixed into 

shapes A and B (4-7). 

temporary shape A. Upon 
application of # 

external stimulus, the polymer 
recovers I8 

initial permanent shape B. This cycle 

programming and recovery can be repeate! 

several times. with different temporary 
shanes 

in subsequent cycles. In comparison 

metallic shape-memory alloys, this 

programming and recovery can take place iti 

much shorter time interval and 
polymers allu 

a much higher deformation 
rate 

betyee 



Ggme interesting. applications: 

Use in active medical devices: Shape 

memory polymers are widely used in 

laser devices for blood clot removal. 

Such device is inserted into the blood 

vessel with its temporary shape and then 

Issue : 2022 

upon laser activation, gets converted to 

permanent shape which removes the 

lood clot from the vessel (8,9). 

(a) 

(b) 

(c) 

(lmage source: W. Small, et al. Opt. Express, 13 (2005) 8204) 

Uepiction of removal of a clot in a blood vessel Ising the laser-activated shape-memory polymer microactuator coupled to an optical iber. 
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Shape memory polymers are also used in the stents for the prevention of strokes. 
2. 

Degradable shape memory suture for wound 
closure 

3 

4. 

Biodegradable shape memory 
polymers: These biodegradable 
polymers are used in bulky human 
implants which retain their original 
shape after being inserted in the body 
through small incision. Another 
interesting example is as intelligent 
suture for wound closure. These sutures 
seal the wound through its shape 
memory effect and then degrade within 
apre-defined interval of time (10-13). 

37C 

Industrial applications: Shape memory 
polymers are used in building industry as 
shape memory foams which expand on 
heating sealing the window frames. 
These are used in sports wear like 
helmets, karate and judo suits. These are 
also useful in the production of 
functional and responsive photonic 
gratings (14-16). 
Automobile industry: Shape memory 
polymers are used in self-repairing 
structural components such as e.g. 
automobile fenders in which dents are 

repaired by application of temperature. 
After an undesired deformation, such as 
a dent in the fender, these materials 
"remember" their original shape. 
Heating them activates their "memory." 
SMPs may also be useful in the 
production of aircraft which would 

morph during flight. Currently, the 

41C 
(Image source: A. Landlein, R. Langer, Science, 296 (2002) 1673.) 
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Fundamental shape-memory research is 

tocusing on the implementation of stimuli 

other than heat to CUte shape-memory 

polymers, 0r to acnuate them remotely. First 

examples include the light-induced stimulation 

of shape-memorv polymers or the use of 
alternating magnetic fields for remote 
actuation. It is assumed that these methods of 

stimulation will open up new fields of 
application. An important application area for 
shape-memory polymers is in active medical 
devices and implants, and initial 
demonstrations have been presented. The 
application requirements can be complex in 
this area. Therefore, a trend toward the 
development of multifunctional materials can 
be seen. 
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Abstract 

Nanoporous materials are a class of materials with a high surface area and pore volume. They are 

characterized by having pores that are on the order of nanometers in size. This gives them a number 

of unique properties, such as high adsorption capacity, tunable selectivity, and biocompatibility. 

Nanoporous materials have a wide range of applications, including catalysis, gas storage, water 

purification, and drug delivery. These materials have a very high surface area to volume ratio, which 

makes them ideal for a variety of applications, including catalysis, gas separation, energy storage, 

and sensing. 

 

Keywords:Nanoporous Materials, Gas separation, sensing, energy storage 

 

Introduction 

Nanoporous materials are a type of porous material that has a pore size in the nanoscale range (<100 

nm). They are characterized by a high surface area to volume ratio, which gives them a number of 

unique properties. These properties include: 

• High adsorption capacity: Nanoporous materials can adsorb large amounts of gas, liquid, or solid 

molecules. This makes them useful for applications such as gas storage, water purification, and 

catalysis [1]. 

• Tunable selectivity: The pore size and surface chemistry of nanoporous materials can be tuned to 

achieve a desired selectivity for a particular molecule or type of molecule. This makes them 

useful for applications such as separations and purifications[2,3]. 

• Biocompatibility: Some nanoporous materials are biocompatible, meaning that they can be used 

in contact with living tissue. This makes them promising candidates for applications such as drug 

delivery and tissue engineering [2,3]. 

 

Objectives of the study 

➢ To analyze types of Nanoporous Materials 

➢ To study properties Nanoporous Materials 

➢ To study applications of Nanoporous Materials 

 

1. Types of Nanoporous Materials 

There are a number of different types of nanoporous materials, each with its own unique properties. 

Some of the most common types of nanoporous materials include [4,5]: 

• Zeolites: Zeolites are crystalline aluminosilicates with a regular pore structure. They are known 

for their high adsorption capacity and selectivity. 

• Metal-organic frameworks (MOFs): MOFs are organic-inorganic hybrid materials that are 

formed by the coordination of metal ions or clusters with organic linker molecules. They have a 

wide range of pore sizes and surface chemistries, which makes them versatile for a variety of 

applications. 

• Activated carbons: Activated carbons are carbon materials that have been treated to increase their 

surface area. They are known for their high adsorption capacity for a variety of molecules. 

• Carbon nanotubes: Carbon nanotubes are hollow cylindrical structures made of carbon atoms. 

They have a high surface area and a high electrical conductivity, which makes them useful for a 

variety of applications. 

 

2. Properties of Nanoporous Materials 

The properties of nanoporous materials are determined by their pore size, surface chemistry, and the 

nature of the material itself. Some of the key properties of nanoporous materials include [6]: 
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• Surface area: The surface area of a nanoporous material is the total area of all the pores in the 

material. It is a measure of the amount of surface available for adsorption or reaction. 

• Pore size: The pore size of a nanoporous material is the diameter of the pores in the material. It 

determines the size of molecules that can be adsorbed or transported through the material. 

• Surface chemistry: The surface chemistry of a nanoporous material is the chemical composition 

of the surface of the material. It determines the types of molecules that can be adsorbed or 

reacted with the material. 

• Mechanical properties: The mechanical properties of a nanoporous material are determined by 

the nature of the material itself and the pore structure. They are important for applications where 

the material needs to be strong or durable. 

 

3. Applications of Nanoporous Materials 

• Catalysis : Catalysis is the process of accelerating a chemical reaction without being consumed 

in the reaction. Nanoporous materials are excellent catalysts because they have a large surface 

area that can provide active sites for the reaction to occur. In addition, the confined environment 

of the pores can help to control the reaction and improve the selectivity of the catalyst. One 

example of a nanoporous catalyst is zeolites. Zeolites are a type of crystalline aluminosilicate 

with a honeycomb-like structure. The pores in zeolites are typically in the range of 2-20 

nanometers, which makes them ideal for catalyzing reactions involving small molecules. Zeolites 

have been used to catalyze a wide variety of reactions, including the production of gasoline, 

plastics, and pharmaceuticals[7-9]. 

• Gas Separation: Gas separation is the process of separating a mixture of gases into its individual 

components. Nanoporous materials are well-suited for gas separation because they have a high 

selectivity for different gases. This is due to the fact that the pores in nanoporous materials can be 

tailored to the size and shape of the molecules that need to be separated.One example of a 

nanoporous material used for gas separation is carbon molecular sieves (CMS). CMS are a type 

of carbon with a highly ordered pore structure. The pores in CMS are typically in the range of 

0.3-1.0 nanometers, which makes them ideal for separating small molecules such as hydrogen, 

oxygen, and nitrogen. CMS have been used to separate gases in a variety of applications, 

including the production of hydrogen for fuel cells and the purification of air [10]. 

• Energy Storage: Nanoporous materials are also being investigated for use in energy storage 

applications. One potential application is in the development of hydrogen storage materials. 

Hydrogen is a promising fuel for the future, but it is difficult to store because it is a gas at 

ambient temperature and pressure. Nanoporous materials with a high pore volume and surface 

area could be used to store hydrogen in a more compact and efficient way.Another potential 

application of nanoporous materials in energy storage is in the development of supercapacitors. 

Supercapacitors are devices that can store and release electrical energy very quickly. Nanoporous 

materials with a high surface area could be used to make the electrodes in supercapacitors, which 

would improve their performance[11-12]. 

• Sensing: Nanoporous materials are also being used in sensing applications. Sensors are devices 

that can detect the presence of a specific molecule or substance. Nanoporous materials with a 

high surface area can be used to create sensors that are highly sensitive to specific molecules.One 

example of a nanoporous sensor is a gas sensor. Gas sensors can be used to detect the presence of 

harmful gases such as carbon monoxide and methane. Nanoporous materials with a high surface 

area can be used to create gas sensors that are very sensitive to these gases [13]. 

 

Conclusion 

 By boosting the functionality and efficiency of ordinary items, nanotechnology is enhancing 

our daily life. It offers a clean environment by supplying cleaner renewable energy for a sustainable 

future, as well as safer air and water. Widespread interest in nanotechnology has led to increased 

funding for research and development from prestigious institutions, businesses, and organizations. In 

order to utilize the technology, substantial study is being done in the advanced scientific field of 

nanotechnology. To improve the effectiveness and performance of the thing or process and 

consequently lower the cost so that everyone can use it, it is being evaluated for a variety of new 
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applications. Considering its effectiveness and ability to be environmentally benign, nanotechnology 

has a bright future. 
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A B S T R A C T   

Despite the existence of several treatment modalities and advancements in cancer research, brain cancer is still 
incurable. Over-expression of nucleolin receptors on cancer cells has been explored in several studies. The study 
aimed to develop and characterize nucleolar -targeted theranostic pluronic F127-TPGS micelles for brain cancer 
therapy. The theranostic agents i.e., Docetaxel; DTX as a therapeutic agent, and the upconversion nanoparticles; 
UCNP as a diagnostic agent, were loaded into micelles by a slightly-modified solvent casting method. Micelles 
were further decorated with synthesized TPGS-AS1411 aptamer conjugate for targeting brain cancer cells. The 
prepared micelles were found between 90 and 165 nm, with a uniform homogeneous and narrow distribution in 
formulations. DTX and UCNP encapsulation efficiencies of micelles were found 74–88% and 38–40%, respec-
tively. Micelles have depicted sustained release of DTX for as long as 72 h. Hemolytic assay confirmed that DUTP- 
AS1411 aptamer micelles were found more biocompatible than Taxotere®. The cytotoxicity results revealed that 
DTP, DUTP, and DUTP-AS1411 aptamer micelles achieved 4.20, 11.70, and 17.54-fold more effectiveness than 
Taxotere®, after 24 h of therapy, respectively. In addition, DUTP-AS1411 aptamer micelles achieved higher tmax 
and Cmax of DTX up to 8- and 1.5-fold, respectively, compared to Taxotere® treated group. A similar trend was 
observed for the brain-distribution study as DUTP-AS1411 aptamer micelles were found more efficacious than 
Taxotere®. The histopathology studies showed no toxicity and cellular damage even after the 14th and 28th day 
post i.v. administration of normal saline, DTP, DUTP, and DUTP-AS1411 aptamer micelles formulations whereas 
Taxotere® has reported to cause toxicity in brain tissues. The study revealed that DUTP-AS1411 aptamer mi-
celles inherit promising and improved therapeutic efficacy, reduced toxicity, dosing frequency, and sustained 
drug release behavior which can be further exploited as a potential therapeutic approach for brain cancer.   

1. Introduction 

Brain cancer is a progressive form of cancer and has high fatality 

globally. Although there are several treatment modalities available, still 
brain cancer is uncurable due to its certain limitations. The survival of 
brain tumor patients is only 5 years or less as a consequence of the 
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combination of surgery, radiotherapy, and systemic chemotherapy [1, 
2]. Although, chemotherapy is most preferred cancer treatment mo-
dality, it also targets healthy cells due to the haphazard distribution of 
anticancer drug in the body [3]. It highlights the need for targeted de-
livery of chemotherapeutic agents in brain cancer therapy. 
Radiotherapy-mediated redox homeostasis-modulating nanomedicine 
was developed to enhance ferroptosis susceptibility in tumor therapy. 
Nanomedicine devised in combination with radiation therapy has 
demonstrated potent tumor growth suppression through an enhanced 
ferroptosis approach [4,5]. Last decade has seen a meteoric rise in 
attention towards nanomedicine as targeted drug delivery candidate for 
favourable outcomes in anticancer studies. The term “nanomedicines” 
can be explained as nano-size ranged colloidal drug carriers for effective 
diagnosis and treatment of cancer [6]. There are several nanomedicines 
such as nanoparticles, niosomes, liposomes, dendrimers and micelles 
etc. are utilized for the delivery of therapeutic agents for treatment of 
brain cancer. Among all nanomedicines, micelles are one of the best 
suitable nanocarriers which facilitate higher blood-brain barrier (BBB) 
penetration of therapeutic drugs, reduce multidrug-resistance and 
inhibit tumor recurrence post surgery [7]. It can be prepared from 
amphiphilic di/tri-block or from graft copolymers. It also offers high 
pay-load and greater biocompatibility with in-vitro and in-vivo biological 
systems. Micelles are highly capable to load and administer both hy-
drophilic and hydrophobic drugs to the body and can help increase their 
pharmacokinetic and bioavailability profiles [8]. Micelles absorb 
through passive diffusion and receptor-based endocytosis mechanism 
citing its enhanced permeability and retention effect (EPR) into tumor 
tissues [9]. 

D-α-tocopheryl polyethylene glycol 1000 Succinate (TPGS) is an 
excellent emulsifier, solubilizer, and nonionic surfactant composed of a 
desirable combination of natural vitamin E (tocopherol) and poly-
ethylene glycol 1000 chains. The chemical structure of TPGS consists of 
a hydrophobic alkyl tail and a polar hydrophilic head. TPGS has a 
hydrophilic-hydrophobic balance (HLB) value of 13.2 and a relatively 
low critical micelle concentration (CMC) of 0.02% w/w. These are 
exceptional properties that suggest that TPGS is an ideal molecule for 
use in developing drug delivery vehicles. It inhibits the multidrug 
resistance (MDR) and P-glycoprotein (P-gp; an ATP-binding cassette 
(ABC) transporter) efflux mechanism in cancer cells and prolongs the 
bioavailability of anticancer drugs and increases the clinical outcomes of 
anticancer agents in cancer therapy [10,11]. Similarly, Pluronic F127 
(PF127) is also one of the FDA approved eco-friendly polymers which 
construct through a block copolymer of three poly(ethylene oxide)-poly 
(propylene oxide)-poly(ethylene oxide) (PEO-PPO-PEO) segments at 3:7 
ratio of PPO:PEO. It possesses several excellent properties including 
biocompatibility, degradability, and flexible mechanical properties, 
enabling the creation of versatile chemical conjugates with proteins and 
ligands. It also helps in enhancing the extended bioavailability of 
nanodrugs [12,13]. Meng et al. demonstrated the clinical effects of effect 
of PF-127 TPGS micelles. The cellular uptake studies revealed the 
greater cellular internalization of mixed micelles loaded with rhodamine 
123 and DiR in rat brain. In the pharmacokinetic study, PF-127-TPGS 
micelles increased potency and increased β-galactosidase accumula-
tion in rat brain [2]. 

Docetaxel (DTX) is an anticancer drug that is having more effec-
tiveness in treating cancers of the brain, breast, prostate, lung, stomach, 
head and neck etc. It is a broad-spectrum anticancer drug that stops 
cancer growth by inhibiting tubulin depolymerization and causes 
microtubule aggregation and cell death. It is a poorly water-soluble drug 
(6–7 μg/mL) and is considered as a BCS class VI drug, thus limiting its 
clinical uses and efficacy [14]. Recently, nanomedicine-based thera-
nostic approaches for simultaneous treatment and diagnosis of cancer 
have been investigated. Recently, upconversion nanoparticles have 
attracted attention due to its uniqueness such as minimum level of 
background noise, greater cellular internalization, minimal photo-
damage, high resistance to photobleaching, and easy surface 

modification with ligands that propose suitable bioimaging/biosensing 
agents [15]. Rare earth-doped upconversion nanoparticles (UCNP) offer 
several advantages such as excellent photostability, deep tissue pene-
tration, and excellent biocompatibility etc. The exceptional protection of 
the 5s and 5p orbits in the structure results in stable and high fluores-
cence spectra with narrow emission peaks [16]. 

Aptamers are used in cancer research to recognize cancer cells and to 
effectively and targetally deliver cancer and diagnostic agents [17]. 
These are single-stranded RNA or DNA oligonucleotide sequences based 
on targeting ligands that have greater affinity and specificity for binding 
to specific nucleolin receptors on cancer cells [18]. Among all the 
aptamers, AS1411 aptamer has been reported to inhibit glioma xeno-
graft growth and prolonged the survival in glioma-bearing mice. It is a 
synthetic 26-base DNA aptamer that has been investigated in cancer 
research because of its convenient synthesis process, 
non-immunogenicity, and malleability. It tightly binds to external 
domain of the membrane protein nucleolin (~76 kDa protein) and fa-
cilitates the intracellular entry of drug-containing nanocarriers [19,20]. 
It also has anticancer activity and prevents tumor growth by upregu-
lating p53 (tumor suppressor gene) and downregulating Bcl-2 (B-cell 
lymphoma 2) protein in cancer cells [21]. Alibolandi et al. investigated 
the effects of AS1411-modified polyethylene (PEG) polymersomes for 
targeted delivery of gemcitabine in lung therapy. This study demon-
strated potential applications of AS1411-modified polyethylene (PEG) 
polymersomes in lung cancer therapy [22]. Despite all these exceptional 
features, no one has demonstrated the targeting effectiveness for brain 
cancer therapy using AS1411 aptamer-engineered TPGS-PF127 thera-
nostic micelles containing DTX and UCNP. 

In this investigation, the PF127-TPGS diblock copolymer was used to 
develop micelles through the solvent casting method. DTX and UCNP 
were loaded into inner core of micelles. To target brain cancer cells, the 
surface of micelles was decorated with TPGS-AS1411 aptamer conju-
gate. TPGS-AS1411 aptamer conjugate was synthesized using activated 
TPGS (TPGS-COOH) which was synthesized by a ring-opening poly-
merization reaction. The objectives of the study were to i) develop a 
TPGS-AS1411 aptamer conjugates to enhance nucleolin-targeted de-
livery of DTX and UCNP in brain tumor cells, ii) investigate the physi-
cochemical characteristics of PF127-TPGS micelles and iii) evaluate the 
effectiveness and biocompatibility effects of the developed AS1411 
aptamer engineered PF127-TPGS micelles through pharmacokinetic, 
brain distribution, hemolysis and histopathology studies and compared 
with Taxotere® (a marked DTX injection). 

2. Materials and methods 

2.1. Materials 

Docetaxel (DTX) was gifted from Alembic Research Center, Vado-
dara, India. Acetonitrile, chloroform, pluronic-F127 (PF127), succinic 
anhydride, 4-(Dimethylamino) pyridine (DMAP), DAPI (4′,6-diamidino- 
2-phenylindole; DAPI) and rare earth-doped upconversion nanoparticles 
(UCNP) were purchased from Sigma Aldrich Chemicals, St. Louis, MO, 
USA. D-α-tocopheryl polyethylene glycol 1000 succinate (TPGS) was 
gifted from Antares Health Products., St. Charles, U.S.A. AS1411 (5′- 
GGT-GGT-GGT-GGT-TGT-GGT-GGT-GGT-GG-3′) aptamer was procured 
from Eurogentec, Kaneka Eurogentec S.A., Rue Bois Saint-Jean, Seraing, 
Belgium, with High-Performance Liquid Chromatography (HPLC) grade 
purification and used without further treatment. The PVDF syringe fil-
ters (filtration rating 0.45 and 0.22 μm) were procured from Axiva 
Sichem Pvt. Ltd., Sonipat, India. HPLC grade water and methanol, and 
tris-hydrochloride buffer (pH 8.0) were purchased from Sisco Research 
Laboratories (SRL) Pvt. Ltd. Mumbai, India. WhatmanTM glass micro-
fiber filters with a diameter of 47 mm was procured from GE Healthcare 
UK Limited, Buckinghamshire, HP7 9NA, UK. Dialysis membrane 
(Spectra/Por 6®) pre-wetted RC tubing of 1 kDa and 10 kDa molecular 
weight cut-off (MWCO) was procured from Spectrum Laboratories Inc., 
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U.S.A. All other solvents if not specified and solvents were of analytical 
grade and supplied by reputed manufacturing organizations. U-87MG 
cancer cells (human malignant GBM multiforme cells) were procured 
from ATCC (Manassas, VA, USA). 

2.2. Methods 

2.2.1. Synthesis of TPGS intermediate (TPGS-COOH) and its conjugate 
TPGS was activated as TPGS-COOH through ring-opening polymer-

ization reaction in the presence of DMAP and succinic anhydride 
exhibited in Fig. 1. The prepared TPGS-COOH intermediate was used to 
synthesize TPGS-AS1411 aptamer conjugate. 

2.2.2. Activation of TPGS into TPGS-COOH 
A 0.77 g of TPGS (equivalent to 0.5 mM), 0.10 g of succinic anhy-

dride (equivalent to 1 mM) and 0.12 g of DMAP (equivalent to 1 mM) 
were added in a round bottom flask and then heated at near about 100 
± 5 ◦C under inert nitrogen atmosphere for 24 h. Then the whole 
resultant mixture was cooled at 25 ◦C and further, it was dissolved in 15 
ml of dichloromethane (DCM). Then the solution was filtered through 
the Whatmann filter to remove unreacted succinic anhydride and 
DMAP. Furthermore, the product was precipitated in 50 ml of diethyl 
ether approximately at − 10 ◦C overnight. Finally, the obtained white 
precipitate of product was filtered by filter paper (150 mm) and dried 
under vacuum [23,24]. The resulting product as TPGS-COOH 

intermediate was stored in the refrigerated condition in an Eppendorf 
tube till further analysis and synthesis of micelles formations. 

2.2.3. Synthesis of TPGS-AS1411 aptamer conjugate 
In the next set of experiments, TPGS-AS1411 aptamer conjugate was 

synthesized through a physical adsorption technique displayed in 
Fig. 1B. A 200 mg of TPGS-COOH was dissolved in 1 M tris- 
hydrochloride buffer (pH 8) and stirred at room temperature, 200 rpm 
till forming a homogeneous solution. After that, 1.82 ml of AS1411 
aptamer (equivalent to 100 μM/mL) was added into 6 ml of 1 M tris- 
hydrochloride buffer (pH 8.0) under stirring condition. The solution 
was added in a dropwise manner into TPGS-COOH solution under stir-
ring conditions for 6–8 h at room temperature for surface adsorption on 
TPGS. Product was concentrated by using a rotavapor (Rotapaor® R100, 
Buchi, Switzerland) at 474 mbar pressure at 40 ◦C temp. At last, the 
TPGS-AS1411 aptamer conjugate was stored at 4 ◦C till further used for 
characterization and synthesis of DUTP-AS1411 aptamer micelles [25, 
26]. Further, activated TPGS and its conjugate were characterized for 
their functional groups using Fourier-Transform Infrared (FTIR) Spec-
troscopy, and 1H Nuclear Magnetic Resonance (1H NMR) Spectroscopy 
techniques. 

2.2.4. Characterization of TPGS-COOH and its conjugate 

2.2.4.1. Fourier-Transform Infrared (FTIR) spectroscopy. To confirm the 

Fig. 1. Schematic illustration for A) activation of TPGS using succinic anhydrate (TPGS-COOH), (B) synthesis of TPGS-AS1411 aptamer conjugate, (C) synthesis of 
TPGS-PF127 micelles and DUTP: Theranostic TPGS-PF127 micelles containing DTX and UCNP, and (D), preparation of DUTP-AS1411 aptamer: AS1411 aptamer- 
engineered TPGS-PF127 theranostic micelles containing DTX and UCNP. 
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successful activation of TPGS to TPGS-COOH and synthesis of TPGS- 
AS1411 aptamer conjugate, an FTIR spectrophotometer (PerkinElmer 
Spectrum Two, Waltham, Massachusetts, U.S.A) was used. In brief, very 
few quantities of TPGS, TPGS-COOH, AS1411, and TPGS-AS1411 
aptamer were blended with KBr individually and then detected for 
their transmittance at scanning range 450–4000 cm− 1 under resolution 
at 2 cm− 1. The peaks of the major functional groups of each sample were 
obtained by running the spectra. Then spectrum of the samples was 
compared with their reference FTIR spectrum [27]. 

2.2.4.2. 1H Nuclear Magnetic Resonance (1H NMR) spectrophotometery. 
Furthermore, the chemical structure of TPGS, TPGS-COOH, AS1411, 
and TPGS-AS1411 aptamer conjugate, was recorded at 25 ◦C through a 
1H NMR spectrometer (Bruker Avance III HD 400, Billerica, MA. United 
States). Each sample of TPGS, TPGS-COOH, AS1411, and TPGS-AS1411 
aptamer conjugate were solubilized in an appropriately suitable solvent 
(i.e., water/CDCl3/D2O), separately before the analysis [28]. 

2.2.5. Fabrication of micelles formulations 
The micelles were synthesized through a slightly modified solvent 

casting technique and demonstrated in Fig. 1 (C-D). In brief, the TPGS 
and PF127 (at 1:1 ratio) were dissolved in 5 ml of chloroform in a round- 
bottom flask (RBF) under stirring condition, and then 3 mg of DTX was 
added into it under sonication condition for 20 min at room temp. Then 
chloroform was removed from the solution using a rotavapor (Rota-
paor® R100, Buchi, Switzerland) at 474 mbar pressure at 40 ◦C temp. to 
form a thin film of drug-dispersed surfactant. Finally, 10 ml phosphate 
buffer saline (PBS) at pH 7.4 was added to disperse thin film and then the 
resultant colloidal dispersion was transferred into a 15 ml of falcon tube. 
The colloidal dispersion was incubated into an orbital water bath shaker 
(Remi Elektrotechnik Ltd. India) at 37 ± 2 ◦C for 24 h. Later, the 
developed micellar dispersion (DTP: DTX loaded TPGS-PF127 micelles) 
was filtered by a 0.22 μm syringe filter to remove unloaded drug and 
aggregates before characterization [3,29]. For the preparation of DUTP 
(theranostic TPGS-PF127 micelles containing DTX and UCNP), 100 
μg/ml of UCNP was added along with DTX in the preparation, and the 
rest of the procedure was same as mentioned above. A similar procedure 
was used for the preparation of DUTP-AS1411 (AS1411 
aptamer-engineered TPGS-PF127 theranostic micelles containing DTX 
and UCNP) using additional 32 mg of TPGS-AS1411 aptamer conjugate 
(equivalent to 15 μM/mL conc. of AS1411 aptamer) to enhance drug 
loading and targeting of micelles for effective and brain cancer therapy 
(Table 1). 

2.2.6. Characterization of micelles formulations 

2.2.6.1. Micelles size, polydispersity, and zeta (ζ) potential measurements 
of micelles. The average particle size, polydispersity index, and ζ po-
tential of plain PF127, DTP, DUTP, and DUTP-AS1411 aptamer micelles 
formulations were analyzed using Litesizer™ 500 (Anton Paar GmbH, 

Austria, Europe). Before performing sample analysis, the micelles sam-
ples were diluted 50 times with deionized water and then evaluated at 
658 nm with an angle of 165◦. The value of each report is the sum of its 
three measurements [27]. 

2.2.6.2. Transmission Electron Microscopy (TEM). The surface 
morphology was studied by a Transmission Electron Microscope (TEM- 
2100Plus LaB6 TEM, JEOL USA, Inc. Peabody, MA, USA). A drop of each 
micelle i.e., plain micelles, DTP, DUTP, and DUTP-AS1411 aptamer was 
placed onto a copper TEM grid (mesh size 200 and 3 mm) with a carbon 
coating with a mesh size of 200 and a diameter of 3 mm. Later, the 
solvent was evaporated by lamp heat for 30 min. The dried layer of 
micelles was stained with 1% phosphotungstic acid for 30 s then images 
were visualized at 80 kV under TEM [30]. 

2.2.6.3. Atomic force microscopy (AFM). Furthermore, the surface 
properties of plain micelles, DTP, DUTP, and DUTP-AS1411 aptamer 
micelles were visualized by an Atomic Force Microscope (Solver P-47- 
PRO, MDT; Moscow, Russia) under normal atmospheric conditions. The 
samples were diluted 50 times with distilled water. Then a drop of each 
micelles formulation was dropped onto glass slides and the solvent was 
dried through a vacuum drying technique at 25 ◦C for 24 h. The mea-
surements were obtained using AFM image analysis software [31,32]. 

2.2.6.4. Determination of encapsulation of micelles. The DTX content in 
the developed micelles formulation was measured by a UV–visible 
spectrophotometer (Shimadzu 1800, Tokyo, Japan) at 230 nm. Briefly, 
0.5 ml of prepared DTP, DUTP, and DUTP-AS1411 aptamer micelles 
formulations were dried using a rotary evaporator at 40 ◦C under 
reduced pressure. Then 10 ml of methanol was used to dissolve the 
residue and further drug absorbance was taken by UV–visible spectro-
photometer at 230 nm [32]. The UCNP encapsulation efficiency of 
theranostic micelles, DUTP, and DUTP-AS1411 aptamer micelles is 
analyzed with toluene as solvent and the absorbance was measured at 
245 nm [33]. The spectrophotometric absorbance measurements were 
carried out to determine the DTX and UCNP contents in micelles 
formulation by using the following formula: 

DTX encapsulation efficiency (%)

=
amount of drug loaded in micelles

amount of drug added during fabrication
X100  

2.2.7. In-vitro drug release studies 
The in-vitro drug release from Taxotere®, DTP, DUTP, and DUTP- 

AS1411 aptamer micelles was assessed by dialysis method in PBS at 
pH 7.4 using a water bath shaker. The micelles/Taxotere® formulations 
volume was kept equivalent to 300 μg of DTX and were placed in the 
dialysis membrane (MWCO: 1 kDa) and hermetically sealed to avoid 
leakage from the membrane. Then dialysis membrane was immersed in 
100 ml of PBS at pH 7.4 and kept inside the water bath shaker at 37 ±
2 ◦C for 72 h under constant shaking. At predetermined time intervals 

Table 1 
Formulae of TPGS- PF127 preparation of micelles.  

Formulation DTX (in mg) TPGS (in mg) PF127 (in mg) UCNP (μg/ml) TPGS-AS1411 aptamer Conjugate (in mg) 

DTX 3 – – – – 
DTP 3 50 50 – – 
DUTP 3 50 50 100 – 
DUTP-AS1411aptamer 3 50 50 100 32 

DTX: Docetaxel. 
PF127: Pluronic-F127. 
TPGS: Tocopheryl polyethylene glycol 1000 succinate. 
UCNP: Upconversion nanoparticles. 
DTP: TPGS-PF127 micelles containing DTX. 
DUTP: Theranostic TPGS-PF127 micelles containing DTX and UCNP. 
DUTP-AS1411 aptamer: AS1411 aptamer-engineered TPGS-PF127 theranostic micelles containing DTX and UCNP. 
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such as 2, 4, 6, 8, 24, 48, and 72 h, the 5 ml of samples were withdrawn 
from the receptor compartment and replaced with preheated at 37 ◦C as 
the same medium to maintain the sink conditions [34]. Then samples 
were filtered using a 0.45 μm PVDF syringe filter and analyzed through a 
UV–visible spectrophotometer at 230 nm. Data at each time point was 
presented as a mean of triplicate samples. 

2.2.8. Haemolysis study 
For the evaluation of hemolytic blood compatibility study of pre-

pared DTP, DUTP, DUTP-AS1411 aptamer micelles and Taxotere®, the 
freshly collected blood was purchased from a registered Rotary Club, 
Gurugram, India. In brief, 20 ml of blood was centrifuged at 1344×g in a 
50 ml centrifuge tube for 15 min at 25 ◦C. The supernatant was carefully 
removed using a micropipette and an equal volume of normal saline was 
added to the RBCs pellet before the suspension was centrifuged and 
washed with normal saline. This step was performed at least three times. 
Finally, RBCs were diluted with 50 ml of 0.9% NaCl (normal saline) and 
further preceded by gentle shaking. In this study, a few microlitres of 
100% lysed with Triton X-100 (TX100) exposed erythrocytes (positive 
control) and normal saline (spontaneous negative control) were used as 
standards. An appropriate volume of DTP, DUTP, DUTP-AS1411 
aptamer micelles, and Taxotere® equivalent to 100 μg of DTX 100 μg/ 
ml was added separately into 2 ml of RBC suspension and then the 
samples were incubated for 1 h at 37 ◦C. At intervals of 10–15 min, then 
samples were gently mixed for homogeneous dispersion of micelles in 
RBC suspension. Then 1 ml supernatant of aliquots was taken and 
collected in a tube at predetermined time intervals (i.e., 0.5, 2, and 4 h) 
and centrifuged for 10 min at room temp. Then it is incubated for 30 min 
at room temperature for oxidation of hemoglobin into oxyhemoglobin 
[33,35]. The samples were then evaluated for absorbance at 540 nm 
with a UV–visible spectrophotometer. The percentage hemolysis was 
determined by using the formula: 

(%) Haemolysis=A sample − Aspontaneous control/Apositive control ∗ 100  

Where the sample absorbance is the supernatant of RBC suspension 
incubated with micelles formulations and Taxotere®, Aspontaneous 
control is the absorbance of the supernatant of RBC suspension incu-
bated with normal saline equivalent to the volume of samples. A positive 
control is the absorbance of the supernatant of RBCs incubated in Triton 
X-100. This study was repeated three times and results were represented 
in mean with standard deviations. 

2.2.9. Cell culture and cytotoxicity study 
U-87MG cells were cultured in DMEM supplemented with 10% Fetal 

Bovine Serum (FBS) (Gibco, CA, USA), and grown in a 5% CO2 humid-
ified atmosphere at 37 ◦C temp. To demonstrate the therapeutic efficacy 
of prepared DTP, DUTP DUTP-AS1411 aptamer micelles and Taxotere®, 
U-87MG cells were used. The 96-well plate was plated with 5 × 104 

cells/wall with DMEM using a multichannel microtiter plate and then 
incubated for 24 h to allow cell adhesion at 37 ◦C under 5% CO2 (hu-
midified atmosphere). After 24 h, the spent culture medium was dis-
carded and cells were incubated with all DTX micelles formulations with 
a series of its concentrations i.e., 0.025, 0.25, 2.5, and 25 μg/ml for 24 h, 
and cytotoxicity was assessed. The obtained resultes were compared 
with Taxotere®. Later, culture media was replaced and 10 μL of 5 mg/ml 
3-(4, 5-dimethylthiazolyl-2-yl)-2,5-diphenyl tetrazolium bromide 
(MTT) in PBS, pH 7.4 was incubated for additional 2 h. The MTT with 
medium was removed and 100 μL of DMSO was added to dissolve the 
formed MTT formazan crystals into the cell well and the absorbance of 
samples was measured at 570 nm using an ELISA microplate reader. The 
following formula was used to determine the percentage of cell viability 
[36,37]. 

% Cell viability=Absorbance of treated cells/Absorbance of control cells) x 100  

2.2.10. In-vivo pharmacokinetic studies 
Male Albino Wistar rats were procured from the School of Medical 

and Allied Sciences, G.D. Goenka University, Gurugram, India. All ani-
mals were maintained in environmentally controlled rooms at 22 ± 3 ◦C 
and 55 ± 5% humidity with 12 h light and 12 h dark cycle allowed fed, 
and water ad libitum. The experimental procedures were agreed upon, 
reviewed, and approved by the Institute Animal Ethics Committee 
(IAEC) of the GD Goenka University, Sohna, Gurugram, India. All animal 
experiments were strictly performed according to Committee for Control 
and Supervision of Experiments on Animals (CCSEA) guidelines with 
approval no. GDGU/IAEC/2022/11. 

To perform the pharmacokinetic study, male Albino Wistar rats with 
an average weight of 190 ± 10 g were categorized into five different 
groups (n = 5) and exposed to DTP, DUTP DUTP-AS1411 aptamer mi-
celles, and Taxotere® at the constant DTX conc. (5 mg/kg of body 
weight). The control group of animals was treated with normal saline. 
All formulations were administered through i.v. route by tail vein. At 
predetermined time points i.e., 0.5, 1, 2, 4, 8, and 24 h of post- 
administration, the 200 μl of blood samples were collected by i.v. 
route into 2 ml of heparinized tubes and the collected blood samples 
were centrifuged at 7,000 rpm for 15 min at 4 ◦C to separate plasma as 
supernatant. Then, 1 ml of High-Performance Liquid Chromatography 
(HPLC) grade mobile phase containing acetonitrile and 0.002 M of 
ammonium acetate at the ratio of 50:50 v/v was added into each tube 
and vortexed, separately. Furthermore, the samples were centrifuged 
and supernatant was collected followed by filtration using 0.22 μm 
PVDF syringe filters. Finally, the DTX-containing plasma samples were 
kept at − 20 ◦C till further HPLC analysis. 

Prior to performing the HPLC analysis of blood plasma samples, the 
HPLC system (LC2010HT, Shimadzu Corporation, Tokyo, Japan) was 
equipped with a UV detector with an auto-sampler, RP-C18 (4.6 × 250 
mm i.d., and 5 μm particle size) and LC-2010 Utility Software. For the 
preparation of internal standard, 1 mg of standard (free DTX) was dis-
solved in 0.1 ml of plasma (collected from the control group) and the 
volume was maintained up to 1 ml using the same HPLC mobile phase as 
mentioned above which resulted in a stock solution. Further serial di-
lutions were prepared from a stock solution in the range of 1, 2, 3, 4, 5, 6, 
7, 8, 9, and 10 μg/ml conc. of DTX. All samples were then filtered 
through 0.22 μm PVDF syringe filters and injected into the HPLC column 
under a flow rate of 1.0 ml/min. The area under the curve of the stan-
dard was measured at 230 nm and the calibration curve of the standard 
(free DTX) was established. To estimate DTX concentration in blood 
plasma, 0.22 μm PVDF syringe filters were used to filter plasma samples 
[38]. From each sample, 100 μl of plasma was reconstituted in 900 μl of 
HPLC mobile phase, separately as mentioned earlier. Then, 200 μl was 
injected into the column under standard conditions. The total run time 
was kept at 20 min. The resulting DTX content in the blood plasm was 
then calculated based on the pre-established DTX calibration curve in 
blank blood plasma. The column effluent was detected with a UV-VIS 
detector at 230 nm. Pharmacokinetic software (PK Solver v2.0) was 
used to calculate all pharmacokinetic parameters [39]. 

2.2.11. In-vivo brain distribution study 
To assess the brain distribution of DTX from Taxotere®, DTP, DUTP, 

and DUTP-AS1411 aptamer micelles (at the constant DTX conc. 5 mg/kg 
of body weight) were injected into rats through i.v. tail vein. All animals 
were regularly monitored for their general health conditions. The ani-
mals were grouped into five groups and treated with the above- 
mentioned formulations and results were compared with normal 
saline-treated control and Taxotere® treated groups. At predetermined 
time intervals i.e., 0.5, 1, 2, and 4 h, the rats were anesthetized using 
urethane (1.5 g/kg of rat) and brains were harvested after decapitation 
from different treatment groups. The brain samples were stored at 
− 80 ◦C until further experiment. Further, brain samples were homoge-
nized in 5 ml of ethyl acetate and vortex for 20 min to leach out the DTX 
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from brain samples. This process was performed separately for each 
brain sample under standard conditions. Then the resulting solution was 
centrifuged at 7,000 rpm for 15 min at 4 ◦C for separation of DTX 
containing organic layer. The formed organic layer was transferred to a 
2 ml of sterile eppendorf tube for drying at room temp. 1 ml of HPLC 
mobile phase (acetonitrile and 0.002 M of ammonium acetate at the 
ratio of 50:50 v/v) was added and vortexed for 20 min, then the 
resulting solution was filtered using a 0.22 μm PVDF syringe filter. Then 
100 μl samples were transferred to HPLC insert for analysis and 20 μl 
sample was injected into the HPLC column under standard conditions. 
The total run time was kept at 20 min and the area under the curve was 
obtained at 230 nm using a UV–visible detector [40]. 

2.2.12. In-vivo brain theranostic evaluation of micelles in rats 
The imaging application of developed DUTP, DUTP-AS1411 aptamer 

micelles and free UCNP was evaluated in rats. The formulations and free 
UCNP were injected to the rats through i.v. route. After 0.5 h of post- 
administration of formulations into rats, rats were anesthetized using 
urathane (1.5 g/kg of rat) and brains were harvested after decapitation 
from different treatment groups. The brain samples were collected in 
10% formaline solution and stored at − 80 ◦C till further processing of 
brain tissues. Then the frozen brain tissues were sliced to a 10 μm 
thickness using a Cryotome (Leica CM 1520, Leica Biosystem Nussloch 
GmbH, Heidelberger Strasse, Nussloch, Germany) and mounted on 
gelatine-coated glass plates. The nucleus of brain cells was stained with 
100 μl of 1 μg/ml DAPI (diamidino-2-phenylindole) and incubated for 
30 min at room temperature. Later, sectioned tissues were washed with 
PBS and images were observed by a Confocal Microscope (LSM 900, Carl 
Zeiss Microscopy, Germany) [29,38]. 

2.2.13. Histopathology of brain tissues 
To demonstrate the biocompatibility of the DTX formulations (DTP, 

DUTP and DUTP AS1411 aptamer micelles and Taxotere®), histopath-
ological studies were performed using standard methods. Male albino 
Wistar rats (mean body weight 190 ± 10 g) were divided into 5 different 
groups (n = 4) and treated with DTP, DUTP and DUTP-AS1411 aptamer 
micelles and the results were compared with Taxotere®, It was 
compared with a control group treated with normal Saline. All animal 
groups were exposed to DTX-containing formulation at a fixed dose of 5 
mg/kg body weight. Groups of animals were administered individually 
via the tail vein at up to 3 intervals every 7 days. At the end of the study, 
exposed animals were sacrificed under anesthesia (urethane 1.5 g/kg 
rat, intraperitoneal) and brains were harvested from each group on days 
14th and 28th after administration of the first dose. The collected tissue 
was thoroughly washed, preserved in a 10% formalin solution, and 
embedded in paraffin. The 5-μm-thick paraffin sections were then cut, 
mounted on glass slides, and separately stained with hematoxylin and 
eosin (H&E). The all the prepared slide sections were examined under a 
light microscope for pathological changes in the brain of DTX treated 
animals [38]. 

2.2.14. Statistical analysis 
Results are presented as mean ± standard deviation (S.D.). The 

average particle size, polydispersity index, zeta potential and encapsu-
lation efficiency were analyzed through two-way ANOVA (post hoc by 
Bonferroni). For the in-vitro cytotoxicity assay results, the statistical 
analyses were performed using an unpaired two-tailed Student’s t-test. 
The analyses with p values <0.05 at a 95% confidence interval were 
considered significantly different. 

3. Results and discussion 

3.1. Activation of TPGS and synthesis of its conjugates 

The hydroxylic (-OH) end of TPGS was converted into a carboxylic 
(-COOH) group in the presence of succinic anhydride through the ring- 

opening polymerization method as summarized in Fig. 1A. The resulting 
TPGS-COOH was used as to synthesize TPGS-AS1411 aptamer conjugate 
through physical adsorption method as shown Fig. 1B. For the prepa-
ration of AS1411 aptamer based product, tris-hydrochloride buffer (pH 
7.5–8) is normally used, which promotes the 3D conformational change 
of aptamers upon binding to the substance [25]. However, TPGS-COOH 
have shown high solubility and stability with tris-hydrochloride buffer 
(pH 7.5–8) at room temp., therefore, a common solvent was choosen to 
dissolve both the TPGS-COOH and AS1411 aptamer and stirred for 6–8 h 
at room temp. to form TPGS-AS1411 aptamer conjugate [26]. Further, 
the synthesis of TPGS-COOH and TPGS-AS1411-aptamer conjugation 
was confirmed through FTIR and 1H NMR spectroscopy techniques. 

3.2. Characterization of TPGS and its conjugate 

3.2.1. FTIR spectroscopy 
FTIR spectra of TPGS, TPGS-COOH, AS1411 aptamer, and TPGS- 

AS1411 aptamer conjugate are shown in Fig. 2. In the FTIR spectrum 
of TPGS, the characteristic bands were observed at 1736 and 2867 cm− 1 

indicating the presence of carbonyl groups and –CH stretches in the 
TPGS molecule [3]. Furthermore, two major characteristic peaks were 
found at 3520.04 and 1099.13 cm− 1 which confirming the presence of 
terminal hydroxyl and a strong C–O stretching band in the TPGS [41]. In 
FTIR spectrum of TPGS-COOH confirms the activation of TPGS by 
showing a characteristic peak of the –C––O stretching of the ester group 
at 1732.44 cm− 1 and a characteristic band appears at 3433.28 cm− 1 that 
confirms the successful formation of –COOH group in TPGS molecule 
[23,42]. These observations are similar to a reported work [31]. The 
FTIR spectra of AS1411 aptamer showed a district band at 764.13 cm− 1 

due to the presence of an amine group of aptamer sequence. Another 
absorption band appeared at 1032.22 cm− 1, confirming intramolecular 
C–O stretching. The AS1411 aptamer has a phosphate backbone, 
confirmed by a characteristics band at 1137.45 cm− 1, also indicating the 
presence of a thiolated N–O stretching in the compound. The FTIR 
spectrum of TPGS-AS1411 aptamer conjugate have showed successful 
conjugation of TPGS-COOH to the AS1411 aptamer due to the presence 
of a strong –C––O stretching at 1734.54 cm− 1 which reveals the for-
mation of TPGS-AS1411 aptamer conjugate. 

3.2.2. 1H NMR spectrophotometry 
Fig. 3 shows the 1H NMR spectra of TPGS, TPGS-COOH, AS1411 

aptamer and TPGS-AS1411 aptamer conjugate. A signal was observed at 
δ 3.698, confirming the –CH2 proton of poly(ethylene oxide) in the TPGS 
structure. A lower peak was observed in the spectrum, confirming the 
presence of an aliphatic region corresponding to TPGS structure due to 
the various moieties of vitamin E. A single peak was observed at δ 1.89 
due to the presence of –CH3 group tocopherol aromatic ring in the TPGS 
molecule [43]. Similar proton signals were observed in TPGS-COOH 
spectrum, except for new signals at δ 2.5–2.6, and 3.4, confirming the 
presence of succinylmethylene (-CH2) within the structure. These ob-
servations have confirmed the formation of TPGS-COOH. Sonali et al. 
also confirmed similar observations for TPGS-COOH with triplet signals 
at δ 3.156, 2.932, and 2.910, corresponding to the –CH2 protons 
(polyethylene oxide) moiety of TPGS-COOH [3]. In the spectrum of the 
AS1411 aptamer shows peaks appeared at δ 3.2331, 3.2131, 3.2031, and 
3.1881 due to the presence of sugar moieties within AS1411 aptamer 
molecule. In the spectrum of the TPGS-AS111 aptamer shows extended 
peaks at 3.6153, 3.5943, and 3.1139, confirming the successful conju-
gation of TPGS-COOH to the AS1411 aptamer and the formation of 
TPGS-AS1411 conjugate. The observed results have confirmed the suc-
cessful activation of TPGS to TPGS-COOH and synthesis of the 
TPGS-AS1411 aptamer conjugate. 

3.3. Preparation of micelles formulations 

The solvent casting method is one of the simplest methods for 
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preparation of micelles formulations displayed in Fig. 1C-D. The mi-
celles were prepared by a slightly modified solvent-casting method using 
optimized concentrations of TPGS and PF127, as described in Table 1. 

Subsequently, the particle size and drug encapsulation efficacy of the 
prepared DTP, DUTP and DUTP-AS1411 aptamer micelles were deter-
mined and proved their suitability for use as drug delivery vehicles in 

Fig. 2. FTIR spectra of TPGS, TPGS-COOH, plain AS1411 aptamer and TPGS-AS1411 aptamer conjugate.  

Fig. 3. 1HNMR spectra of TPGS, TPGS-COOH, plain AS1411 aptamer and TPGS-AS1411 aptamer conjugate.  
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brain tumor therapy. TPGS and PF127 was used at 1:1 ratio to achieve 
the desired micelle size with a narrow polydispersity index. TPGS has 
been shown to have a low relative critical micelle concentration (CMC) 
of 0.02% w/w, while PF127 has very low relatively CMC (0.0031%, w/ 
w). The resulting cmobination of TPGS and PF127 could potentially 
influence P-gp inhibition through reducing efflux of DTX and UCNP 
from brain tumor cells. 

3.4. Characterization of micelles formulations 

3.4.1. Particles size, polydispersity index, ζ potential, and morphology of 
micelles 

The mean particle size and polydispersity index and ζ potential 
values of plain micelles, DTP, DUTP, and DUTP-AS1411 aptamer mi-
celles are listed in Table 2 and demonstrated in Fig. 4. The average 
hydrodynamic particle size of plain micelles was found to be 96.63 ±
2.86. The particle sizes of DTP and DUTP micelles were found 156.13 ±
2.26, and 158.23 ± 4.26 nm, respectively. DTP micelles have shown 
significant improvement in particle size which might be due to the 
loading of hydrophobic DTX into the core structure of formed micelles 
shows in Fig. 4A. Furthermore, the addition of UCNP (a hydrophobic 
molecule), into the DUTP and DUTP-AS1411 aptamer micelles has 
significantly increased particle size. The particle size of DUTP-AS1411 
aptamer micelles was found to be 163.68 ± 2.28 nm (Fig. 4 B [i-iv]). 
The particle size result of the DUTP-AS1411 aptamer micelles in-
dicates the incorporation of targeting ligand (TPGS-AS1411 aptamer) on 
the micelle surface which leads to a slight increase in the particle size. It 
is a canonical fact that small particle size improves the retention and 
accumulation of micelles in tumor tissues by avoiding clearance through 
the reticuloendothelial system. It might be significant that particle-sized 
developed micelles can affect drug uptake/delivery processes, diffusion 
rates, and immune responses [14]. The polydispersity index of all DTP, 
DUTP, and DUTP-AS1411 aptamer micelles was found to be between 0.2 
and 0.4 which showed a moderately narrow size distribution of formed 
micelles into homogenous colloidal dispersion system. The ζ potential 
value is an important characteristic of nanoformulations that affects 
their physical stability in both in-vitro and in-vivo environments. All 
micelles (plain micelles, DTP, DUTP, and DUTP-AS1411 aptamer) for-
mulations exhibited a negative ζ potential (− 3.9 ± 0.03, − 3.6 ± 0.04, 
-5.0 ± 0.02, and − 24.6 ± 0.05 mV, respectively) shown in Fig. 4C which 
was influenced by the presence of non-ionic polyethylene glycol chains 
and phenolic groups of TPGS and PF-127 on surface of the micelles. In 
case of DUTP-AS1411 aptamer micelles ζ potential, it can be noted that 
the AS1411 aptamer is 26-base paired single-stranded nucleotides DNA 
carrying a strongly negative ζ potential due to the presence of a thiol 
group it shows strong negative ζ potential. Therefore, the surface 
conjugation of micelle formulation with TPGS-AS1411 aptamer may be 
attributed to the significantly lower ζ potential (− 24.6 ± 0.05 mV) 

observed for DUTP-AS1411 aptamer micelles. It is well documented that 
cationic-charged nanoparticles are more susceptible to rapid elimination 
from the biological system, whereas neutral and negatively charged 
nanoparticles can greatly improve half-lives of bioactive molecules in 
circulation [44,45]. Furthermore, electrostatic repulsion and steric 
hindrance could prevent the aggregation of the micelles and provide an 
important role in the stability of the nanoformulation [46]. 

The surface morphology of plain micelles, DTP, DUTP, and DUTP- 
AS1411 aptamer micelles was confirmed through TEM and revealed 
that all the formed micelles were spherical in shapes with 200 nm in size 
in Fig. 5 (A-D). This study exhibited the spherical structure of the micelle 
into the corona and shell structure. The micelle-core was formed due to 
the hydrophobic PPO from PF127 and vitamin E from TPGS, respec-
tively, and the outer micelle-shell responded due to hydrophilic PEO 
from PF127 and PEG in TPGS. Furthermore, the observations were 
strongly matched with the particles size measurement report. 

3.4.2. Atomic force microscopy(AFM) 
The 3D AFM images of developed plain micelles, DTP, DUTP, and 

DUTP-AS1411 aptamer micelles have shown in Fig. 5 (E-H) which 
exhibited that micelles had smooth surfaces without any noticeable 
pinholes or cracks. Furthermore, it confirmed that all the micelles were 
spherical in shape of size in the range of less than 200 nm in size. 
Smaller-sized micelles would be an excellent applicant for passive tar-
geting of solid tumor tissue by the EPR effect that could facilitate higher 
extravasation from circulation and distribution of DTX and UCNP into 
the brain tumor mass [47]. 

3.4.3. Determination of encapsulation of micelles 
The encapsulation efficiency of prepared micelles formulations was 

calculated as the percentage ratio between the amount of DTX/UCNP 
loaded in prepared micelles and the drug added during the preparation 
of micelles which is given in Table 2 and Fig. 4 (D). It is one of the most 
crucial factors in the development of nano-drug carriers. DTP and DUTP 
have exhibited 88.62 ± 4.02%, and 79.73 ± 5.09% encapsulation of 
DTX, while DUTP-AS1411 aptamer micelles exhibited 74.90 ± 5.21%. 
Drug encapsulation efficiency of DTP was found higher as compared to 
DUTP and DUTP-AS1411 aptamer micelles. DUTP and DUTP-AS1411 
aptamer micelles have shown a reduction in DTX encapsulation due to 
the additional inhabitancy of UCNP in micelles-core. DUTP micelles 
compassed 40.4 ± 5.04% of encapsulation for UCNP. Moreover, DUTP- 
AS1411 aptamer micelles compassed 38.18 ± 2.07% encapsulation of 
UCNP in micelles. Furthermore, DUTP-AS1411 aptamer micelles 
exhibited a reduction in DTX and UCNP encapsulation in the core of 
micelles. It might be because of the co-encapsulation of both the hy-
drophobic molecules (DTX and UCNP) and additional coating of TPGS- 
AS1411 aptamer on the surface of micelles under stirring conditions [48, 
49]. 

Table 2 
Particle size, polydispersity, zeta potential, encapsulation efficiency and IC50 value of drug and imaging agent loaded TPGS-PF127 micelles.  

Batches Particle size (nm 
± S.D.*) 

Polydispersity (mean 
± S.D.a) 

Zeta Potential 
(mV) 

DTX Encapsulation Efficiency 
(%) (mean ± S.D.a,*) 

UCNP Encapsulation Efficiency 
(%) (mean ± S.D.a,*) 

IC 50 μg/ml on U- 
87MG cells 

Plain micelles 96.63 ± 2.86 0.26 ± 0.01 − 3.9 ± 0.03 – –  
DTP 156.13 ± 2.26 0.25 ± 0.01 − 3.6 ± 0.04 88.62 ± 4.02 – 2.086 ± 0.021 
DUTP 158.23 ± 4.26 0.13 ± 0.03 − 5.0 ± 0.02 79.73 ± 5.09 40.4 ± 5.04 0.854 ± 0.006 
DUTP-AS1411 

aptamer 
163.68 ± 2.28 0.37 ± 0.02 − 24.6 ± 0.05 74.90 ± 5.21 38.18 ± 2.07 0.585 ± 0.001 

Taxotere® – – – – – 10.848 ± 0.86 

Plain micelles: Without drug/UCNP loaded micelles 
DTP: TPGS-PF127 micelles containing DTX. 
DUTP: Theranostic TPGS-PF127 micelles containing DTX and UCNP. 
DUTP-AS1411 aptamer: AS1411 aptamer-engineered TPGS-PF127 theranostic micelles containing DTX and UCNP. 
Taxotere®: Marketed docetaxel injection. 

* n = 3. 
a S.D: Standard deviation. 

M. Chauhan et al.                                                                                                                                                                                                                              



Journal of Drug Delivery Science and Technology 87 (2023) 104808

9

3.4.4. In-vitro drug release studies 
Fig. 6 (A) shows the cumulative percentage release of DTX from 

Taxotere®, DTP, DUTP, and DUTP-AS1411 aptamer micelles by dialysis 
membrane in the PBS medium at pH 7.4. Approximately 99.76 ± 2.32% 
of DTX amount was released from Taxotere® within 4 h of span. All 
micelles formulations have shown sustained release for ≥24 h followed 
by biphasic burst release with up to 30–45% in the first 4 h. After 24 h of 
drug release from micelles formulations, 62.15 ± 3.22%, 58.47 ± 3.22% 
and 46.39 ± 2.45% of DTX was released from DTP, DUTP, and DUTP- 
AS1411 aptamer micelles, respectively, which indicate the sustained 
release of DTX. A similar trend was continued till 48 h under the same 
conditions. Furthermore, the observed data have demonstrated that 
98.27 ± 4.38 and 92.24 ± 8.24% of DTX was released from DTP and 
DUTP micelles after 72 h of the drug release study. While DUTP-AS1411 
aptamer micelles have significantly restricted the drug diffusion and 
only 75.17 ± 3.31% of DTX was released in 72 h. T50% at which 50% of 
the drug has been released in PBS (pH 7.4) was about 5.84, 7.95, and 
19.02 h for DTP, DUTP, and DUTP-AS1411 aptamer micelles, respec-
tively. It is noteworthy that coating of TPGS-AS1411 conjugate on mi-
celles surface sustained drug release pattern as compared to DTP and 
DUTP micelles. In contrast, DTX-loaded micelle formulations have sus-
tained the DTX release pattern as compared to Taxotere® up to 72 h. In 

DUTP-AS1411 aptamer micelles TPGS-AS1411 aptamer was coated on 
micelles surface which lead to much more slower kinetics. Moreover, In 
this study, the observed difference in the drug release kinetics between 
the DUTP-AS1411 aptamer and other counterparts may be attributed to 
the different molecular weights of the TPGS-AS1411 aptamer conjugate 
that was coated on the surface of the micelles [50]. As a result, the 
diffusion of DTX was prevented subsequently, which could be concluded 
from the sustained release behavior of DTX-loaded DUTP-AS1411 
aptamer micelles. 

3.4.5. Hemolysis study 
As the prepared micelles were purporting for i.v. administrations, 

therefore it is highly necessary that micelles should not show hemolytic 
behavior with blood during and after administrations. Hemolysis was 
assessed with 100 μg/mL conc. of DTX in formulations at different time 
intervals (0.5, 2, and 4 h). Fig. 6B illustrates the hemolysis profile of 
prepared DTP, DUTP, and DUTP-AS1411 aptamer micelles and 
compared them with Taxotere®. The negative control group did not 
show any hemolytic effect compared to the positive control and pre-
pared micelles formulations. After 0.5 h of exposure with Taxotere®, 
DTP, DUTP, and DUTP-AS1411 aptamer micelles showed 75.10 ± 6.54, 
3.84 ± 0.15, 3.21 ± 0.11 and 1.97 ± 0.09%, respectively RBCs were 

Fig. 4. (A) The average hydrodynamic particle size of plain micelles, DTP, DUTP and DUTP-AS1411 aptamer micelles, (B) histogram of particle size distribution of (i) 
plain micelles, (ii) DTP, (iii) DUTP and (iv) DUTP-AS1411 aptamer micelles, (C) bar graph representing the average ζ potential of plain micelles, DTP, DUTP and 
DUTP- AS1411-aptamer micelles, and (D) the average % encapsulation of DTX and UCNP in DTP, DUTP and DUTP-AS1411aptamer micelles formulations (±SD, n =
3); the significance levels were set at probabilities of * p < 0.05. 
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hemolysed. The observations have revealed that Taxotere® caused more 
damage to RBCs as compared to all TPGS-PF127 micelles. A similar 
trend was obtained at 2 and 4 h, respectively. Furthermore, After 2 h of 
exposure with Taxotere®, DTP, DUTP, and DUTP-AS1411 aptamer mi-
celles showed approx. 79.88 ± 5.33, 4.09 ± 0.21, 3.87 ± 0.27, and 2.01 
± 0.12% hemolysis was found in RBCs respectively. At the termination 
of the study, 84.62 ± 5.98, 4.69 ± 0.42, 4.89 ± 0.39, and 2.14 ± 0.07% 
hemolysis was caused due to the Taxotere®, DTP, DUTP, and DUTP- 
AS1411 aptamer micelles exposure in RBCs. In context, samples with 
hemolytic rates less than 5% are considered non-hemolytic and can be 
useful for clinical benefits [51]. Thus, DTP, DUTP, and DTP-AS1411 
aptamer micelles exhibited ≥5% less hemolysis compared to Tax-
otere®. The observed results of micelles have shown high biocompati-
bility and safety for i.v. administration. Researchers cited that 
cationic-charged particles or drugs may interact with anionic-charged 
RBCs, leading to hemolysis. However, the electroelution between the 
negative/neutral charges of the TPGS surface and the negatively 
charged surface of blood cells reduces the interaction between micelles 
and RBCs, which prevents hemolysis. Moreover, in micelles formulation, 
the non-ionic natures of both TPGS and PF127 have reduced hemolytic 
effects in RBCs. Therefore, it can be concluded that these developed 
micelles formulations are more biocompatible than Taxotere®. Notably. 
in this investigation, DUTP-AS1411 aptamer micelles exhibited negli-
gible hemolytic activity due to the mechanism of AS1411 aptamer, 
which facilitated the internalization of the therapeutic agent into target 
cells via nucleolin-mediated delivery. Hence, the internalization of 
AS1411 aptamer into target cells does not destruct the cell membrane 
[52]. 

3.4.6. Cytotoxicity study 
Fig. 7A demonstrates the cytotoxicity of DTX formulations i.e., DTP, 

DUTP, and DUTP-AS1411 aptamer micelles, and results were compared 
with Taxotere® in U-87MG cells, after 24 h post-exposure. The study 
exhibited DTX concentration-dependant cytotoxicity from Taxotere®, 
DTP, DUTP, and DUTP-AS1411 aptamer micelles in U-87MG cells. An 
increase in the DTX concentration range from 0.025 to 25 μg/ml resulted 
in the reduction of cell viability and improved cytotoxicity, followed by 
passive diffusion, phagocytosis, and nucleolin-mediated endocytosis 
mechanisms [53]. Toxetere® has exhibited higher IC50 values compared 
to DTP, DUTP, and DUTP-AS1411 aptamer micelles in U-87MG cells. 

The IC50 values for Taxotere®, DTP, DUTP, and DUTP-AS1411 aptamer 
micelles were found to be 10.848 ± 0.86, 2.086 ± 0.021, 0.854 ± 0.006 
and 0.585 ± 0.001 μg/ml, respectively, as mentioned in Table 2 on 
U-87MG cells. DTX formulated in the DTP, DUTP, and DUTP-AS1411 
aptamer micelles could be 4.20-, 11.70-, and 17.54-fold more thera-
peutic efficient than Taxotere® after 24 h treatment, respectively. It was 
possible that micelles of PF127-TPGS have elevated delivery of DTX and 
UCNP while suppressed p-glycoprotein mediated efflux mechanism in 
U-87MG cells. Furthermore, DUTP has shown a significant reduction in 
IC50 value compared to DTP and Taxotere®. DUTP-AS1411 aptamer 
micelles have significantly reduced cell viability because of the targeted 
delivery of loaded bioactive molecules through nucleolin receptors and 
stabilized microtubules in brain cancer cells. AS1411 aptamer has 
anticancer activity in almost every cancer cell line including U-87MG 
cells, as it binds with overexpressed nucleolins and facilitates improve 
drug penetration into U-87MG cells [54]. 

3.4.7. In-vivo pharmacokinetic studies 
Pharmacokinetic study results of DTP, DUTP, and DUTP-AS1411 

aptamer micelles were compared with Taxotere® and displayed in 
Table 3. The obtained pharmacokinetic data were evaluated using the 
non-compartmental model (PkSolver 2.00). Herein, it was noted that 
Taxotere® achieved short t1/2 that was found at 5.14 ± 1.02 h. While, 
DTP, DUTP, and DUTP-AS1411 aptamer micelles have shown extended 
drug t1/2 such as 21.11 ± 1.51, 33.49 ± 2.01, and 40.13 ± 2.87 h, 
respectively due to the sustained drug release action of micelles. The 
micelles formulations have significantly improved tmax up to 3-, 6-, and 
8-fold as compared to Taxotere® injection. It exhibited the remarkable 
sustainability of DTP, DUTP, and DUTP-AS1411 aptamer micelles in 
systemic blood circulation. Furthermore, AUC0-t of DTX was signifi-
cantly improved from 163.77 ± 11.37 μg/ml × h for Taxotere® to 
318.91 ± 23.83, 389.12 ± 19.68 and 434.81 ± 29.09 μg/ml × h for 
DTP, DUTP and DUTP-AS1411 aptamer micelles which corresponds to 
the significant reduction of the body clearance from 0.029 ± 0.001, 
0.008 ± 0.005, 0.004 ± 0.002, 0.003 ± 0.002 μg/ml/h, respectively. 
The Cmax (μg/ml) of all prepared micelles DTP, DUTP, and DUTP- 
AS1411 aptamer micelles were observed at 22.54 ± 2.08, 24.18 ±
1.61, and 25.28 ± 1.50 μg/ml, respectively as compared to 9.47 ± 0.76, 
μg/ml for Taxotere® treated group. It revealed that the micelles were 
highly capable of delivering the desired amount of DTX as compared to 

Fig. 5. TEM image of plain micelles at 100 nm scale (A) DTP at100 nm scale (B) DUTP at 200 nm scale and (C) DUTP-AS1411 aptamer at 200 nm scale (D), and 3D 
AFM images of plain micelles (E) DTP (F) DUTP (G), and DUTP-AS1411 aptamer micelles (H). 
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Taxotere® treated group. The obtained results of DTP and DUTP mi-
celles may vacillate given the presence of TPGS and PF127 on the sur-
face of micelles which enhanced the permeability of micelles and 
extended sustained DTX release. TPGS inhibits the binding of plasma 
protein which subsequently prevents recognition by the 

reticuloendothelial system which ultimately facilitates elevated sys-
temic circulation time [53]. The results of Vss (steady-state volume of 
distribution) of DTX containing DTP, DUTP, DUTP-AS1411 aptamer 
micelles, and Taxotere® were found to be 0.25 ± 0.154, 0.23 ± 0.092 
and 0.21.012, 0.39 ± 0.019 μg/ml, respectively. The overall observation 

Fig. 6. (A) In-vitro drug release from the DTX from DTP, DUTP and DUTP-AS1411 aptamer micelles and Taxotere® in phosphate buffer saline at pH 7.4. Bar 
represent mean ± S.D (P < 0.05, n = 3), and (B) in-vitro hemolysis of negative control (normal saline), positive control (Triton X100), Taxotere®, DTP, DUTP, DUTP- 
AS1411 aptamer TPGS-PF127 micelle at 0.5, 2 and 4 h time point interval, data is represented as mean ± SD (n = 3); the significance levels were set at probabilities 
of * p < 0.05. 
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Fig. 7. (A) Cytotoxicity profile of DTX loaded TPGS-PF127 micelles DTP, DUTP, DUTP-AS1411 aptamer and Taxotere® for U-87MG cells (n = 4). Bars represent ± S. 
D. (P < 0.05) at 37 ◦C after 24 h and (B) Confocal UCNP fluorescence imaging of Free UCNP, DUTP and DUTP-AS1411 aptamer micelles in rat brain cells. Green and 
blue colors represent upconversion fluorescence signals and blue fluorescence from UCNPs and DAPI, respectively. Scale bar is 20 μm. (For interpretation of the 
references to color in this figure legend, the reader is referred to the Web version of this article.) 
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of higher t1/2, AUC, Cmax, and lower Vss and Cl of DUTP-AS1411 than 
Taxotere® showed potential therapeutic effects in in-vivo 
experimentations. 

3.4.8. In-vivo brain distribution study 
BBB is touted as a major limitation for conventional drug delivery 

systems in the brain citing its inherent ability to restrict various thera-
peutic agents. Ever changing and progressing nature of cancer forces the 
research community to find a novel passage to minimize BBB-associated 
restrictions. Current studies recognize that nanoformulations including 
micelles potential as BBB-evading carriers to deliver anticancer drugs to 
brain tissues. Micelles are spherical and amphiphilic structured nano- 
drug carriers that have a hydrophobic core and a hydrophilic shell. 
Several studies exhibited micelles have an advantage over other anti-
cancer formulations citing their elevated drug localization ability in 
brain tissue. The findings of the current study are well corroborated with 
previously reported studies on brain accumulation of micelles. The brain 
distribution studies of DTX containing DTP, DUTP, and DUTP-AS1411 
aptamer micelles were performed and compared with the Taxotere® 
group after i.v. administration. Fig. 8A represents the DTX distribution 
through prepared micelles and Taxotere® in the brain. After 0.5 h of 
dose administration into the different animal groups, 0.26 ± 0.014, 0.68 
± 0.034, 0.58 ± 0.038, and 0.23 ± 0.014 μg/gm DTX reached the brain 
tissue through Taxotere®, DTP, DUTP, and DUTP-AS1411 aptamer mi-
celles formulations, respectively. Furthermore, after 1 h of dose ad-
ministrations approximately 2.07 ± 0.021, 1.51 ± 0.099, 1.92 ± 0.124, 
and 1.29 ± 0.054 μg/gm of brain tissues were accumulated in rat brain 
through Taxotere®, DTP, DUTP, and DUTP-AS1411 aptamer micelles 
formulations. The observed results indicate that Taxotere® is highly 
efficient to deliver a higher concentration of DTX within 1 h as 
compared to prepared micelles formulations. It might be possible due to 
the quick release of DTX from polysorbate 80-based Taxotere® injection 
in brain tissue. In context, PF127-TPGS-based micelles have delayed the 
DTX release and followed sustained drug release patterns in the systemic 
circulation. Moreover, TPGS-AS1411 aptamer has reduced drug release 
citing TPGS is additionally present on the micelle’s surface. After 2 h of 
dose administrations, it had been observed that DUTP-AS1411 aptamer 
micelles were highly efficient to deliver an effective concentration of 
DTX up to 1.84 ± 0.074 μg/gm as compared to Taxotere® (1.60 ±
0.084), DTP (0.84 ± 0.006), and DUTP micelles (1.11 ± 0.054) μg/gm 
of brain tissue. After 4 h of dose administration, Taxotere® was 
impuissant to deliver an effective DTX concentration to the brain, which 

advocates the quick release with rapid elimination of DTX from systemic 
circulation. While DTP and DUTP micelles were delivered 0.60 ± 0.001 
and 0.46 ± 0.021 μg/gm DTX into the brain which was significantly 
higher than Taxotere®. It is noteworthy that DUTP-AS1411 aptamer 
micelles have achieved higher DTX concentrations of 1.42 ± 0.097 μg/ 
gm in the brain. It might be possible that nucleolins receptors have 
facilitated the delivery of micelles which resulted in a higher accumu-
lation of drugs [29,48]. Interestingly, it was noted that the mean con-
centration of DTX in brain tissues at 0.5, 1, 2, and 4 h after i.v. 
administration were found to be ascending order of DUTP- 
AS1441≥DUTP ≥ DTP ≥ Taxotere®, respectively. 

3.4.9. In-vivo brain theranostic evaluation of micelles in rats 
The brain theranostic observation of developed micelles formula-

tions demonstrated a greater internalization of UCNP into brain tissues 
compared to the free UCNP exposed group. This was most probably due 
to the significantly enhanced transportation of the UCNP across the BBB 
by TPGS and PF127 surfactant. Brain tissue localization was highlighted 
in red color which confirms the delivery of UCNP it may have increased 
the concentration of DTX after the brain observed for DUTP- AS1411 
aptamer micelles in comparison to DUTP micelles and free UCNP at even 
0.5 h of i.v. administration shown in Fig. 7B. While DUTP micelles have 
shown more fluorescence than free UCNP, it might be possible because 
micelles were reached into brain cells through the phagocytosis mech-
anism. DUTP-AS1411 aptamer micelles have facilitated greater inter-
nalization with more accumulation of UCNP into brain tissues it may be 
due to the nucleolin-targeted delivery of UCNP. This study has demon-
strated a potentially useful multifunctional nanoconstruct that can carry 
combinations of therapeutic and diagnostic modalities using developed 
DUTP-AS1411 aptamer micelles. 

3.4.10. Histopathology of brain tissues 
The in-vivo biocompatibility and toxicity of DTX-loaded micelles 

were analyzed by histopathological study and compared with Tax-
otere®. Fig. 8B demonstrates the histological micrographs of brain tis-
sues after the 14th day and 28th day i.v. administered doses with 
Taxotere®, DTP, DUTP, DUTP-AS1411 aptamer micelles formulations. 
Interestingly, it has been observed that all the prepared micelles for-
mulations such as DTP, DUTP, and DUTP-AS1411 micelles showed 
minimal or no signs of inflammation, shrinkage along with nuclear 
smudging and degeneration of dentate gyrus and cornu ammonis. While 
Taxotere® treated group exhibited lymphocytic inflammation and nu-
clear shrinkage, nuclear smudging and degeneration, and neuronal 
damage along with apoptotic cell death in some parts of the brain. All 
groups showed no changes in cerebellar structure [55,56]. The 
saline-treated group did not show any sign of inflammation or toxicity in 
brain tissues. 

4. Conclusion 

The current study focuses on the effective and targeted deliverance of 
DTX and UCNP through AS1411 aptamer -targeted theranostic micelles. 
Further characterization of TPGS, and its conjugate by FTIR and 1H NMR 
spectroscopy reiterates the successful conjugation of TPGS-AS1411 
aptamer, authenticity of micelle size in a range of 90–170 nm, spher-
ical and uniform having narrow distribution. The ζ potential of DUTP- 
AS1411 aptamer micelles was found to be − 24.6 ± 0.05 with compar-
atively higher stability. In-vitro drug release studies exhibited biphasic 
sustained release of DTX from all the micelles formulations, while 
Toxotere® released DTX rapidly. The t50% of DTP, DUTP, and DUTP- 
AS1411 aptamer micelles were found 5.84, 7.95, and 19.02 h, respec-
tively, indicating the sustained drug release effect of micelles. The he-
molysis study exhibited 79.88 ± 5.33, 4.09 ± 0.21, 3.87 ± 0.27, and 
2.01 ± 0.12% RBCs damage due to exposure with Taxotere®, DTP, 
DUTP, and DUTP-AS1411 aptamer micelles, respectively, after 4 h of 
treatment. The cytotoxicity study has revealed that the DUTP-AS1411 

Table 3 
Pharmacokinetic parameters of Taxotere®, DTP, DUTP and DUTP-AS1411 
aptamer micelles after i.v. administration equivalent concentration of DTX (at 
5 mg/kg).   

Pharmacokinetic 
parameters 

Taxotere® DTP DUTP DUTP- 
AS1411 
aptamer 

t1/2 h 5.14 ±
1.02 

21.11 ±
1.51 

33.49 ±
2.01 

40.13 ±
2.87 

Cmax μg/ml 9.47 ±
0.76 

22.54 ±
2.08 

24.18 ±
1.61 

25.28 ±
1.50 

AUC0- 

t 

μg/ml £ h 163.77 ±
11.37 

318.91 
± 23.83 

389.12 
± 19.68 

434.81 ±
29.09 

Cl_obs (μg/ml)/h 0.029 ±
0.001 

0.008 ±
0.005 

0.004 ±
0.002 

0.003 ±
0.002 

Vss_obs (μg/ml) 0.39 ±
0.019 

0.25 ±
0.154 

0.23 ±
0.092 

0.21 ±
0.012 

n = 6. 
S.D.: Standard deviation. 
DTP: TPGS-PF127 micelles containing DTX. 
DUTP: Theranostic TPGS-PF127 micelles containing DTX and UCNP. 
DUTP-AS1411 aptamer: AS1411 aptamer-engineered TPGS-PF127 theranostic 
micelles containing DTX and UCNP. 
Taxotere®: Marketed docetaxel injection. 
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aptamer micelles achieved higher cytotoxicity compared to Taxotere® 
in U-87MG cells. DTX formulated in the DTP, DUTP, and DUTP-AS1411 
aptamer micelles could be 4.20-, 11.70-, and 17.54-fold more thera-
peutic efficient than Taxotere® after 24 h treatment, respectively. 
Furthermore, DTP, DUTP, and DUTP-AS1411 aptamer micelles were 
found to be 4.20, 11.70, and 17.54-fold more therapeutic efficient than 
Taxotere®, respectively after 24 h of treatment. Interestingly, it was 

noted that the average concentration of DTX in brain tissues was found 
at 0.5, 1, 2, and 4 h after i.v. administration in the order of DUTP- 
AS1441≥DUTP ≥ DTP ≥ Taxotere®, respectively. The histological mi-
crographs of brain tissues were observed at 14day and 28th day for first i. 
v. doses of DUTP-AS1411 aptamer micelles did not produce inflamma-
tion or irritation, nuclear shrinkage, nuclear smudging, and degenera-
tion of dentate gyrus and cornu ammonis. This corroborates that DUTP- 

Fig. 8. (A) Graphical representation of brain distribution studies, concentration of DTX in brain after i.v administration of TPGS-PF127 micelles DTP, DUTP, DUTP- 
AS1411 aptamer and Taxotere® injection and free drug to rats at a dose of 5 mg/kg of DTX. Data show mean ± standard deviation (n = 3), and (B) Histopathology 
examination of rat brain tissues for the effect of TPGS-PF127 micelles in the brain cancer after i.v. administration of normal saline solution (control), Taxotere®, DTP, 
DUTP and DUTP-AS1411 dose of 5 mg/kg. The section was stained with Hematoxylin and Eosin and examined by light microscopy. Scale bar is 100 μm. 
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AS1411 aptamer micelles have the potential for effective and safer 
theranostics for brain cancer therapy. 
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Abstract: Diabetes mellitus is a long-lasting disease that is very common in the age group above
20 years and is characterized by hyperglycemia with other complications like Diabetic Nephropa-
thy (DN). The management of DN focuses on mainly four regions: reduction of cardiovascular
risks, control of blood glycemic levels, control of the blood pressure (BP) profile, and the use of
therenin-angiotensin system (RAS). Although BP management and RAS-acting agents can post-
pone the onset of DN, they cannot prevent it. In the modern era, nanotechnological interventions
have spread rapidly in the field of medicine. Patient defiance is considered important in diabetes
management when long-term or continuous management is required. Nano pharmaceuticals have
been shown to increase compliance of diabetic patients by providing multiple ways of drug deliv-
ery, controlling release profile, increasing biological steadiness, targeting efficacy, and decreasing
toxic profile. Nanoscale formulations of botanical antidiabetic molecules improve clinical efficacy
and treatment compliance by overcoming associated biopharmaceutical and pharmacokinetic barri-
ers. Therefore, the development of nanopharmaceuticals can be considered to be a possible answer
to attain the finest scientific effect of the plant-based anti-diabetic molecule. Nevertheless, further
studies are needed to create clinical research-based and therapeutically effective nanoforms of anti-
diabetic plant-based molecules to combat the most dreaded disease of diabetes and its known pre-
sent complications.

Keywords: Diabetic nephropathy, nano architect, solubility enhancement, pathophysiology.

1. INTRODUCTION
Diabetes  mellitus  is  a  long-lasting  disease  that  is  very

common in the age group above 20 years and is character-
ized by hyperglycemia [1]. It is two types; Type 1 Diabetes
mainly takes place in the young generation of people (≤30
years). It is an auto-immune disorder that is related to the de-
vastation of pancreatic beta cells that produce insulin ulti-
mately. Insulin deficiency occurs and external insulin is re-
quired by the patient’s body. Type 2 Diabetes is a progres-
sive  metabolic  disorder  in  which  a  deficiency  of  insulin
takes place [2]. Data given in the Global Burden of Disease
(GBD) reveals that the increase in cases of chronic kidney
disease associated with type 2 diabetes mellitus has gone up
by 74% from 1990 to 2017 [3].

Albuminuria  in  diabetic  patients  may  lead  to  DN  also
known as End-Stage Kidney Disease [4]. In 20-50% of pa-
tients, Diabetes mellitus induces some other complications
in the body as several pathways independently or collective-
ly get activated during diabetes that induces DN [5, 6], and
40% of diabetic nephropathy patients develop chronic kid-
ney disease (CKD) [3]. Arterial hypertension is also general-
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ly associated with DN [7]. Figs. (1 and 2) shows the inflam-
matory consequences of diabetes-induced vascular damage
and the  progression of  various  diabetic  complications  like
DN [8, 9]. There are no such clinical indicators for accurate-
ly distinguishing diabetic nephropathy from non-diabetic re-
nal diseases but some indicators can be used for the examina-
tion of Diabetic Nephropathy that is mentioned as follows
[10]:

Microalbuminuria: Urine Albumin range of 30-299
mg/g creatinine is regarded as incipient nephropathy.
Macro albuminuria:  Urine  Albumin ≥ 300 mg/g of
creatinine is regarded as overt nephropathy
GFR < 30 ml/min./1.73m2 is regarded as kidney fail-
ure [11-13].

According to the Kidney Disease Outcomes Quality In-
dex guidelines, CKD is distinguished into five stages based
on the estimated glomerular filtration rate (eGFR) thresholds
[2] within the CKD range or renal structural changes such as
proteinuria:  Stage-1,  kidney  damage  with  normal  GFR
(greater than 90 mL/min/1.73 m2); Stage-2, mild reduction
in GFR (60-89 mL/min/1.73 m2); Stage-3, a moderate reduc-
tion in GFR (30-59 mL/min/1.73 m2); Stage-4, a severe re-
duction in GFR (15-29 mL/min/1.73 m2); and Stage-5, renal
failure, also considered an end-stage renal disease (ESRD)
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Fig. (1). Effect of nanoformulations on inflammatory consequences of diabetes-induced vascular damage and the progression of diabetic
nephropathy. (Abbreviations: CCL1: C-C motif chemokine ligand 1; MCP-1, monocyte chemoattractant protein-1; ROS, reactive oxygen
species; TNF-α, tumor necrosis factor; IL: interleukin-6). (A higher resolution / colour version of this figure is available in the electronic
copy of the article).

Fig. (2). Five stages based on the estimated glomerular filtration rate (eGFR) thresholds. (A higher resolution / colour version of this figure is
available in the electronic copy of the article).

(CKD5d,  GFR  less  than  15  mL/min/1.73  m2)  [14].  CKD
Stage-5 characterizes patients with chronic renal failure (CR-
F), who suffer from progressive loss of renal function and
are dependent on dialysis [15].

Several  drugs  are  frequently  needed  to  establish  suffi-
cient glycemic control in the majority of patients; glycemic
control frequently depends on a variety of techniques, includ-
ing lifestyle modifications, low-sugar diets, chemical hypog-
lycemic  agents,  and  herbal  treatments  [16].  However,  fre-
quently  used  medications  like  metformin,  long-acting  and

short-acting insulin, renin-angiotensin system blockers, and
others frequently have high blood clearance, low effective
circulating drug concentrations, and non-targeted drug deliv-
ery,  which  causes  end-stage  renal  disease  in  patients  with
DN [12]. Many treatments are available to treat DN, accord-
ing to the most recent survey, but they are all quite expen-
sive and have unpleasant side effects. Plant-derived chemi-
cals play a vital part in the development of effective medici-
nal  treatments  [17].  Recent  studies  have  focused  on  the
nephroprotective  properties  of  herbal-based  nutraceutical
products since they offer several pharmacological benefits
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and low toxicity [18]. Nanotechnology and biochemistry ad-
vancements have enabled the development of a nano plat-
form drug delivery system that allows anti-diabetic medica-
tions to be dissolved, implanted, encapsulated, or bound to
nanoparticles  [19,  20].  Furthermore,  active  targeting
molecules modified nanoparticles may also help with effec-
tive  medication  delivery.  Transported  medications  are
cleared  by  the  immune  system,  removing  any  unintended
side effects and enhancing treatment outcomes [21].

Nanotechnology  is  the  combined  study  of  science,
medicine,  engineering,  and  technology  at  a  nano-range
[1-100 nm] [22]. The smallest-sized atoms in the aforemen-
tioned  range  are  bound  together  in  nanoscale  particles,
which increases the surface area and improves bioavailabili-
ty  [23,  24].  According  to  the  Ostwald-Freundlich  and
Noyes-Whitney equations, with the decrease in particle size,
there is an increase in the saturation solubility and dissolu-

tion rate [25, 26]. Therefore, for the improvement of dissolu-
tion of poorly water-soluble drugs, it can be seen that small
size and large surface area are beneficial [27].

This  review offers  a  fresh  perspective  on  the  develop-
ment of nanoplatforms in the future, as well as the most re-
cent developments in a number of nanoparticle technologies,
phytochemicals, and their uses in the management of DN.

1.1. Pathophysiology of Diabetic Nephropathy
Diabetic nephropathy is characterized by the symptoms

like  oxidative  stress,  systemic  blood pressure,  proteinuria,
glycemic control, hyperlipidemia, inflammation, growth fac-
tors, increase in growth factors [28-31]. Such metabolic and
hemodynamic aberrations may sum up several pathways that
lead to the production of reactive oxygen species (ROS) and
that ultimately influence Gene regulation and transcription
factors activation as shown in Fig. (3) [32].

Fig. (3). Schematic representation of the pathogenesis of diabetic nephropathy. Abbreviations: PKC (protein kinase C); AGE (Advanced gly-
cation end products); ROS (Reactive Oxygen species); TNF-alpha (Tumor Necrosis Factor alpha); NF-κB (Nuclear factor kappa B); MCP-1
(Monocyte chemoattractant protein-1); NO (Nitric oxide); TGF-β1 (Transforming growth factor-β1); CTGF (Connective tissue growth fac-
tor); CRP (C-reactive protein). (A higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (4). Treatment of diabetic nephropathy.

TNF-α, IL-1, and IL-6 are examples of pro-inflamma-
tory cytokines that can be produced by renal cells (en-
dothelial,  epithelial,  mesangial,  and  tubular  cells),
and  these  cytokines,  acting  in  a  paracrine  or  au-
tocrine manner, may have a variety of effects on vari-
ous renal structures contributing significantly to the
onset and progression of a number of renal disorders
like DN [33, 34].
The afferent and efferent arterioles are both dilated
by NO, which may also increase the glomerular filtra-
tion rate (GFR) and affect how sodium is handled by
the  kidneys  along  different  tubule  segments,  from
the  thick  ascending  limb  through  the  distal  tubule
and the collecting duct. Chronic kidney disease (CK-
D) causes a decrease in total NO production, which
accelerates kidney damage and cardiovascular events
[35].

1.2. Treatment
DN can be treated by using the following approaches as

shown  in  Fig.  (4)  [36-38].  Some  incipient  therapies  like
RAS inhibition, Sodium-glucose cotransporter-2 inhibitors,

and angiotensin receptor blockers (ARB] therapy are the fa-
vored therapies for treating DN [39, 40]. Some phytochemi-
cals have also been shown to be emphatic like Curcuma Lon-
ga, Ocimum Sanctum, etc [41-45]. Though, the main appre-
hension is the physical unpredictability which is due to their
high energy state and the intrinsic property of getting recrys-
tallized while storage, dissolution, and manufacturing [46].

Some studies like EDIC (Epidemiology of Diabetes Inter-
ventions  and  Complications  study)  and  DCCT  (Diabetes
Control and Complications Trial) have been done on type I
diabetes mellitus patients competently controlling their su-
gar  can  conquest  proteinuria  and  microalbuminuria  [47].
The United Kingdom Prospective Diabetes Study (UKPDS)
boasted that by lowering the risk of microvascular dysfunc-
tion  and  nephropathy,  HbA1C  may  be  targeted  in  people
with type II diabetes [48].

Some studies, such as IDNT (the irbesartan trial for dia-
betic  nephropathy]  and  RENAAL  (lowering  the  NIDDM
endpoint  with  the  angiotensin  II  antagonist  losartan  trial),
have  also  demonstrated  the  beneficial  effects  of  ARBs  in
postponing the improvement in DN. It was done to prove it.
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This study also highlighted the need for BP regulation [49,
50]. The JNC 8 (8th National Joint Committee) guidelines re-
quire that BP be maintained below 140/90 mmHg. With indi-
vidualization, it applies to most patients with type 2 diabetes
and DN [51].

A study, namely Randomized Olmesartan and Diabetic
Microalbuminuria Prevention (ROADMAP), exhibited that
the onset of microalbuminuria in T2DM patients can be pre-
vented using RAS blockers [52].

High concentrations  of  drugs  must  be  absorbed by the
kidney in order to treat nephropathic diseases; nevertheless,
these medications are frequently toxic and have other side ef-
fects. Higher drug doses are not always sufficient to ensure
that  the  desired  tissue  receives  the  ideal  dose  of  the
medicine due to the reduced tubular secretion and glomeru-
lar filtration processes in DN [53]. Drug delivery that targets
the kidneys assists in the resolution of this problem. To treat
kidney illnesses, a variety of drug delivery strategies have
been devised. They comprise antibodies, nanoparticles (NP-
s) and peptide carriers, small molecule prodrugs, and macro-
molecular carriers such as liposomes, lipid particles, and mi-
celle  polymers.  A  drug's  impact  on  the  damaged  tissue  is
minimized through targeted delivery. Targeted distribution
and controlled drug release are made possible by the use of
nanotechnology [54, 55].

New drugs such as Finerenone, a 3rd-race mineralocorti-
coid receptor antagonist, have been revealed to reduce albu-
minuria in DN at 90 days in diabetic individuals previously
treated with ARBs [56]. CANVAS and EMPAREG research
work  has  shown  that  sodium-glucose  cotransporter  2  (S-
GLT)  inhibitor,  which  averts  glucose  re-absorption  in  the
kidney renal tubule, reduces mortality which is related to car-
diovascular diseases [57]. In the cardiovascular risk-related
consequence studies, SGLT2 inhibitor had a beneficial ef-
fect on the renal outcome. That is, a decrease in albuminuria
is observed, and the frequency of complex renal blood flow
decreases. However, since this is secondary to studies of car-
diovascular benefits,  numerous studies are currently being
conducted  to  experiment  with  the  true  perspective  of  this
class of drug in preventing the development of DN.

Nano-curcumin  is  the  greatest  alternative  for  boosting
the  therapeutic  efficiency  and  reducing  unwanted  side  ef-
fects  of  curcumin since  it  has  greater  water  solubility  and
possesses antioxidant capabilities [58]. Its antioxidant prop-
erty aids in controlling the amount of Reactive Oxygen Spe-
cies (ROS) in stressed cells [59]. A key element of employ-
ing plant-based remedies, such as those derived from Oci-
mum sanctum/Ocimum tenuiflorum (Holy basil/Tulsi) and
Ocimum  basilicum  (Sweet  basil),  that  seem  to  have  the
same effect as the antihyperglycemic medication commer-
cially available [60]. Our comprehension of their complete
therapeutic efficacy is constrained by their diverse bioactive
chemical  components,  which  include  polyphenols,
flavonoids,  alkaloids,  terpenoids,  steroids,  and  glycosides
that cooperatively coexist. In order to combat this, function-
alizing green AgNps generated from these pharmacological-
ly significant plants is a practical option to utilize in the crea-

tion of colloidal pharmaceuticals, enhancing the properties
of  well-known  medicinal  plants  in  combination  with  the
many specificities of nanotherapy [61].

Recent guidelines for diabetes patients are listed below:
1. Blood glucose control must be ameliorated
2. ACE inhibitors or ARBs for controlling blood pres-

sure
3. Optimum protein intake (0.8 g/kg body weight)
4. BUN and serum creatinine levels must be observed
5. The urine albumin-creatinine ratio must be monitored
6. Diabetic patients with normal GFR, urinary albumin

to creatinine ratio, and BP are not to be prescribed ACE in-
hibitors and ARBs.

7. Chronic kidney disease is to be said when GFR falls
below 60  ml/min  and  if  below 30  ml/min.,  a  nephrologist
may recommend kidney replacement.

8.  For  the  treatment  of  chronic  kidney  diseases,  a
nephrologist  must  be  consulted  [21,  23].

1.3. Nanosystem-Driven Therapeutic Pathways: A Mod-
ern Aptitude

Objects having the dimensions of 10-9-10-7 m are compro-
mised by nanotechnology. Contemporarily, nanoscience has
emerged for diagnosis and therapies in many medical areas.
Materials  of  nanoscale  procure  few  designated  physical,
chemical, and biological properties, which spawn biomedi-
cal appositeness.  Nanotechnology works under two condi-
tions,  the  first  is  concerned  with  controlling  the  structure
and size at the nanoscale and the second is the novelty that
is because it uses the properties of its cargoes in their nano
sizes [62]). Remedying agents also in nanoscale dimensions
have been a boon for therapeutic efficacy and also gashed
the confines between the therapeutic effects and pharmaceu-
tical ineptitude (Fig. 5). Chrysalis of certain kinds of nano-
carriers, like niosomes, nanoparticles, micelles, dendrimers,
and liposomes, have remodeled an original methodology as
compared to the conventional drug delivery system as these
are more effective, target specificity, bioavailability, stabili-
ty, and release of drug [63]. Such nanocarriers are compre-
hensively  useful  in  delivering a  variety  of  drug molecules
having flexible physic-chemical properties, and also, show
distinctive active targeting by functionalizing their surfaces
with the used polymer or with the suitable ligand (Fig. 4).
Nanomedicines are also finding their place in treating cancer
and the confinement of tumors. Their applications are yet to
be  explored  in  many  other  therapeutic  areas  [64,  65].
Nanomedicines are widely used for the treatment of DN also
nowadays drug-loaded nano-liposomes are used for the treat-
ment [66].

Contrarily, some challenges are encountered while using
a nano carrier-based drug delivery system loading capacity
is poor, cellular uptake endowment becoming missing, some-
times   becoming   toxic,   apocryphal   biodegradation,   and
ligand   tagging   capacity.   Biocompatibility   is   the  major
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Fig. (5). Advantages of plant-derived nanoparticles. (A higher resolution / colour version of this figure is available in the electronic copy of
the article).

problem for such nanocarriers as the body’s immune system
recognizes them and may extract them from the body [67]
Though,  formulation  scientists  have  intimated  some  dis-
parate approaches to extenuate such impediments and can ac-
quire real-world applications of these Nano formulations. A
contemporary report imparted that the global market of such
nano-carrier-based drug delivery is rising sequentially with
an annual growth rate of 22%.

1.4.  Nano  Carrier-based  Formulations  for  Diabetes
Treatment

Diabetes mellitus has certain acute and chronic aggrava-
tions that can be better treated with the help of nanoformula-
tions. Many nano carrier-based formulations with different
structures  are  used  for  treating  diabetes  mellitus.  As  such
types of formulations have the target specificity with congru-
ous  release  patterns.  In  annexation  to  this,  these  formula-
tions  are  also  helpful  in  delivering  the  drugs  via  various
routes [68, 69]. To enhance the targeting efficiency of nano-
carriers they can be artifacts with certain ligands and ulti-
mately systemic availability and stability of the drug get in-

creased and it also abates the drug dosing and administration
frequency. Conclusively, these artifacts comprising nano car-
rier-based formulations can abate the peril of toxic revela-
tions [70]. Hence, appropriately prepared nanoformulations
of antidiabetic agents may give efficient therapeutic efficacy
for DN.

Consequentially, the review also enunciates the ameliora-
tion and the cogency of nanoformulations of hypoglycemic
agents from plant resources for the treatment of DN and dia-
betes.

DN is  End Stage Kidney Disease that  is  character-
ized  by  many  symptoms  and  many  types  of
metabolic  pathways  involved.  Therefore,  if  we  use
curcumin-tagged solid nanodispersion of drugs that
act on the RAS, Sodium-glucose cotransporter-2 in-
hibitors, treatment would be better and more target-
ed.  It  can  reduce  the  chances  of  concomitant  Dia-
betes and Nephropathy. These are several nanoformu-
lations that have been demonstrated to be effective
against DN (Table 1).

Table 1. Examples of preclinical research on various nanoplatforms for DN treatmen.

S.
No. Description References

1.

Liponanoparticles loaded with Rhein having polycaprolactone-polyethyleneimine-based cores showed a better capability of directing and
the accession of Rhein in the renal tissues along with the efficient therapeutic effects and a pittance of urinary excretion in diabetic nephro-
pathic mice. Rhein lipo-nanoparticle showed decent steadiness in the tissue environmental conditions and a continuous prolonged drug-re-

leasing contour up to the 48-h period with no occurrence of any toxicological effects on the renal tissues

[71]

2. Pingping Li et al. also prepared Apigenin-loaded solid lipid nanoparticles that were shown to be attenuated diabetic nephropathy in rats by
altering the signaling pathways. [72]

3.
Administration of taurine in nanoparticle form greatly decreased positive effects on diabetic nephropathy were indicated by raised serum
glucose levels, creatinine levels, and BUN levels caused by STZ. Administration of taurine causes a considerable increase in urine creati-

nine and a large decrease in urine albumin. Moreover, lipid indicators like cholesterol, triglycerides, and HDL levels are elevated.
[73]

4. Chunrong Huang et al. presented in their study that novel treatments based on calycosin nano-formulated can ameliorate DN by restoring
mitochondrial activity. They analyzed their results for TEM, DLS, FTIR methods, and animal activity. [74]

5. Xiaodong Yang showed that in STZ-induced diabetic rats, crocetin-loaded poly (lactic-co-glycolic acid) PLGA NPs had a kidney antifibrot-
ic and anti-inflammatory impact. [75]

6. Akram Ahangarpour et al. showed that by lowering oxidative stress and raising antioxidant enzyme levels, myricitrin and its Solid lipid
nanoparticles (SLN) treatment improved DN changes. These benefits were more pronounced in the animals who received the SLN. [76]

7. Yanfang Yu et al. showed that AuNPs exhibited a nephroprotective role via the SIRT3-SOD2 signaling pathway. [77]

8.
Jing-Bo Hu et al. showed that increased accumulation of HA-CUR in kidneys with 13.9-fold was higher than that of free CUR. Pharmaco-
dynamic studies indicated HA-CUR effectively ameliorated AKI, and the exact mechanism was that HA-CUR protected renal tubule epithe-

lial cells from oxidative stress damage via inhibiting the PtdIns3K-AKT-mTOR signaling pathway.
[78]
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Here are some other uses of nanotechnology for treating
diabetes and its other complications:

Nanoformulations of hypoglycemic agents contain-
ing curcumin have emerged as an effective approach
for bioavailability, stability, solubility, and therapeu-
tic efficiency enhancement. Allam et al. prepared cur-
cumin encapsulated self-nano-phospholipid suspen-
sion using miglyol 812 and Phosal®53 using inconsis-
tent  surfactants  ratios  and  formulated  a  Phosal®53
MCT is soybean lecithin derived phosphatidyl-cho-
line  which  acts  as  the  estimable  solvent  for  poorly
water-soluble compounds. They showed that Curcu-
min-self-nano phospholipid dispersions enhanced the
bioavailability of poorly water-soluble curcumin as
compared  to  the  conventional  formulations  in  rats
[79].
Emulsion- A diffusion-evaporation method used for
the formulation of curcumin nanoparticles was found
to be effective as the formulation reduced the fasting
blood  glucose  and  glycosylated  hemoglobin  levels
factually via enhancing the rendition of insulin and
insulin receptor (IR) mRNAs in diabetic rats [80].
In type 2 diabetic model rats,  diabetes therapy was
given  by  curcumin-  ZnO  nanoparticles  (10  mg/kg,
for  21  days).  It  showed  there  is  an  abatement  in
blood  glucose  levels,  serum  insulin  increased,  and
glucokinase and GLUT2 genes in the liver and pan-
creas get activated
Curcumin  fabricated  with  poly-(ethylene  glycol),
and poly-(-benzyl 1-glutamate) poly-(-benzyl l-gluta-
mate) also proved to have increased bioavailability
and  water  solubility.  Curcumin-loaded  multi-poly-
mer nano-carrier attained exceeding pharmacological-
ly  driven  activity  in  crossover  regulation  of,  calci-
um-sensing receptor gene, Ca2+/calmodulin, and en-
dogenous  cystathionine  -lyase/H2S as  compared to
the  orthodox  curcumin-based  several  formulations
for the treatment of diabetic induced cardiac myopa-
thy in rats [81].
Curcumin-loaded PLGA nanoparticles also showed
enhanced  bioavailability  (approx.  5.6  times  than
crude curcumin) and also increased biological half-
life. Nanoparticles also had enhanced water solubili-
ty,  eliciting the drug release profile  prominently in
the intestinal  juice,  improved penetration,  arresting
P-GP efflux, and elevated residence time in the in-
testinal cavity [82].
For  perpetuating  plasma  association  and  enhanced
oral  bioavailability  of  curcumin  in  diabetic  neuro-
pathic rats, self-nano emulsification of curcumin was
used [83].
Sameer Sharma et al. also demonstrated that curcu-
min  has  motley  therapeutic  targets  as  it  shows  an-
tioxidant activity, and also prevented some metabolic
chains  in  the  rat’s  body  for  the  prevention  of  the
onset of diabetic nephropathy [84].
The  antisolvent  precipitation  method  was  used  for

preparing  Betulin  nanoparticles  for  improving  oral
bioavailability (2.2 times) and also showed the antidi-
abetic effect effectively as compared to the conven-
tional form [85].

Qiong Ma et al. also prepared copolymerized
antihyperglycemic  nanoparticles  with  the
help of a plant extract named HPA (p-hydrox-
yphenyl ethyl anisate). Scientists injected in-
sulin-loaded injections of prepared nanoparti-
cles  and  that  showed  the  alleviation  of  the
blood glucose level of mice within 48 hours
[86].
PEG-block nanocarriers loaded with quercet-
in-[poly-(ethylenediamine-glutamate)--
graft-poly-[“-benzyloxy-carbonyl-1-lysine)]
for the treatment of the quercetin-loaded sys-
tem versus free molecule of quercetin in dia-
betes  and  related  treatments  Potential  for
nephropathy  by  increasing  serum  levels  of
quercetin in rats [87].
Mohd. Adnan Kausar et al. also showed two
phytochemicals (i.e., gentisic acid and miche-
lalbine)  that  are  supposed  to  target  human
amylin peptide and dipeptidyl peptidase-4, re-
spectively, have an efficient binding capacity
[88].
Several  plant-based  nanopharmaceuticals
were  established  in  the  latest  years  and  are
known  to  be  efficient  in  relieving  diabetic
conditions  and  their  related  problems.
Though,  significant  investigation efforts  are
needed to invent new plant-based antidiabetic
nanopharmaceuticals that can be applied clini-
cally in diabetes.

CONCLUSION
DN is the end stage of the kidney-related disease that is

characterized  by  many  symptoms  and  many  types  of
metabolic  pathways  involved.  So,  if  we  use  curcumin--
tagged solid nanodispersion of drugs that  act  on the RAS,
Sodium-glucose  cotransporter-2  inhibitors.  So,  treatment
would be better and more targeted. It can reduce the chances
of concomitant Diabetes and Nephropathy.

CURRENT  SCENARIO  AND  FUTURE  POINT  OF
VIEW

In the modern era, nanotechnological interventions have
spread rapidly in the field of medicine. Patient defiance is
considered  important  in  diabetes  management  when  long-
term or continuous management is required. Nanopharma-
ceuticals have been shown to increase compliance of diabet-
ic patients by providing multiple ways of drug delivery, con-
trolling release profile, increasing biological steadiness, tar-
geting efficacy, and decreasing toxic profile. As a result, at-
tention to emerging nanomedicines to treat diabetes is grow-
ing rapidly. In addition, various naturally derived and pro-
duct-based nanoforms and naturally product-based anti-dia-
betic  nanoforms  have  attracted  researchers'  attention  for
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many years. With this in mind, it can be argued that there is
a  potential  for  the development of  nanomedicines suitable
for alleviating complications such as diabetes and diabetic
nephropathy using natural antidiabetics or herbal medicines.

Nanoforms of several natural compounds with a known
anti-diabetic  perspective  have  been  developed  to  advance
pharmacokinetics and therapy effectiveness in the treatment
of diabetic conditions. In addition, nano pharmaceuticals de-
rived from plant molecules have been developed with many
antidiabetic activities thought to be etiologically similar to
diabetes  or  effective  in  other  diseases  [89-93].  Therefore,
dose adjustment of these nano pharmaceuticals has the poten-
tial to treat diabetes. In this context, nano pharmaceuticals
derived from natural  hypoglycemic agents are expected to
have great potential for the treatment of diabetes in the fu-
ture, increasing patient-related factors such as compliance,
providing effective costing, and decreasing toxicity.

In conclusion, nanoscale formulations of botanical antidi-
abetic  molecules  improve  clinical  efficacy  and  treatment
compliance  by  overcoming  associated  biopharmaceutical
and pharmacokinetic barriers. Therefore, the development of
nanopharmaceuticals can be considered to be a possible an-
swer to attain the finest scientific effect of the plant-based
anti-diabetic  molecule.  Nevertheless,  further  studies  are
needed to create clinical research-based and therapeutically
effective nanoforms of antidiabetic plant-based molecules to
combat the most dreaded disease of diabetes and its known
present complications.

LIST OF ABBREVIATIONS

AGE = Advanced Glycation End Products
AgNPs = Silver Nanoparticles
AKI = Acute Kidney Injury
ARBs = Angiotensin Receptor Blocker
ASD = Amorphous Solid Dispersion
AuNPs = Gold NPs
BCS = Biochemical Classification
BP = Blood Pressure
CKD = Chronic Kidney Disease
CRP = C-Reactive Protein
CTGF = Connective tissue growth factor
Cur = Curcumin
DN = Diabetic Nephropathy
ESRD = End-stage Renal Disease
GFR = Glomerular Filtration Rate
GFR = Glomerular Filtration Rate
HA = Hyaluronic Acid
IL = Interleukins

MCP-1 = Monocyte Chemoattractant protein-1
NCE = New Chemical Entity
NF-κB = Nuclear Factor Kappa B
NO = Nitric Oxide
NPs = Nanoparticles
PKC = Protein Kinase C
PLGA = Poly(Lactic-co-glycolic Acid)
RAS = Renin-Angiotensin System
ROS = Reactive Oxygen Species
SGLT-2 In-
hibitor

= Sodium-glucose  Cotransporter  2  Inhibi-
tors

STZ = Streptozotocin
TGF-β1 = Transforming growth factor-β1
TNF-α = Tumor Necrosis Factor- α
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Abstract: Frequent consumption of fruits and vegetables in the daily diet may alleviate the risk of
developing chronic diseases. Daucus carota L. (carrot), Beta vulgaris L. (beetroot) Phyllanthus emblica L.
(amla), and Lycopersicon esculentum M (tomatoes) are traditionally consumed functional foods that con-
tain a high concentration of antioxidants, ascorbic acid, polyphenols, and numerous phytochemicals.
This study assessed how three distinct preparation methods affect the phenolic, flavonoid, carotenoid,
and ascorbic acid contents, antioxidant level, and cytotoxicity of the combined fruit extract. The fruit
samples were taken in the ratio of carrot (6): beetroot (2): tomato (1.5): amla (0.5) and processed
into a lyophilized slurry (LS) extract, lyophilized juice (LJ) extract, and hot-air oven-dried (HAO)
extract samples. The sample extracts were assessed for their phytoconstituent concentrations and
antioxidant and cytotoxic potential. The total phenolic content in LS, LJ, and HAO extracts was
171.20 ± 0.02, 120.73 ± 0.02, and 72.05 ± 0.01 mg gallic acid equivalent/100 g, respectively and the
total flavonoid content was 23.635 ± 0.003, 20.754 ± 0.005, and 18.635 ± 0.005 mg quercetin equiva-
lent/100 g, respectively. Similarly, total ascorbic acid content, carotenoids, and antioxidant potential
were higher in the LS and LJ extracts than in HAO. Overall, the LS extract had a substantially higher
concentration of phytochemicals and antioxidants, as well as higher cytotoxic potential, compared to
the LJ and HAO extracts. The LS extract was tested in the MKN-45 human gastric cancer cell line
to demonstrate its effective antioxidant potential and cytotoxicity. Hence, lyophilization (freezing)
based techniques are more effective than heat-based techniques in preserving the phytoconstituents
and their antioxidant and cytotoxic potential.

Keywords: hot-air oven drying method; ethanolic fruit extracts; bioactive compounds; flavonoids;
carotenoids; phenolics; lyophilization method; phytoconstituents; antioxidant; anticancer
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1. Introduction

The importance and awareness of proper food composition for a healthy life and dis-
ease prevention have grown in recent decades, leading to increased demand for functional
foods. Beneficial nutrients in plant-based foods include dietary fibers, vitamins, miner-
als, and electrolytes. Essential phytochemicals like polyphenols, carotenoids, betalains,
organosulfur compounds, alkaloids, etc., including numerous antioxidants, are also abun-
dant in fruits and vegetables. The nutrient content of fruits and vegetables provide health
benefits, while phytochemicals, especially polyphenols, have therapeutic potential [1].
Polyphenols are considered secondary metabolites that do not confer metabolic functions
but are necessary for the nutritional and sensory qualities of plant foods [2–4]. The need of
the hour is to use these phytonutrients as therapeutic agents against various diseases. Com-
pared with synthetic chemotherapeutics, natural products such as anthocyanins and ginkgo
biloba are proven to be less toxic to healthy cells, with fewer side effects in patients [5,6].
The literature is rife with efforts toward analyzing natural plant-based products as drugs
against diseases, including cardiovascular diseases, cancers, inflammatory diseases, and
autoimmune and infectious diseases [7–11]. Many phytonutrients have been in clinical
trials, and some are being used in clinical settings [9,12–14].

Extraction of phytochemicals requires appropriate drying methods to preserve and
retain these essential constituents from the fruits, leaves, or other parts of the plants. Nu-
merous drying methods have been experimented with to preserve phytoconstituents. Some
methods are sun drying, hot-air oven drying, freeze drying, vacuum drying, microwave
drying, etc. Hot-air or conventional drying is the most popular method due to its low
cost [15]. However, it has several disadvantages attributed to its long drying time and high
temperatures, usually associated with undesirable effects, such as degradation of bioactive
components, loss of antioxidant compounds and nutritional and sensory quality, higher
shrinkage percentage, and the formation of undesirable secondary compounds [16,17].
Thus far, freeze-drying (lyophilization) is considered the best drying method that preserves
dried foods’ sensory and nutritional qualities with lower shrinkage percentage, higher
rehydration capacity, and easy application [18,19]. According to recent findings from
evaluations of the effect of different drying techniques on major antioxidants in fruits
and vegetables, freeze-drying outperforms other drying methods in terms of antioxidant
preservation [20–23].

Due to the presence of phytochemicals, fruits, fruit juices, and vegetables demonstrate
abundant synergistic effects on human health. In this study, we chose fruits of four plants:
carrots, beetroot, tomatoes, and amla. Carrot was included due to its unique combination
of three flavonoids: kaempferol, quercetin, and luteolin [24–26]. Beetroot contains phenolic
compounds, betalains, carotenoids, micronutrients, and macronutrients [27]. The active
compounds (betalains) in beetroot are a promising alternative for supplemental therapies
for multiple diseases [28]. Numerous studies demonstrate that a high intake of lycopene-
rich tomatoes and tomato-based products may protect against cardiovascular disease and
reduce the risk of cancers of the prostate, breast, lung, and digestive tract [29]. Amla,
which contains high concentrations of ascorbic acid, aids in immune defense, fights free
radicals, and protects from various chronic diseases by neutralizing oxidative stress [30].
Carrots, beetroot, tomato, and amla have flavonoids, chlorogenic acid, and vitamin C,
which positively impact human health through their protective effect against oxidative
stress by neutralizing free radicals [31].

Many studies have reported the effect of different drying techniques on the antioxi-
dant activity, physicochemical properties, and active concentrations of phenolic and other
nutritional compounds of carrot, beetroot, tomato, and amla individually [32]. However,
thus far, no research has been conducted on combined extracts of the above four fruits and
the influence of different drying methods on the antioxidant capacity, total phenolic content,
flavonoids, carotenoids, and ascorbic acid content, as well as their anticancer/cytotoxic
activity [33,34].
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2. Results and Discussion
2.1. Effect of Drying Techniques on Crude Fiber Content

The samples were dried by the hot-air oven and lyophilization methods and mixed
in the defined ratio as mentioned in the Materials and Methods section, i.e., carrot (6 mg):
beetroot (2 mg): tomato (1.5 mg): amla (0.5 mg). The samples thus formed were; (A) hot-air
oven-dried extract (HOA), (B) lyophilized slurry (LS) extract, and (C) lyophilized juice (LJ)
extract, as shown in Figure 1.
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Figure 1. The dried extracts obtained from three methods used in the study. (A) The dried fruit
sample obtained from the hot-air oven-dried (HAO) method. (B) The dried sample obtained from
lyophilized slurry (LS). (C) The dried sample obtained from lyophilized fruit juices (LJ). (Inset)
Examples of the dried juice extracts from each fruit (1—carrot; 2—beetroot; 3—tomato; 4—amla).

The qualitative standard was determined using the HAO extract (Figure 1A) and
lyophilized extracts (LS and LJ) (Figure 1B,C). The crude fiber content in LS, LJ, and the
HAO extracts was 4.2%, 1.4%, and 2%, respectively, as shown in Table 1. The lowest
value for crude fiber was obtained in the hot-air oven-dried preparation (HAO), and
the highest crude fiber content was present in the LS extract. This indicates that the
lyophilization methods have a less adverse effect and maintain the sample extracts’ fiber
content. This was consistent with the findings of other, similar studies in which enzyme
activities of the extracts were tested and found to be optimal with the lyophilization-based
techniques [35,36]. High fiber content is beneficial in aiding the peristalsis movement of
GIT, which helps bowel movement, lowers blood cholesterol, and reduces the risk of colon
cancer [37].

Table 1. Effect of three drying techniques on the crude fiber content.

Dried Samples Weight (g) Crude Fiber (%)

Hot-air oven-dried sample (HAO) 2.0 2.0

Lyophilized slurry (LS) 2.0 4.2

Lyophilized juices (LJ) 2.0 1.4

2.2. Total Phenolic Content (TPC) and Flavonoid Content

Total phenolic and flavonoid content in the LS, LJ, and HAO extracts were deter-
mined (Table 2). The total phenolic content in the HAO extract was found to be low
(72.05 ± 0.01 mg gallic acid/g) as compared to the LS extract (171.20 ± 0.02 mg gallic
acid/g) and LJ extract (120.73 ± 0.02 mg gallic acid/g). Total flavonoid content in the LS
extract (23.635 ± 0.003 mg quercetin/g) and LJ extract (20.754 ± 0.0005 mg quercetin/g)
was found to be higher than in the HAO extract (18.635 ± 0.0005 mg quercetin/g). This
indicates that the lyophilization (freezing) method is more resilient in preserving the TPC
and flavonoid content than the hot-air drying method. It has been noticed in several studies
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that HAO leads to a loss of phytoconstituents, which potentially diminishes the bioactive
value of functional foods [38]. Hence, an effective standardized drying method must be
used to harness the full potential of fruit extract for health benefits or as therapeutics.

Table 2. Total phenolic content and flavonoid content in hot-air oven-dried extract, lyophilized slurry
extract and lyophilized juice extract.

Dried Samples Total Phenolic Content (mg
Gallic Acid/100 g)

Total Flavonoid Content
(mg Quercetin/100 g)

Hot-air oven-dried sample (HAO) 72.05 ± 0.01 18.635 ± 0.005

Lyophilized slurry (LS) 171.20 ± 0.02 23.635 ± 0.003

Lyophilized juices (LJ) 120.73 ± 0.02 20.754 ± 0.005

2.3. Ascorbic Acid Content and Carotenoids Content

The drying method employed to generate plant extracts influences the amount of
ascorbic acid and carotenoids. Ascorbic acid is a hydrophilic, heat-sensitive vitamin easily
destroyed and evaporated upon heating. As a result, the vitamin C content is usually lost
during heat-based sample drying methods. Low temperature-based sample processing
techniques are more promising to preserve and retain vitamin C and other nutrients
during drying [39,40]. In our study, the ascorbic acid and carotenoid contents were more
concentrated after lyophilization drying than with the hot-air oven drying method (Table 3).
The concentration of ascorbic acid obtained in the samples dried using the hot-air method
was found to be 2.68 mg. In comparison, LS and LJ extracts yielded 6.51 mg and 2.99 mg
of ascorbic acid, respectively. Since fruit juices are prepared by extracting the liquid
component from the slurry, low amounts of ascorbic acid in fruit juices, comparable to
HAO, are probably due to a loss of ascorbic acid content upon filtration to remove the
slurry. Secondly, ascorbic acid is more prone to oxidation in liquid solvents than in slurries.
The carotenoids content in LS and LJ extracts was 30.25 mg/100 g and 23.25 mg/100 g,
respectively, and 14.00 mg/100 g in the HAO extract (Table 3).

Table 3. Determination of ascorbic acid content and carotenoids in the three extracts.

Different Dried Samples Ascorbic Acid
Content (mg)

Carotenoids Content
(mg/100 g Sample)

Hot-air oven dried sample (HAO) 2.68 14.00

Lyophilized slurry (LS) 6.51 30.25

Lyophilized juices (LJ) 2.99 23.25

The nutritional profiles of plant extracts obtained after extraction limit or enhance their
health benefits or their use as therapeutics. The research focus has shifted to identifying
the best preparation methods that retain and enhance the bioactive contents, especially the
antioxidant potential of fruit and vegetable extracts [41–43].

2.4. Antioxidant Activity

The effect of different drying techniques on the antioxidant capacity of the HAO, LS,
and LJ samples was evaluated using the DPPH scavenging method and reducing power
assay. Table 4 shows the antioxidant activity of the three extracts. The percentage of
inhibition was found to be highest in the LS at all concentrations compared to the LJ and
HAO extracts. The results are presented in Figure 2.
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Table 4. Determination of antioxidant activity of the three sample extracts.

Drying Techniques
Reducing Power

(Total Antioxidant Capacity)
(Absorbance)

Hot-air oven-dried sample (HAO) 0.235

Lyophilized slurry (LS) 1.827

Lyophilized juices (LJ) 1.521
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Figure 2. Free radical scavenging (antioxidant) activity using DPPH. The scavenging capacity of
each dried sample extract (hot-air dried, lyophilized slurry, and lyophilized fruit juices) was assessed
using DPPH. Ascorbic acid was used as a control. A high radical scavenging activity was observed in
the lyophilized slurry compared to lyophilized juices or hot-air oven-dried samples.

The reducing power of all three extracts, along with ascorbic acid, is shown in Table 4.
In the reducing power assay, the absorbance of the sample extracts reflected their reducing
power or antioxidant capacity. The LS extract showed enhanced reducing power compared
to the HAO and LJ extracts. An understanding developed from previous studies indicates
that, in general, lyophilization methods provide effective preservation of chemicals and
enhanced bioactivities, as compared to other methods that require dehydration-based
high-temperature preservation and drying [39,44,45].

2.5. Anti-Proliferative Activity of Lyophilized Slurry (LS) Extract Assessed by MTT Assay

In vitro results indicate that the LS extract had a higher concentration of phytocon-
stituents and higher antioxidant activity than the HAO and LS extracts (Tables 2 and 4).
Hence, we chose the LS extract to test the anti-proliferative (anticancer) activity using a
gastric adenocarcinoma cancer cell line (MKN-45). Doxorubicin was taken as a control
to compare the efficacy of the LS extract on MKN-45 cells. Two concentrations of dox-
orubicin (25 µg/mL and 100 µg/mL) and LS (10 µg/mL and 320 µg/mL) were used. As
evident from the cytotoxicity assay, the LS extract showed considerable cytotoxicity with a
320 µg/mL concentration (23.33 ± 3.5% viability), which was similar to that of doxorubicin
(22.11 ± 1.5% viability) at a much lower concentration of 100 µg/mL (Figure 3).
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Figure 3. Inhibitory action (anti-proliferative potential) of lyophilized slurry (LS) extracts on MKN-45
cell line. MKN-45 cells were incubated for 24 h with LS at 10 µg/mL and 320 µg/mL concentrations
and doxorubicin at 25 µg/mL and 100µg/mL concentrations. Percentage cell viability was tested
using an MTT solution. The histograms depict the percentage viability of the MKN-45 cells treated
with ethanol, LS extract, and doxorubicin after 24 h exposure to the above-mentioned concentrations.
The data are presented as mean ± SD for three replicates.

Notably, previous studies demonstrated that single fruit extracts prepared by ethanol
extraction had higher IC50 values than the combined fruit extract (LS) in our study. Ethano-
lic amla extract demonstrated an IC50 of up to 650 µg/mL tested against various cancer
cell lines [46]. Similarly, Convolvulus pluricaulis leaf extract showed an IC50 value of
approximately 1000 µg/mL in HepG2 and L-929 cell lines [47]. Nonetheless, some reports
of the synergetic effect and the increased potency of combined extracts are available [48,49].
Due to the enhanced overall health benefit, recently many researchers have shifted their
focus from an interest in extracted and purified single components to using combined fruit
extracts for their antimicrobial, antioxidant, and anti-cancer properties [50].

Studies have also reported that mixing and blending bioactive fruits stabilizes the total
phytoconstituents [51]. Recently, scientific research on combined extracts has shed light
into their enhanced bioactivity. Hence, this study is among the few upcoming studies that
can help to develop a better understanding of the combined fruit extracts and extraction
methods aimed at enhancing the overall beneficial effects of fruits.

3. Materials and Methods
3.1. Sample Collection

Carrots, beetroot, tomatoes, and amla were collected from the local food market
and authenticated by the quality assurance authority of Maharishi Dayanand University,
Rohtak, Haryana, India.
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3.2. Reagents

All chemicals, reagents, and solvents of analytical grade (AR) were purchased from Loba
Chemicals Pvt. Ltd. Mumbai, India, Himedia (HiMedia Laboratories, Mumbai, India), CDH
Fine Chemicals (Central Drug House (P) Ltd., Gujarat, India), and Merck (Branchburg, NJ, USA).

3.3. Drying Processes

Fresh ripe carrots, beetroot, amla, and tomatoes were purchased from the local food
market. Each sample was washed, sliced into smaller pieces, and juiced independently
before being dried through different methods. We prepared three samples, viz. lyophilized
slurry extract, lyophilized juice extract, and hot-air oven-dried extract, using freeze-drying
or heat-drying techniques. Two methods, slurry or juice, that were subsequently freeze-
dried, were used. The sample collection, preparation, and testing methodology are ex-
plained in the flowchart (Figure 4).
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3.4. Preparation of Samples

After adequately washing the beetroots, carrots, tomatoes, and amla under running
water, the peels were removed from the fruits except for the amla and tomatoes. Amla was
stripped of its seeds and chopped into medium-sized pieces.

3.4.1. Method 1 (Hot-Air Oven-Dried Powder Sample)

Each fruit sample was dried in a hot-air oven at 40–60 ◦C temperature, ground in-
dividually, and then mixed in a ratio of carrot (6 mg): beetroot (2 mg): tomato (1.5 mg):
amla (0.5 mg). The samples were stored in an airtight container until further use (Figure 1).
The temperature range for hot-air drying was set to ensure that fruits with high moisture
content (tomatoes and amla) were dried completely, similarly to that of beetroots and
carrots. The 40–60 ◦C temperature range has been optimized for drying all four fruits to a
final moisture content of 0% [52]. Secondly, the ratio (carrot (6 mg): beetroot (2 mg): tomato
(1.5 mg): amla (0.5 mg)) was also optimized as the highest in antioxidant potential among
the three ratio combinations tested.

3.4.2. Method 2 (Lyophilized Slurry Powder Sample)

Each fruit sample was separately put into a grinder to produce a slurry. The slurries
were lyophilized at −40 ◦C temperature using a Labconco lyophilizer. Lyophilized ex-
tracts were again mixed in the same ratio as mentioned in Method 1, i.e., carrot (6 mg):
beetroot (2 mg): tomato (1.5 mg): amla (0.5 mg), and stored in an airtight container until
further experimentation.

3.4.3. Method 3 (Lyophilized Juice Powder Sample)

Each fruit sample was separately put into a grinder to produce a slurry and subse-
quently filtered to obtain the juice. The fruit juices were lyophilized separately at −40 ◦C
temperature using a Labconco lyophilizer. Lyophilized juice powders were mixed in the
same ratio as mentioned in Method 1, i.e., carrot (6 mg): beetroot (2 mg): tomato (1.5 mg):
amla (0.5 mg) and stored appropriately until further use.

3.5. Extraction

The three dried (powder) extracts—HOA extract, LS extract, and LJ extract—were
prepared through an ethanol-based extraction procedure. A quantity of 100 mg of dried
(powder) sample (prepared using method 1, method 2 or method 3) was soaked in 500 mL
of 80% ethanol/water in tightly covered bottles and left for 24 h with occasional mixing.
The ethanol extracts were centrifuged at 2500 rpm for 10 min at 25 ◦C and were subse-
quently filtered using Whatman filter paper No. 1 (Whatman International, Maidstone,
UK). The samples were further evaporated to dryness at 50 ◦C using a rotary evaporator
until concentrated extracts were obtained. Each extract was weighed and diluted with
specific solvents (according to the solvent required for each experiment) to prepare different
concentrations to be used for further experiments. The extracts were either used for in vitro
studies immediately or stored under sterile conditions at −20 ◦C until further use (with
slight modification from Lim, 2019).

3.6. Determination of Crude Fiber Content

Crude fiber content was determined for all three extracts using the standard procedure
according to the Indian Pharmacopoeia 2018 (https://www.webofpharma.com/2022/0
4/indian-pharmacopoeia-2018-ip-2018-pdf.html, accessed on 7 October 2021) (Indian
Pharmacopoeia, 2018) [53].

3.7. Determination of Total Phenolic Content

The phenolic contents (free and bound phenols) were analyzed by spectrophotometer
using the Folin–Ciocalteu (FC) reagent method. All three dried extracts were dissolved
in methanol, mixed with 125 µL of FC reagent, and left to stand for 6 min. After that,
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we added 1.25 mL of 7% Na2CO3 solution, and the final volume was made up to 3 mL
using distilled water [54]. The samples were left at room temperature for 90 min, and
absorbance was noted at 760 nm using a UV/Vis spectrophotometer. The linearity reading
of the standard curve was measured with gallic acid/100 g used as standard [55].

3.8. Determination of Total Flavonoid Content

A volume of 0.3 mL of 5% NaNO2 solution was mixed with 1 mL ethanolic extract for
all three samples separately. After 5 min of incubation, we added 0.3 mL of 10% AlCl3 and
incubated the mixture of samples at room temperature for 6 min. Then, we added 10 mL of
1 M NaOH solution. Finally, the reaction mixtures were left in a dark place for 15 min. We
took 0.3 mL volumes from these solutions and measured the absorbance of the samples at
510 nm using a UV-Vis spectrophotometer. Quercetin was used as a control, and the results
expressed in mg of quercetin equivalent (QE) per g of dried extracts [56].

3.9. Determination of Total Ascorbic Acid

A 0.005 mol L−1 iodine solution and 0.5% starch indicator solution were prepared
separately to determine ascorbic acid in the prepared samples. A 20 mL aliquot of the
sample solutions was taken into a 250 mL conical flask. Further, 150 mL of distilled water
and 1 mL of starch (indicator) solution were added. The three samples were titrated
using 0.005 mol L−1 iodine solution [57]. The endpoint of the titration was identified
with the appearance of a dark blue-black color due to the formation of the starch–iodine
complex [58].

The ascorbic acid concentration in the three extracts was calculated as follows:

Ascorbic acid (mg) = M iodine solution × mL iodine solution × 176.12 g/mol

3.10. Extraction and Determination of Carotenoids

Two grams of the LS, LJ, and HAO extracts was dissolved in acetone and hexane
(1:1) solution. Five milliliters of acetone was added to each 2 mL extract after specific
time intervals, and this process was repeated two to three times. Each acetone-washed
extract was filtered and collected separately into a beaker. The collected extracts were
applied to a separating funnel, and a 10% NaCl solution in distilled water was passed
over the extract through the separating funnel. The resulting solution was thoroughly
stirred and kept aside for the separation of layers. Once the layers separated, the upper
layer containing carotenoids was collected and treated to eliminate the water and NaCl
(anhydrous) solution [59]. The absorbance of carotenoids in the obtained sample was
recorded at 630 nm using a visible spectrophotometer, and the total amount of carotenoids
in 100 g of each dried sample was calculated. Freshly made β-carotene standard solution
of 2 mg/mL prepared in acetone was used as a standard.

3.11. 2,2-Diphenyl-1-Picrylhydrazyl Radical Scavenging Activity

2,2-Diphenyl-1-Picrylhydrazyl (DPPH) was used to assess free radical scavenging
activities of the extracts. In 0.1 mL of each ethanolic extract (LJ, LS, and HAO extracts),
diluted in 0.8 mL DMSO, 0.1 mL of DPPH in methanol was added. After incubating the
samples for 30 min, the absorbance was measured at 517 nm. Following this method, a
lowering of the absorbance reading shows higher free radical scavenging activity. The %
scavenging activity of DPPH was calculated by the following equation:

% Inhibition = (Acontrol − Asample/Acontrol) × 100

where Asample is absorbance of sample solution, Acontrol is absorbance of control. DMSO was
used as blank, ethanol was used as a control, and quercetin solutions were used as standards
for the same run. The method is similar to previously established protocols [60,61].



Molecules 2023, 28, 0 10 of 14

3.12. Reducing Power Assay

One milliliter of each extract (LJ, LS and HAO) was combined with 2.5 mL of phos-
phate buffer (pH 6.6) and 2.5 mL of 1% potassium ferricyanide solution, followed by thor-
ough mixing, and incubated for 20 min at 50 ◦C. After incubation, 2.5 mL trichloroacetic
acid (TCA) was added, and the sample was centrifuged for 10 min at 3000 RPM. The
supernatant was transferred into a different tube, and 2.5 mL of the supernatant was
mixed with 2.5 mL of distilled water and 0.5 mL of 0.1% Iron (II) chloride (FeCl2). The
absorbance of samples was observed at 700 nm against the blank (phosphate buffer)
using a UV-Vis spectrophotometer. Ascorbic acid was taken as a reference standard,
prepared similarly without the addition of a sample. An increase in the absorbance
reading of the reaction mixture depicted an increase in the reducing power (Figure 2)

% Reducing Power = (1 − Asample/Acontrol) × 100

Asample is the absorbance of the sample solution, and Acontrol is the absorbance of
control [18].

3.13. Evaluation of the Cytotoxic Activity of the LS Extract in Gastric Adenocarcinoma (MKN-45)
Cell Lines by MTT Assay

The gastric adenocarcinoma cell line (MKN-45) was cultured under optimum condi-
tions in DMEM media with 10% fetal bovine serum (FBS) and 5% CO2 until a bilayer
cell density was achieved. The bilayer was trypsinized using culture media without FBS,
and a 5.0 × 105 cells/mL cell count was taken. One hundred microliters of diluted cell
suspension (50,000 cells/well) was added to each well of the 96-well microtiter plate.
After 24 h, a partial bilayer was reached. The supernatant was removed, and the bilayer
was washed with culture media. The cells were then treated with 100 µL of different
concentrations of the extract, diluted in DMEM medium. The plates were incubated
for 24 h at 37 ◦C in a 5% CO2 atmosphere. After incubation, the sample solutions were
removed from the wells, and 100 µL of MTT (5 mg/10 mL MTT in PBS) was added to
each well. The plates were further incubated for 4 h. The supernatant was removed, and
100 µL of DMSO (dimethyl sulfoxide) was added to each plate well, which was gently
agitated to dissolve the formazan formed by MTT. The absorbance was measured at a
wavelength of 590 nm using a microplate reader [62]. The percentage growth inhibition
was computed, and the dose–response curves were generated for each concentration
of the extract to determine the concentration of the test sample required to inhibit cell
growth by 50%. The concentration at which 50% growth inhibition was observed was
considered the 50% inhibitory concentration (IC50) (Figure 5).

Calculating the inhibition percentage

% Inhibition = [(OD of Control − OD of Sample)/OD of Control] × 100

The IC50 concentrations were used to test the inhibitory effect of the extract on MKN-45
cell proliferation (Figure 3).
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Figure 5. Calculation of IC50 values of the lyophilized slurry (LS) extracts. The sample extracts were
tested for their cell proliferation inhibitory effect on human gastric cancer cell line MKN-45 using
the MTT assay. (a) Doxorubicin was used as a standard and was assayed using the concentrations
ranging from (0.5–2.5 µg/mL − log X), while (b) lyophilized slurry (LS) extract was tested in the
range from 1 to 3 µg/mL (log X). The IC50 value was calculated using the standard formula.

4. Conclusions

The total phenolic, flavonoid, carotenoids, and ascorbic acid concentrations were
much higher in the LS extract than in the LJ and HAO extracts. In the LJ extract, moder-
ate concentrations of these antioxidants were present. The HAO extracts had very low
ascorbic acid concentrations and total phenolic, flavonoid, and carotenoids contents. The
LS extracts also demonstrated higher antioxidant and anti-proliferative activity, possibly
attributable to higher total phenolic, flavonoid, carotenoids, and ascorbic acid contents
retained during drying.

Finally, based on the findings of our study, we confirm that drying methods sub-
stantially impact the stability, activity, preservation, and concentration of antioxidant and
therapeutic phytochemicals present in plant products. Hence, drying techniques should
be carefully and efficiently used to maintain and protect the therapeutic capacity of dried
plant extracts to obtain significant health and treatment benefits.

Author Contributions: M.C., V.G. and A.F. were responsible for composing the manuscript. V.G.,
G.Z., R.D. and A.F. were responsible for conceiving the experimental study design, analyzing the
data, and editing the manuscript. M.C., A.F. and A.Z. analyzed the data, and produced the figures.
M.C., V.G. and A.F. performed statistical analysis. B.S.A. and G.M.A. analyzed the data and edited
the manuscript. All authors were involved in reviewing the manuscript. All authors have read and
agreed to the published version of the manuscript.

Funding: This research work was funded by the Institutional Fund Projects under grant no. IFPDP-83-22.
The authors gratefully acknowledge technical and financial support from the Ministry of Education and
Deanship of Scientific Research (DSR), King Abdulaziz University, Jeddah, Saudi Arabia.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: This study had no human subjects, and informed consent was
not required.

Data Availability Statement: All data and materials used in this study are available from the
corresponding author and will be provided upon reasonable request.

Conflicts of Interest: All authors declare no conflict of interest.

Sample Availability: Not applicable.



Molecules 2023, 28, 0 12 of 14

References
1. Sun, W.; Shahrajabian, M.H. Therapeutic Potential of Phenolic Compounds in Medicinal Plants—Natural Health Products for

Human Health. Molecules 2023, 28, 1845. [CrossRef]
2. Lin, T.M.; Durance, T.D.; Scaman, C.H. Characterization of vacuum microwave, air and freeze dried carrot slices. Int. Food Res. J.

1998, 31, 111–117. [CrossRef]
3. Maleki, M.; Shahidi, F.; Varidi, M.J.; Azarpazhooh, E. Hot-air drying kinetics of novel functional carrot snack: Impregnated using

polyphenolic rich osmotic solution with ultrasound pretreatment. J. Food Process. Eng. 2020, 43, e13331. [CrossRef]
4. Pandey, P.; Grover, K.; Dhillon, T.S.; Kaur, A.; Javed, M. Evaluation of polyphenols enriched dairy products developed by

incorporating black carrot (Daucus carota L.) concentrate. Heliyon 2021, 7, e06880. [CrossRef] [PubMed]
5. Zheng, Z.; Zhang, L.; Hou, X. Potential roles and molecular mechanisms of phytochemicals against cancer. Food Funct. 2022,

13, 9208–9225. [CrossRef]
6. Lim, H.M.; Park, S.-H. Regulation of reactive oxygen species by phytochemicals for the management of cancer and diabetes. Crit.

Rev. Food Sci. Nutr. 2022, 1–26. [CrossRef] [PubMed]
7. Manosso, L.M.; Arent, C.O.; Borba, L.A.; Abelaira, H.M.; Réus, G.Z. Natural Phytochemicals for the Treatment of Major Depressive

Disorder: A Mini-Review of Pre-and Clinical Studies. CNS Neurol. Disord.-Drug Targets 2023, 22, 237–254. [PubMed]
8. Das, R.; Lami, M.S.; Chakraborty, A.J.; Mitra, S.; Tallei, T.E.; Idroes, R.; Mohamed, A.A.R.; Hossain, M.J.; Dhama, K.; Mostafa-

Hedeab, G.; et al. Ginkgo biloba: A treasure of functional phytochemicals with multimedicinal applications. Evid.-Based
Complement. Altern. Med. 2022, 2022, 8288818.

9. Najmi, A.; Javed, S.A.; Al Bratty, M.; Alhazmi, H.A. Modern Approaches in the Discovery and Development of Plant-Based
Natural Products and Their Analogues as Potential Therapeutic Agents. Molecules 2022, 27, 349. [CrossRef]

10. Gaikwad, S.B.; Krishna Mohan, G.; Sandhya Rani, M. Phytochemicals for diabetes Management. Pharm. Crops 2014, 5, 11–28.
[CrossRef]

11. Ghildiyal, R.; Prakash, V.; Chaudhary, V.K.; Gupta, V.; Gabrani, R. Phyochemical as antiviral agents: Recent updates. Plant Based
Bioact. 2020, 279–295. [CrossRef]

12. Owen, L.; Laird, K.; Shivkumar, M. Antiviral plant-derived natural products to combat RNA viruses: Targets throughout the viral
life cycle. Lett. Appl. Microbiol. 2022, 75, 476–499. [CrossRef]

13. Turner-McGrievy, G.M.; Wilcox, S.; Frongillo, E.A.; Murphy, E.A.; Hutto, B.; Wilson, M.; Davey, M.; Bernhart, J.A.; Okpara, N.;
Bailey, S.; et al. Effect of a Plant-Based vs Omnivorous Soul Food Diet on Weight and Lipid Levels Among African American
Adults: A Randomized Clinical Trial. JAMA Netw. Open 2023, 6, e2250626. [CrossRef]

14. Tomar, B.S.; Jat, G.S.; Singh, J. Organic Vegetable Production: Needs, Challenges, and Strategies. In Organic Crop Production
Management: Focus on India, with Global Implications; Apple Academic Press: Waretown, NJ, USA, 2023.

15. Menon, A.; Stojceska, V.; Tassou, S.A. A systematic review on the recent advances of the energy efficiency improvements in
non-conventional food drying technologies. Trends Food Sci. Technol. 2020, 100, 67–76. [CrossRef]

16. Vidinamo, F.; Fawzia, S.; Karim, M.A. Effect of drying methods and storage with agro-ecological conditions on phytochemicals
and antioxidant activity of fruits: A review. Crit. Rev. Food Sci. Nutr. 2020, 62, 353–361. [CrossRef] [PubMed]

17. Wojdyło, A.; Figiel, A.; Legua, P.; Lech, K.; Carbonell-Barrachina, Á.A.; Hernández, F. Chemical composition, antioxidant capacity,
and sensory quality of dried jujube fruits as affected by cultivar and drying method. Food Chem. 2016, 207, 170–179. [CrossRef]
[PubMed]

18. Kamiloglu, S.; Toydemir, G.; Boyacioglu, D.; Beekwilder, J.; Hall, R.D.; Capanoglu, E. A review on the effect of drying on
antioxidant potential of fruits and vegetables. Crit. Rev. Food Sci. Nutr. 2016, 56 (Suppl. S1), S110–S129. [CrossRef] [PubMed]

19. Reis, F.R.; Marques, C.; de Moraes, A.C.S.; Masson, M.L. Trends in quality assessment and drying methods used for fruits and
vegetables. Food Control 2022, 142, 109254. [CrossRef]

20. Ma, Y.; Yi, J.; Jin, X.; Li, X.; Feng, S.; Bi, J. Freeze-Drying of Fruits and Vegetables in Food Industry: Effects on Phytochemicals and
Bioactive Properties Attributes—A Comprehensive Review. Food Rev. Int. 2022, 1–19. [CrossRef]

21. Bhatta, S.; Janezic, T.S.; Ratti, C. Freeze-drying of plant-based foods. Foods 2020, 9, 87. [CrossRef] [PubMed]
22. Khan, M.I.; Nagy, S.A.; Karim, M.A. Transport of cellular water during drying: An understanding of cell rupturing mechanism in

apple tissue. Int. Food Res. J. 2018, 105, 772–781. [CrossRef] [PubMed]
23. Kumar, C.; Karim, A.; Joardder, M.U.; Miller, G. Modeling heat and mass transfer process during convection drying of fruit.

In Proceedings of the 4th International Conference on Computational Methods, Gold Coast, Australia, 25–27 November 2012;
pp. 1–8.

24. Singh, M.N.; Srivastava, R.; Yadav, I. Study of different varietis of carrot and its benefits for human health: A review. J. Pharmacogn.
Phytochem. 2021, 10, 1293–1299. [CrossRef]

25. Kar, S.; Kundu, S.; Mal, D. Nutritional Quality of Colored Vegetables: A. Nutraceuticals Food 2021, 6, 37.
26. Pandey, P.; Grover, K. Characterization of black carrot (Daucus carota L.) polyphenols; role in health promotion and disease

prevention: An overview. J. Pharmacogn. Phytochem. 2020, 9, 2784–2792. [CrossRef]
27. Pandey, G.; Pandey, V.; Pandey, P.R.; Thomas, G. Effect of extraction solvent temperature on betalain content, phenolic content,

antioxidant activity and stability of beetroot (Beta vulgaris L.) powder under different storage conditions. Plant Arch. 2018,
18, 1623–1627.



Molecules 2023, 28, 0 13 of 14

28. Hadipour, E.; Taleghani, A.; Tayarani-Najaran, N.; Tayarani-Najaran, Z. Biological effects of red beetroot and betalains: A review.
Phytother. Res. 2020, 34, 1847–1867. [CrossRef] [PubMed]

29. Shejawal, K.P.; Randive, D.S.; Bhinge, S.D.; Bhutkar, M.A.; Todkar, S.S.; Mulla, A.S.; Jadhav, N.R. Green synthesis of silver, iron
and gold nanoparticles of lycopene extracted from tomato: Their characterization and cytotoxicity against COLO320DM, HT29
and Hella cell. J. Mater. Sci. Mater. Med. 2021, 32, 19. [CrossRef]

30. Chauhan, M.; Garg, V.; Zia, G.; Dutt, R. Potential Role of Phytochemicals of Fruits and Vegetables in Human Diet. Res. J. Pharm.
Technol. 2020, 13, 1587–1591. [CrossRef]

31. Plaskova, A.; Mlcek, J. New insights of the application of water or ethanol-water plant extract rich in active compounds in food.
Front. Nutr. 2023, 10, 431. [CrossRef]

32. Dar, A.H.; Kumar, N.; Shah, S.; Shams, R. Processing of fruits and vegetables. In Agro-Processing and Food Engineering: Operational
and Application Aspects; Springer: Berlin/Heidelberg, Germany, 2022; pp. 535–579.

33. Kayacan, S.; Karasu, S.; Akman, P.K.; Goktas, H.; Doymaz, I.; Sagdic, O. Effect of different drying methods on total bioactive
compounds, phenolic profile, in vitro bioaccessibility of phenolic and HMF formation of persimmon. LWT 2020, 118, 108830.
[CrossRef]

34. Figiel, A.; Michalska, A. Overall quality of fruits and vegetables products affected by the drying processes with the assistance of
vacuum-microwaves. Int. J. Mol. Sci. 2017, 18, 71. [CrossRef] [PubMed]

35. Gabr, S.A.; Alghadir, A.H. Evaluation of the biological effects of lyophilized hydrophilic extract of Rhus coriaria on myeloperoxi-
dase (MPO) activity, wound healing, and microbial infections of skin wound tissues. Evid.-Based Complement. Altern. Med. 2019,
2019, 5861537. [CrossRef] [PubMed]

36. Liu, Z.; Zhang, J.; Lu, S.; Tang, W.; Zhou, Y.; Quek, S.Y. Effects of different drying methods on phenolic components and in vitro
hypoglycemic activities of pulp extracts from two Chinese bayberry (Myrica rubra Sieb. et Zucc.) cultivars. Food Sci. Hum. Wellness
2022, 11, 366–373. [CrossRef]

37. Pathania, S.; Kaur, N. Utilization of fruits and vegetable by-products for isolation of dietary fibres and its potential application as
functional ingredients. Bioact. Carbohydr. Diet. Fibre 2022, 27, 100295. [CrossRef]

38. Lai, C.; Liang, Y.; Zhang, L.; Huang, J.; Kaliaperumal, K.; Jiang, Y.; Zhang, J. Variations of Bioactive Phytochemicals and
Antioxidant Capacity of Navel Orange Peel in Response to Different Drying Methods. Antioxidants 2022, 11, 1543. [CrossRef]

39. Fathi, F.; Ebrahimi, S.N.; Matos, L.C.; Oliveira, M.B.P.P.; Alves, R.C. Emerging drying techniques for food safety and quality:
A review. Compr. Rev. Food Sci. Food Saf. 2022, 21, 1125–1160. [CrossRef] [PubMed]

40. Kaya, A.; Aydın, O.; Kolaylı, S. Effect of different drying conditions on the vitamin C (ascorbic acid) content of Hayward kiwifruits
(Actinidia deliciosa Planch). Food Bioprod. Process. 2010, 88, 165–173. [CrossRef]

41. Athanasiadis, V.; Chatzimitakos, T.; Kotsou, K.; Palaiogiannis, D.; Bozinou, E.; Lalas, S.I. Optimization of the Extraction Parameters
for the Isolation of Bioactive Compounds from Orange Peel Waste. Sustainability 2022, 14, 13926. [CrossRef]

42. Ray, A.; Dubey, K.K.; Marathe, S.J.; Singhal, R. Supercritical fluid extraction of bioactives from fruit waste and its therapeutic
potential. Food Biosci. 2023, 52, 102418. [CrossRef]

43. Vidya, R.; Kalaivani, K.; Amudha, P. Therapeutic Potential of Cucumis melo (L.) Fruit Extract and Its Silver Nanopartciles Against
DEN-Induced Hepatocellular Cancer in Rats. Appl. Biochem. Biotechnol. 2022, 194, 368–381. [CrossRef] [PubMed]

44. Nguyen, V.T.; Tran, T.G.; Tran, N.L. Phytochemical compound yield and antioxidant activity of cocoa pod husk (Theobroma cacao L.)
as influenced by different dehydration conditions. Dry. Technol. 2022, 40, 2021–2033. [CrossRef]

45. Pasechny, D.S.; Smotraeva, I.V.; Balanov, P.E. Lyophilization effect on rosehip extract physico-chemical properties. AIP Conf. Proc.
2022, 2767, 020012.

46. Kumnerdkhonkaen, P.; Saenglee, S.; Asgar, M.A.; Senawong, G.; Khongsukwiwat, K.; Senawong, T. Antiproliferative activities
and phenolic acid content of water and ethanolic extracts of the powdered formula of Houttuynia cordata Thunb. fermented broth
and Phyllanthus emblica Linn. fruit. BMC Complement. Altern. Med. 2018, 18, 130. [CrossRef] [PubMed]

47. Tamboli, A.M.; Wadkar, K.A. Comparative cytotoxic activity of Convolvulus pluricaulis against human hepatoma cell line (HepG2)
and normal cell line (L929) via apoptosis pathways by flow cytometry analysis. Bull. Natl. Res. Cent. 2022, 46, 145. [CrossRef]

48. Sophia, A.; Faiyazuddin, M.; Alam, P.; Hussain, M.T.; Shakeel, F. GC–MS characterization and evaluation of antimicrobial,
anticancer and wound healing efficiency of combined ethanolic extract of Tridax procumbens and Acalypha indica. J. Mol. Struct.
2022, 1250, 131678. [CrossRef]

49. Purnamasari, R.; Winarni, D.; Permanasari, A.A.; Agustina, E.; Hayaza, S.; Darmanto, W. Anticancer activity of methanol
extract of Ficus carica leaves and fruits against proliferation, apoptosis, and necrosis in Huh7it cells. Cancer Inform. 2019,
18, 1176935119842576. [CrossRef]

50. Sidhu, J.S.; Zafar, T.A. Indian herbal medicine and their functional components in cancer therapy and prevention. In Functional
Foods in Cancer Prevention and Therapy; Academic Press: Cambridge, MA, USA, 2020; pp. 169–194.

51. Jongrungraungchok, S.; Madaka, F.; Wunnakup, T.; Sudsai, T.; Pongphaew, C.; Songsak, T.; Pradubyat, N. In vitro antioxidant,
anti-inflammatory, and anticancer activities of mixture Thai medicinal plants. BMC Complement. Med. Ther. 2023, 23, 43. [CrossRef]

52. Moldovan, C.; Frumuzachi, O.; Babotă, M.; Menghini, L.; Cesa, S.; Gavan, A.; Sisea, C.R.; Tanase, C.; Dias, M.I.; Pereira, C.;
et al. Development of an Optimized Drying Process for the Recovery of Bioactive Compounds from the Autumn Fruits of
Berberis vulgaris L. and Crataegus monogyna Jacq. Antioxidants 2021, 10, 1579. [CrossRef]



Molecules 2023, 28, 0 14 of 14

53. Indian Pharmacopoeia Commision. Herbs and Herbal Products. In Indian Pharmacopoeia; Indian Pharmacopoeia Commision:
Ghaziabad, India, 2018; Volume 3, pp. 2491–2497.

54. McDonald, S.; Prenzler, P.D.; Antolovich, M.; Robards, K. Phenolic content and antioxidant activity of olive extracts. Food Chem.
2001, 73, 73–84. [CrossRef]

55. Hung, P.V.; Duy, T.L. Effects of drying methods on bioactive compounds of vegetables and correlation between bioactive
compounds and their antioxidants. Int. Food Res. J. 2012, 19, 327.

56. Marinova, D.; Ribarova, F.; Atanassova, M. Total Phenolics and Total Flavonoids in Bulgarian Fruits and Vegetables. J. Univ. Chem.
Technol. Metall. 2005, 40, 255–260.

57. Pathy, K. Process for preparation of vitamin C and method for determination of vitamin C in tablets. SF J. Chem. Res. 2018, 2, 2.
[CrossRef]

58. Ali, M.A.; Yusof, Y.A.; Chin, N.L.; Ibrahim, M.N. Effect of different drying treatments on colour quality and ascorbic acid
concentration of guava fruit. Int. Food Res. J. 2016, 23, S155–S161.

59. Rebecca, L.J.; Sharmila, S.; Das, M.P.; Seshiah, C. Extraction and purification of carotenoids from vegetables. J. Chem. Pharm. Res.
2014, 6, 594–598.

60. Oyaizu, M. Studies on products of browning reaction antioxidative activities of products of browning reaction prepared from
glucosamine. J. Acad. Nutr. Diet. 1986, 44, 307–315. [CrossRef]

61. Verma, A.R.; Vijayakumar, M.; Mathela, C.S.; Rao, C.V. In vitro and in vivo antioxidant properties of different fractions of Moringa
oleifera leaves. Food Chem. Toxicol. 2009, 47, 2196–2201. [CrossRef] [PubMed]

62. Gonzalez, R.J.; Tarloff, J.B. Evaluation of hepatic subcellular fractions for Alamar blue and MTT reductase activity. Toxicol. Vitr.
2001, 15, 257–259. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



Pharmacognostical Aspects Of Jasminum Multiflorum: A Review  Section A-Research paper 

 

Eur. Chem. Bull. 2023, 12(Special Issue 6), 7796 -7802 7796 

PHARMACOGNOSTICAL ASPECTS OF JASMINUM 

MULTIFLORUM: A REVIEW 
 

Preeti Garg
1
, Vandana Garg

2*
, Rohit Dutt

3 

 

Abstract 
Jasminum multiflorum (Burm.f.) Andrews commonly known as Winter Jasmine got the top ranked position 

in Ashtanga Hridayama due to its incredible power of healing belongs to the family Oleaceae. It is widely 

distributed in subtropical parts of Himalayas and tropical parts of India. Ethnomedicinally its various parts 

are used to cure a wide range of ailments like ulcer, renal dysfunction, cephalagia, cardiac disorders, 

constipation, indigestion, inflammation, rheumatism and weakness of sight. The various secondary 

metabolites namely alkaloids, glycosides, flavonoids, steroids, terpenoids, irridoids, saponins, proteins and 

amino acids are substantiated in different parts of the plant. The pharmacological studies proved its efficacy 

towards antimicrobial, antioxidant, nemacitidal, antihelmintic, cardiovascular and central nervous diseases, 

analgesic, anti-inflammatory, cytotoxic, brochodialator activity upto now. This present work gives an eagle 

eye to the botanical information of plant as well as its scientific validations involving the distinct 

pharmacological and phytochemical benefits. Even this review highlights the lacking data and research gaps 

on this plant, which provides a platform for upcoming researchers for further studies on this species. 
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INTRODUCTION 

The treatment of ailments from ayurveda is 

renowned since Paleolithic time throughout the 

world.  As the growth of the synthetic world in 

contemporary era is going on but still the part of 

modernity is unable to overcome the herbal 

medicines either due to their effectiveness or the 

spiritualness of the peoples towards them. The 

genus Jasminum is one of them, which is used by 

the people for their effectiveness as well by 

religiousness. This genera belongs to family 

Oleaceae possess almost 200 species. The plants 

of Jasminum genera are commonly shrubs or 

vines and inhabitant of tropical and warm 

temperate regions
1
. J. multiflorum commonly 

known as winter jasmine, which is an evergreen 

and twinner shrub with young branches dressed 

with velvety pubescence 
[2,3]

. The plants possess 

white and pink flowers with sweet fragrance
[4]

. It 

is used as analgesic, relaxant, anti-inflammatory, 

antiseptic, aphrodisiac, sedative, expectorants, 

diuretic, and also to treat conditions like indolent 

ulcers, amenorrhea, ringworm infection, leprosy, 

and skin diseases
[5,6]

. Jasmine is conspicuously 

valued plant used in home gardens as well as in 

commercial cultivation. The flowers and buds of 

the plant are used for making garlands, bouquets 

and for spiritual offerings
[7]

. The fragrance of the 

flowers attracted mushroomers of the attar 

industries for the production of perfumes, hair 

tonics and ittars
[8,9]

. The plant contains glycosides, 

irridoids,secoirridoid, secoirridoid lactones, 

secoirridoid glucosides, terpenoids, essential oils, 

flavonoids, sterols, alkaloids, tannins, 

carbohydrates, proteins and amino acids 
[5, 

10,11]
.The biological studies reported in literature 

proved its potency and efficacy as antimicrobial, 

antioxidant, nemacitidal, antihelmintic, 

antimicrobial, GIT, cardiotropic, anti-

inflammatory, and in central nervous diseases 
[10,11]

. Moreover, plant still has to go through 

scientific screening to establish its efficacy 

mailto:vandugarg@rediffmail.com
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clinically. This review highlights medicinal and 

traditional uses along with phytoconstituents and 

pharmacological studies explored for this plant. 

 

TAXONOMICAL CLASSIFICATION 

Table No: 1 Scientific & Taxonomical 

classification 
[12,13]

 
Kingdom Plantae 

Subkingdom Tracheobionta – Vascular plants 

Division Magnoliophyta- Flowering plants 

Class Magnoliposida-Dicots 

Subclass Asteriadae 

Order Schrophulariales 

Family Oleaceae 

Genus Jasminum  

Species Jasminum multiflorum(Burn.f) Andr 

Synonyms Jasminum pubescens wild 

Nyctanthes multiflora (Burm.f) Andr. 

 

CLASSICAL NAMES 

Kundah, Mahha (Sanskrit); Kundphul (Hindi); 

Dolor, Mogra,kundkagado (Gujrati); Kundamu, 

Gajari (Telgu); Malligai, Makarandam (Tamil); 

Kund (Bangla); Kunda (Marathi), Magimallige, 

Kasturimallige (Kanada); Downy Jasmine, Star 

jasmine, Musk jasmine (English)
[14,15]

.  

 

AYURVEDIC PROPERTIES 

It is sara, madhura, sheeta, kashaya and beneficial 

in reducing kapha and pitta
[16,17]

 

 

PLANT DESCRIPTION 

J. multiflorum(Figure: 1); is a large, tomentose, 

scandent, branching, spreading evergreen plant 

that reaches up to a height of 3-10 ft. tall. The 

plant grows at an altitude of 1300 meter. It is 

widely cultivated in tropical and subtropical 

region of Southwestern, Southeastern, Asia, India, 

Nepal, China, Bhutan, Burma, Pakistan, Australia, 

USA, Philippines, Myanmar and Sri Lanka
[19,20]

. 

 

 
Figure 1: Plant of Jasminum multiflorum(Burm.f.) 

 

Morphology 
[10,12,13,15,18] 

a) Leaves 

Leaves are 4-9 cm long, ovate, heart shaped, 

rounded base with pointed tip. They are opposite 

to each other on the stem. The downy pubescences 

are covered all over the stems and leaves which 

make the plant overall greyish green. 

 

b) Flowers 

Flowers are star shaped, 7-10mm in diameter, 

white, dense, clustered, with crowded head. The 

hairy calyx about 5-6 cm long with linear lobes 

are present in the flowers. A 1.5 cm long corolla 

tube possessing 7-9 lobes which are oblong 

having 1.5-1.8 mm in length. 

 

CULTIVATION AND COLLECTION 

J. multiflorum is cultivated in well sapped loamy 

soil having pH 6.0 to 7.5, but it can also be grown 

in black, laterite and clay soil. As the plant is 

highly prone to water logging a well managed 

drainage scheme is required during cultivation. It 

can be promulgated by layering, cuttings or root 

suckers method. The first flowering starts with in 

the year and harvesting is done in the months of 

March to May. 

For the best yield, dead branches are removed by 

the end of January and bushes are pruned to 

almost half. After such treatment, when the 

temperature rises, farmyard manure is applied and 

irrigated to get new growths and flowering by the 

end of February or March
[21]

. 

 

PHYTOCHEMICAL CONSTITUENTS 

Literature revealed that the plant contains seco-

irridoid, seco-irridoid lactone, seco-irridoid 

glucosides, and various forms of terpenoids and 

triterpenoids which have basic 10-

hydroxyoleoside structure, derived from 

secologanin.  The spectral analysis and chemical 

correlations established a novel bicyclic 2-oxo-

oxepano [4, 5-] pyran ring system. The leaves 

contain friedelin, lupeol, botulin, α-amyrin, β-

sterol, betulinic acid, ursolic acid, oleanoic acids 

(Figure: 2). Leaves and flowers reported to 

contain seco-irridoid lactones such as 

jasmolactones A (C19H22O8), jasmolactones B 

(C19H22O9), jasmolactones C (C27H32O10), 

jasmolactones D (C27H32O11), multiflorin, 

multifloroside, multifloricide, multiroside, 

jasmultiside, 10-hydroxyligustroside, and 10-

hydroxyoleuropein 
[22-26]

. 

The oil from flowers contains highly aromatic 

compounds like eugenol,nrolidol, cadinol,  

jasmine, linalool, farnesol, β-farnesene, ethyl 

palmitate, methyl salicylate , benzyl 

alcohol, benzyl acetate, benzyl benzoate, hexyl 

benzoate,  and indole 
[27]

. A New compound, 2-p-

acetoxyphenylethanol, has also been isolated from 
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flowers of J. multiflorum along with long-chain 

saturated compounds n-tritetracontane and 

heptacosane 
[28]

.
 

     
Alpha amyrin (1)                Betulinic acid (2)               Ursolic acid (3)                2-p-Acetoxy phenyl ethanol (4) 

 

  
     

  Lupeol (5)            Oleanolic acid (6)          R1=R2=R3=H; Jasmolactone A (7)         R=H; Jasmolactone C (9)       

R1=R2=R3=OH; Jasmolactone B (8)      R=OH; Jasmolactone D (10) 

  
Multifloroside(11)                  Multiroside (12)                      Multiflorin (13)           Jasmultiside (14) 

 

        
R1=R3=H, R2=OH; 10-Hydroxyoleuropein (15)    10-Hydroxyoleoside 11-methyl ester (17)           Fredelin (18) 

R1=R2=R3=H; 10-Hydroxyligustroside (16)  

Figure2: Chemical constituent reported from Jasminum multiflorum 

 

USES OF PLANT 

The whole Plant is used in healing of wounds and 

ulcers, constipation, flatulence, skin diseases, 

rheumatism, stomatitis, dysmenorrhea
[12]

, 

coronary vasodilating and for cardiotropic 

activities
[22-25].

The leaves are used as antibiotics, 

diuretics, poultice, headache, rheumatism, skin 

diseases, allergy, itching, and inflammation
[15]

, 

typhoid and in different types of ulcers
[5,15]

.The 

flowers are acrid, alexipharmic, cardiotonic, 

detoxifying, digestive, emetic, laxative, and 

refrigerant, lactifuge, and herb of bath which 

fortifies the soul
[29,30]

. The root is used as antidote 

for snake bite, weakness of sight and 

emmenagogue (increase in menstrual 

flow)
[2,10]

.Bark can be used to treat burns
[17]

. Also, 

the jasmine oils have various pharmacological 

properties like antioxidant, relaxant, analgesic, 

anxiety, antimicrobial, nemacitidal, and 

lactifuge
[31-34]

. Traditionally, it is used in cosmetic 

industry for making perfumes, oils and creams and 

also used as ornamental in form of bouquets and 

garlands
[26]

. 

 

BIOLOGICAL ACTIVITY 

Antimicrobial Activity: The ethanolic fraction of 

the root of J. multiflorum at a concentration of 

25mg/ml, 50 mg/ml and 100mg/ml for its 

antimicrobial potential by agar well diffusion 

method. The microorganisms selected for the 

estimation of antimicrobial activity were Bacillius 

subtilis, Staphylococcus aureus, Escherichia coli 

and Klebsiella pneumonia. Amoxicillin 100µg/ml 

is used as reference material.The extract showed 

maximum activity against Klebsiella pneumonia 

at100mg/ml with a zone of inhibition 0.5mm and 

for others it ranged from 0.3 to 0.4 mm
[34]

. 

The petroleum ether, chloroform methanolic and 

aqueous extracts of leaves of J. multiflorum for 

their antimicrobial efficacy against Aspergillus 

niger, Scolorotium, Bacillus cereus, Escherichia 
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coli, Candida albican andPseudomonas 

aeruginosa at the concentration of 100-500 µg/ml. 

The result showed potent antimicrobial effect 

against E. coli A. niger and C. albicans. The 

assessment of antifungal activity and antibacterial 

activity was performed in terms of percentage of 

radial growth on saturated dextrose agar (SDA) 

and well diffusion method respectively. The 

methanolic extract showed a pronounced 

antimicrobial activity against the tested strains but 

less than to the standard drug Chloroamphenicol, 

Ampicillin and Streptomycin
[35]

.  

 

 

 

Antihelmintic activity:the antihelmintic potential 

of petroleum ether extract of aerial parts of J. 

multiflorum at a concentrarion of 5, 10, 25 mg/mL 

in normal saline containing 3 % Tween 80 and 

different extracts of roots of Cocos nucifera on 

Pheretimac posthuma. Piperzine citrate (15 

mg/mL) and Albendazole (10 mg/ mL) were used 

as reference drugs. The inferences were made 

from the time taken to paralyses and/or death of 

individual worm up to 4 h of test period. The 

effect at 25 mg/mL concentrations was 

comparable with the reference standards 
[36]

. 

It investigated the roots of J. multiflorum for 

anthelmentic activity. The petroleum ether extract 

was preapared and testedfor different 

concentration (5mg/ml – 50 mg/ml) against 

earthworm (Pheretima posthuma). The 

albendazole suspension (10mg/ml) was used as 

standard. The death and paralysis time were 

recorded and compared. Extract exhibit significant 

anthelmentic activity at (50mg/ml) concentration 

and found effective
[34]

.
 

 

Nemacitidal activity: The aqueous extracts of 

flower J. multiflorum showed strong nematicidal 

activity against Meloidogyne incognita than 

Mimosa pudica extract on the hatching and larval 

stage
[37]

. 

 

GIT activity: Acetone, methanolic, ethanolic and 

xylene extracts of flowers of Rosa indica, Tagetes, 

Bellisperennis, Gladiolus, P.tuberose, 

J.multiflorum and Gerbera in the concentration of 

50%, 75% and 100% by agar well diffusion 

method against different species of Vibrio (V. 

parahemolyticus, V. alginolyticusand V. cholera) 

causing gastrointestinal diseases. Ciprofloxacin 

1000ppm was used as reference material. The 

acetone, methanolic and ethanolic extracts of 

flowers of all varities has higher efficacy against 

Vibrio species but less than Ciprofloxacin whereas 

on inhibitory effect was seen in xylene extracts
[38]

. 

 

Efects on Cardiovascular system: The coronary 

vasodilating and cardiotropic properties were 

exhibited by   compounds like Jasmolactones A, 

B, C, and D, isolated from the aerial parts of 

plant
22

.10-hydroxyoleuropein and multifloroside, 

which was isolated from the water soluble fraction 

of aerial part of the plant showed both coronary 

dilating and cardiotropic activities
[23]

. 

 

CNS Activity:The ethanolic extract of leaves of J. 

multiflorum for its antiepileptic activity by 

topically applied biculline (a model foracute 

simple partial epilepsy) and maximal 

electroshock(a model for generalized tonic-clonic 

seizure), motor coordination effect using rotarod 

treadmill, and anxiolytic activity by elevated plus 

maze methods in Sprague dawley rats.  The drug 

was given by oral route or intraperitoneally and 

the standard used was diazepam (2mg/kg).The 

result showed that the extract has significant affect 

on acute partial complex epilepsy and 

considerable anxiolytic effect but negative 

response on motor co-ordination
[39]

. 

 

The anticonvulsant and hypnotics effects of 

ethanolic extracts prepared from the aerial parts of 

J.multiflorum on albino mice. The anticonvulsant 

activity of ethanolic extract in the doses ranging 

from 50, 75 and 100 mg/kg, i.p. was studied by 

Maximum electroshock (MES) and Pentylene 

tetrazole (PTZ) inducedseizure methods. In MES 

method, the extract was administered 0.5 h before 

application of electric shock.The duration oftonic 

hindleg extension was noted. The results revealed 

that the mice treated with ethanolic extract 

exhibited hindleg extension for 14.65 ±1.17, 18.35 

± 1.82 and 16.41 ± 1.41, respectively. 

In PTZ induced seizure,the extract was 

administered 0.5 h prior to the administration of 

Pentylene tetrazole (80 mg/kg, i.p.). The onset of 

myoclonic spasm, incidence, nature and severity 

of convulsions and death/recovery were 

noted.Diazepam (2.0 mg/kg, i.p.) was used as a 

reference standard. The ethanolic extract 

significantly dose dependently inhibited the onset 

and incidence ofconvulsion. The mice treated with 

a dose of 50 mg/kg, i.p.exhibited seizures in 

68.5%and all animals exhibiting seizures died 

within 0.5 h. No mortalitywas observed in the 

groups treated with 75 and 100 mg/kg even after 

24h.  

The general behavioural effects like righting 

reflex, pinna reflex, corneal reflex, awareness, 

grip strength, touch and pain responses on mice by 

conventional methods was studied using a dose of 

25, 50, 75 mg/kg, i.p.Chlorpromazine (5 mg/kg, 
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i.p.) was used as a reference drug. The results 

showed depressed awareness and alertness, touch 

and pain responses, grip strength, altered righting, 

pinna and corneal reflexes in the mice treated with 

extract when compared to the control but less than 

standard. 

The hypnotic activity was experimented by seeing 

the effect on sleeping time using the doses ranging 

from 35, 50 and70 mg/kg, i.p.The extract was 

administered 0.5 h prior to the administration of 

pentobarbitone sodium (40 mg/kg, i.p.),diazepam 

(3 mg/kg, i.p.) and meprobamate (100 mg/kg, 

i.p.). The sleepingtime was noted by recording the 

interval between the loss and regaining of righting 

reflex. The sleeping time was significantly 

increased in the extract treated animals
[40]

.  

 

Analgesic activity: The analgesiceffects of 

ethanolic extracts prepared from the aerial parts of 

J. multiflorum at a dose of 30, 40 and 50 mg/kg, 

i.p. by acetic acid induced writhing method. The 

number of abdominal constrictions (writhing) and 

stretching with ajerk at the hind limbs were 

counted between 5 and 15 min after administering 

acetic acid. The results were compared with acetyl 

salicylic acid (68 mg/kg), paracetamol (68mg/kg) 

andmorphine sulphate (1.15 mg/kg). 

The animal treated with extracts significantly 

reduced the number of writhes and stretches. The 

percentage of protection was by 70.5 %. , 88.2 % 

and 100% respectively. The analgesic compounds 

acetyl salicylic acid (68 mg/kg), morphine 

sulphate(1.15 mg/kg) and paracetamol (68 mg/kg) 

gave 60.15, 70.12 and 61.43 %,protection, 

respectively 
[40]

. 

 

Antioxidant activity:The antioxidant activity of 

hydromethanolic extract of   leaves of Jasminum 

multiflorum usingβ-carotene-linoleic acid and 

Ferric reducing antioxidant power assays.The 

extract showed maximum inhibition activity at 

75mg/ml concentration, 68.23±0.35 % inhibition 

and 60.30±0.60 for β-Carotene-linoleic assay and 

FRAP assay; respectively.The results showed that 

the leaves of J. multiflorum have antioxidant 

potential 
[41]

. 

 

The antioxidant potential of methanolic extract of 

flowers of J. multiflorum by hydrogen peroxide 

scavenging assay. The concentration used for both 

the extract and standard (Ascorbic acid) was 20-

60µg/ml. The results demonstrated that as the 

concentration increases the activity also increased. 

The IC50 was calculated and found to be 16.25
[42]

. 

 

Methanolic, ethanolic, ethyl acetate and aqueous 

extracts of leaves and flowers of J. multiflorum for 

its antioxidant activity by DPPH, ABTS and 

chelating potential methods. Total phenolic and 

flavonoid contents were also determined. The 

Ec50results revealed that the ethanolic extracts of 

leaves and flowers has maximum antioxidantal 

potential (leaves 141.2 ±1.24 μg/ml & flowers 

252.4 ±2.41 μg/ml in DPPH; leaves and 149.3 ± 

2.41 μg/ml and flowers 101.4 ±2.35 μg/ml in 

ABTS and leaves 28.90 ±1.26 μg/ml and flowers 

59.64 ± 0.98 μg/ml in chealting potential) as 

compared to other extracts of leaves and flowers, 

but more than that of ascorbic acid 
[43]

. 

The total phenol and flavonoid content were found 

maximum (leaves 31.58 ±1.61 mg/g TPC and 

13.54 ±0.69 mg/g TFC and Flowers 25.98 ±1.32 

mg/g TPC and 11.89 ± 0.61 mg/g TFC) in the 

ethanolic extracts of leaves and flowers as 

compared to other extracts. But in comparison to 

leaves and flowers, the leaves have more potency.  

 

The antioxidant activity of methanolic extracts of 

flowers. The extract was tested by DPPH free 

radical (2, 2-diphenyl-1-

picrylhydrazylhydrate).The results showed that 

the oxidation was effectively inhibited by the 

extract with IC50 81µg/ml. The positive control 

used was butylatedhydroxyl toluene (BHT) having 

IC50 12.5µg/ml
[44]

. 

 

 Anti-inflammatory activity: The anti-

inflammatory activity of hydromethanolic extract 

of   leaves of Jasminum multiflorumby histamine 

release assay.The tested extract possessed anti-

inflammatory activity with IC50 67.2 μg/ml
[41]

. 

 

Cytotoxic activity: The cytotoxic effect of hydro-

methanolic extract of   leaves of Jasminum 

multiflorum. Cytotoxicity was performed using a 

neutral red uptake assay towards breast cancer 

(MCF-7) and colorectal cancer (HCT 116) cell 

lines.J. multiflorum showed high cytotoxic 

activity with IC50 of 24.81 μg/ml and 11.38 μg/ml 

for MCF-7 and HCT 116 cell lines, respectively. 

 

Bronchodilator activity: The bronchodilator 

effect of methanolic extract of leaves of J. 

multiflorum on goat tracheal tissue. The histamine 

(2000μg/ml) with doses of 0.1ml, 0.2ml, 0.4ml, 

0.6 ml, 0.8ml and 1.6mlinduced contraction of 

isolated goat trachea were recorded in absence and 

presence of methanolic extract(100 &200μg/ml). 

Chlorpheniramine Maleate (10g/ml) was used a 

standard drug. 

Similarly, the bronchodilator effect of 

acetylcholine (2000μg/ml) was measured on a 

tracheal strip with doses of 0.1ml, 0.2ml, 0.4ml, 

0.8ml, and 1.6ml in the absence and presence of 
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methanolic extract of “Jasminum multiflorum” L 

(100 & 200μg/ml). The standard drug used was 

aminophylline (10g/ml). The methanolic extract 

showed the response in dose dependent manner 
[45]

. 

 

CONCLUSION 

Herbs are striding in the fields of medicine to treat 

various ailments due to their lesser undue effects. 

Conscientious survey of literature showed that 

J.multiflorum is one of the most popular remedy 

even in the ancient era due to the presence of 

pharmacologically active secondary metabolites. 

Upto now only few compounds have been 

substantiated from this plant by various 

phytoresearchers and others still awaiting. 

Pharmacologically a little work has been done on 

this plant by exploring for its antimicrobial, 

antioxidant, antimicrobial, antihelmintic, 

nemacitidal,gastrointestinal, CNS, and 

cardiovascular system related  activities,analgesic, 

anti-inflammatory, cytotoxic, Brochodialator 

activitybut many other biological studies are yet to 

be explored. The assiduous literature study reveals 

that a detailed research is required with the aim to 

explore the hidden treasure of secondary 

metabolites owing various pharmacological 

activities of J .multiflorum which will provide a 

smooth path for future researcher. 
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ABSTRACT 

Recent years have seen a surge in interest in the study of the dynamic link between savings 

and investments, particularly in developing nations like India. Long-term economic 

development has been attributed to savings and investment; two crucial macroeconomic 

forces with microeconomic roots that help maintain price stability and increase employment 

opportunities. It is very crucial to spot the investment preference of investors to estimate the 

future of market and economy. In the present study, we have explained the preferences of 

household investors from traditional investment avenues to market-based investment 

avenues. The results show that the household investors are now more inclined towards the 

market securities in comparison to the conventional investment options. 

Keywords:Investors’ preferences, household investors, savings and investment, Indian 

investors 

INTRODUCTION 

To achieve targeted economic development and dynamic capital market stability, a nation's 

internal resources' savings and investment propensities are crucial, but understanding 

aggregate propensity alone is insufficient. The structure of saves and investment, the 

destinations for investments, investor and saver characteristics, as well as their attitudes and 

motivations, are all important to understand. Since India's independence, the significance of 

investments and savings in accelerating its economic growth has been underlined. 

The market is supported by a pool of cash supplied by households and individual investors. 

Household income, consumption, and distribution are therefore essential elements of any 

economic research. These variables affect the kind and pace of saving as well as the rate of 

economic growth in a particular economy. Continued study on this subject is necessary to 

comprehend the savings and capital creation trends in our nation. Both the 1996 Micro 

Impact of Macro and Adjustment Policies in India (MIMAP) study and the in-depth 

"Household Savings and Investment Behaviour in India in 2003" report from EPW Research 

Foundation and NCAER were attempts in this direction. These studies examine India's saving 

behaviour in great depth, yet they fall short. 
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An investment, in the words of K.K. Bajaj (2009), "means the purchase of money-related 

instruments that provide a yield that is exactly commensurate to the risk embraced over 

some future endeavour term." The Reserve Bank of India's data have also shown that the 

household makes up the largest portion of the nation's gross domestic investments. The 

giving up of present desires in favour of unsure future advantages is another definition of 

investment. It also indicates that there is a logical structure to this type of decision-making.  

According to a long-held theory about the macroeconomic mechanisms behind growth, 

higher savings, when transformed into profitable investment, would spur economic expansion 

(Harrod, 1939; Domar, 1946; Lewis, 1954; Solow, 1956). Since the induced rise in income 

raises savings, which in turn causes an increase in investment, an increase in the savings rate 

improves steady-state production by more than its direct effect on investment. Endogenous 

growth theories have supported the notion that the basic cause of long-term economic 

expansion is the accumulation of physical capital since the middle of the 1980s. (Barro, 1990; 

Romer, 1990; Lucas, 1988). 

The composition of assets of household in India can be understood with the help of RBI data 

Table 1: Stocks of Financial Assets of Households(Amount in ₹ Crore) 

  Mar/2020 % Mar/2021 % Mar/2022 % 

Bank Deposits 9696674 100 10916584 113 11570494 119 

Life Insurance Funds 3884772 100 4718718 121 5287980 136 

Currency 2232261 100 2614237 117 2883904 129 

Mutual Funds 1197093 100 1730461 145 2152141 180 

Source:RBI database 

Figure 1: Change in the composition of assets of household in India 
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It is clear from figure 1 that the household investors are shifting their investments from safer 

investment options towards market-based investment avenues. This may be due to the 

increasing awareness level and ease of investment in modern options.Besides, the safer 

investments are treated as less earning in comparison to market-based options. However, 

each of these investment vehicles has its own set of advantages and disadvantages. Some of 

these options are liquid and simple to market, while others are not. Compared to other 

options, some are more dangerous than others.  

THEORITICAL BACKGROUND 

The average Indian household has a net worth of 5% in financial assets, 11% in gold, and 84 

percent in real estate, according to a 2017 study by the RBI's Household Finance 

Committee. People are shifting their investments away from counterproductive assets like 

gold and towards other possibilities. Since November 2016, investors have started moving 

their money away from ineffective assets like gold and towards other options (Business 

Standard, 2017). 

With the exception of certificates of deposit and post office savings, individuals in the high 

financial literacy group (HFLG) show greater levels of knowledge for all financial products. 

Additionally, members of the low financial literacy group (LFLG) mostly favour investing 

in conventional, secure financial goods rather than complicated financial products, which 

are more likely to include risk but have the potential to provide larger returnsMarwan(2016). 

Rajarajan (1999) investigated investors in Chennai and discovered that the stage of an 

individual investor's life cycle is a crucial factor in influencing the quantity of financial asset 

investments and the proportion of risky financial assets. 

Bank employees perceived insurance as an investment opportunity as opposed to a tool for 

risk reduction (Lalit Mohan, 2010). It has been noted that investors prefer gold to banks 

when looking for a secure investment, investors choose insurance investments because they 

provide stability (Sasi Kumar, 2010). 

The SEBI - NCAER Survey (2000) was conducted to determine the number of households, 

the population of individual investors, their economic and demographic characteristics, the 

size of their portfolios, and their preferred investment strategies for both stock and other 

savings vehicles. Since information was gathered from 3,00,0000 geographically separated 

rural and urban households, this research of Indian investors is both unique and 

thorough.The following are a few of the study's important findings: Households choose 
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investments that are in line with their risk tolerance; bank deposits are popular with 

investors of all income levels; 43% of non-investor households, or roughly 60 million 

households, appear to be unaware of stock markets; and, in comparison to low income 

groups, higher income groups have a higher share of investments in mutual funds (MFs), 

indicating that MFs have yet to establish themselves as the go-to investment option for 

novice investors.However, the analysis indicates that household investment in MFs is 

projected to rise over the following two years. 

According to an investor preference survey, the fact was provided that the link between 

investment and the elements taken into account when making investments. In general, as 

investment risks grow, investors seek bigger returns to make up for the increased risk. There 

are several components as well as interactions between them. These factors help us to 

guarantee safety, liquidity, capital growth, and tax benefits in addition to 

rewards(Shrotriya,2019).  

DISCUSSION 

I have taken a sample of 650 respondents of which 40 people did not give the response while 

34 responses are incomplete and 48 responses were invalid, so only 528 respondents are 

considered for this study. The structured questionnaire is used to collect data from 

respondents. Cronbach’s alpha was used which gives the test value .898. I conducted pilot 

testing on 122 responders once the items were approved by experts.  

Looking into the well-known possibilities available to investors is the first step in 

determining which investment vehicle is the most popular. Informal questions were posed to 

the respondents to gather more about their preferred investment vehicles. 

Figure 2:  Preferred Investment Vehicle for household invetors 
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The project map (Figure 2) created using NVIVO 12 Plus software displays the investment 

vehicles that investors choose to use when making investments. The interviews are 

represented by the rectangles and the interviewees are represented by the figure's circular 

nodes. Given that the majority of respondents are linked to the nodes for mutual funds and 

bank FDs, the figure implies that equity shares, insurance, bank FDs, and mutual funds are 

the most popular investment vehicles for investors. Given that just two and four respondents, 

respectively, are connected to these nodes, term plans and gold are the least desired 

investment option. Some of the people also have access to real estate. According to the 

research that are currently available, bank deposits (savings and current), insurance policies, 

provident funds, and securities (shares, debentures, and bonds) are India's most important 

investment vehicles, followed by mutual funds and derivatives. Risk, yield, tax shelter, 

marketability, and convenience are the five main criteria that determine an investor's 

selection (Skinner, 1988).  

Now the research question arises  

Whether all the investment options are equally popular among the investors? 

We are framing an alternate hypothesis to check whether all the investment options are 

equally popular among the investors. 

Ha: All the investment vehicles are not equally popular among household investors. 

For the purpose of analysis and testing the hypothesis, Friedman’s two way analysis of  

Variance by ranks test is used. 

Figure 3: Related samples’ Friedman’s two way analysis of Variance by ranks test  

 

Figure 3 shows the result of Friedman’s test for two way analysis of variance. This test shows 

the results that the investment vehicles do not have the same preference level for the 

investors. As p<.05, null hypothesis has been rejected and it is concluded that all the 

investment vehicles are not equally popular among investors. 



ANVESAK 

ISSN : 0378 – 4568 UGC Care Group 1 Journal 
 

Vol. 53, No.4(I) January – June 2023 

 
1304 

Preference Status in Different Investment Vehicles 

It is observed from the above discussion that the investors are not interested to invest equally 

all the investment options. We can find the clearer picture with the help of the data collected 

from the respondents regarding their preference       

Table 2: Preference status in Investment Vehicle 

  Bank 

Deposits 

% Insurance 

Policies 

% Equity 

Shares 

% Mutual 

Funds 

% 

Not at all preferred 23 4.4 28 5.3 75 14.2 69 13.1 

Not preferred 40 7.6 64 12.1 74 14 81 15.3 

Neutral 80 15.2 108 20.5 150 28.4 128 24.2 

Somewhat preferred 197 37.3 182 34.5 127 24.1 128 24.2 

Strongly preferred 188 35.6 146 27.7 102 19.3 122 23.1 

Total 528 100 528 100 528 100 528 100 

 

Table 2 depicts the household investors' preferences for various investment vehicles. With 

35.6% of respondents, bank deposits are the most favoured investment vehicle, insurance 

policies (26.7%). With this data it can be inferred that bank deposits are the most popular 

conventional investment vehicle among investors. With 23.1% of respondents, mutual funds 

are the most favoured investment vehicle and equity shares are preferred by (19.3%) 

investors under study. In short, it can be concluded  that mutual funds are the most popular 

investment vehicle among investors now a days. 

Figure 4: Figure showing preference status in Real Estate and Market-based 

Investment Vehicles 
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Figure 4 depicts the picture of preference of household investors in conventional investment 

vehicles. Bank deposits are the most preferred investment vehicle as more than 70% of the 

respondents are favourably responding. Insurance policies are also responded favourably by 

more than 60% respondents. Figure 4.13 depicts household investors' preferences. Mutual 

funds are the most popular investment vehicle, with more than half of the respondents 

favouring them.  

CONCLUSION 

According to the study, traditional investment vehicles like bank deposits and insurance 

policies are more common than market-based products like equity shares and mutual funds. 

The findings correspond to the literature that is currently in existence (Samudra and 

Burghate, 2012; Kumar and Thimmaiah, 2015). The investment instruments that investors 

choose to use are significantly influenced by their financial literacy. The home investors are 

reallocating their investment portfolios as a result of the COVID-19 outbreak changing their 

risk attitude. The three best investing options are insurance, mutual funds, and bank FDs. The 

relevant studies (Heo et al., 2020; Schroders' Global Investors research, 2020; 

Mushir&Suryavanshi, 2021) lend credence to the findings. In the midst of the COVID-19 

epidemic, insurance plans are the most popular type of investment. The study's result with 

regard to insurance plans is also supported by the literature that is currently available 

(Riyazahmed, 2021; Mushir&Suryavanshi, 2021). 

All regulatory entities should raise public awareness of investing techniques. It is important 

to establish small investor awareness activities and camps. It is suggested that the 

government take action to educate kids about money at an early age. The findings will have 

significant ramifications for creating curricula in the emerging subject of behavioural 

economics and finance as well as for defining job profiles and job descriptions in this sector. 

More participants and financial products are required for the successful mobilisation of 

investors' funds in order to meet their needs. Investors should be aware of their psychological 

tendencies and financial objectives before to selecting any investment vehicle on the financial 

market. To measure their biases and make informed judgements, they must acquire certain 

impartial techniques. 
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Significance of Relationship between Demographic factors and investment 

behaviour in different investment categories 

Dr.Payal Rani, Associate Professor Department of Commerce, Dronacharya Govt. college, 

Gurugram 

Ms.Pinki Gupta, Associate Professor Department of Commerce, GMN College, AmbalaCantt. 

ABSTRACT 

Understanding investing behaviour and getting to know clients are never easy. Despite 

expressing their requirements and desires, investors do not follow through on them. They might 

not be aware of their true motives. They could abruptly alter their beliefs in response to outside 

forces. On the other side, marketers need to do research on the preferences, views, and 

investment behaviours of their target investors. The tastes of investors are greatly impacted by 

demographic factors. In this research I try to find whether the selection of investment vehicles 

across categories of investment vehicles depend similarly on all demographic factors.  

Keywords: Investment preference, demographic variables, investment behaviour 

INTRODUCTION 

It is never simple to understand investment behaviour and get to know clients. Investors may 

express their needs and wants, but they do not act on them. They may be unaware of their 

genuine motivation. They may react to external influences by changing their opinions at the last 

minute. Marketers, on the other hand, must do research about their target investor's desires, 

perceptions, preferences, and investing behaviour. Investors' investing preferences are heavily 

influenced by demographic considerations.  

Demographic variables will mostly influence the vehicles used by investors to commit their idle 

cash. The first stage in the investing process is to establish the investment objectives in terms of 

time frame and to develop an investment policy based on personal needs. Age, gender, marital 

status, income, and employment all have an influence on an individual's investment 

behaviour.Each individual is distinct from all others in some way, and therefore his decision is as 

well. The purpose of investment is to meet and satisfy the target client's wants and wishes. 

Investor behaviour is the study of how individuals, groups, and organisations select, purchase, 

utilise, and dispose of goods, services, ideas, or experiences to suit their wants and aspirations. 
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Age has an essential part in financial decisions since a person may take more risks while he is 

younger, but as he gets older, he becomes more risk adverse and utilises his expertise to invest 

more. Furthermore, his investing motivation may alter as he ages. Studies found that gender has 

a significant influence on investors' preferences for various investment vehicles 

(Bhushan&Medury, 2013; Patel &Modi, 2017; Ferreira &Dickason, 2018). Previous research has 

suggested that women investors are more conservative than males.  

According to the findings of the survey, women are not financially independent. Women have a 

cautious mindset, thus they choose to invest in less hazardous assets (Praba, 2016). Women's 

engagement in investment choices has expanded as the environment has changed and women 

play a vital role in every area. With increased access to technology, resources, and knowledge, 

women are growing more confident in making autonomous judgements and investing in market 

assets. . According to a study of over 35,000 families, gender influences financial decisions since 

males choose more riskier assets in their investment portfolios and prefer trading in the stock 

market than women (Barber & Oden, 2001). Females, according to the study, are more risk 

averse than males. Young and educated persons are more likely to pursue new hazardous 

investment possibilities due to limited resources, a lack of investment alternatives, and a lack of 

investing trends (Bashir et al., 2013).Various studies imply that, despite having more information 

about investing, older individuals' investment skills degrade as they age due to the detrimental 

effects of cognitive ageing (Korniotis, 2011). We know that banks are increasing the interest 

rates on fixed-term deposits for older folks. 

If a person earns a consistent income from his work and there is less fluctuation and risk 

associated with his future income, he may invest in an investment vehicle with more risk and 

return, whereas a person with an unpredictable income may prefer to engage in a somewhat safer 

investment alternative. Mutual fund investment is closely related to occupation and financial 

knowledge (Kaur&Bharucha, 2021). Furthermore, there is a distinction in the investment 

patterns of public and private sector personnel (Kalra, Dhameeja&Arora, 2012).Financial 

illiteracy has been studied for its affects and implications. It is also stated that in order to 

comprehend retirement plans, individuals must be educated (Lusardiet.al., 2014). With the 

emergence of online transactions of investments in the securities market, online banking, and 

other services, investing has become inextricably linked with not just literacy but also computer 

literacy. 
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It has been shown that a household investor's odds of entering the stock market in the next five 

years are 30% greater if their parents or children did so in the previous five years (Li G., 

2009).Factors to evaluate include the investor's marital status and the number of dependents in 

his household. (Leff, N. H., 1969) discovered that the birth of a kid in the family has a significant 

impact on an individual's investing pattern. According to research, solo investors are less risk 

averse than those with dependents (Roszkowski et. al.1993).If a person earns a steady and 

substantial income, he may invest in more hazardous assets because of the income cushion, but if 

he earns less and saves with difficulty, he will choose to invest in safe investment alternatives 

(Bhushan&Medury, 2013; Sadiq&Ishaq, 2014). If a person is in a high tax bracket, he will want 

to invest in a vehicle that would allow him to delay his tax due and so enhance his net income. 

From the above discussion a research question comes to my mind: 

Whether all demographic factors have equally significant relationship with the choice of 

investment vehicles in different categories of investment vehicles? 

DISCUSSION AND RESULTS: 

For categorisation of investment vehicles, I have used factor analysis through which three 

components of the investment vehicles have been found named: conventional investment 

vehicles, real estate and market-based investment vehicles. Thus it is an important question 

whether there is any significant relationship between the socio economic background and 

investment pattern/attitude towards different types of investment vehicles. It can be measured by 

Spearman's rank-order correlation. 

Figure 1: Component plot on rotated space 

 

Source: The Author 
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Using Factor analysis I found three components for preference in investment vehicles. Bank 

deposits, post office deposits, provident funds and insurance policies are grouped into one 

component on the basis of their factor loadings. These investment vehicles are ‘conventional 

investment vehicles’ associated with low risk. Commercial papers, government securities, global 

depository receipts and derivatives have been recognised as the four factors grouped for second 

component. All of these factors are related to debts instruments or the derivatives. Thus the 

second component may be named ‘debts and derivatives’. Equity shares, mutual funds and 

market securities are the factors grouped into third category. These factors belong to the 

ownership based market securities with real estate in addition. Thus the third component may be 

named as ‘real estate and market-based investment vehicles’. The components derived from 

factor analysis may be seen in figure 1. The three components can be seen as clusters. According 

to the findings of the study, only two components are mostly availed/used for investment 

i.e..‘Conventional investment vehicles’ and ‘real estate and market-based investment vehicles’. 

Thus I wish to find whether the socio-economic variables are equally significant for both types 

of investment vehicles or not.  

Spearman’s Correlation for Test of Association between Demographic Variables and 

Choice of Investment Vehicles 

A Spearman's rank-order correlation was run to determine the relationship between demographic 

factors and preference for investments in conventional investment vehicles. 

Association between Demographic Variables and choice of Conventional Investment Vehicles 
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Table 1: Spearman's rho between demographic factors and Investment in Conventional 

investment vehicles and Real Estate and Market-based investment vehicles 

Factors Conventional investment vehicles 

Educational Qualification 

Correlation Coefficient -0.015 

Sig. (2-tailed) 0.727 

N 528 

Gender 

Correlation Coefficient 0.017 

Sig. (2-tailed) 0.698 

N 528 

Work Sector 

Correlation Coefficient -.096
*
 

Sig. (2-tailed) 0.027 

N 528 

Marrital Status 

Correlation Coefficient 0.036 

Sig. (2-tailed) 0.409 

N 528 

Personal Income 

Correlation Coefficient .123
**

 

Sig. (2-tailed) 0.005 

N 528 

Age 

Correlation Coefficient -.090
*
 

Sig. (2-tailed) 0.04 

N 528 

 

Correlation coefficient between the investment in conventional investment vehicles and age is -

.090 having p= .040. There was a negative correlation between conventional investment vehicles 

and age of the respondents, which was statistically significant (rs = -.090, p<0.05).As is shown in 

table 1, correlation coefficient between the investment in conventional investment vehicles and 

educational qualification is -.015 having p = .727. There was a negative correlation between 

conventional investment vehicles and educational qualification, which was statistically not 

significant (rs = -.015, p>0.05).Correlation coefficient between the investment in conventional 
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investment vehicles and gender is .017 having p = .698. There was a positive correlation between 

conventional investment vehicles and gender, which was statistically not significant (rs = .017, 

p>0.05).Correlation coefficient between the investment in conventional investment vehicles and 

work sector is -.096 having p = .027. There was a negative correlation between conventional 

investment vehicles and work sector, which was statistically significant (rs = -.096, 

p<0.05).Correlation coefficient between the investment in conventional investment vehicles and 

marital status is .036 having p= .409. There was a positive correlation between conventional 

investment vehicles and marital status, which was statistically not significant (rs = .036, 

p>0.05).Correlation coefficient between the investment in conventional investment vehicles and 

personal income is .123 having p= .005. There was a positive correlation between conventional 

investment vehicles and personal income, which was statistically significant (rs = .123, p<0.05). 

Figure 2: Figure showing the relationship between demographic factors and preference regarding 

investment in conventional investment vehicles 

 

Source:The Author 

Figure 2 shows that as the personal income are increasing, the investors are investing in 

conventional investment vehicles more or less equally for each income and saving group. We 

can see that most of the respondents are investing in these vehicles as the non-investing 

proportion is comparatively very low as compared to the investing ones.  
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Association between Demographic Variables and choice of Real Estate and Market-based 

investment vehicles: 

Table 2: Spearman's rho between demographic factors and Investment in Real Estate and 

Market-based investment vehicles 

Factors 
Real Estate and Market-based 

investment vehicles 

Educational Qualification 

Correlation Coefficient 0.027 

Sig. (2-tailed) 0.537 

N 528 

Gender 

Correlation Coefficient -0.032 

Sig. (2-tailed) 0.062 

N 528 

Work Sector 

Correlation Coefficient .105
*
 

Sig. (2-tailed) 0.015 

N 528 

Marrital Status 

Correlation Coefficient -0.007 

Sig. (2-tailed) 0.867 

N 528 

Personal Income 

Correlation Coefficient .162
**

 

Sig. (2-tailed) 0 

N 528 

Age 

Correlation Coefficient -.124
**

 

Sig. (2-tailed) 0.004 

N 528 

 

Correlation coefficient between the investment in Real Estate and Market-based investment 

vehicles and age is -.124 having p= .004. There was a negative correlation between in Real 

Estate and Market-based investment vehiclesand age of the respondents, which was statistically 

significant (rs = -.124, p<0.004).As is shown in table 2, correlation coefficient between the 

investment in Real Estate and Market-based investment vehicles and educational qualification is 
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0.027 having p = 0.537. There was a positive correlation between Real Estate and Market-based 

investment vehicles and educational qualification, which was statistically not significant (rs = 

0.027, p>0.05).Correlation coefficient between the investment in Real Estate and Market-based 

investment vehicles and gender is -0.032 having p = 0.062. There was a negative correlation 

between Real Estate and Market-based investment vehicles and gender, which was statistically 

not significant (rs = -0.032, p>0.05).Correlation coefficient between the investment in Real 

Estate and Market-based investment vehicles and work sector is 0.105having p = 0.015. There 

was a positive correlation between Real Estate and Market-based investment vehicles and work 

sector, which was statistically significant (rs = 0.105, p<0.05). Correlation coefficient between 

the investment in real estate and market-based securities and marital status is -0.007 having p= 

0.867. There was a positive correlation between real estate and market-based securities and 

marital status, which was statistically not significant (rs = -.007, p>0.05).Correlation coefficient 

between the investment in real estate and market-based securities and personal income is .162 

having p= 0. There was a positive correlation between real estate and market-based securities 

and personal income, which was statistically significant (rs = .162, p<0.05). 

Figure 3: Figure showing the relationship between personal income, annual savings and 

preference regarding investment in real estate and market-based securities  

 

Source: The Author 

Figure 3 illustrates that when personal income rises, investors invest more or less evenly in real 

estate and market-based investment vehicles for each income and saving category. We can see 
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that the respondents are investing in these vehicles as the non-investing proportion is more or 

less equal to the investing ones.  

CONCLUSION 

It can be concluded from the above discussion that there is significant association between 

conventional investment vehicles and perceived risk and awareness while perceived return does 

not have significant association with conventional investment vehicles. It is concluded that all 

the factors are not equally significant in choice of conventional investment vehicles.When 

comparing conventional and real estate & market-based investment vehicles, it is discovered that 

individuals are more attracted towards real estate and market-based investing vehicles for the 

same group of income and savings. 
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Abstract 
The telecommunication sector in India is one of the fastest-growing business segments of the 
country. The cellular industry is growing at a very fast speed because it has become a necessity. As a 
result, there is an increase in potential buyers as well as its market size. Due to exponential growth 
in the Indian telecom sector, old marketing practices are becoming out of context. Changing 
paradigms have put every telecom player under tremendous pressure to outperform the competition 
and meet customer expectations. It has become very difficult to attract new customers as well as 
retain and delight existing consumers of different telecom service providers on a sustainable level. 
They are also facing the challenge of attracting their potential subscribers by offering them a bundle 
of services. This paper deals with the development of an understanding of the challenges faced by 
telecom service providers in India while implementing promotional strategies. 
Keywords: Mergers and acquisitions, customer feedback, provoking publicity, environment, 
competition etc. 
INTRODUCTION 
An organization can concentrate its resources on the optimal opportunities with the process of 
marketing strategy that can help it in achieving its goals of increasing sales and attaining a 
sustainable competitive advantage. Marketing strategy is treated as a competitive advantage. It 
includes all basic &long-term activities which come under the field of marketing dealing with the 
analysis of the strategic initial situation of a company. It also helps with the formulation, evaluation, 
and selection of market-oriented strategies. Therefore, it contributes to the goals of the company & 
its marketing objectives. 
The promotion mix is the blend of different methods and tools of communication any organization 
uses in presenting the company, products, or services to target its customers. Effective promotion is a 
key component of the marketing mix, as it is the element with the help of which we can attract 
customers, persuade them to buy, and generate loyalty. 
Promotion is one of the four main strategic components of the marketing mix, generally known as 
the "4 P's." The role of the promotion mix is to create synergy with the other three elements product, 
place, and pricing so that the organization can optimize the company's customer and profit potential. 
Promotion brings together the strengths of the product, its availability, and the fairness of its benefits 
at a particular price. The marketing communication mix also called as promotion mix consists of the 
following major promotional tools: Advertising, Direct Marketing, Interactive/ Internet marketing, 
Sales Promotion, Publicity/ Public Relations and Personal Selling. 
REVIEW OF LITERATURE 
Varma Aparna J et. al. (2007) in Mysuru studied the effectiveness of the marketing strategies of 
BSNL and Airtel. The areas that were to be improved for BSNL in comparison to Airtel were also 
identified. It was identified that the formulation and execution of marketing strategies were 
significantly different between BSNL and Airtel service providers. There was ample scope for BSNL 
services providers to further improvement of their services marketing mix other than their pricing 
strategy. Chaudhary Bharat Bhushan (2012) in a comparative aimed to study the process of 
providing Cellular Mobile Telephone Service (CMTS) and service quality standards set up by the 
telecom regulatory authority of India (TRAI). The quality of customer service offered by GSM 
service providers was found better than CDMA providers. The price and quality of the network 
offered by CMSP influenced the perceptions of the customer to a great extent. The customers were 
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looking for mobile service which was reliable and innovative. Palaniappan. G et. al. (2015) 
analyzed the perception level of the customers of BSNL mobile service providers. It was identified 
that the service provided by BSNL is at a satisfactory level. It was further observed that BSNL 
should focus on promotional measures equal to the private service providers to enhance their service 
activity to satisfy their customers. Singh Surabhi (2016), studied the perception of customers about 
the Jio network. It was identified that nine factors are the basis of a strong consumer attitude towards 
Reliance Jio. The reliability, performance expectancy, and other factors had enabled the presence of 
Reliance Jio in the mind of customers.  Chinthala Gowthami et. al. (2017) in a study attempted to 
know the customer satisfaction level with the services provided by JIO telecommunication service 
providers and further analyze the determinants of customer satisfaction. It was found that the 
majority of the respondents were satisfied with the internet service provided by the JIO 
telecommunication service provider but not satisfied with customer care service. Srikumar Hema 
et. al. (2017) analyzed the impact of service quality dimensions on customer satisfaction towards 
Airtel and Vodafone services in Nilgiris and Coimbatore districts. It was found that the service 
quality dimensions of tangibles, assurance, reliability, responsibility, and Empathy played a major 
role in the recommendation of Airtel and Vodafone. Singh Rajbinder, (2017) examined the impacts 
of Reliance Jio on the Indian telecom industry. It was observed that the company would have 
generated a significant market share in the next 3-5 years. In the end reliance, Jio has successfully hit 
the target market and has deep pockets to invest in but has a threat to competition and technology 
today also. Singh Sukhvir et. al. (2017) compared Vodafone and Airtel based on ten measures of 
brand equity. It was found that Airtel was in a leadership position in five brand equity measures 
including satisfaction/loyalty, perceived quality, leadership & popularity, organizational associations, 
and market share as compared to Vodafone. The other three measures i. e. brand personality, brand 
awareness, market price, and distribution coverage had been shared by both Airtel and Vodafone. 
The study concluded that the Brand Equity of Airtel was higher than that of Vodafone. Haq Noorul 
(2019), took a research study to examine the impact of Reliance JIO on the Indian telecom industry. 
It was observed that after the entry of Reliance Jio Info comm into the telecommunication industry, 
the economic structure of the market was still the same but the level of competition had grown 
unexpectedly. It was revealed that the earlier losses shown by all telecom operators were only due to 
inefficiency in the market. If Reliance Jio Info comm would work at the same pace and follow the 
same method of business and survive with any support from associated firms, it would redefine 
competition in the telecom sector. Then the best and honest would survive and vice-versa has to shut 
down their business. Jasrotia Sahil Singh et.al., (2019), in a research study on disruptions in the 
Indian Telecom Sector, analyzed the impact of R Jio (Reliance Jio) on the Indian Telecom Industry 
and examined the factors influencing customer churn from other telecom operators towards Reliance 
Jio. Reliance Jio brought a change by providing high-speed internet data at cheaper and affordable 
rates, which was not a trend. Telecom operators used to charge more prices to have access to high-
speed data and initially they used PM Narendra Modi in their promotions which was a major 
influential factor to customers. Sahai Surpreet(2020), attempted to give an insight into the telecom 
sector and the steps being taken by them to improve their relationship with their customers. The 
customer’s perceptions and spending patterns specifically related to the telecom study were assessed. 
The most important determinant found for a consumer was price and sacrifice perception including 
monetary and non-monetary sacrifice. In today’s competitive environment, customers are quick to 
abandon services that do not meet their expectations. Her research provided customized as well as 
tailored solutions to the telecom industry in terms of planning long-term strategies related to 
marketing and other operating divisions. 
Srikumar Hema et. al. (2017) analyzed the impact of service quality dimensions on customer 
satisfaction towards Airtel and Vodafone services in Nilgiris and Coimbatore districts. An 
association between overall customer satisfaction and service quality dimension was found. There 
was a significant difference between the recommendation and service quality dimensions of the 
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respondents of Airtel and Vodafone users. Customer care service was found very important and was 
producing a direct impact on customer satisfaction. Further, the service quality dimensions of 
tangibles, assurance, reliability, responsibility, and Empathy played a major role in the 
recommendation of Airtel and Vodafone. But the study was limited to only Airtel and Vodafone 
customers from Walk-in Stores and Universities located in Coimbatore and Nilgiris.  
OBJECTIVE OF THE STUDY 
To study and compare challenges faced by both telecom companies in the light of promotional 
strategies. 
HYPOTHESIS 
Null Hypothesis (H0): There is no significant difference between the challenges faced by both 
telecom companies in the light of promotional strategies. 
RESEARCH METHODOLOGY 
The study is descriptive and exploratory in nature. The population under study is the population of 
Haryana state in India. Information was collected by using primary as well as secondary data. Three 
districts of Haryana having the highest qualification rate namely Gurugram, Ambala, and Panchkula 
were selected and the data were collected from a questionnaire that was got filled out by 568 
consumers from these districts. Secondary data was also collected from the Telecom Regulatory 
Authority of India (TRAI) website, the work done by the researchers in the past, various journals, 
research papers, newspapers, and other sources. 
ANALYSIS OF CHALLENGES FACED BY JIO AND AIRTEL 
The business world is full of challenges. The telecom sector is considered the fastest and most 
popular sector. Jio and Airtel are the two largest telecommunication service providers in India. Both 
service providers use different types of promotional tools at different periods of time. Thus, it 
implies several challenges in terms of network, infrastructure, education, mergers, competitions and 
feedback as well.  An analysis has been made to identify and compare the challenges faced by both 
the service. 
Table1: Z-Test for significant difference between challenges faced by Jio and Airtel 

  Variables 
Service 
Provider N 

Mea
n 

Std. 
Devia
tion Z p-value 

Social and cultural 
values 

Jio 228 2.08 1.170 
.032 .975 

Airtel 251 2.08 1.050 
Aggressive provoking 
publicity 

Jio 228 2.35 1.168 
-.562 .574 Airtel 251 2.41 1.147 

Unusual creative 
publicity 

Jio 228 2.35 1.195 
.347 .728 

Airtel 251 2.31 1.070 
Personalised services Jio 228 2.20 1.146 

-.330 .742 
Airtel 251 2.23 1.089 

Resolving service 
issues 

Jio 228 2.22 1.097 
.370 .712 Airtel 251 2.18 1.035 

Demand for IoT 
  

Jio 228 2.14 1.137 
.372 .710 

Airtel 251 2.10 1.015 
Mergers and 
Acquisitions 

Jio 228 2.28 1.224 
-.614 .540 

Airtel 251 2.35 1.115 
Customer Feedback Jio 228 2.12 1.164 

.259 .796 
Airtel 251 2.09 1.101 

Unfriendly Regulatory 
Environment 

Jio 228 2.33 1.203 
-.338 .736 

Airtel 251 2.37 1.204 
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Source: data collected through a questionnaire 
It has been exhibited from the perusal of table 1 that there is no significant difference in the 
challenges of both the telecom service providers i. e. Jio and Airtel in the light of promotional 
strategies. The p-value of z-test of all the challenges i. e. maintenance of Indian social and cultural 
values, aggressive provoking publicity, unusual creative publicity, personalized services, resolving 
service issues, demand for Internet of Things, mergers and acquisitions, proper customer feedback, 
unfriendly regulatory environment are more than .05. Thus, there is no significant difference in the 
challenges faced by Jio and Airtel in terms of promotional strategies. 
Null Hypothesis (H0): There is no significant difference between the challenges faced by both 
telecom companies in the light of promotional strategies. 
So, the null hypothesis is accepted and the alternate hypothesis is rejected. 
 
CONCLUSION 
The increasing cost of acquiring new customers drives service providers to discover new ways to 
acquire, retain and increase their subscriber base on a regular basis. Thus, it is very crucial for these 
service providers to retain the existing customer for the industry and this is possible only by 
providing quality services to them to gain their loyalty.  Effective marketing practices through 
appropriate marketing mix elements, the creation of a unique and distinctive positive image in the 
mind of the customers is a must, in order to long run endurance. In this direction promotion mix of 
the company proves to be the backbone of its marketing mix as it is the only way to implement its 
marketing mix in an effective way. Keeping in view of this only concept, the challenges which create 
hurdle in the implementation of the promotion mix of any organization has been analyzed, and found 
that the challenges faced by two leading service providers i. e. Airtel and Jio are not significantly 
different. They should understand the customer expectations and concentrate on their optimum 
marketing mix. The service providers should know how to respond their customers effectively and 
on time. 
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ABSTRACT 

Promotion is the key to the success of every business whether it is producing goods or services. 

To market its products promotion, and marketing both are important for any organization. 

Service quality has been considered as a vital component by the company. As mentioned, the 

number of mobile phone users is increasing day by day. The competition among service 

providers is also increasing day by day. The pressure of competition encourages the 

competitors to increase the product/service quality as well as reduce the price. The paper 

concentrates on the various value- added promotions done by telecom service providers and 

their relationship with consumer response. Value-adding promotions have a positive 

relationship with each other and with consumer response also. The service providers should 

take care of them as the value-added services have an immense impact that can help the 

organization retain its consumer successfully. Keywords: potential consumers, 

demonstrations, membership programs, marketers, etc. 

INTRODUCTION 

In the age of huge competition, every telecom company tries to attract new customers and 

retain their existing ones. Promotions lead to the development of knowledge of the brand for 

all the promoted products and brands. However, promotions of repeated sales like reduction 

in price for a short time, discount, or coupon may avert the attempts of the brand because these 

may be a low- quality signal or an obsolete kind. Repeated price promotions may lead to 

confusion for the customers since they are not able to understand why high-quality products 

are promoted and offered at a special price. According to self-perception theory, customers 

who choose a product based on price promotions which is an external reason rather than a 

positive attitude towards the product which is an internal reason generally change their choice 

and choose other products whenever the external reason is eliminated. 
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Skills and experience are required to develop a promotion mix in marketing. Marketers 

should gather lots of data about the consumers to come up with an effective promotion mix 

and work out a budget that they can afford for a promotion, and decide the most efficient 

marketing channels for their audience. It helps in improvement in the effectiveness of 

promotional campaigns, helps to segment the audience, improves communication with clients, 

informs subscribers, and stands out from the crowd. 

 

The sales promotion strategy may be classified into two parts: cost-down and value-added 

promotions. They act as a means of attracting more customers and delivering value by 

providing a greater benefit. The value-added service provides ample possibilities that will 

help to retain customers for them. Value-added services (VAS) provided by telecom 

companies do not involve basic services including SMS, and voicemail, but they include other 

amenities such as e- commerce, sports, entertainment, astrology, and much more. These are 

either free or chargeable. VAS cannot be activated by any telecom service providers without 

prior consent from any customer. The telecom provider has to deactivate the subscription if 

the customer decides to unsubscribe from VAS within 24 hours of activation of services and 

refund the money. A toll-free number is also available for those who want to deactivate the 

services, and who receive them without a subscription. 

REVIEW OF LITERATURE 

Gunasekaran et. al., (2007) did their research on rural telecom in the north Indian states. It 

was found that rural areas, difficult topographical, low population density, spread-out 

population, and climatic conditions made it difficult to provide telecommunication services to 

acceptable quality by traditional means at an affordable price. So, it was recommended that 

villages near a larger town could take advantage of the fiber backbone as a remote village can 

be connected via a VSAT link. From the fiber backbone, a point-to-point or point-to-multipoint 

Wi-MAX link could be used to connect one or more villages near the town. Varma Aparna J 

et. al. (2007) found that the formulation and execution of marketing strategies significantly 

differ between BSNL and Airtel service providers. There is ample scope for BSNL services 

providers to further improvement in their services in the form of a marketing mix. It was identified 

that the formulation and execution of marketing strategies were significantly different between BSNL 

and Airtel service providers. There was ample scope for BSNL services providers to further 

improvement of their services 
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marketing mix other than their pricing strategy. Wang Chengchang et. al. (2009), took 

comparative research on the marketing strategies of the Telecommunication Industry. This 

research was an attempt to compare the marketing strategies of the telecommunication 

industry of India and China. Through comparison, it was found that the niche market had been 

taken very seriously by the Indian telecommunication industry and they were focusing more 

and more on it. But the Chinese telecom industry had not taken the niche market so seriously. 

It was revealed that the two countries were different in marketing strategies mainly because 

government policies were different in the two countries. Mathew P. T. (2009) in a research 

study observed that there was high price sensitivity in the market, and perceived differences 

in the brands are many. According to him, BSNL should focus on the quality of service and 

be ready to respond to competition, service improvements, and some additives such as new 

value-added services and attractive call rates, etc. The BSNL should improve the quality of 

the network. And the same should be communicated to the customers. BSNL should come up 

with more attractive customer-specific tariff plans which would help the company to survive in 

the competition and help in increasing the customer base, market share, minutes of usage, and 

hence the total revenue. Nasit Alpesh A (2011), analyzed 1200 telecom service consumers in 

Gujarat state, India. The study aimed to study the existing marketing strategies adopted by 

telecom industries, to work out the growing challenges faced by the telecom sector, to analyze 

the role of various marketing techniques in the telecom sector, and to study the customer 

response to various marketing mix adopted by the telecom sector companies. As a result, it 

was observed that usage of Information base services and service providers were dependent. 

Information Base services, and GPRS/Internet services availability were the same for all the 

companies. Usage of Call Diverting services and service providers was not found independent 

as well as usage of News update services and service providers was also not independent. 

Catoiu, I., & Gardan, D. A. (2010) conducted research on the perception of Romanian 

consumers toward Mobile Marketing Campaigns. The research was undertaken to find future 

trends in mobile marketing and mobile media. It was observed that the perception of 

Romanian consumers towards specific mobile marketing techniques was influenced primarily 

by perceptions toward mobile services in general not specifically by their marketing 

campaigns. Obasan et. al. (2012) in a research study assessed the effectiveness of promotion 

as a marketing management tool in the Nigerian Telecommunication Industry. The study was 



SOUTH INDIA JOURNAL OF SOCIAL SCIENCES 

ISSN: 0972 – 8945 

Vol. XXI, No.1, January – June: 2023, 1200 

 

 

an attempt to know  about the effect  of Promotion on marketing management in the 

Nigerian 

telecommunication industry. The study depicted that promotion had a significant effect on 

marketing management in the Nigerian telecommunication industry. Gautam Abhinanda 

(2013) in a research study analyzed (below the line) promotion strategies of the telecom 

industry in the western (Up) circle (India). The study was with a special reference to Reliance 

Communications for which responses from Meerut, Bulandshahr, Muzaffarnagar, Baghpat, 

and Bijnore were collected. He attempted to study various factors which were effective in 

boosting sales such as consumer schemes, roadshows, event sponsoring, 

distributor‟s/retailer‟s schemes, attractive margins, association with other brands, group 

schemes, and discount offers offered by Reliance Communication. It was found that 

promotion possessed a significant key role in determining profitability and market success. 

Further brand building, through „Above the Line‟ medium and mass media were the effective 

advertising strategies that were being followed as promotional tools. Jaimini H Dave (2013), 

took research to know the opportunities, specific problems, and limitations of the Indian 

Telecommunication Industry. In the process of finding the opportunities, the Indian Telecom 

market was found as one of the fastest-growing markets in the world with 

787.29 million Telephone connections as of 31st December 2010. Furthermore, it was the 

second- largest network in the world after China. It was the second-largest wireless network in 

the world. About over 18 million connections were being added every month. Wireless 

telephones were increasing at a faster rate. Baruah Papori et. al. (2014), in research 

discussed the growth of Telephones, teledensity, public versus private telecom sector, 

wireless versus wire-line segments, different service providers and their market share, etc. In 

this regard, the telecom sector would give special focus on unreserved areas in the North-

Eastern region and backward states of the country. It was concluded that the growth and 

development of the Telecom sector of India had made it a key contributor to India‟s economic 

and social up-gradation. Suthar B.K. et. al. (2014) analyzed the impact of the marketing mix 

and consumer perception on brand loyalty. The study examined the relationship between 

marketing mix and customer perception of brand loyalty especially in the context of Bharat 

Sanchar Nigam Limited, Vadodara. A positive relationship between different dimensions of 

the marketing mix and customer perception was revealed by the collected data on brand 
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loyalty of Bharat Sanchar Nigam Limited as one of the Cellular Service Providers (CSPs) in 

Vadodara Telecom in the District of Gujarat. Zafar F. et. al. (2014) made a comparison 

between two countries that is UK and Germany that were dealing with the innovation and new 

technology of mobile. Strategies adopted by mobile phone companies were analyzed to 

attract customers to buy new models of mobile. The study investigated various factors 

determining customer satisfaction and advertising of mobile phones in the UK and Germany. 

Smartphones were identified as the most demanding among teenagers. Not only this but the 

customer value could be revealed completely in a long-term relationship with customers. 

Choy Lai Chi (2015) studied consumers‟ perception of mobile phones of China brands in 

Ipoh. The significant impact of price, perceived quality, brand awareness, etc. on the purchase 

intention was also observed. It was found that males were more exposed to and familiar with 

technology products. There was a significant relationship between price and purchase 

intention; perceived quality and purchase intention; brand awareness and purchase intention 

as well as between perceived features and purchase intention. Thus, there might be more 

significant independent variables that would be able to explain the buying intention. Abedin 

Md. Zainal and Ferdous Laboni (2015) studied promotional strategies of 

Telecommunication industries and customers‟ perception of Airtel Bangladesh Limited. A 

sample of 44 Bangladeshi consumers was taken into consideration. The purpose of the study 

was to determine the impact of the promotional activities of Airtel Bangladesh Limited. It was 

observed that customers were not satisfied with Internet Service, SMS, and advertisements of 

Airtel. Airtel was not an active participant in charity events to establish a good corporate 

image. Chinthala Gowthami et. al. (2017) took research work on Customer Satisfaction 

Towards Telecommunication Service Providers – A study on Reliance JIO. Respondents were 

found highly satisfied with the Internet facilities provided by Jio but not that much satisfied 

with the customer care services provided by Jio. The company needs to focus more on 

customer care services, responding to the customer‟s issues and concerns, and providing 

solutions. Chandra Sayandeep et. al. (2018), took research to study the impact of sales 

promotional tools on consumers‟ buying behavior. They accessed how the customer behaved 

and purchased when they were exposed to different promotional schemes floated by the 

apparel retail stores. The promotional offers were aimed to increase sales, attracting new 

customers, and keeping old customers. The impact of the promotional offers (buy one get one, 



SOUTH INDIA JOURNAL OF SOCIAL SCIENCES 

ISSN: 0972 – 8945 

Vol. XXI, No.1, January – June: 2023, 1202 

 

 

coupons, price discount) on the consumers‟ behavior related to apparel buying was also 

examined. Loyal consumers were availed with monthly discount coupons which motivated 

them to revisit. Kalra Siddharth et. al. (2018), took research to study the impact of Jio on the 

Indian Telecom Industry through their marketing strategies. This study aimed to find out how 

the marketing strategies of Jio had impacted the customers of the Indian telecom industry 

and what were the main strategies that the customers 

preferred and attracted them to this network. It was observed that the majority of the 

increasing customer base of Jio was primarily because of the impressive marketing strategies 

tackled by Jio. It was also interpreted that Jio had put a lot of effort and research into its 

marketing strategies by capturing those areas where they knew consumers were lacking from 

other service providers. Niyarta Khushboo (2019) analyzed the marketing strategies of 

Bharti Airtel Limited, Vodafone, Bharat Sanchar Nigam Limited (BSNL), and Reliance Jio 

Infocomm Ltd. A comparison was made among the marketing strategies of Airtel, Reliance Jio, 

Vodafone, and BSNL related to the fourth- generation mobile telecommunication services in 

India, and their impact on customer satisfaction and loyalty of telecom consumers was also 

observed. It was found that there was a significant difference among the strategies adopted by 

different telecom service providers; product, price, place, promotion, people, physical 

evidence, and process. Bharti K. & Nigam S. (2020) studied the effect of sales promotional 

tools on consumer buying behavior. These marketing activities could easily enhance the 

profits of a company through sales promotion activities. analyzed the effect of sales 

promotional tools on consumer buying behavior. It was observed that Buying decision was 

mainly influenced by its prior purchase evaluation. However, sales promotion could raise 

short-term sales and not create loyal consumers. 

 

STATEMENT OF THE PROBLEM 

“Consumer response towards value adding promotions of telecom service providers with 

reference to Haryana state” 

 



SOUTH INDIA JOURNAL OF SOCIAL SCIENCES 

ISSN: 0972 – 8945 

Vol. XXI, No.1, January – June: 2023, 1203 

 

 

RESEARCH METHODOLOGY 

The present study is exploratory and descriptive in nature. The population under study is the 

population of Haryana state. To achieve the objectives, information was collected by using 

secondary as well as primary data. The information was collected through a questionnaire 

filled from 568 consumers in Haryana state mainly from three districts namely Gurugram, 

Ambala, and Panchkula. Secondary data was collected from the Telecom Regulatory Authority 

of India (TRAI) website, the work done by the researchers in the past, and various journals, 

research papers, newspapers, and other sources. 

OBJECTIVES OF THE STUDY 

 To study the consumer response towards value-adding promotions of the telecom service 

providers. 

 To suggest measures that may help wireless telecom operators in implementing promotion mix 

in the future. 

 

HYPOTHESIS 

Null Hypothesis (H0): (Null Hypothesis): There is no significant relationship between the 

consumer response and value adding promotions of the telecom service providers. 

 

DATA ANALYSIS AND INTERPRETATION 

The relationship between consumer response and value-added services offered by the telecom 

service providers in Haryana has been analyzed. For this zero-order correlation matrix has 

been applied to find out the relationship between consumer response and value-added services. 

Different types of value-added promotions are used by various telecommunication service 

providers to attract them and keep them satisfied. A number of value-added promotions 

offered by Airtel and Jio have been taken into consideration such as free samples and free trial 

of product, brochures/ mailings showing the discounted products, discount coupons/ price off 

promotions/ free data with the purchase of another product, at the counter display promotions/ 

demonstrations, membership programs, brand Ambassador‟s image; and online promotional 

offers. 
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Table 1 Relationship between different value-adding promotions offered by telecom 

service providers and consumer response: Zero Order Correlation Matrix 

Value Added 

Promotions 
 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

 
8 

 
9 

 
10 

Sample 
1 

         

Brochure .721 
(**) 

1 
        

Lottery .650 
(**) 

.645 
(**) 

1 
       

Cash Back .744 
(**) 

.725 
(**) 

.667 
(**) 

1 
      

Discount .736 
(**) 

.692 
(**) 

.665 
(**) 

.766 
(**) 

1 
     

Demonstration .645 
(**) 

.703 
(**) 

.629 
(**) 

.734 
(**) 

.747 
(**) 

1 
    

Membership 
Programmes 

.638 
(**) 

.682 
(**) 

.619 
(**) 

.702 
(**) 

.724 
(**) 

.773 
(**) 

1 
   

Image of Brand 
Ambassador 

.657 
(**) 

.683 
(**) 

.611 
(**) 

.665 
(**) 

.709 
(**) 

.746 
(**) 

.753 
(**) 

1 
  

Online 
Promotion 

.677 
(**) 

.701 
(**) 

.614 
(**) 

.690 
(**) 

.756 
(**) 

.746 
(**) 

.759 
(**) 

.771 
(**) 

1 
 

Repeat Purchase 
.035 .048 -.005 

.100 
(*) 

.081 
.098 
(*) 

.061 .027 .057 1 

** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 

level (2-tailed). Source: Data collected 

through a questionnaire 

By applying zero-order correlation, relationships among various aspects of consumer buying 

behavior influenced by various value-added promotions offered by the telecom service 

providers have been depicted in the above table. All the telecom service providers offer all or 

a blend of some of value-added promotional schemes as per the market situations and 

competition level. By analysing different aspects of value-added promotions are evaluated 

such as distribution of free samples, brochures, and emails of discounted products, prize or 

lottery offers, buy one get one free or cash back promotions, discount coupons, demonstrations, 

membership programs, the image of brand ambassador and online promotions on account of 

the effect on consumer response, the relationship among the various factors have been 

established. The value of all the evaluated value- added promotions exhibited a significant 

relationship at a 1 percent level of significance. It has been observed that the most significant 
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relationship is between various discount coupons or price- off promotions or free data with the 

purchase of another product and online promotions done by the service providers. It implies 

that the a number of value added promotions are also inter related which has been observed 

from the table as price related value added promotions has shown highest correlation. 

As far as consumer response and value-added services are concerned, there seems to be a low 

degree of correlation between them. The table reveals the fact that there is a moderate degree 

of correlation between various value-added promotions done by the service providers but a 

strong relationship has not been observed between the consumer‟s response with the various 

value-added promotions done by Jio and Airtel. 

Table 2 Testing of Hypothesis at a Glance 

 

 

 

 

 

Thus, the null hypothesis is rejected and the alternate hypothesis is accepted. 

CONCLUSIONS AND SUGGESTIONS 

Different aspects of consumer behavior about value-added services of both the telecom 

service providers i. e. Jio and Airtel have been analyzed. Several value-added promotions run 

by them including samples, discounts, lotteries, demonstrations, etc. have been taken into 

consideration to assess the relationship between consumer response towards them. It was 

observed that all the value-added promotions are correlated with each other but when their 

relationship with the consumer‟s response was analyzed, it was found that there was a low 

degree of relationship between the consumer‟s response and various value-added promotions 

done by the service providers. 

Thus, the study reveals the fact that there is a positive relationship between the consumer 

response and value-added promotions offered by telecom service providers. Perhaps, that is the 

reason why value-added promotions attain maximum attention while formulating any 

marketing strategy. This implies digital transformation is the demand of the hour to adapt to 

the changing needs and expectations of consumers. Therefore, various discount coupons, 

price-off promotions, and free data offers with the purchase of the company's other products 

H0(Null Hypothesis) Significant/ 

Insignificant 

Decision 

There is no significant relationship between the consumer 

response and value adding promotions of the telecom 

service providers. 

Significant H0 rejected 
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should be associated with their online promotions. With an efficient blend of core services and 

value-added services consumers can be influenced by their product or service and the same 

holds good for the telecom sector too. It is important in today‟s fiercely competitive scenario; 

a service provider should effectively use a proper mix of services that are to be provided to the 

consumers to realize maximum returns. In this direction value-added services contributes a lot 

and the service providers must consider them as they have a positive impact on consumer 

response in terms of repeat purchase. 
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Abstract                                         

            The two concepts of entrepreneurship and innovation are considered interrelated and 

mutually dependent. There is a greater need for innovation and entrepreneurship due to globalization, 

technological progression and development, exaggerated competitiveness and global recession. If the 

developing countries want to accelerate growth, they should emphasis on entrepreneurship and innovation.  

This article analyzes the relationship between entrepreneurship and innovation and the implications of this 

relationship for individuals, and economy growth of a country. In this article factors affecting the 

innovation have also been discussed. The link between the universities and the industries is very important 

to achieve a more effective entrepreneurial activity. Industrial firms can reduce their costs of innovation 

by outsourcing their research by collaborating with educational institutions. Indian economy is one of the 

fastest growing economies in this modern globalization world. India's vision of becoming a $ 5 trillion 

economy is complexly connected with an innovation-oriented approach to economic expansion. India has 

mounted two places and has been ranked 46th by the World Intellectual Property Organization in the 

Global Innovation Index 2021 rankings. This article mainly presents the scope and elaborate the roles of 

innovation and entrepreneurship in economy growth. 

 

Keywords: Entrepreneurship, Innovation, Economy. 

 

Introduction 

The 21st century is the age of knowledge and information, the age characterized by the capacity 

to regenerate, develop, employ and protect new and innovative ideas, which particularly comes into play 

with those industries that base their competitive advantages on advanced technologies. Knowledge 

transfer attainable today by innovation transfer is exceptionally significant for overcoming the 

development and technology gap. The development of electronic technology shifts the knowledge gravity 

centre from manufacturing processes and products to management, information processing and to the 

development of artificial intelligence. 

Entrepreneurship is the process of seeking and utilizing opportunities available in the business 

environment or those opportunities realized through innovation to create value to business organizations. 

The compatibility between entrepreneurship and innovation create marketing strategies that are 

characterized by entrepreneurship and innovation, such strategies involve innovative methods that 

transform existing products and services into new ones with high quality that adds value to existing 

businesses. Entrepreneurship is the willingness of an individual / group to take risks and develop, organize 

and manage a business venture in todays competitive marketplace that is constantly evolving 

(Techaloo.com, 2017).  

Innovation is applying your creativity to come up with a unique idea or solution. It is technological 

invention, which lets parts do what they could not previously do. You have an engine, wheels and axles 

and you put them together to invent a car. Progress depends on innovation and great innovators can get 

rich (Davison, 2015). 

The two concepts of entrepreneurship and innovation are considered interrelated and 

interdependent. There is no doubt that creative innovation has a great impact on entrepreneurship when it 

comes to designing and executing any business. Innovations can be new products/business 
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models/customer relationship/any form of new dream/idea. Innovation, however, does not have to mean 

the creation of something totally new. Improvements and Iterations upon an existing idea/product/service 

are also innovations. Innovation is not just the idea – innovation is only achieved when the idea has been 

transferred into an outcome which has value. 

Entrepreneurship, by contrast, is applying the innovation to bring the ideas to life. It is social 

invention, which lets people do what they could not previously do. Entrepreneurs grasp the opportunity to 

cash in on the innovation. They build businesses and propel the innovation forward. Without innovation, 

the productions of enterprise become obsolete. According to Akbar Fadaee (2014) entrepreneurs combine 

creative idea with existing market opportunities and actively pursuing an entrepreneurial opportunity to 

reality with launch of the business. In short, entrepreneurs have to contribute to accelerating change. 

Entrepreneurs are pioneers, innovators, leaders and inventors. They are at the forefront of technological, 

economic and social movements – in their fields, in their forward thinking, in their desire to push forward.  

 

Defining Entrepreneurship and Entrepreneurs: 

Entrepreneurship is the process of starting a business or other organization. It involves identifying 

an opportunity, developing a business plan, and launching the venture. Hundreds of business startups fail 

after taking a risk to begin entrepreneurship. They have failed because of their lack in innovation. It’s easy 

for these entrepreneurs to see the opportunity, but most don’t know how to build it. Hunter (2012) explains 

it best in that very little innovation is generated by start-up ventures. 

Entrepreneurs are persons who convert great ideas into business opportunities. It involves a lot of 

risk-taking hence most entrepreneurs are risk-averse persons. Most entrepreneurs are innovative 

or take advantage of an innovation that is currently in the market. 

The major characteristics of entrepreneurs that have been listed by many include the following:  

1.  Hard work, energy and Independent-mindedness  

2.  A risk taker  

3.  Self-confident, resilient. and multi-skilled;  

4.  Innovative skills and determined;  

5.  Results-orientated and multi-tasking;  

6.  Self-motivation and total commitment.  

Innovative entrepreneurs have something called creative intelligence, which enables discovery yet 

differs from other types of intelligence (Dyer et al., 2009). It is more than the cognitive skill of being right-

brained.  

Who are Innovators?  

       Innovators are persons who introduce something new in terms of a product, service, process, model or 

an idea into the markets. Innovation is an essential component in all sectors as it adds value and creates 

change in an existing service or product, while also leading to the creation of new products. Innovation is 

derived due to technological changes, new markets, new knowledge, and even economic changes. Some 

of the skills required for innovators include creative thinking and the need for carrying out experiments. 

Innovation can take several forms:  

1. Innovation in process: Process is the combination of facilities, skills, and technologies used to produce, 

deliver, and support a product or provide a service.  The most famous and groundbreaking examples of 

process innovation is Henry Ford’s invention of the world’s first moving assembly line. This process 

change not only simplified vehicle assembly but shortened the time necessary to produce a single vehicle 

from 12 hours to 90 minutes. 

2. Innovation in products: Product innovation can come in three different forms. 

a) The development of a new product, such as the Fitbit or Amazon’s Kindle.  

http://www.differencebetween.net/business/difference-between-economics-and-business/
http://www.differencebetween.net/language/difference-between-bring-and-take/
http://www.differencebetween.net/technology/internet/difference-between-osi-and-tcp-ip-model/
http://www.differencebetween.net/language/words-language/difference-between-essential-and-necessary/
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b) An improvement of the performance of the existing product, such as an increase in the digital camera 

resolution of the iPhone 11.  

c) A new feature to an existing product, such as power windows to a car.  

3. Business Model Innovation:  Business Model Innovation is the way in which a product is brought to the 

market. Examples include introducing subscription-based services, creating new pricing models, or 

developing new ways to deliver products and services. This form of innovation is almost always radical, 

risky, and transformative. 

4. Social Innovation: This type of innovation involves creating solutions to social problems. Examples 

include developing new technologies to address climate change, creating programs to reduce poverty, or 

developing new ways to improve access to healthcare. 

True innovators must behave like entrepreneurs in order to be successful. This means that they 

must be able to identify potential opportunities in the market, develop strategies for taking advantage of 

them, and manage the risks associated with launching a new venture.  

 

Distinction between Innovation and Entrepreneurship 

Innovation and entrepreneurship are two closely related words used in today’s global village. Some 

may think they mean the same, but using them interchangeably would be making a big mistake. While 

they revolve around the same idea, it is crucial to understand the difference. Kennard (2021) states that 

“entrepreneurs are innovators and innovators can be entrepreneurs”. Entrepreneurship refers to the 

“examination of how, by whom, and with what effects opportunities to create future goods and services 

are discovered, evaluated, and exploited” (Shane & Venkataraman, 2000). This definition subsumes 

entrepreneurial operations, such as “production innovation, start-ups, new ventures, corporate venture 

spin-outs, and spin-ins; and, more importantly, multiple levels of analysis from founder-focused, 

individual and dyadic levels up to the field and international environment contexts” (Jennings et al., 2013) 

The main difference between innovation and entrepreneurship is that innovation is the process of 

creating something new or improving upon an existing idea, while entrepreneurship is the process of 

turning an innovative idea into a successful business venture. Innovation involves coming up with new 

ideas and solutions, while entrepreneurship involves taking those ideas and turning them into a viable 

business. Innovation is essential for businesses to stay competitive in the marketplace, as it allows them 

to create unique products and services that differentiate them from their competitors. Entrepreneurs must 

also be able to identify opportunities in the market and develop strategies for taking advantage of them. 

Innovation is applying your creativity to come up with a unique idea or solution. Innovators are 

people who come up with new ideas and inventions. They are creative thinkers who have the ability to 

think outside the box and come up with unique solutions to problems. Innovators often work in research 

and development departments of companies or in universities. It is technological invention, which lets 

parts do what they could not previously do. 

Entrepreneurs, on the other hand, are people who take the ideas of innovators and turn them into 

successful businesses. The combination between entrepreneurship and innovation is a crucial factor to the 

long-term sustainability of such strategies, because Entrepreneurship and innovation are positively related 

to each other and interact to help an organization to flourish, both are complementary and a combination 

of the two is vital to the organizational success and sustainability in today's dynamic environment. 

Entrepreneurship and innovation are dynamic and holistic processes in entrepreneurial and innovative 

organizations. Table 1 summarizes distinction between Innovation and Entrepreneurship.  
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TABLE 1: Distinguishing between Innovation and Entrepreneurship 

Innovation Entrepreneurship 

“The process that generates value through 

the creation, development, and implementation 

of new ideas, technologies, products, services, 

and business models” (Kennard, 2021) 

The “scholarly examination of how, by whom, 

and with what effects opportunities to create 

future goods and services are discovered, 

valuated, and exploited” (Shane & 

Venkataraman, 2000) 

“Leveraging resources to develop innovation is 

central to exploiting market opportunities” 

(Carnes et al., 2022) 

The overall challenge of an entrepreneur is how 

to make innovation, flexibility, and creativity 

operational (Kennard, 2021) 

“At the heart of any innovation process lies 

a fundamental practice: the way people create 

ideas and solve problems” (Verganti et al., 

2020) 

It is influenced by the environment or wider 

community. It is dynamic and responsive to 

external changes. May be comprised of an 

entrepreneurial team (Bruyat & Julien, 2000; 

Cunningham & Lischeron, 1991) 

Innovation can lead to the implementation 

of not only new products but also new 

processes, methods, or practices (Gault, 2018; 

Knight, 1987) 

‘A process by which individuals, either on their 

own or inside organizations, pursue 

opportunities without regard to the resources 

they currently control’ (Stevenson and Jarillo, 

1990). The entrepreneurial 

individual/organizational focus is on the 

opportunity, rather than the resources 

Innovation is more than invention. Invention 

becomes an innovation only when it is put to 

productive use 

Entrepreneurs recognize, foresee, and can act on 

opportunities that others do not see or act on. 

Hence, the entrepreneur is an innovator, 

responsible for the process of 

value creation (Bruyat & Julien, 2000) 

Not all managers or business owners are 

entrepreneurs. One can run a business without 

trying new ways of “doing” business. This 

attempt at new ideas and new production 

methods separates these entrepreneurs from the 

venture of innovation (McDaniel, 2000) 

Entrepreneurs use innovation to identify and 

exploit new opportunities (Grilli, 2022). 

Entrepreneurs use innovation to create change. 

In doing so, they often disrupt markets 

 

Social Entrepreneurship 

There is a significant demand for entrepreneurs with a new vision to cope with global, national 

and local problems that the market and the state have failed to solve (OECD, 2010). These opportunities 

emerge as new social enterprises, which can be defined as organizations driven by social or cultural values 

as opposed to financial gain or profit. Therefore, social entrepreneurs create value but they are not 

motivated by the appropriation of this value (European Commission, 2013). On the one hand, a social 

enterprise seeks to respond to the social needs of its target publics, and for that it needs to be financially 

sustainable. On the other hand, an enterprise aiming to be profitable needs to serve its stakeholders, namely 

the shareholders, in order to achieve that goal. Thus, while social entrepreneurship views stakeholders as 

the “ends” and the social enterprise as the “means” of entrepreneurship, economic entrepreneurship has 

the opposite perspective and treats the stakeholders as a mean to accumulate financial capital (Ridley-

Duff & Bull, 2013). Hence, with different leading purposes, all the organizations must satisfy the 

economic, social, ecological and psychological demands of their stakeholders through a process of value 
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creation. However, social value creation is considered the distinctive feature of social entrepreneurship 

(Sullivan-Mort, Weerawardena, & Carnegie, 2003). 

 

Factors affecting Innovation in the Indian Scenario 

Innovation cannot be fully understood without comprehending the opportunities and challenges 

that it entails. Thus, it becomes imperative to deep dive into innovation with reference to Indian context 

and identify where our opportunities and challenges lie. Following are the factors that affect innovation: 

1) Research and development (R&D) 

In India, R&D investment has been relatively low. In the past few years, R&D investment in the 

country has declined from 0.8 per cent of the GDP in 2008–09 to 0.7 per cent in 2017-18. Reason for the 

low spending on R&D in developing countries like India is that investments in R&D take time to produce 

results. In a country like India where there are bigger issues such as hunger, disease control, and raising 

the quality of life to contend with, resources are often diverted towards tackling them. Low private 

participation is one of the key hindrances in India’s overall low R&D expenditure. 

2) Firm Size 

India is a country where the manufacturing sector is peculiarly structured, with either very small-

sized firms or a very large-sized firms and a clear ‘missing middle’. Large-sized firms have a greater 

tendency to reap the benefits of innovation than their small-sized counterparts. This could be due to 

economies of scale, higher costs incurred, etc. With more than 6.5 crore MSMEs contributing roughly 30 

per cent to the GDP, there is no doubt that a transition to a mid-sized or large-sized firm and a shift from 

informal to formal R&D would further enhance the role of MSMEs and innovation in India. 

3) Labour market 

It is sometimes believed that adopting new and innovative technologies would displace labour 

from the market. In India, this belief can cause great concern due to the country’s massive labour force. 

However, this is not always true as innovation has the capacity to generate new jobs as well. Analysing 

data for pharma, transport, ferrous metals, and textiles for the period 2000–01 to 2013–14, showed that 

there exists a positive relationship between innovation and employment. In fact, it suggested that 

innovation is the factor that would drive long-term growth and employment.Moreover, it is not just labour 

availability and the quality of labour but also labour legislations that affect innovation. A right balance 

between labour laws that doesn’t compromise on labour standards which also promotes an environment 

that is conducive to nurture innovation is something that should be strived for. 

4) Risk Factor 

There is always an element of risk involved in innovation. But most Indians tend to be risk-averse, 

which is tied to a fear of and intolerance for failure, making it difficult to generate innovative ideas or 

promote existing ones. In the absence of adequate support moral, financial, and other our youth migrate 

to other countries rather than taking risk working in our own country. 

5) Market demand 

Research should also be aligned to the demands of the industry. It is observed that there is a 

mismatch between what is taught at the university level and what is required at the industrial level. To 

resolve this, we need a working model between the two. Working with the academia and research 

institutions can allow firms to gain early access to research outputs and influence the research agenda of 

these institutions. Subsequently, industrial firms can reduce their costs by outsourcing their research and 

collaborating with educational institutions. 

6) Venture capital 

Mostly, lending institutes show unwillingness to extend credit to newly established enterprises due 

to lack of collaterals and a high risk of default. Although microfinance provides capital for businesses, its 

limited scope and amount curtail the innovative capacity of an undertaking. 
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7) Delay in acquiring patents 

Innovation leads to the creation of economically-useful knowledge, in the form of intangible assets 

like patents and trademarks. In India, such intangible assets filing process are complex and face procedural 

delays. 

 

Role of Higher Education in Innovation and Entrepreneurship 

According to Kahn (2022) most of the students studying innovation and entrepreneurial courses in 

the universities hardly commence start-ups. But Palladino (2022) contradicts this statement and to him 

most of the graduates have gone on to develop their own start-ups, join innovation labs or work in the 

entrepreneurship eco-system. To know this fact, a controlled study to track the students' outcomes needs 

to be conducted. This would make for an insightful research project. 

One approach has investigated the influence of intrinsic personality traits, characteristics, and 

behaviors to become an entrepreneur. It has been proposed that entrepreneurs “have a high degree of risk 

tolerance, a high need for achievement, a desire for autonomy, a belief that they can control the 

achievement of goals, and higher-than-normal levels of creativity, intuition, and opportunism” (Kennard, 

2021). Other work has investigated the influence of extrinsic factors such as education, gender, ethnicity, 

societal norms, generational entrepreneurship, or catalytic events (e.g., job loss) (Dyer et al., 2009). These 

factors may instigate the entry into higher education to acquire the requisite skills and networks needed to 

innovate or engage in the process of entrepreneurship by bringing an innovation to market. 

Van Looy et al. (2011) show that the scientific productivity is positively associated with 

entrepreneurial effectiveness, through patent activity and contract research. Thus, the link between the 

universities and the industries is very important to achieve a more effective entrepreneurial activity. 

Industrial firms can reduce their costs of innovation by outsourcing their research by collaborating with 

educational institutions. 

Educational institutions can create conditions favorable for entrepreneurship to be established, and 

this can be supported by government resourcing and policy. There is clearly an increased pressure to 

emphasize entrepreneurship education to stimulate levels of economic activity (O'Connor, 2013). 

Entrepreneurship courses will produce aspiring managers who are aware of effective ways to pursue 

opportunities and manage resources. 

Preparing students for entrepreneurship has become a key strategic objective in the knowledge-

based economy to assist in the sustained growth of successful start-ups and SMEs. Entrepreneurs need to 

have the skills to keep up with market conditions that include rapid changes to innovation. Idea generation 

remains core to successful innovation and essential for student training.  

In a learning environment, subject design should be determined by learning objectives. If the 

subject aims to teach students only about how to develop a new product, innovation is the focus. If, 

however, they wish to extend this to how a student would go to market and raise capital to do so, then 

entrepreneurship too becomes relevant. 

According to the Economic Survey 2021-22 of India, the average pendency for final decision in 

acquiring patents in India is 42 months as of 2020. This is much higher than 20.8, 20, 15.8 and 15 months 

respectively for the USA, China, Korea and Japan.  

Economic conceptions of Innovations and Entrepreneurship 

Economic conceptions of innovation and entrepreneurship focus on the economic benefits that can 

be gained from creating new products and services. Innovation is seen as a way to create value for 

customers, while entrepreneurship is seen as a way to capture that value. Innovative entrepreneurs must 

be able to identify potential opportunities in the market, develop strategies for taking advantage of them, 

and manage the risks associated with launching a new venture. By combining innovation and 

entrepreneurship, businesses can create new products and services that will help them to succeed in the 
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marketplace. Economists view entrepreneurship as an important factor in economic growth, as it can create 

jobs and stimulate economic activity by development of new technologies. 

 Entrepreneurs are also important for creating a competitive environment in the economy, which 

can lead to increased efficiency and better quality products. Among the reasons that prompt people to 

entrepreneurship are the raising of the economic level, the actualizing of new products and ideas, the 

obtaining of self-assurance and social status (Akın, 2010). 

There is a greater need for innovation and entrepreneurship today due to globalisation, 

technological progression and development, exaggerated competitiveness and global recession. Also, it 

will continually impact consumers and economic development in the future (Hisrich et. al., 2014). So, 

innovation and entrepreneurship is the important subject for almost small, medium or large businesses in 

every sector. Moreover, even as companies abstain from how innovative they are to be, the conditions of 

today constantly impose on the companies on continuous and sustainable economic and social 

innovations. As much as it takes place in the global innovation economy; it has become extremely 

important to be able to manage the innovation that will guide the companies and institutions which will 

be in the activities of innovation and to create the climate that produces new entrepreneurs in this aim 

(Büyükuslu, 2012). 

If the developing countries want to accelerate growth, they should emphasis on entrepreneurship 

and innovation. In the past, entrepreneurs failed to achieve sustainable success because they were missing 

some aspects of management; or achieve success in the long-term. In this context, the importance of 

management shows up in approaches about entrepreneurship.  

Entrepreneurial Innovation and Economic Growth 

The recent history seems to show us that innovation is one of the most important factors for 

economic growth. It aids companies in overcoming growth barriers by coming up with fresh solutions for 

prospective issues. There is a positive relationship between economic growth and innovation according to 

an  International Monetary Fund study. The impact of electricity and railroad technology on boosting 

economies in the late 19th century and the communications and computer revolutions of the 1990s are 

good examples. Spending on innovation has many advantages as each tech job supports three jobs in other 

parts of the economy. Moreover, in some countries spending on digital infrastructure is becoming more 

important than spending on physical infrastructure projects such as bridges, dams, and highways. Digital 

transformation and technological innovation boost many sectors such as education, infrastructure, 

manufacturing, agriculture, and health with spillover effects happening through technology transfers and 

knowledge sharing. 

The Fourth Industrial Revolution will drive the next spurt of economic growth. Innovation is vital 

to fight off climate change through decarbonization, renewable energy and carbon capture technology. A 

greener economy will have positive effects for the global economy with the International labour 

organisation estimating the creation of 100 million new jobs by 2030. The increasing use of artificial 

intelligence to replace monotonous work can drive human capital towards work that requires cognitive 

skills which in turn will increase productivity. Fintech is driving financial inclusion and access to finance 

notably among women. Blockchain technology and cloud computing are vital in proliferating digital 

enhancement. Taking account of all these factors, innovation can once again drive economic expansion 

and ease fiscal policy making in the future. (Tall Rafi , Development Economist). GDP is the measurement 

of a countries output and in order to increase the GDP there are two ways: (1) by increasing the number 

of inputs that we use into the production process. (2) By increasing the productivity of inputs. Productivity 

can be increased by innovating new products or by innovating new production processes. 

 

 

 

https://www.imf.org/external/pubs/ft/wp/2004/wp04185.pdf
https://www.brookings.edu/research/technology-and-the-innovation-economy/
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Innovation and Economic Growth in Indian Context 

Indian economy is one of the fastest growing economies in this modern globalization world. India's 

vision of becoming a $ 5 trillion economy is complexly connected with an innovation-oriented approach 

to economic expansion. India has mounted two places and has been ranked 46th by the World Intellectual 

Property Organization in the Global Innovation Index 2021 rankings. India has been on a rising course 

over the past several years in the Global Innovation Index (GII) from a rank of 81 in 2015 to 46 in 2021. 

Filing of intellectual property (IP) patents in India rose 30% in the last five years while the number of 

patents granted during the same period almost tripled, according to the Economic Survey 2021-22. The 

survey noted that 58,502 patents were filed in India in 2020-21, up from 45,444 in 2016-17. Similarly, 

28,391 patents were granted in India in 2020-21, up from 9,847 in 2016-17 and 7,509 in 2010-11. Though 

patents filed in India have grown considerably, as per the World Intellectual Property Organization 

(WIPO), the number is still a fraction of the 5.30 lakh patents granted in China and 3.52 lakh patents 

granted in the USA, according to the Economic Survey (Invest India: webpage). We can utilize our 

demographic dividend to foster innovation and drive the nation towards becoming a knowledge economy.  

India is comprehensively prepared to steer in a new age of creation and expansion in the current 

scenario. Compelled by 'Atmanirbhar Bharat' and 'Make in India' endeavours, there is a solid stimulation 

to empower the regional manufacturing sectors that would, in turn, contribute to the production of 

innovative products at economical rates. Along with improving the production scale, India has also strived 

to enhance its study capabilities by introducing new Science, Technology, and Innovation Policy 2020. 

These efforts play a critical part in promoting the country's innovative power. 

The government's Atal Innovation Mission, DST-NIDHI's PRAYAS, Digital India and Startup 

India has also uplifted the entrepreneurial spirit. These initiatives have facilitated access to the essential 

resources to harness the youthful vibrancy of the country. The current innovation ecosystem has been 

made a part of India's policy plan to expand, bolster and drive a positive impact. One of the major 

objectives of Digital India is to achieve “Faceless, Paperless, Cashless” status. The promotion of digital 

payments has been accorded the highest priority by the Government of India to bring each and every 

segment of our country under the formal fold of digital payment services. The vision is to provide the 

facility of seamless digital payment to all citizens of India in a convenient, easy, affordable, quick and 

secured manner. 

During the last three years, digital payment transactions have registered unprecedented growth in 

India. Easy and convenient modes of digital payment, such as Bharat Interface for Money-Unified 

Payments Interface (BHIM-UPI); Immediate Payment Service (IMPS); pre-paid payment instruments 

(PPIs) and National Electronic Toll Collection (NETC) system have registered substantial growth and 

have transformed digital payment ecosystem by increasing Person-to-Person (P2P) as well as Person-to-

Merchant (P2M) payments. At the same time, pre-existing payment modes such as debit cards, credit 

cards, National Electronic Funds Transfer (NEFT) and Real-Time Gross Settlement (RTGS) have also 

grown at a fast pace. BHIM-UPI has emerged as the preferred payment mode of users. The 

Government of India also launched the digital payment solution e-RUPI, a cashless and contactless 

instrument for digital payment which is expected to play a huge role in making Direct Benefit Transfer 

(DBT) more effective in digital transactions in the country. All these facilities together have created a 

robust ecosystem for a digital finance economy. UPI has gone a long way in making digital payments a 

habit, and in firmly placing India on the track toward a cashless economy (Press information Bureau 

Government of India: webpage).  Innovation cannot be fully understood without comprehending the 

opportunities and challenges that it entails. Thus, it becomes imperative to deep dive into innovation with 

reference to Indian context and identify where our opportunities and challenges lie.  

 

 

https://www.meity.gov.in/digidhan
https://pib.gov.in/PressReleseDetailm.aspx?PRID=1847838
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Conclusion  

Innovation and entrepreneurship are key to a any countries economic growth. Promotion and 

allocation funds towards education and research & development can enhance long term sustainable 

economic growth of a country. India can be a leader county instead of a follower country by increasing 

the innovation. To achieve this goal primary focus should be more on education and R&D spending that 

will lead to the financial productivity of India in future. This article concludes the effectiveness of 

innovation and entrepreneurship in the economic growth of a country.  
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