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ABSTRACT 
Withania somnifera (WS), also known as Ashwagandha, Indian ginseng and winter cherry, has been an important herb in the ayruvedic and indigenous 
medical system for over 3000 years. Antioxidant activity and phytochemical analysis of both in vitro and in vivo grown leaves were studied in W. somnifera at 
different time period. Antioxidants are an important group of medicinal preventive compounds as well as being food additives inhibiting detrimental changes 
of easily oxidizable nutrients. The estimated antioxidant enzymes were superoxide dismutase, catalase, glutathione peroxidase and glutathione-S-transferase. 
The analyses were carried out in the leaves of in vitro and in vivo plants. It was found that in vitro leaves contained a significant quantity of enzymatic 
antioxidants than in the leaves of in vivo plants. Plants are able to produce and accumulate many medicinally valuable secondary metabolites. Search for the 
concerned active compounds has led to the identification of several withanolides, alkaloids, steroids, phenolics, tannins, saponins and quinones from leaves of 
W. somnifera. The fresh leaves were extracted with increasing and decreasing polarity of solvents and it was found that ethyl acetate extract contains all the 
metabolites present in the leaves, analyzed by thin layer chromatography using chloroform: methanol in the ratio of 9:1 as solvent system. The chromatogram 
was developed using 10% sulphuric acid followed by heating and the spots were visualized. These findings have high significance in the pharmacological 
industry; however, a detailed investigation is needed to confirm this conclusion, which is underway in our laboratory. 
KEYWORDS: antioxidants; active constituents; withanolides; Withania somnifera; thin layer chromatography. 
 
INTRODUCTION  
Plants have been an important source of medicine for 
thousands of years. Even today, the World Health 
Organization estimates that up to 80 per cent of people rely 
mainly on traditional remedies such as herbs for their 
medicines12. Withania somnifera Dunal (Solanaceae) is a 
subtropical under shrub commonly called Ashwagandha; 
(Sanskrit). It is a medicinal plant which has been widely used 
as a home remedy for several ailments. The root is regarded 
as a tonic, aphrodisiac and is used in consumption, 
emaciation, debility, dyspepsia and rheumatism. It is used for 
all age groups, in both sexes and even during pregnancy 
without any side effects. W. somnifera has shown antistress 
effects in animal tests that were equal to or better than results 
with Korean ginseng11.Various secondary metabolites known 
as withanolides have been isolated from various plant parts of 
W. somnifera13. 
The withanolides are steroidal lactones, one of which, 
withaferin-A, was isolated for the first time from the leaves 
of W. somnifera in 1956. Since then a large number of 
withanolides have been isolated from different species of 
Withania, Physalis and Datura. Some of these were found to 
have antitumor, cytotoxic and antimicrobial activities. 
Studies have revealed that W. somnifera is a rich source of 
interesting new withanolides with potentially useful 
biological activities14.  
The medicinal values of these plants lie in their component 
phytochemicals, which produce definite physiological actions 
on the human body. The most important of these 
phytochemicals are alkaloids, tannins, flavonoids and 
phenolic compounds. Much of ashwaganda’s 
pharmacological activity has been attributed to two main 
withanolides, withaferin A and withanolide D. Plant tissue 
culture techniques are extensively used for mass production 
of elite plants as well as to study the basic aspects of primary 

and secondary metabolism, morphogenesis and genetic 
engineering etc8. 
In vitro and in vivo molecular pharmacological investigation 
has elucidated the association of which activities with 
specific secondary metabolites known as withanolides 
present in the plant10. This study aimed to estimate 
antioxidant activity, and to analyse secondary metabolites in 
both in vitro and in vivo grown leaves of W. somnifera. 
MATERIALS AND METHODS  
Plant Material  
Seeds of a released variety of W. somnifera; Jawahar were 
collected from the University of Agricultural Sciences, 
Bangalore. Surface sterilized seeds were germinated in vitro; 
seedlings were maintained in medium which is used for the 
further analysis. 
METHODS 
Determination Of Enzymatic Antioxidant 
Assay of Superoxide Dismutase activity (SOD) 
Superoxide dismutase activity was determined by the method 
of Misra and Fridovich, 1972.  
Estimation of Catalase Activity (CAT) 
Catalase activity was estimated by the method of Luck, 1974. 
Estimation of Glutathione Peroxidase (GPx) 
Glutathione peroxidase was determined by the method of 
Rotruck et al., 1973. 
Assay of Glutathione- S -Transferase (GST) 
Glutathione-S-Transferase was estimated by the method of 
Habig et al., 1974. 
Preparation Of Samples For Extraction 
Leaves of W. somnifera were harvested from the in vitro 
grown plants maintained in MS basal medium, and from in 
vivo grown plants at different time period of 1, 2 and 3 
month. The leaves were subjected to the following 
extractions given below. 
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Ethanolic Extraction  
1g of fresh weight leaf samples of W. somnifera was defatted 
with 20ml of n-hexane for about 24-48 hrs. The residue from 
the n-hexane was extracted with 100% ethanol for 12hrs and 
the ethanolic extract was concentrated in a water bath 
maintained at 45˚C, after complete evaporation it is 
redissolved in 2 ml of 100% methanol and was used for 
further analysis. 
Sequential Extraction  
The sample A and D was extracted using solvents in the 
increasing and decreasing order of polarity. The order of the 
solvents is as follows: petroleum ether, chloroform, ethyl 
acetate and ethanol. To 1g of the homogenized leaf sample, 
20 ml of the solvent was added and incubated at 37˚C for 8 
hours in a shaker incubator. The mixture was then filtered 
through Whatmann No.1 filter paper and the filtrate was 
stored.  To the residue added 20 ml of the next solvent. The 
procedure was repeated until the last solvent. The stored 
extracts were then used for the analysis. Other samples were 
extracted using solvents in the order of decreasing polarity 
and the ethyl acetate extracts was taken for TLC analysis. 
PHYTOCHEMICAL ANALYSIS  
Sample A, B, C, D, E, F and G were tested to detect the 
presence of phytochemicals such as flavonoids, proteins, 
sugars, alkaloids, saponins, steroids, cellulose and quinone. 
Detection of Flavonoids  
a. Concentrated Sulphuric Acid Test: 
To a small amount of the extract, added 2 drops of 
concentrated sulphuric acid and observed for the formation of 
orange colour. 
b. Aluminium Chloride Test:  
To a small amount of extract, added 2 drops of 1% 
aluminium chloride and observed for yellow coloration. 
c. Schinodo’s Test: 
To a small fraction of the extract, added magnesium turnings 
followed by concentrated HCl and heated slightly and 
observed for the formation of pink colour. 
Detection of Proteins 
To 1.0ml of the extract few drops of Barfoed’s reagent 
(Coomassie brilliant blue) was added which gives blue 
coloured product. 
Detection of Sugars 
 To a small fraction of methanolic extract added a few drops 
of anthrone reagent followed by the addition of concentrated 
H2SO4 gives blue colouration. 
Detection of Alkaloids 
a. Mayer’s Test: 
Fraction of the extract was treated with Mayer’s reagent and 
observed for cream precipitate.   
b. Dragendroff’s Test: 
Fraction of the extract was treated with Dragendroff’s reagent 
and observed for orange precipitate.   
Test for Steroids 
To 1 ml of methanolic extract added few drops of chloroform 
and acetic acid and heated in a boiling water bath for 2 mins 
and added drops of concentrated sulphuric acid. Light 
orange/deep red/red colored product was obtained. 
a.  Salkowski’s Test: 
Dissolved a small amount of sample in 2 ml chloroform in a 
dry test tube.  Added equal volume of concentrated sulphuric 
acid. Shake gently and observes for the upper layer of 
chloroform to turn red and lower layer to show yellow green 
fluorescence. 
 

Test for Saponins 
a. Sodium Bicarbonate Test: 
In a test tube about 5 ml of extract was added and a drop of 
sodium carbonate was added. The mixture was shaken 
vigorously and kept for 3 minutes. A honey comb like froth 
formed showed the presence of saponins.  
Detection of Quinone  
To 1 ml of the extract few drops of concentrated HCl was 
added which gives yellow coloured product. 
Detection of Cellulose 
To 1 ml of the extract 2-3 drops of iodine solution was added 
followed by 2 drops of sulphuric acid which gives dark/deep 
brown/cherry red colour. 
CHROMATOGRAPHIC ANALYSIS 
Thin Layer Chromatography 
Thin layer chromatography of extracts was performed on 
Merck silica gel 60 F254 plates. A TLC plate of width 4 cm 
and height 9 cm was taken and origin was marked at 1.2 cm 
from one end of the plate. The solvent system chloroform: 
methanol in the ratio 9:1:5 was prepared. 10 μl of samples 
were spotted on the TLC plate, air-dried and placed in a 
chromatographic chamber previously saturated with the 
solvent system.  The run was performed until the solvent 
reaches the top of the plate. Dried and sprayed the plate with 
10% sulphuric acid and air dried. The spots were developed 
by heating under a flame. The spots developed were recorded 
and Rf values were calculated. 
RESULTS AND DISCUSSION 
Studies on Enzymatic Antioxidants  
The enzymatic antioxidant activity was estimated for the in 
vitro grown leaves of 1, 2 and 3 month maintained plants in 
MS medium and compared with the 1, 2 and 3 month 
maintained plants in in vivo and also with the leaves of 
mature plants in in vivo. 
The importance of antioxidant enzymes is their ability to 
scavenge ROS and thereby prevent oxidative damage. The 
antioxidant system comprises several enzymes such as SOD, 
CAT, GPx and GST. Superoxide radicals generated 
converted to H2O2 by the action of SOD, and the 
accumulation of H2O2 is prevented by the activities by CAT, 
GPx, and GST. Thus, the balance between ROS generation 
and eradication determines the survival of the system. 
The SOD activity was increased in in vitro maintained leaves 
from 1st month to 3rd month, whereas there is a significant 
decrease in the level of catalase activity from 1st month to 3rd 
month grown leaves in  in vitro. The GST and GPx activity 
was also increased from 1st month to 3rd month grown in vitro 
leaves. There mature leaves exhibit higher activity of all the 
enzymatic antioxidants compared to in vitro grown leaves 
except GST activity. There is no statistically significant 
difference in the levels of enzymatic antioxidants of 1, 2 and 
3 month leaves of in vivo maintained plants. 
Phytochemical Analysis 
Table: 3 indicates the number of positive results for various 
phytochemicals which are on the increasing polarity from 
petroleum ether to ethanol, petroleum ether is a less polar 
solvent and the number of components that are soluble in it 
are few, whereas ethanol, is a more polar solvent and 
comparatively more components are present but ethyl acetate 
gives positive result for more components.  
The extraction in the order of decreasing polarity for 1 month 
old in vitro maintained leaves gave the following results 
presented in Table-4. Flavonoids were present in ethyl 
acetate and ethanol extract. 
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Proteins were present in all the extracts. Quinones were 
detected in ethanol, ethyl acetate and chloroform extract. 
Sugars were detected only in the ethyl acetate extract. 
Alkaloids were found only in the ethyl acetate extract. 
Saponins were detected in ethyl acetate, chloroform and 
petroleum ether extract.  
Cellulose was found to be present in ethanol extract. It was 
identified that most of the phytochemicals were extracted 
using ethyl acetate in the order of decreasing polarity. Hence 
for other samples the phytochemical analysis were done only  
for the ethyl acetate extract in the order of decreasing polarity 
it shows the presence of flavonoids, alkaloids, quinones, 
sugars, proteins and saponins of 2nd and 3rd month leaves of 
both in vitro and in vivo maintained plants whereas the 
cellulose were not detected.  
Previous studies on the phytochemicals in the various 
extracts have shown that petroleum ether extracts contain the 
phytochemicals such as phenolics, glycosides and tannins, 
chloroform extract possesses certain alkaloids, sterols and 
tannins and the ethanol extracts were found to contain 
alkaloids, sugars and sterols4-6. Sequential extraction of the 
bark of Betula utilis with solvents such as petroleum ether, 
chloroform, methanol, ethanol and water revealed the 
presence of carbohydrates and alkaloids in all the extracts4. 
However, in our study in the leaves of W. somnifera alkaloids 
were detected only in the ethyl acetate extract in the order of 
decreasing polarity. 
Chromatographic Analysis 
Thin Layer Chromatography 
Thin layer chromatography enables the identification of 
secondary compounds, their fractionation and further study 
on the structure and therapeutic purposes can be performed. 
Thin layer chromatography was performed for all the extracts 
of 1 month leaves of both in vitro and in vivo maintained 
plants. From the TLC results it was observed that better 
results were obtained in ethyl acetate fraction in the order of 
decreasing polarity of solvents. Therefore, for the further 
analyses ethyl acetate solvent extracts were used for mature 
leaves, 2nd and 3rd month leaves of both in vitro and in vivo 
maintained plants.  
TLC Analysis of 1 Month Leaves of In vivo Maintained 
Plants 
In the TLC analysis for the extracts in the increasing order of 
polarity it was observed that petroleum ether extract resulted 
only in one spot at Rf value 0.68. Chloroform extract showed 
10 spots with Rf   values 0.73, 0.68, 0.64, 0.58, 0.56, 0.49, 
0.44, 0.36, 0.30 and 0.2. Ethyl acetate extract resulted in 12 
spots with Rf values 0.73, 0.68, 0.64, 0.58, 0.56, 0.49, 0.44, 
0.36, 0.30, 0.26, 0.15 and 0.10. The intensity of the spots in 
ethyl acetate extract is more compared to chloroform extract. 
Three spots corresponding to the Rf values 0.64, 0.49 and 
0.15 was found in the ethanol extract. For the extracts in the 
decreasing order of polarity no single spot was visualized in 
the ethanol extract. Ethyl acetate extract of the decreasing 
order resulted in 12 spots with Rf values 0.73, 0.68, 0.64, 
0.58, 0.56, 0.49, 0.44, 0.36, 0.30, 0.26, 0.15 and 0.10.  Two 
spots were observed in the chloroform extract at the Rf values 
0.68 and 0.49.  No spots were visualized in the petroleum 
ether extract represented in Fig: 1. 
TLC Analysis of 1 Month Leaves of In vitro Maintained 
Plants 
Fig: 2 represent the result for TLC analysis for the extracts in 
the increasing order of polarity. The spots at Rf values 0.73, 
0.68, 0.64, 0.58, 0.56, 0.49, 0.44 and 0.36 was observed in 

the chloroform extract. Ethyl acetate extract resulted in 11 
spots with Rf values 0.73, 0.68, 0.58, 0.56, 0.49, 0.44, 0.36, 
0.30, 0.26, 0.15 and 0.10. And also the intensity of the spots 
was more compared to the chloroform extract. Additionally 
four spots were observed with Rf values 0.30, 0.26, 0.15 and 
0.10 in ethyl acetate extract compared chloroform extract. 
Three spots corresponding to the Rf values 0.58, 0.49 and 
0.44 was found in the ethanol extract. 
In the TLC analysis for the extracts in the decreasing order of 
polarity it was observed that ethyl acetate extract showed 11 
spots corresponding to the Rf values 0.73, 0.68, 0.58, 0.56, 
0.49, 0.44, 0.36, 0.30, 0.26, 0.15 and 0.10. Chloroform 
extract showed 3 spots with Rf values 0.73, 0.49 and 0.44, the 
absence of the other spots in the chloroform fraction of the 
decreasing order may be attributed to the solubility of the 
compounds in the previously used solvents namely ethanol 
and ethyl acetate. No spot was observed in petroleum ether 
extract. It was observed that ethyl acetate extract in the order 
of decreasing polarity showed the highest number of spots, so 
this solvent were preferred for the next study for analysis of 
variation in secondary metabolite content in the mature 
leaves, 2nd and 3rd month leaves of both in vivo and in vitro 
maintained plants. 
TLC Analysis of Ethyl Acetate Fraction  
TLC analysis of ethyl acetate fraction of mature leaves, 2nd 
and 3rd month leaves of in vitro and in vivo maintained plants 
represented in the Fig: 3, it was observed that 11 spots were 
visualized in the 1 month leaves of in vitro maintained plants 
with Rf values 0.73, 0.68, 0.58, 0.56, 0.49, 0.44, 0.36, 0.30, 
0.26, 0.15 and 0.10, it is identical to the spots in 2nd and 3rd 
month leaves but additionally one spot was observed with Rf 
value 0.64. The intensity of the spots decreases from 1st 
month to 3rd month. The spots with Rf values 0.73, 0.58, 0.49 
and 0.10 at 1 month leaves exhibit greater intensity than 2nd 
and 3rd month leaves. A spot at Rf value 0.52 was exclusively 
identified in the 3rd month leaves of in vitro maintained 
plants. 
In the ethyl acetate fraction of 2nd and 3rd month leaves of in 
vivo maintained plants had 14 spots with variation in the 
intensity shown in the Fig: 3. 12 spots with Rf values 0.73, 
0.68, 0.64, 0.58, 0.56, 0.49, 0.44, 0.36, 0.30, 0.26, 0.15 and 
0.10 was observed in 1 month leaves similar to mature 
leaves, 2nd and 3rd month leaves. Additionally two spots with 
Rf values 0.52 and 0.50 were exclusively present in mature 
leaves, 2nd and 3rd month leaves. The intensity of spots was 
higher in 3rd month leaves and mature leaves of in vivo 
maintained plants than 1st and 2nd month leaves. The spots 
obtained in in vitro leaves were less compared to in vivo 
leaves. Totally 14 spots were present in in vivo mature leaves 
whereas 13 spots observed in in vitro maintained leaves. The 
1 month leaves of in vitro maintained plants have less spots 
compared to 3rd month leaves. Similarly 1 month leaves of in 
vivo maintained plants have less spots compared to 2nd and 
3rd month leaves. Spots at Rf values 0.52 and 0.50 was 
present in the leaves of  in vivo plants whereas it is not 
present in the leaves of in vitro maintained plants. 
Withanolide D was present in in vivo and in vitro maintained 
leaves and it is compared with the standard in TLC.  
In future, the work can be extended for analysis of the 
presence of novel compounds in the leaves and the non 
enzymatic antioxidants activity can be analyzed.  
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Table: 1 Plant material used for antioxidant activity and phytochemical analysis 

PLANT MATERIAL SAMPLE 

MS basal medium maintained plants 

1 month leaves A 

2 month leaves B 

3 month leaves C 

In vivo maintained plants 

1 month leaves D 

2 month leaves E 

3 month leaves F 
Mature leaves G 

 
Table: 2 Comparison of enzymatic activity in in vitro and in vivo grown leaves 

LEAF 
SAMPLES 

SOD ACTIVITY 
(U/mg protein) 

CATALASE 
ACTIVITY 

(U/mg protein) 

GST ACTIVITY 
(U/mg protein) 

GPx ACTIVITY 
(U/mg protein) 

MS basal medium maintained plants 

1 month leaves 0.45±0.04 155±21.2 0.010±0.00 20.59±0.35 
2 month leaves 0.58±0.01 112.50±10.06 0.019±0.01 22.73±0.89 
3 month leaves 1.25±0.01 72.50±3.53 0.103±0.12 34.37±1.96 

In vivo maintained plants 
1 month leaves 0.49±0.01 95±0.00 0.006±0.00 30.07±1.25 
2 month leaves 0.53±0.02 90±7.07 0.010±0.00 33.87±4.11 
3 month leaves 0.56±0.02 90±7.07 0.009±0.00 28.69±2.50 
Mature leaves 1.08±0.07 190±28.28 0.021±0.00 36.27±0.72 

 
SOD: (U/mg protein): amount of SOD that causes 50% reduction in the extent of NBT oxidation 

CAT: (U/mg protein): amount of enzyme that brings about a decrease in absorbance of 0.05 at 240nm 
GST: (U/mg protein): moles of CDNB conjucated/min/mg of sample 

GPx: (U/mg protein): moles of NADH oxidation/mg protein/ min 
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Table: 3 Phytochemical analysis of 1 month old in vitro and in vivo leaves in the order of increasing polarity 

Phytochemicals 
P. E C Ea Et 

In vitro In vivo In vitro In vivo In vitro In vivo In vitro In vivo 

Flavonoids – – –   –  – 

Proteins         
Sugars – – – –    – 

Alkaloids – – –     – 

Saponins   –  –  – – 

Quinone – –       
cellulose – – – – – –   

 
Table: 4 Phytochemical analysis of 1 month old in vitro and in vivo leaves in the order of decreasing polarity 

Phytochemicals 
Et Ea C P.E 

In vitro In vivo In vitro In vivo In vitro In vivo In vitro In vivo 

Flavonoids     – – – – 

Proteins         
Sugars – –   – – – – 

Alkaloids – –   – – – – 

Saponins – –       
Quinone       – – 

cellulose   – – – – – – 
. 

Table: 5 TLC analysis of 1 month leaves of in vivo maintained plants 

Rf  values 
Increasing polarity Decreasing polarity 

P.E C Ea Et Et Ea C P.E 

0.73 – + + – – + – – 

0.68 – + + – – + + – 

0.64 – + + + – + – – 

0.58 – + + – – + – – 
0.56 – + + – – + – – 

0.49 – + + + – + + – 

0.44 – + + – – + – – 

0.36 – + + – – + – – 

0.30 – + + – – + – – 

0.26 – + + – – + – – 

0.15 – – + + – + – – 

0.10 – – + – – + – – 
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Table: 6 TLC analysis of 1 month leaves of in vitro maintained plants 

Rf  values 
Increasing polarity Decreasing polarity 

P.E C Ea Et Et Ea C P.E 

0.73 – + + – – + – – 

0.68 – + + – – + + – 

0.58 – + + – – + – – 

0.56 – + + – – + – – 
0.49 – + + + – + + – 

0.44 – + + – – + + – 

0.36 – + + – – + – – 

0.30 – – + – – + – – 

0.26 – – + – – + – – 

0.15 – – + + – + – – 

0.10 – – + – – + – – 

 
Table: 7 TLC analysis of ethyl acetate fraction 

Rf  values 
In vitro maintained plants In vivo maintained plants 

Mature 
leaves 1 

month 
2 

month 
3 

month 
1 

month 
2 

month 
3 

month 

0.76 + + + + + + + 

0.68 + + + + + + + 
0.64 – + + + + + + 

0.58 + + + + + + + 
0.56 + + + + + + + 

0.52 – – + – + + + 

0.50 – – – – + + + 

0.49 + + + + + + + 

0.44 + + + + + + + 
0.36 + + + + + + + 

0.30 + + + + + + + 

0.26 + + + + + + + 

0.15 + + + – + + + 

0.10 + + + + + + + 

 
Figure: 1 TLC analysis of 1 month old in vivo leaves 
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Figure: 2 TLC analysis of 1 month old in vitro leaves 

 
Figure: 3 TLC analysis of ethyl acetate fraction of mature leaves, 2nd and 3rd month leaves of in vitro and in vivo maintained plants 

 
ABBREVATION 
CAT: Catalase,  
GPx: Glutathione peroxidase,  
GST: Glutathione- S- transferase,  
SOD: Superoxide dismutase,  
P.E - Petroleum ether,  
C - Chloroform,  
Ea - Ethyl acetate,  
ET - Ethanol 
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