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Abstract

leaves of W. somnifera have antioxidant activity.

L

Withania somnifera is locally known as Ginseng and Ashwagandha. Ashwagandha is one of the most valued
medicinal plants having a number of pharmaceutical and nutraceutical applications. The leaves are known for their
antimicrobial, antioxidant and other medicinal purpose. Then antioxidant activity was assessed using DPPH, OH
radical, iron reducing power and molybdenum scavenging assay which both extracts showed antioxidant activity with
methanol having higher scavenging assay. TLC analysis was done which gives Rf value of 0.66, 0.62, 0.52. HPLC
analysis was carried to quantify withaferin A. Total flavonoids and phenolics were estimated which the methanol
extract gave a higher concentration of both than the ethanol extract. From this study it can be concluded that the
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Introduction

Medicinal plants are used as alternative remedies with immense
importance. They promote countries by providing affordable medicine
to poor people, create income, employment. People who live in rural
areas knew about medicinal properties of plants, especially those close
to their homes, in open fields, water margins, land waste. To obtain the
extract from the whole plant or parts of the plants such as leaves, roots,
flowers or fruits plant materials are isolated fresh. Ashwagandha is a
small, with woody shrub of 60-200 cm in height belonging to
Solanaceae family. W somnifera is known locally as Ginseng and
Ashwagandha. Leaves are insect repellent [1]. Ashwagandha, belongs
to medicinal plants of great value with pharmacological [2]. Studies
has shown that ashwagandha is a source of antioxidant such as vitamin
E, vitamin C, phenolic acids, flavonoids, catechins, and anthocyanins
that serves as dietary factors [3]. W, somnifera was found to show
hydroxyl radical scavenging activity, reducing power and superoxide
radical scavenging activity more than Aloe vera, but Aloe vera
possesses more chelating power than W somnifera. However both
plants possesses almost the same hydrogen peroxide scavenging
activity and therefore the total antioxidant capacity was found much
higher in W somnifera than Aloe vera [4]. It might be concluded that
based on this study findings 70% methanol extract of W somnifera
root has free radical scavenging as well as iron chelating properties in
vitro which contributed due to the presence of carbohydrates,
phenolics, alkaloids flavonoids, and tannins, contents present in the
plant [5]. The methanolic extract of Ashwagandha leaf was effective in
scavenging DPPH radical, metal chelation, hydroxyl radical, super
oxide radical and inhibition of lipid peroxidation [6]. Sitoindosides
VII-X and withaferin A (glycol withanolides) that are found in
ashwagandha serve as the active components for antioxidant activity
which are tested using Superoxide Dismutase (SOD), Catalase (CAT),
and glutathione peroxidase levels in frontal cortex and striatum of rat
brain. Any decrease in the activity of any of the enzymes above may
cause accumulation of toxic oxidative free radicals and cause

degeneration of cells [7]. Chromatography is important for the analysis
and isolation of herbal drugs. TLC (Thin Layer Chromatography) was
performed in vitro which suggested 5 unidentified steroids and
Diosgenin, cholesterol, Stigmasterol, sitosterol. HPTLC (High
Performance Thin Layer Chromatography) was also done in vitro and
scanned at different wavelength and absorption spectra of each
substance were prepared and some of the substance was confirmed [8].
The aqueous extract of W somnifera roots extract was separated using
TLC which 2 bioactive spots were identified. Spot 1 turned orange
when spraying the TLC plate with dragendroff reagent indicating the
presence of alkaloids, again when sprayed with phosphomolybdic acid
spot 2 only turned blue which indicates the presence of essential oils
and then when sprayed with ferric chloride spot 2 turned to dark
brown indicating the presence of phenolics compound [9]. The
presence of withaferin A and withanolide A was revealed using TLC
which were then quantified using High Performance Liquid
Chromatography. The study shows that withaferin A is higher in leaf
than root while withanolide A is higher in root than leaf [10].
Withaferin A was isolated from leaves of ashwagandha and was
purified using HPLC. The compound after running in TLC gave Rf
value of 0.65 which is as the same as the standard withaferin A and the
compound was comfirmed [11].

Methods

Sample preparation

0.5 g of the powdered extract was weighed. The weighed powder
was transferred to a centrifuge tube. The powder was dissolved with 4
mL of the respective solution (ethanol or methanol). The centrifuge
tube was allowed in a shaker for 2 h. Then the centrifuge tube was
allowed to stand at room temperature for 24 h. Then the solution was
centrifuged at 1000 rpm for 15 min. The supernatant was transferred
to a petri plate using a micropipette. The supernatant on the petri plate
was allowed to dry in an oven dryer. The residue was subsequently
diluted with the same solution and the process was repeated. The
supernatant was collected 3 times after which the dried residue will be
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diluted again with the solution and collect the solution in a microfuge
tube. Then solution in the microfuge tube was then used for the
analysis.

Thin layer chromatography

Thin layer chromatography was performed using a silica gel. The
solvents chloroform:methanol at the ratio of 9:1 was used as the mobile
phase. 10 pL of the sample was applied towards the edge of the plate.
The silica gel was dipped in the mobile phase and covered with glass.
The setup was kept at room temperature to allow the mobile phase to
travel along with the sample [11].

The Rf value was calculated using the formular below:

Rf=Distance travelled by solute/Distance travelled by solvent

High performance liquid chromatography

HPLC (High Performance Liquid Chromatography) analysis was
carried out using a Shimadzu LC-20AD pump system which is
equipped with a Shimadzu SPD-20AT UV-Visible detector and it was
detected at a wavelength of 230 nm and 20 pL Rheodyne injector loop.
A reversed-phase column (with Luna C18 4.6 mmx260 mm particle
size 5 ) with a solvent {acetonitrile: 1% Glacial Acetic acid-6:4 (V/V)}
was eluted at a speed of 1.0 mL/min. Preparation of sample was carried
out in HPLC grade methanol [11].

Antioxidant Activity

Molybdenum scavenging

Various concentration of the extract was made from 20-120 pg/mL.
1 mL of the reagents was added. Reagents composition (4 mM NH,
mb, 28 Mm NaPO, and 0.6 m H,SO,). Then incubated in water at
95°C for 90 min. The absorbance was read at 695 nm.

DPPH scavenging activity

Various concentration of the extract was added from 20-120 pL.
Then methanol was added to the various extract from 980-880 pL to
make 1 L each. Then 1 mL of DPPH reagent was added to the various
solutions, then allowed for incubation at 30 min in dark at room
temperature. Then finally absorbance was taken at 517 nm [12].

OH radical scavenging activity

Various concentration of extract was added in a test tube from
20-120 pg/mL 1 mL of iron-EDTA solution was added (0.13% ferrous
NH,SO, and 0.26% EDTA). 0.5 mL EDTA solution was added
(0.018%). 1 mL DMSO (0.85% v/v). 0.5 mL ascorbic acid (0.22%), then
incubated at 90°C for 15 min. Then ice cold TCA (17.5% w/v) was
added. Then 3 mL of Nash reagent was added, and then incubated for
15 min at room temperature. Then take absorbance at 412 nm [6].

Fe** iron reducing power

Various concentration of the extract was added (20-120 pg/mL). 1
mL Phosphate buffer (0.2 M, pH 6.6) was added to the extract. 1 mL of
potassium ferricyanide K;(Fe(CN)g), then incubated at 50°C in water
bath for 20 min. Then added 500 uL of 10% TCA. Then 500 uL of
freshly prepared iron chloride (FeCl;) was added. The absorbance was
read at 700 nm [12].

Detection of flavonoids (ferric chloride test)

Few drops of neutral ferric chloride solution were added dropwise
to 1 mL each of the extracts solution. Formation of blackish red colour
suggests flavonoids are present [13].

Detection of phenols (Ferric chloride test)

1 mL each of the extracts was dissolved in alcohol or water. This
solution was treated separately with a few drops of neutral ferric
chloride solution. A change in colour confirms that phenols are present
[13].

Determination of total phenolic content

Total phenolic content in both extract of the plant used in this study
was determined using the Folin-Ciocalteu reagent method. 1 mL of the
plant extract was mixed with 5 mL of Folin-Ciocalteu reagent (diluted
with water 1:10 v/v). Then 4 mL of 7.5% sodium carbonate was added.
The tubes were vortex for some few seconds. The tubes were allowed to
stand for 30 min at 20°C for colour formation. Absorbance was taken
at 765 nm [12].

Determination of total flavonoid content

The total flavonoids content in the two extracts of the plant used in
this study was determined by aluminium chloride colorimetric
method. 1 mL of the plant extract was mixed with 3 mL of methanol in
a test tube. Then 0.2 mL of aluminium chloride. Then 0.2 mL of 1 M
potassium acetate. Then finally 5.6 mL of distilled water. It was kept at
room temperature for 30 min. Then absorbance was measured at 415
nm [12].

Results

TLC

Figure 1: Results for the TLC analysis of ashwagandha plant
extracts.
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The figure below is a TLC sheet showing some spots which might
indicates the presence of some compounds. A clear spot of Rf 0.44 was
obtained (Figure 1).

HPLC

HPLC analysis was done on W somniferaleaves extracts which gave
the following chromatogram as shown below (Figures 2 and 3).

The results of DPPH scavenging activity of the plant extracts is
given in the table above (Table 1).

Values are express in mean * standard deviation. Values with the
same superscript indicates significant difference at p<0.05.

The table above shows that the methanol extract has a higher
percent inhibition than the ethanol extracts which increases as the
concentration increases (Figure 4).

100
90
80 -
70
60 -
50 -
40 ~
30
20 ~
10

o

M ethanol

% Inhibition

B methanol

20 40 60 80100120
concntration (pg/mil)

Figure 4: Relationship between the various concentrations of the 2
extracts against the % inhibition.

Iron reducing power

The results of the iron reducing power of the extracts as well as the
standard used are shown below (Table 2).

Extracts Standard
Conc (pg/mL) Methanol Ethanol Ascorbic acid
20 0.56 + 0.02 0.11 +0.01 0.48 +0.02
40 0.54 +0.02 0.51+0.01 0.9+0.02
60 1.38 £ 0.01 0.68 +0.02 1.26 £ 0.01
80 1.61+0.03 1.18 £ 0.03 1.84 £0.01
100 1.74£0.0 1.44 +0.02 2.34 +0.02
120 1.86 £ 0.04 1.59 + 0.03 2.54 +0.03
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Figure 2: Chromatogram for methanol extract.
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Figure 3: Chromatogram for ethanol extract.
Antioxidant
DPPH
Percent inhibition
Concentration Methanol Ethanol
20 65.5+0.01 5.37 £0.02
40 70.96 + 1.23 16.4 £ 0.02
60 78.4 £0.01 37.63+1.91
80 79.5+0.02 50.53 +3.23
100 84.9+1.93 61.2+0.01
120 91.3+0.00 63.4 £0.02

Table 1: Results of DPPH.

Table 2: Absorbance of extracts with standard (Ascorbic acid).

Values are express in mean * standard deviation. Values with the
same superscript indicates significant difference at p<0.05 (Figure 5).

In the table above it shows that the methanol has high absorbance
than the ethanol and it progresses as the concentration increases and
compared to the standard ascorbic acid which also increases.
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Figure 5: Graph of absorbance against concentration (iron).

The figure above shows the relationship of the various
concentrations of the 2 extracts of iron reducing power activity against
absorbance.

OH radical scavenging activity

% Inhibition of extracts

Concentration Ethanol Methanol

20 23.53 £3.92 54.91 +0.00
40 29.41 £ 0.00 62.75 + 3.92
60 39.22+3.00 68.63 + 3.92
80 49.02 £3.92 70.59 + 1.96
100 54.91 +3.92 74.51 +3.92
120 62.75 + 1.96 78.43 +0.00

Table 3: Percent inhibition of extracts.

Values are express in mean * standard deviation. Values with the
same superscript indicates significant difference at p<0.05.

In the table above the methanol extract has higher percent
inhibition than the ethanol extract and the inhibition increases with
increase in the concentration of the extract thereby increase in OH
radical scavenging assay (Table 3).

The results of hydroxyl radical scavenging activity of the plant
extracts is given in the table below (Figure 6).
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Figure 6: Graph of % inhibition against concentration (OH radical).

The figure above shows the graphical relationship OH radical
scavenging activity of the various concentrations of the extracts against
percent inhibition.

Molybdenum scavenging assay

The results of the molybdenum scavenging assay of the plant
extracts are given in the table below (Table 4).

Absorbance of extracts

Concentration Methanol Ethanol

20 0.43+0.02 0.19+0.02
40 0.99 + 0.01 0.37 +0.02
60 1.08 £ 0.01 0.61+0.01
80 1.32+£0.02 0.76 £ 0.02
100 1.66 +0.02 0.79+0.02
120 1.73+0.00 0.92+0.01

Table 4: Absorbance rate of extracts.

Values are express in mean + standard deviation. Values with the
same superscript indicates significant difference at p<0.05.

The table above shows that the methanol extract has a higher
absorbance than the ethanol extract which increases with increase in
the concentrations of the extract (Figure 7).
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Figure 7: Graph of absorbance against concentration
(molybdenum).

The figure above shows the graphical relationship of the
molybdenum scavenging activity of the various concentration of the
extracts against absorbance.

The table below shows that the methanol extract has a higher
amount of both phenolics and flavonoids than the ethanol extract due
to the high absorbance of the extract (Table 5).

Extracts absorbance

Compounds Methanol Ethanol
Total phenolic 1.37 0.67
Total flavonoids 0.26 0.24

Table 5: Total flavonoids and phenolics.

Discussion

The antioxidant ability of the methanol and ethanol extract of
ashwagandha was evaluated by its reaction to DPPH. This is a stable
free radical which can accept and react with hydrogen or electron from
any donor molecule thereby resulting in the bleaching of DPPH
absorption. DPPH is a dye which is purple in colour and absorbs
maximum at 517 nm. This dye when reacted with hydrogen the purple
colour disappears or reduces as a result of conversion of DPPH to 2, 2-
diphenyl-1-picryl hydrazine resulting in the decrease in its absorbance
[14,15]. A dose dependent change in the scavenging activity of the
plant was observed in both extracts. However, the methanol extract
was found to be effective in DPPH scavenging activity than ethanol.
This finding is also supported with the findings of Ajay et al. [6] which
found that the methanol extract showed better scavenging assay. Also,
Mohammad et al. found that the methanol and ethanol extract of roots
of W somnifera progresses as the findings of this research. However,
the percent inhibition of the leaves extract obtain in this research is
more than the percent inhibition obtain in the research [16]. This
indicates that the leaves may have more antibacterial capacity than the
root.

The reducing ability of both extracts of the leaf (methanol and
ethanol) increases with increase in sample concentration. High
absorbance suggests high antioxidant activity of the extract. The
reducing capability of the extract was associated with the
transformation of Fe3* to Fe* wvia electron transforming ability
indicating significant antioxidant ability. The reducing power of
different extracts of ashwagandha was compared with standard
ascorbic acid. The results suggest that the extracts contain phenolic
compound which offer great reducing power. This might be accepted
since the methanol extracts having higher phenolic compounds tends
to have more reducing power activity. This study is in accordance with
the study of Mohammad et al. [15] who reported also that the
methanol extract has high absorbance than the ethanol extracts of the
roots. However, the absorbance is much higher in this study which
might be suggested that the leaves may have high reducing potential.

The presence of hydrogen peroxide (H,O,) in the cells leads to
oxidative damage of DNA, therefore the continues eradication of
hydrogen peroxide is very vital for the survival of the cells. This study
had shown that methanolic extract had a high hydroxyl radical
scavenging activity which was also reported [17]. Ajay et al. showed
that the methanol extract showed a bitter scavenging assay than the
rest of the extracts been used. The scavenging activity of the extract
increases with decrease in the absorbance of the extract and increase in
percent inhibition of the extract.

The scavenging activity of molybdenum is based on the fact that in
the presence of an antioxidant molybdenum VI is been converted to
molybdenum V forming a green coloured complex of
phosphomolybdate V [18]. The scavenging assay of molybdenum is
regarded as the total antioxidant activity and the higher the absorbance
the higher the antioxidant activity hence the higher the total
scavenging activity of the given extracts. Based on the results the
extracts showed an increase in the scavenging assay as the
concentration increases, therefore the methanol extracts with higher
absorbance showed more total antioxidant activity compared with the
ethanol extracts. This in accordance with the study of Mohammad et
al. [16] who reported that the methanol extract has high scavenging
ability than the ethanol extract.

From the result obtained in Figure 1 there is a presence of a spot
with Rf value of 0.44. Rf value of 0.65 for withaferin A was obtained in
the study done by Keesara and Jat. Also the study done by Monika
found spots with Rf value of 0.61 for cholesterol, 0.91 for stigmasterol,
and so on. Also study by Keesara and Jat found some spots with one
having Rf value of 0.66 which corresponds to the compound
cholesterol.

HPLC is a method used to isolate, quantify and validate -sitosterol,
glucoside and withaferin A [14]. As observed from the chromatogram
above both methanol and ethanol extract shown almost the same
chromatogram with methanol having a peak area of 2.256 and ethanol
having a peak area of 2.025. By comparing with a standard graph of
area against concentration of withaferin A, the concentration in both
cases was found to be 0.00027 mg/mL. In the study done by Keesara
and Jat the concentration of withaferin A was found to be 1 mg/mL.

The extracts showed the presence of phenolics and flavonoids due to
the colour changes. This is in accordance with most of the previous
literature which shows the presence of both phenols and flavonoids in
the extract as seen in the research [19].

These compounds were estimated explore its relationship with
antioxidant activity of the plant extract. Most plants contains phenols
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as their constituents due to the presence of OH given them their
radical scavenging activity. This polyphenols may have an effect on
carcinogenesis and mutagenesis [20,21]. As observed from the results
in table the methanol extracts possess more phenolic contents than
ethanol suggesting that it has more radical scavenging ability. The
difference in the contents of phenolics is due to the polarity of the
extract. The concentration of phenolics in methanol is 75 pg/mL and in
ethanol is 25 pug/mL which was obtained by comparing with the
standard calibration curve of phenolics. A maximum radical
scavenging activity was found in the methanol extract which also has
the high amount of phenolic content as also reported [6]. The study
done by Ajay et al. obtained a much lesser concentration of phenolics
than in this present study and hence maybe responsible for the more
antioxidant activity obtained in this study.

Flavonoids are another class of secondary phenolics which also has
a powerful antioxidant property and it was also observed in this study
that the methanol extracts has high amount of flavonoids than the
ethanol extracts. The methanol has 20 pg/mL and ethanol has 16
pg/mL of flavonoids. The study by Ajay et al. also obtained a higher
concentration of flavonoids in methanol extract than in the ethanol
extract.

Conclusion

This study shows that the antioxidant activity of the extract can be
attributed by the presence of flavonoids and phenolics. Therefore, as
the methanol extract shows a greater concentration of phenolics and
flavonoids than the ethanol extract, hence it can be concluded that the
methanol extract might be a better solvent for extraction for medicinal
purpose.

References
1. Buchanan R (1987) A weaver's garden. Loveland Colorado: Interweave
Press.

2. Gupta GL, Rana AC (2007) Withania somnifera (Ashwagandha): A
review. Pharmacogn Rev 1: 129-136.

3. Alam N, Hossain M, Khalil MI, Moniruzzaman M, Sulaiman SA, et al.
(2011) High catechin concentrations detected in Withania somnifera
(Ashwagandha) by high performance liquid chromatography analysis.
BMC Complement Alter Med 11: 65.

4. Patel DS, Shah PB, Managoli NB (2012) Evaluation of in-vitro anti-
oxidant and free radical scavenging activities of Withania somnifera and
Aloe vera. Asian ] Pharm Tech 143-147.

5. Mandal N, Dipankar C, Nikhil BG, Rhitajit S (2012) Phytochemical
analysis and evaluation of antioxidant and free radical scavenging activity
of Withania somnifera root. Asian ] Pharm Clin Res 5: 193-199.

6. Ajay P, Mukesh K, Vinod S, Bharat B (2015) Anti-oxidant and free radical
scavenging activity of Ashwagandha (Withaniasomniferal) leaves. ]
Global Biosci 4: 1127-1137.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kaur N, Niazi ], Bains R (2013) A review of pharmacological profile of
Withania somnifera (Ashwagandha). Res Rev: ] Botanical Sci.

Monika C (2013) Somnifera dunal through tlc and hptlc steroids-
chemical constituents of Withania. Int Res ] Chem 2321-3299.

Shoma PN, Vidhi M, Shubhi M, Vandna K, Radhey S, et al. (2011)
Antioxidant and antimicrobial activities of aqueous extract of Withania
somnifera against methicillin-resistant ~Staphylococcus aureus. J
Microbiol Biotechnol Res 1: 40-45.

Rohit J, Kunjan H, Bhavna C, Jitendra M (2015) Analysis of steroidal
lactones in Withania somnifera leaf and roots. Int J Institut Pharm Life Sci
5:222-226.

Keesara BR, Jat RK (2017) Isolation and characterization of Withaferin-a
from the Withania somnifera (Ashwagandha). ] Drug Delivery Therap 7:
65-69.

Ratan KP, Homayun K, Uttam KC, Saifur R, Faruk A, et al. (2016) In
vitro antioxidant activity of Withania somnifera root. Int ] Adv Res Chem
Sci 3: 45-56.

Saidulu C, Venkateshwar C, Gangadharrao S, Vardhan T (2014) In-vitro
antimicrobial activity of Withaniasomnifera leaf and root extracts grown
in heavymetal toxic soils. Int ] Adv Pharm Biol Chem 3: 872-879.

Shah RA, Khan S, Vakil M, Nikam SL (2016) Isolation of Withaferin-A
from Withania somnifera for anticancer activity against Mcf-7, U373-Mg
and Ovkar-3 cell lines. Int ] Pharm Biol Sci 6: 01-08.

Mohammad S, Md Bahar AN, Md Ismail H, Sadika A, Md Aminul, et al.
(2012) Preliminary phytochemical screening, in vitro antioxidant and
cytotoxic activity of five different extracts of Withania somnifera root. Int
J Pharm 2: 450-453.

Mohammad S, Md. Ismail H, Farzana AS, Sadika A, Md. Aminul H, et al.
(2013) In vitro antioxidant and free radical scavenging activity of
‘Withania somnifera root. Iosr ] Pharm 3: 38-47.

Ramalingam R, Sushruthi S, Bindu MB, Ravinder NA (2012) Antioxidant,
free radical scavenging and in vitro cytotoxic studies of ethanolic extract
of leucas indica var lavandulifolia and leucas indica var nagalapuramlana.
Asian Pac ] Trop Biomed 2: 1637-1642.

Ahmed D, Muhammad MK, Ramsha S (2015) Comparative analysis of
phenolics, flavonoids and antioxidant and antibacterial potential of
methanolic, hexanic and aqueous extracts from Adiantum caudatum
leaves. ] Antioxidants 4: 394-409.

Alok KS, Priyanka D (2014) Phytochemical extraction and
characterization of roots of withania somniferafor its anti-bacterial, anti-
oxidant, anti-inflammation and analgesic activity. Int J Innovat Res
Develop 3: 22-33.

Loo AY, Jain K, Darah I (2007) Antioxidant and radical scavenging
activities of the pyroligneous acid from a mangrove plant, Rhizophora
apiculata. Food Chemistry 104: 300-307.

Tharmalingam N, Rajmuthiah R, Kim W, Fuchs BB, Jeyamani E (2018)
Antibacterial properties of four novel hit compounds from a methicillin-
resistant Staphylococcus aureus-Caenorhabditis elegans high-throughput
screen. Microb Drug Resist 24: 666-674.

J Antimicrob Agents, an open access journal
ISSN:2472-1212

Volume 4 « Issue 4 « 1000181


https://www.researchgate.net/publication/284801881_Withania_somnifera_Ashwagandha_A_Review
https://www.researchgate.net/publication/284801881_Withania_somnifera_Ashwagandha_A_Review
https://doi.org/10.1186/1472-6882-11-65
https://doi.org/10.1186/1472-6882-11-65
https://doi.org/10.1186/1472-6882-11-65
https://doi.org/10.1186/1472-6882-11-65
https://www.researchgate.net/publication/284071514_Evaluation_of_In-vitro_Anti-oxidant_and_Free_Radical_Scavenging_activities_of_Withaniasomnifera_and_Aloe_vera
https://www.researchgate.net/publication/284071514_Evaluation_of_In-vitro_Anti-oxidant_and_Free_Radical_Scavenging_activities_of_Withaniasomnifera_and_Aloe_vera
https://www.researchgate.net/publication/284071514_Evaluation_of_In-vitro_Anti-oxidant_and_Free_Radical_Scavenging_activities_of_Withaniasomnifera_and_Aloe_vera
https://innovareacademics.in/journal/ajpcr/Vol5Suppl4/1429.pdf
https://innovareacademics.in/journal/ajpcr/Vol5Suppl4/1429.pdf
https://innovareacademics.in/journal/ajpcr/Vol5Suppl4/1429.pdf
https://www.researchgate.net/publication/283255930_ANTI-OXIDANT_AND_FREE_RADICAL_SCAVENGING_ACTIVITY_OF_ASHWAGANDHA_Withania_somnifera_L_LEAVES
https://www.researchgate.net/publication/283255930_ANTI-OXIDANT_AND_FREE_RADICAL_SCAVENGING_ACTIVITY_OF_ASHWAGANDHA_Withania_somnifera_L_LEAVES
https://www.researchgate.net/publication/283255930_ANTI-OXIDANT_AND_FREE_RADICAL_SCAVENGING_ACTIVITY_OF_ASHWAGANDHA_Withania_somnifera_L_LEAVES
https://www.researchgate.net/publication/301355404_A_Review_on_Pharmacological_Profile_of_Withania_somnifera_Ashwagandha
https://www.researchgate.net/publication/301355404_A_Review_on_Pharmacological_Profile_of_Withania_somnifera_Ashwagandha
https://www.researchgate.net/publication/303237189_Steroids-chemical_constituents_of_Withania_somnifera_Dunal_through_TLC_and_HPTLC
https://www.researchgate.net/publication/303237189_Steroids-chemical_constituents_of_Withania_somnifera_Dunal_through_TLC_and_HPTLC
https://jmbronline.com/index.php/JMBR/article/viewFile/476/476
https://jmbronline.com/index.php/JMBR/article/viewFile/476/476
https://jmbronline.com/index.php/JMBR/article/viewFile/476/476
https://jmbronline.com/index.php/JMBR/article/viewFile/476/476
https://www.researchgate.net/publication/299410504_ANALYSIS_OF_STEROIDAL_LACTONES_IN_WITHANIA_SOMNIFERA_LEAF_AND_ROOTS
https://www.researchgate.net/publication/299410504_ANALYSIS_OF_STEROIDAL_LACTONES_IN_WITHANIA_SOMNIFERA_LEAF_AND_ROOTS
https://www.researchgate.net/publication/299410504_ANALYSIS_OF_STEROIDAL_LACTONES_IN_WITHANIA_SOMNIFERA_LEAF_AND_ROOTS
https://doi.org/10.22270/jddt.v7i1.1375
https://doi.org/10.22270/jddt.v7i1.1375
https://doi.org/10.22270/jddt.v7i1.1375
https://www.arcjournals.org/pdfs/ijarcs/v3-i3/6.pdf
https://www.arcjournals.org/pdfs/ijarcs/v3-i3/6.pdf
https://www.arcjournals.org/pdfs/ijarcs/v3-i3/6.pdf
http://www.ijapbc.com/files/08-11-14/10-34151.pdf
http://www.ijapbc.com/files/08-11-14/10-34151.pdf
http://www.ijapbc.com/files/08-11-14/10-34151.pdf
https://ijpbs.com/ijpbsadmin/upload/ijpbs_588f737ac44f2.pdf
https://ijpbs.com/ijpbsadmin/upload/ijpbs_588f737ac44f2.pdf
https://ijpbs.com/ijpbsadmin/upload/ijpbs_588f737ac44f2.pdf
https://www.researchgate.net/publication/259291745_Preliminary_phytochemical_screening_in_vitro_antioxidant_and_cytotoxic_activity_of_five_different_extracts_of_Withania_somnifera_root
https://www.researchgate.net/publication/259291745_Preliminary_phytochemical_screening_in_vitro_antioxidant_and_cytotoxic_activity_of_five_different_extracts_of_Withania_somnifera_root
https://www.researchgate.net/publication/259291745_Preliminary_phytochemical_screening_in_vitro_antioxidant_and_cytotoxic_activity_of_five_different_extracts_of_Withania_somnifera_root
https://www.researchgate.net/publication/259291745_Preliminary_phytochemical_screening_in_vitro_antioxidant_and_cytotoxic_activity_of_five_different_extracts_of_Withania_somnifera_root
http://iosrphr.org/papers/v3i2/Part_2/H0322038047.pdf
http://iosrphr.org/papers/v3i2/Part_2/H0322038047.pdf
http://iosrphr.org/papers/v3i2/Part_2/H0322038047.pdf
http://www.apjtb.com/zz/2012s3/82.pdf
http://www.apjtb.com/zz/2012s3/82.pdf
http://www.apjtb.com/zz/2012s3/82.pdf
http://www.apjtb.com/zz/2012s3/82.pdf
https://doi.org/10.3390/antiox4020394
https://doi.org/10.3390/antiox4020394
https://doi.org/10.3390/antiox4020394
https://doi.org/10.3390/antiox4020394
http://www.ijird.com/index.php/ijird/article/view/51342
http://www.ijird.com/index.php/ijird/article/view/51342
http://www.ijird.com/index.php/ijird/article/view/51342
http://www.ijird.com/index.php/ijird/article/view/51342
http://dx.doi.org/10.1016/j.foodchem.2006.11.048
http://dx.doi.org/10.1016/j.foodchem.2006.11.048
http://dx.doi.org/10.1016/j.foodchem.2006.11.048
https://doi.org/10.1089/mdr.2017.0250
https://doi.org/10.1089/mdr.2017.0250
https://doi.org/10.1089/mdr.2017.0250
https://doi.org/10.1089/mdr.2017.0250

	Contents
	Antioxidant and Chromatographic Properties of Withania somnifera
	Abstract
	Keywords:
	Introduction
	Methods
	Sample preparation
	Thin layer chromatography
	High performance liquid chromatography

	Antioxidant Activity
	Molybdenum scavenging
	DPPH scavenging activity
	OH radical scavenging activity
	Fe3+ iron reducing power
	Detection of flavonoids (ferric chloride test)
	Detection of phenols (Ferric chloride test)
	Determination of total phenolic content
	Determination of total flavonoid content

	Results
	TLC
	HPLC
	Antioxidant
	DPPH
	Iron reducing power
	OH radical scavenging activity
	Molybdenum scavenging assay


	Discussion
	Conclusion
	References


