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Abstract The effects of supplemental ultraviolet-B (s-

UV-B; 3.6 kJ m-2 day-1 above ambient) radiation on plant

metabolite profile and free radical scavenging activities of

Withania somnifera (an indigenous medicinal plant) under

field conditions were investigated. The metabolite profiles

of both leaves and roots were analyzed via GC–MS. The

methanolic extracts were examined for their DPPH radical-

, superoxide radical-, hydrogen peroxide-, hydroxyl radi-

cal-, and nitric oxide radical scavenging activities, ferrous

ion chelating activity, and reducing power. GC–MS profile

of leaves revealed increment in compounds such as iso-

phytol (138.1 %), b-stigmasterol (183.05 %), trans-squa-

lene (233.3 %), and Withaferin A (155.0 %), while

compounds such as eugenol, b-carotene, lycopene, and

vitamin E were detected in s-UV-B-treated leaves only. In

roots, compounds such as ledol, neophytadiene, palmitic

acid, retinol, sitosteryl oleate, and campesterol registered

their presence only under s-UV-B. Methanolic extracts of

treated plant organs were found to be more potent as free

radical scavengers (their EC50 values being lower than

those of control extracts). Anomalies were observed for

nitric oxide radical scavenging in both leaves and roots.

The present study indicates that s-UV-B alters the com-

position and contents of plant metabolites leading to an

increase in their free radical scavenging activities. Hence,

s-UV-B-treated plant organs might be more effective in

combating oxidative stress as well as from a nutritional and

health perspective.
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Abbreviations

AsA Ascorbic acid

BHT Butylated hydroxytoluene

DAT Days after transplantation

DPPH 1,1-Diphenyl-2-picrylhydrazyl

EC Effective concentration

GC–MS Gas chromatography mass spectroscopy

MDA Malondialdehyde

ODSs Ozone depleting substances

RNS Reactive nitrogen species

ROS Reactive oxygen species

UV Ultraviolet

Introduction

Withania somnifera is an indigenous medicinal plant. It is

found in the wilds in parts of northern India, western

Himalayas, and forests of Madhya Pradesh and cultivated

in Madhya Pradesh, Rajasthan, and comparatively drier

parts of the country (Joy et al. 2001). The whole plant

possesses innumerable medicinal properties with applica-

tions in the treatment of neurological disorders, Parkin-

son’s disease, Alzheimer’s disease, osteoarthritis, and
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paralysis to mention a few (Mirjalili et al. 2009; Sharma

et al. 2011; Alam et al. 2012). The medicinal properties of

W. somnifera are primarily attributed to alkaloids and

withanolides (steroidal lactones) (Mirjalili et al. 2009).

Other phyto-constituents important from plant develop-

ment and/or human consumption perspective include car-

bohydrates/reducing sugars, proteins/amino acids, phenols,

flavonoids, tannins, saponins, terpenoids, glycosides, and

coumarins (Shahriar et al. 2012; Panchawat 2012; Uddin

et al. 2013). The variations in the contents of these phyto-

compounds depend upon a number of factors such as

geographical location, climatic conditions, types of culti-

vation practices (including effects of fertilizers, soil type,

and irrigation pattern), genetic and biochemical variations

within plant species, plant part used, age of the plant,

collection period, drying methods, storage conditions,

extraction method, and solvent(s) used for extraction

(Wendakoon et al. 2012).

Various biotic and abiotic stress factors alter the amount

and/or composition of various plant metabolites (by chan-

nelizing the photosynthates towards the production of more

secondary metabolites and compromising on growth, for

instance). Ultraviolet-B radiation is one such abiotic stress

factor which, due to anthropogenic production of ozone-

depleting substances (ODSs), changing climatic conditions,

and altered land-use patterns (Ballaré et al. 2011; Anderson

et al. 2012; Laube et al. 2014) is reaching the Earth in

increased quantities. Since sunlight is inevitable for the

survival of photosynthetic organisms, they are invariably

exposed to enhanced UV-B levels also. Supplementary

ultraviolet B (s-UV-B) has been known to cause morpho-

logical and physiological level changes (Choudhary and

Agrawal 2015) as well as altered composition and contents

of pharmacologically important constituents in some

medicinal plants (Zhang and Björn 2009; Ning et al. 2012)

including Withania somnifera (Takshak and Agrawal

2014). Enhanced production of reactive oxygen species

(ROS) and reactive nitrogen species (RNS) is another

definitive response of plants to s-UV-B. They are capable

of causing extensive cellular damage by reacting with

membrane lipids, proteins, enzymes, nucleic acids, and

carbohydrates (Mackerness et al. 2001). In humans, too,

these reactive species have been known to cause a number

of diseases including AIDS, cancer, Alzheimer’s- and

Parkinson’s disease (Bandhopadhyay et al. 1999).

Antioxidants protect cells by scavenging free radicals.

Many phyto-compounds such as flavonoids, phenols,

alkaloids, a-tocopherol, carotenoids, peptides, and vitamins

serve as antioxidants (Formica and Regelson 1995; Rice-

Evans et al. 1997) due to their redox potential which allows

them to serve as reducing agents/hydrogen donors, singlet

oxygen quenchers, and metal chelators (Rice-Evans et al.

1997). Thus, it follows that phyto-extracts rich in these

constituents are likely to show high free radical scavenging

capabilities.

Preliminary phytochemical analysis of plant extracts

provides knowledge about important bioactive con-

stituents. The latter can be further quantified to determine

their commercial availability, and depending upon the

type(s) of phyto-constituents present, a cursory appraisal of

the medicinal properties of the plant can be made. As of

today, majority of studies on medicinal plants have focused

on the metabolite profile to the extent of detailing them in

different tissues of the plant (whether it is at the prelimi-

nary level or detailed analysis via GC–MS). No study, to

the best of our knowledge, has as yet reported the alter-

ations in metabolite profile of the organic (methanolic)

extracts of W. somnifera roots and leaves under s-UV-B

stress conditions. In our previous study (Takshak and

Agrawal 2014) we had quantified various groups of sec-

ondary metabolites (alkaloids, anthocyanins, carotenoids,

flavonoids, phytosterols, saponins, and tannins) in the

leaves and roots of W. somnifera. The present study,

however, was conducted with the following objectives: (1)

carry out preliminary phytochemical screening to deter-

mine the type and nature of compounds present in the

different extracts of leaf and root tissue of the test plant, (2)

further analyze elaborate metabolite profile (to identify the

key individual components) of plant methanolic extracts of

leaf and root tissue via gas chromatography/mass spec-

trometry (GC–MS) and analyze the changes in their rela-

tive concentrations under s-UV-B based on their retention

peak area and (3) study the properties of the methanolic

extracts prepared from control and s-UV-B-treated plant

organs in terms of determining their free radical scaveng-

ing capacities.

Materials and methods

Experimental design and s-UV-B treatment

The experiments were conducted in Botanical Garden,

Department of Botany, Banaras Hindu University, Var-

anasi (25�800N, 82�030E, and 76 m above mean sea level),

situated in the Eastern Gangetic Plains of India. The

experimental period extended from end of March to mid-

July 2012 with average maximum temperature being

37.8 �C and the average minimum temperature being

24.4 �C. Relative humidity varied between 41.9 and

61.3 %. 1-month-old W. somnifera plants were obtained

from nursery and transplanted in experimental plots of

1 m 9 1 m (12 plants per plot; 3 rows with 4 plants in each

row). The plots were prepared in triplicate for control and

well as s-UV-B treatment. Plants were watered regularly as

per the requirements.
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Once the plants were established in the field, they were

exposed to s-UV-B radiation using UV-B lamps (Q Panel

UV-B 313 40 W fluorescent lamps, Q panel Inc., Cleve-

land, OH, USA) fitted on steel frames at equal distances

directly above the plant canopy. The control plants

received only ambient UV-B dose (9.6 kJ m-2 day-1)

while treated plants received ambient ?3.6 kJ m-2 day-1

s-UV-B dose (simulating 10 % ozone depletion at Var-

anasi) as weighted by Caldwell (1971) generalized plant

action spectrum normalized at 300 nm. For the purpose

UV-B lamps were wrapped with 0.13 mm cellulose diac-

etate filters (Cadillac Plastic Co., Baltimore, MD, USA;

transmission down to 280 nm); the filters were changed

every week due to their photo-degradation by UV-B. The

distance between plant canopy and UV-B lamps was kept

constant throughout the experiment. s-UV-B treatment was

given to the plants for 3 h (11:00 to 14:00 h) during the

solar noon period. UV-B irradiance was measured using

Ultraviolet Intensity Meter (UVP Inc., San Gabriel, CA,

USA) and biologically effective UVB (UV-BBE) using

Spectropowermeter (Scientech, Boulder, USA).

Preliminary phytochemical screening

Sample preparation

The plants were harvested at 100 DAT, shade dried, and

the leaves and roots were powdered. The coarse powder

was passed through a double layer of cheese cloth to obtain

a uniform fine powder. The samples were prepared as per

the protocol of Paramakrishnan et al. (2012). The pow-

dered plant material (10 g) was extracted with different

solvents (100 ml each; methanol, ethanol, petroleum ether,

acetone, chloroform, and water). The powder: solvent ratio

was kept at 1:10 to ensure complete extraction. Extraction

was carried out via cold maceration for 72 h with inter-

mittent shaking of the flasks; cold maceration was pre-

ferred to prevent the evaporation of volatile compounds.

After extraction, solutions were filtered through Whatt-

mann filter paper (No. 4), extracts collected and stored at

4 �C for further use.

Sample analysis

The parameters were analyzed following the methods out-

lined in Savithramma et al. (2011), Vijayalakshmi and

Ravindhran (2012), and Sawant and Godghate (2013). The

extracts were tested for the presence of alkaloids, amino

acids/proteins, anthocyanins, anthraquinones, cellulose, cou-

marins, emodins, flavonoids, glycosides, leucoanthocyanins,

lignin, phenols, phlobatannins, reducing sugars, resins/

gums/mucilages, saponins, steroids, tannins, and terpenes.

GC–MS analysis and identification of compounds

Sample preparation

10 g powdered sample was soaked in 100 ml methanol for

72 h with intermittent shaking. The mixture was cen-

trifuged at 3000g and the supernatant decanted. The rest of

the protocol was followed as per Sharma et al. (2013) with

some modifications. 10 ml supernatant was treated with

0.5 N H2SO4 (20 ml) and a few drops of NH4OH were

added to make it alkaline. 10 ml of chloroform was added

to the extract and shaken for 10 min to ensure thorough

mixing. The solution was kept at room temperature for

24 h for incubation, after which the upper layer was dis-

carded. 10 ml solution from the lower layer (now con-

taining the majority of the phytoconstituents) was

concentrated to 2 ml which was used for analysis by GC–

MS. Analyses were performed using three replicates for

each treatment.

GC–MS conditions and specifications

The prepared extracts of both leaves and roots of the

control and treated test plants were subjected to gas

chromatography–mass spectroscopy (GC–MS) analysis.

The samples were analyzed on GC–MS QP-2010 Plus

(Shimadzu) equipped with Rtx-5 MS (30 m 9 0.25 mm

i.d. 9 0.25 lm film thickness) column. 1.0 ll of the

sample was injected into the system at 250 �C with

helium as carrier gas with a flow rate of 1.21 ml min-1.

The column oven temperature was initially maintained at

100 �C for 4 min, then increased to 250 �C at the rate of

6 �C min-1 with a hold time of 5 min and again raised up

to 310 �C at the rate of 15 �C with a hold time of 12 min,

at which it was maintained till the end of the program.

Other GC conditions such as pressure, linear velocity,

purge flow, and split ratio were maintained at 90.4 kPa,

40.9 cm s-1, 3.0 ml min-1, and 1:10, respectively. The

MS operating conditions were as follows: interface tem-

perature: 260 �C; ion source temperature: 230 �C; mass

scan (m/z): 40–600 amu for 0.5 s; solvent cut time:

4.5 min; scan speed: 1250 amu s-1; MS running time:

44.99 min; threshold: 1000.

Identification of compounds

The identification of the components of the extracts was

based on a comparison of their relative retention indices

and mass spectra fragmentation patterns with the available

WILEY and NIST libraries (WILEY8.LIB and NIS-

T08.LIB) as well as with those of authentic reference

compounds previously reported.
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Antioxidant activity determinations

Sample preparation

1 g powdered sample was extracted in 10 ml methanol via

cold maceration for 72 h with intermittent shaking. The

mixture was centrifuged at 3000 g and supernatant dec-

anted. From this core solution (105 lg ml-1), stock solu-

tion of 1000 lg ml-1 was prepared from which a range of

dilutions (50, 100, 150, 200, 250, 300, 350, 400, 450, and

500 lg ml-1) were further prepared. Ascorbic acid (AsA)

(for all assays) and butylated hydroxyl-toluene (BHT) (for

DPPH scavenging and reducing power assays), prepared in

same concentrations, served as reference compounds

against which the scavenging activities of the extracts were

determined. All protocols were performed with five

replicates.

Free radical scavenging activities

DPPH radical scavenging activity (Blois 1958): To 3 ml of

plant methanolic extract, 1 ml of DPPH (0.2 mM in

methanol) was added. The solution was incubated in dark

for 30 min at room temperature. The absorbance was

recorded at 517 nm. DPPH in methanol, without plant

extracts, served as control, while methanol served as blank.

The radical scavenging activity was calculated as follows:

DPPH radical scavenging activity ð%Þ
¼ ½ðA0 � A1Þ=A0� � 100

A0: absorbance of control; A1: absorbance of sample

Superoxide radical scavenging activity (McCord and

Fridovich 1969): The total reaction volume for the assay

comprised of 0.2 ml EDTA (6.6 mM containing 3 lg

NaCN), 0.1 ml NBT (50 lM), 0.05 ml riboflavin (2 lM),

2.63 ml phosphate buffer (67 mM, pH 7.8), and 0.02 ml

various concentrations of plant extracts. All the solutions

were vortexed and initial absorbance recorded at 560 nm.

These were then subjected to illumination with incandes-

cent lamps (15 W) for 30 min, and again absorbance was

recorded at 560 nm. The difference in absorbance before

and after illumination indicated superoxide radical scav-

enging activity. Phosphate buffer served as blank. The

radical scavenging activity was calculated as follows:

Superoxide radical scavenging activity ð%Þ
¼ ½ðDAcontrol � DAextractÞ=DAcontrol� � 100

where DA = absorbance after illumination - absorbance

before illumination

Hydrogen peroxide scavenging activity (Ruch et al.,

1989): To 2.4 ml of phosphate buffer (0.1 M, pH 7.4),

0.6 ml H2O2 (40 mM) was added. 1 ml of different con-

centrations of various extracts were added to the solution

and incubated at room temperature for 10 min. Absorbance

was recorded at 230 nm. Controls were prepared without

plant extract while blank comprised of only phosphate

buffer without H2O2. H2O2 scavenging activity was cal-

culated as follows:

Superoxide radical scavenging activity ð%Þ
¼ ½ðA0 � A1Þ=A0� � 100

A0: absorbance of control; A1: absorbance of the sample

Hydroxyl radical scavenging activity (Kunchandy and

Rao 1990): Final volume of 1 ml of reaction solution

comprised of 0.1 ml deoxyribose (2.8 mM), 0.1 ml FeCl3
(0.1 mM), 0.1 ml EDTA (0.1 mM), 0.1 ml H2O2 (1 mM),

0.1 ml ascorbate (0.1 mM), 0.48 ml KH2PO4-KOH buffer

(20 mM, pH 7.4), and 20 ll of plant extracts. The solutions

were incubated at 37 �C for 1 h and 1 ml 1 % TBA was

added to them after incubation. The solutions were heated

at 95 �C for 20 min to develop color, allowed to cool and

TBARS formation was measured spectrophotometrically at

532 nm. The controls were prepared without the extracts

and KH2PO4-KOH buffer was used as blank. Hydroxyl

radical scavenging activity was calculated as follows:

Hydroxyl radical scavenging activity ð%Þ
¼ ½ðA0 � A1Þ=A0� � 100

A0: absorbance of control; A1: absorbance of the sample

Nitric oxide radical scavenging activity (Green et al.

1982): 2 ml sodium nitroprusside (100 mM), 0.5 ml phos-

phate buffer saline (PBS; 0.025 M, pH 7.4), and 0.5 ml of

plant extracts were mixed and incubated at 25 �C for

30 min. 0.5 ml Griess reagent (1 % sulphanilamide, 2 % O-

phosphoric acid, and 0.1 % naphthylethylene diamine

dihydrochloride) was added and the solution incubated for

another 30 min. The absorbance of the resulting pink color

was measured at 546 nm. Blank comprised of PBS. Nitric

oxide radical scavenging activity was calculated as follows:

Nitric oxide radical scavenging activity ð%Þ
¼ ½ðA0 � A1Þ=A0� � 100

A0: absorbance of control; A1: absorbance of the sample

Ferrous ion chelating activity (Dinis et al. 1994): 0.5 ml

of various concentrations of the extracts were added to

1.5 ml distilled water and 0.5 ml FeCl2 (2 mM). The

reaction was started by the addition of 0.1 ml ferrozine

(5 mM). The solution was vortexed for 1 min to ensure

thorough mixing and allowed to stand for 10 min at room

temperature. Thereafter, its absorbance was recorded at

562 nm. Distilled water was used as blank. Ferrous ion

chelating activity was calculated as follows:

Ferrous ion chelating activity ð%Þ
¼ ½ðA0 � A1Þ=A0� � 100

A0: absorbance of control; A1: absorbance of the sample
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Reducing power assay (Oyaizu 1986): to 2.5 ml phos-

phate buffer (0.2 M, pH 6.6), 2.5 ml potassium ferri-

cyanide (1 %) was added followed by 1 ml of extracts.

This solution was incubated at 50 �C for 30 min, allowed

to cool, and 2.5 ml 10 % TCA was added to it. The solu-

tion was centrifuged at 3000 rpm for 10 min. To 2.5 ml of

supernatant, an equal volume of distilled water and 0.5 ml

FeCl3 (1 %) were added. The solution was allowed to stand

for 10 min and its absorbance recorded at 700 nm. Phos-

phate buffer served as blank. The reducing power of plant

extracts was reported in terms of absorbance at 700 nm.

Determination of EC50 values

The EC (‘effective’ concentration) of any drug/toxicant/

extract that produces a response half-way between the

baseline and maximal response is defined as EC50. The

EC50 values were calculated to determine the potency of

the control and treated plants’ methanolic extracts of leaves

and roots in terms of radical scavenging activities. Lower

the EC50 value, higher the potency of the extract.

Statistical analysis

Means and standard errors of the samples were calculated.

The means of values obtained via GC–MS are reported as

the average of three replicates while the free radical

scavenging capacities are reported as mean of five repli-

cates. Mean differences were determined by applying

Student’s t test. All statistical analyses were performed

using the SPSS software version 16.

Results

The compounds that were tested for their presence in

phytoextracts of leaves and roots of W. somnifera are

outlined in Table 1. Maximum number of phytocon-

stituents was identified in methanolic plant extracts.

Anthraquinones, emodins, and resins/gums were absent in

all extracts of both organs. The metabolite profile of phy-

toextracts showed changes in composition and concentra-

tion of various metabolites. The foliar extracts of W.

somnifera identified a total of 43 and 83 compounds in

control and treated plants, respectively. Similarly, in con-

trol root extracts 34 components were identified compared

to a total of 59 in s-UV-B-treated roots (Figs. 1, 2).

Alterations in the content of some these compounds due to

s-UV-B are given in Tables 2 and 3.

In s-UV-B-treated leaves, some of the phytoconstituents

accumulated in higher percentage; for instance, isophytol

(138.10 %), methyl stearate (65.00 %), ethyl stearate

Table 1 Preliminary phytochemical analysis of various extracts of Withania somnifera leaves and roots (‘?’ indicates presence and ‘-’

indicates the absence of the respective compounds)

Parameters Methanol Ethanol Pet. Ether Acetone Chloroform Water

Leaf Root Leaf Root Leaf Root Leaf Root Leaf Root Leaf Root

Alkaloids ? ? ? ? - - ? ? ? ? ? ?

Amino acids/proteins ? ? ? ? ? ? ? ? ? ? ? ?

Anthocyanins ? ? ? ? ? ? ? ? - - - -

Anthraquinones - - - - - - - - - - - -

Cellulose ? ? ? ? ? ? ? ? ? ? - -

Coumarins ? ? - ? - - - ? - - ? ?

Emodins - - - - - - - - - - - -

Flavonoids ? ? ? ? - - ? ? ? ? ? ?

Glycosides ? ? ? ? ? ? ? ? - - ? ?

Leucoanthocyanins ? ? ? ? ? ? ? ? ? ? - -

Lignin ? ? ? ? ? ? ? ? ? ? ? ?

Phenols ? ? ? ? ? ? ? ? ? ? ? ?

Phlobatannins ? ? ? ? ? ? ? - ? - ? -

Quinones ? ? ? ? - - ? ? ? ? ? ?

Reducing sugars ? ? ? ? ? ? ? ? ? ? ? ?

Resins/gums - - - - - - - - - - - -

Saponins ? ? - ? ? ? - - ? ? ? ?

Steroids ? ? ? ? ? ? ? ? ? ? ? ?

Tannins ? ? ? ? - - ? ? ? ? ? ?

Terpenes ? ? ? ? ? ? ? ? ? ? ? ?
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(120.00 %), nonacosane (107.69 %), trans-squalene

(233.33 %), b-stigmasterol (183.05 %), and Withaferin A

(155.00 %). On the other hand, compounds such as

crinosterol and cholesterol were found to be appreciably

reduced by 44.19 and 21.38 %, respectively. Some other

important medicinal compounds that were detected in

s-UV-B-treated leaves included eugenol, oleyl alcohol,

geranylgeraniol, solanesol, dihydrobrassicasterol, b-car-

otene, brassicasterol, vitamin E, and lycopene (Table 2).

In roots, more variable profile was observed compared

to leaves. Compounds like neophytadiene showed an

increment of 17.14 % while some other alcohols and esters

showed decreased concentrations such as 2,4-Ditert-butyl

phenol (61.89 %), phytol (4.65 %), methyl palmitate

(76.04 %), ethyl palmitate (88.48 %), methyl stearate

(82.57 %), and methyl behenate (67.66 %). Some other

medicinal compounds that were detected after s-UV-B

treatment of roots include ledol, dibutyl phthalate, palmitic

acid, stigmasterol acetate, and retinol, while some other

compounds such as podocarpic acid, ethyl oleate, ethyl

stearate, methyl oleate, and a-selinene were reduced to

non-detectable limits (Table 3).

As per the GC–MS results, it is clearly indicated that

s-UV-B alters the metabolite profile of plants. As such it

can be safely assumed that altered plant extract composi-

tion is also likely to alter the free radical scavenging

capacity of these extracts. The free radical scavenging

capabilities of methanolic extracts of control and treated W.

somnifera leaves and roots are compared on the basis of

their EC50 values and are outlined in Table 4.

The free radical scavenging activities increased with

increasing concentrations of the extracts (Supplementary

Fig. 1). On comparing the leaf extracts for their scavenging

activities, it was found that s-UV-B-treated plant extracts

were more potent in scavenging DPPH, �O2
-, H2O2, and

�OH radicals (as depicted by their lower EC50 values,

Table 4) compared to the control plants, though the dif-

ference was non-significant in case of the �O2
- scavenging

activity (EC50 = 300.01 and 291.79 lg ml-1 for control

treatment, respectively). NO scavenging activity was sig-

nificantly higher in case of control leaves

(EC50 = 225.86 lg ml-1) compared to the treated leaves

(EC50 = 258.94 lg ml-1). Fe2? chelating activity and

reducing power were again significantly higher for s-UV-

B-treated leaves (Table 4). Methanolic extracts of the roots

also depicted a similar trend with DPPH �O2
-, H2O2, and

�OH scavenging activities being higher for s-UV-B-treated

roots (the difference was not significant for DPPH radical

scavenging activity, Table 4). Similar to leaves, NO

scavenging activity was higher for control roots

(EC50 = 271.11 lg ml-1 as against EC50 = 320.19 -

lg ml-1 for s-UV-B-treated roots). Fe2? chelating activity

Fig. 1 Comparative changes in

the chromatographic profiles of

leaf extracts of Withania

somnifera
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and reducing power were found to be greater for s-UV-B-

treated plant roots (Table 4).

Discussion

The leaf and root methanolic extracts of W. somnifera

contained maximum number of pharmacologically impor-

tant phyto-constituents (alkaloids, anthocyanins, coumar-

ins, flavonoids, glycosides, phenols, quinones, saponins,

steroids, tannins, and terpenes). Some of these (alkaloids,

anthocyanins, flavonoids, phenols, saponins, steroids, and

tannins) have been quantified and found to be increased

under s-UV-B stress (Takshak and Agrawal 2014). All

these phyto-constituents are important for normal plant

development and functioning, to protect plants against

various biotic and abiotic stresses (e.g., anthocyanins,

Olsson et al. 1999; flavonoids, Agati et al. 2012; phenolics,

Dai and Mumper 2010; phytosterols, Posé et al. 2009; and

lignin, Boudet 2000), as well as from human health and

nutraceutical perspectives (e.g., alkaloids, Sharma et al.

2011; anthocyanins, Ross and Kasum 2002; coumarins,

Riverio et al. 2010; flavonoids, Nambiar et al. 2010; gly-

cosides, Mithen et al. 2000; phenolics, Willis et al. 2009;

quinones, Babula et al. 2009; saponins, Man et al. 2010;

phytosterols, Woyengo et al. 2009; tannins, Cai et al. 2004;

and terpenes, Paduch et al. 2007).

Data regarding s-UV-B induced changes in phytoextract

composition of W. somnifera have not been reported to

date; so it is not possible to compare our results with other

studies. However, investigations on individual compounds

respecting s-UV-B help substantiate our findings. Phar-

macological importance of some of the compounds is

detailed in Supplementary Table 1. Chang et al. (2009)

found enhanced levels of eugenol in the essential oil of

basil plants under s-UV-B similar to our results (where

eugenol was detected in s-UV-B-treated leaves indicating

its enhanced concentration). Trans-squalene (an iso-

prenoid) is an intermediate in the biosynthesis of choles-

terol. Though it increased considerably under s-UV-B

treatment in leaves (233.33 %), cholesterol was found to be

reduced (by 21.38 %). This might probably indicate the

plant’s adaptation to stress by directing the precursors

towards enhanced production of secondary metabolites

(overexpression of squalene synthase, and hence squalene,

has been shown to result in enhanced withanolide pro-

duction in W. somnifera; Grover et al. 2013). Gil et al.

(2012) speculated that squalene overproduction in UV-B-

treated grape plants increases phytosterol and triterpene

biosynthesis. Studies by Jäpelt et al. (2011) indicate that in

all of their test plants except Solanum glaucophyllum,

cholesterol concentrations were found to be reduced under

UV treatment.

Lycopene and b-carotene were detected in s-UV-B-

treated W. somnifera leaves (indicating their increased

concentrations compared to the control). Their concentra-

tions were found to be reduced in tomato fruit skin under

UV-B excluded conditions (Becatti et al. 2009). Vitamin E

Fig. 2 Comparative changes in

the chromatographic profiles of

root extracts of Withania

somnifera
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(a-tocopherol) was also detected in s-UV-B-treated leaves

of the test plant. s-UV-B treatment has been reported to

promote the synthesis of a-tocopherol in Anabaena do-

liolum (Bhargava et al. 2007), and Vitis vinifera (Gil et al.

2012). Withaferin A, a steroidal lactone, is one of the

important withanolides present of W. somnifera. Above-

ground plant parts of W. somnifera recorded an overall

increase of 12.4 % in withaferin A concentration as

determined by HPLC analysis (Takshak and Agrawal

2014). Phytol (a diterpene alcohol) declined under s-UV-B

in the present study; it was found to be increased in grapes

exposed to high UV-B irradiation (Gil et al. 2012), contrary

to our results. Other compounds such as ledol

(sesquiterpene alcohol), and retinol (diterpene alcohol)

were found to be present only in s-UV-B-treated roots

(indicating their increased concentrations) which is sig-

nificant from a nutritional perspective as these compounds

have been known to effective against cancer and derma-

tological disorders (Spiridonov et al. 2005; Huang et al.

2009). However, s-UV-B negatively affected podocarpic

acid concentration which is an important anti-cancer,

oestrogenic, anti-inflammatory, cardio-protective, and

cholesterol-lowering agent (Liu et al. 2005; McKee et al.

2014).

Scavenging of free radicals is beneficial for the plant to

survive various abiotic and biotic stresses as well as from

Table 2 Alterations in

metabolic profile due to s-UV-B

radiation of Withania somnifera

leaf extracts

S. No. Compound name Retention peak area (%) % Change after

s-UV-B treatment
C s-UV-B

1. Eugenol – 0.74 Detected

2. Neophytadiene 11.44 10.18 11.01 (;)

3. Perhydrofarnesyl acetone 0.46 0.51 10.87 (:)

4. 3-Eicosyne 18.22 5.76 68.39 (;)

5. Methyl palmitate 4.19 4.15 0.95 (;)

6. Isophytol 0.21 0.50 138.10 (:)

7. Palmitic acid 18.19 17.64 3.02 (;)

8. Methyl linoleate 1.48 1.66 12.16 (:)

9. Methyl stearate 0.80 1.32 65.00 (:)

10. Linolenic acid 19.79 18.60 6.01 (;)

11. Stearic acid 1.26 1.17 7.14 (;)

12. Ethyl stearate 0.30 0.66 120.00 (:)

13. Nonacosane 0.13 0.27 107.69 (:)

14. Myristic acid – 0.20 Detected

15. Oleyl alcohol – 8.68 Detected

16. trans-squalene 0.33 1.10 233.33 (:)

17. d-tocopherol 0.26 – Not detected

18. Crinosterol 0.86 0.48 44.19 (;)

19. b-Stigmasterol 0.59 1.67 183.05 (:)

20. Dibutyl phthalate – 0.15 Detected

21. Ethyl palmitate – 2.01 Detected

22. Ethyl linoleate – 0.83 Detected

23. Cholesterol 1.59 1.25 21.38 (;)

24. Withaferin A 0.40 1.02 155.00 (:)

25. Geranylgeraniol – 0.20 Detected

26. Solanesol – 0.11 Detected

27. Stigmasterol acetate – 0.20 Detected

28. b-Carotene – 0.09 Detected

29. Brassicasterol – 0.24 Detected

30. Vitamin E – 0.59 Detected

31. Lycopene – 0.14 Detected

32. Campesterol 3.56 1.85 48.03 (;)

‘:’ And ‘;’represent increase and decrease in % area after treatment, respectively. The values are average

of three repetitions. The variation coefficient was less than 10 %
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human health perspective (epidemiological studies have

demonstrated phyto-nutrients/extracts of a number of

medicinal plants as dietary supplements are capable of

preventing/ameliorating oxidative damage and related

diseases; Radimer et al. 2004). In this study, we demon-

strated the antioxidant properties of methanolic extracts of

W. somnifera roots and leaves (both under control condi-

tions as well as under s-UV-B treatment). Again, to the best

of our knowledge, no previous studies describing the

effects of abiotic stresses on the free radical scavenging

capacities of phytoextracts are available to help corroborate

our findings. However, as is evident from their EC50 val-

ues, the extracts of the treated organs showed stronger

DPPH radical, superoxide anion scavenging, hydrogen

peroxide scavenging, hydroxyl radical scavenging, reduc-

ing power and metal chelating activities when compared to

their control counterparts. It has already been mentioned

that many groups of phyto-constituents as well as indi-

vidual components detected in W. somnifera extracts pos-

sess antioxidative properties (e.g., alkaloids, anthocyanins,

carotenoids, flavonoids, steroids, and tannins), and increase

in their concentrations in s-UV-B-treated plant organs

(Takshak and Agrawal 2014) might be responsible for their

enhanced scavenging activities in extracts. The differences

in the scavenging activities of the extracts might be

attributed, not only to the concentration of the scavenging

components, but also to the structural individuality of these

components (e.g., the number and position of the hydroxyl

Table 3 Alterations in metabolic profile due to s-UV-B radiation of Withania somnifera root extracts

S. No. Compound name Retention peak area (%) % Change after

s-UV-B treatment
C s-UV-B

1. 2,4-Ditert-butyl phenol 4.33 1.65 61.89 (;)

2. a-Selinene 1.42 – Not detected

3. Ledol – 2.33 Detected

4. Neophytadiene 0.70 0.82 17.14 (:)

5. Phytol 0.86 0.82 4.65 (;)

6. Tridecanal – 0.53 Detected

7. Methyl palmitate 16.36 3.92 76.04 (;)

8. 1-Nonadecene – 0.31 Detected

9. Dibutyl phthalate 3.55 4.63 30.42 (:)

10. Ethyl palmitate 12.15 1.40 88.48 (;)

11. 2,6,10,15-Tetramethyl-heptadecane – 0.54 Detected

12. Methyl oleate 3.55 – Not detected

13. Methyl stearate 8.32 1.45 82.57 (;)

14. Ethyl (9Z,12Z)-9,12-octadecadienoate 2.15 – Not detected

15. Ethyl oleate 1.79 – Not detected

16. Ethyl stearate 5.55 – Not detected

17. Palmitic acid – 13.69 Detected

18. Ethyl docosanoate – 1.44 Detected

19. Podocarpic acid 0.52 – Not detected

20. Methyl behenate 2.35 0.76 67.66 (;)

21. Ethyl behenate 1.69 0.65 61.54 (;)

22. Hexatriacontane – 0.79 Detected

23. Tetratetracontane – 0.83 Detected

24. Dotriacontane – 0.59 Detected

25. Stigmasterol acetate – 6.84 Detected

26. Retinol – 0.43 Detected

27. Sitosteryl oleate – 9.40 Detected

28. Podocarpa-8,11,13-trien-3-ol – 1.05 Detected

29. Campesterol – 11.93 Detected

30. Phthalic acid 2.87 1.95 32.06 (;)

‘:’ And ‘;’represent increase and decrease in % area after treatment, respectively. The values are average of three repetitions. The variation

coefficient was less than 10 %

Acta Physiol Plant (2015) 37:260 Page 9 of 12 260

123



groups), which in turn determine their electron donating

abilities (Ebrahimzadeh et al. 2009). Lower NO scavenging

activity of s-UV-B-treated plant extracts obtained in our

results indicates their higher concentrations under UV-B

stress. Though detrimental to cells at high concentrations,

NO also serves as a signaling molecule in plant; it has been

shown to induce the upregulation of chalcone synthase and

chalcone isomerase genes which are vital entities of the

phenylpropanoid pathway (Tossi et al. 2011; Zhang et al.

2011). The flavonoids derived from this pathway protect

the plants from damage induced by s-UV-B. The enhanced

chalcone isomerase activity in leaves and roots of W.

somnifera might be, in part, due to enhanced concentra-

tions of NO produced under s-UV-B in these organs

(Takshak and Agrawal 2014).

Conclusions

The present study leads to the conclusion that s-UV-B

radiation alters the number as well as the composition of

the metabolites found in the leaves and roots of W. som-

nifera. The extracts of the treated plant organs are more

potent in scavenging free radicals which indicate the

plant’s ability to adapt to oxidative stress. This also denotes

that pharmacological preparations from treated plant

organs might be more effective in the treatment of oxida-

tive stress and related disorders in humans. However, our

study is the first attempt to determine the alterations in

plant metabolite profile under s-UV-B stress and conse-

quent alterations in their scavenging capacities. Future

work could be directed at the quantitative analysis of

individual metabolites to determine their role in overall

plant performance as well as from nutraceutical perspec-

tive. Moreover, since the plant metabolite profile is

dependent upon a number of environmental conditions and

extraction factors, further studies on microbial and animal

models are required with a view to optimizing their

medicinal potential.
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