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Abstract

Callus cultures of Withania somnifera from leavesravestablished on MS (Murashige and
Skoog) media supplemented with Dicamba (2 mg/heti (0.1 mg/l) and Sucrose (3% w/v).
Suspension cultures were established and the gramdhproduction kinetics were studied. For
growth kinetics MS media supplemented with Dicaf@ag/l), Kinetin (0.1 mg/l) and Sucrose
(3% wiv) without agar was used which was foundaslgt for the initiation and maintenance of
the suspension cultures cultures from the calli.lfH&5 medium supplemented with 2,4-
Dichlorophenylacetic acid(2,4-D) (1 mg/l), Kinetif®.1 mg/l) and Sucrose (5% wi/v) was
employed. Effect of various precursors and elisiton suspension cultures was studied. The
addition of precursor’s sodium acetate (50 mg/l1@-folds), Mevalanolactone (50 mg/l) (~14
folds), Squalene (50 mg/l) in colloidal form (~28ds) and Cholesterol (25 mg/l) in colloidal
form (~30.5 folds) have shown significant increasbioproduction of withaferin A. Among the
various biotic and abiotic elicitors used Vertiailin dahliae (5% w/v cells extract) (~10 folds)
and copper sulphate (1p/1) (~2.5 folds) have shown moderate increasdétioproduction
of withaferin A. The effective precursors and &bis were studied for optimization of day of
addition and found that maximum bioproduction ofhaferin A was seen in the cultures when
precursors and elicitors were added to 3 day olsp&msion cultures.
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INTRODUCTION

Bioproduction of secondary plant metabolites usafigitation of suspension cultures is well
documented for plants producing minute quantitieaseful phytochemicals [1]. Withaferin A,
is a steroidal lactone belonging to withanolideugrgoresent in roots and leaves Wfthania
somniferaDunal, commonly known as Ashwagandha (Sanskrit}e Bixtracts ofWithania
somniferaand Withaferin A have antimicrobial [2], antitumi&], immunomodulating [4], anti-
inflammatory, antiarthritic, hepatoprotective, anidant, antifeedant and antistress [5] activities.
The bioproduction of Withaferin A fronWithania somniferasuffers from, plant to plant
variation of active constitution in both qualitycaguantity as well as long gestation period of 4-
5 years between planting and harvesting. Bioprodnatf secondary plant metabolites can be
enhanced alternatively, using plant cell culturdésivas reported [6] that multiple shoot cultures
accumulated with withanolides from single shooteyplant ofWithania somnifera.Callus of
Withania somniferavas induced [7] but the callus failed to synthesizhanolides. Vitali et al.
[8] reported a method for initiation of callus witithanolides fromWithania somniferaThe
bioproduction of secondary metabolites can be esgthiby adding elicitors and precursors to
cell cultures [9,10]. Sharada et fl1] reported withanolide production in vitro cultures of
Withania somnifera Veeresham Ciddi [12] reported 50 times increaseébioproduction of
withaferin A from cell cultures o#Vithania somniferaising an elicitor salasin when compared to
unelicited control. This tempted us to work witlffelient precursors and elicitors which were not
reported earlier to enhance the bioproduction dha¥erin A from cell cultures oWithania
somnifera

MATERIALSAND METHODS

I nitiation and maintenance of callus

The callus cultures were initiated from leavesexitd from Kakatiya University campus, India.
The leaves were surface sterilized by treatmerit miercuric chloride (0.1% wi/v) for 5 minutes
and transferred aseptically onto MS (Murashige 8kofd3] medium supplemented with
Dicamba (2 mg/l), Kinetin (0.1 mg/l) and Sucros@o(®/v). The callus initiation was observed
after 4 days and callus was sufficiently formed3oweeks. The callus cultures were maintained
on the same media at 4 week intervals.

Initiation and maintenance of suspension cultures

The fragile 8 weeks old callus (3g) was asepticabiysferred into growth media composed of
MS medium (50 ml) supplemented with Dicamba (2 mddinetin (0.1 mg/l) and Sucrose (3%

w/v) with out agar. The cultures were incubatedcsaker incubator (New Brunswick Innova

4230, USA) at 26x2 °C and a rotation speed of 1@20.rThese suspension cultures are
maintained by repeated sub culturing at an intes?a0 days.

Growth kinetics

From the suspension cultures growing in growth @de samples were withdrawn at the end of
39 5" 7" 9" 17" and 18' day of incubation. The cultures were filtered aveighed for the
determination of the growth of the cells. This pgdgre was repeated thrice and the growth
indices (G.I) were calculated.
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Production kinetics

The cell cultures (in growth media) after 3 passagere transferred into the production media
composed of half strength B5 medium [14] supplee@ntith 2,4-D (1 mg/l), Kinetin (0.1 mg/l)
and sucrose (5% w/v) with 50% v/v as inoculum imesrto induce the bioproduction of
withaferin A. The suspension cultures (10 ml) waseptically transferred into each of pre-
sterilized flasks (50 ml capacity) with pre-ster@d pipette (10 ml capacity) under laminar flow
and incubated at 262 °C and 120 rpm in shakeibiaiay. The flasks were withdrawn at the end
of 39, 5" 7" dg" 17" 15" and 28" day, extracted and analyzed for withaferin A conte

Initiation and prepar ation of fungal dicitors

Fungi Fusarium solaniMTCC 350, Alternaria alternateMTCC 1779and Verticillium dahliae
MTCC 2063 were obtained from Institute of Microbia@chnology (IMTEC, Chandigarh, India).
The fungi were cultured on growth media prescribedMTEC catalogue, incubated for two
weeks at room temperature in dark. Suspensionresltwere initiated from two week old static
cultures, using suitable liquid growth media ancuipated in dark at 262 °C and 120 rpm in a
gyratory shaker incubator for 72 hrs. The fungaiuras were autoclaved at 15 If/and 121 °C
for 15 minutes and filtered aseptically. The fileravas denoted as culture filtrate (CF). Later the
cell residues were washed thrice with sterile dezed water and homogenized in a motar and
pestle with small amount of water. The volume wastmade up to the original culture volume
with water, autoclaved for 15 minutes at 121 °C fliweled aseptically. This filtrate was denoted
as cell extract (CE) [15]. These CF and CE of d#ife fungi were stored in refrigerator until use.

Addition of precursorsand dlicitors

After 3 passages in growth media the cell cultwvese transferred aseptically into presterilized
production media with 50% v/v as inoculum. 10ml a#ll cultures were then aseptically
transferred into each of the presterilized conitagks (50ml capacity) with a sterile pipette
(10ml capacity). The precursors solutions Sodiuretate (25 mg/l, 50 mg/l and 100 mg/l),
Mevalanolactone (25 mg/l, 50 mg/l and 100 mg/l)u&gne in alcohol (25 mg/l, 50 mg/l and
100 mg/l), Squalene in colloidal form (in tween-@D15% v/v)) (25 mg/l, 50 mg/l and 100
mg/l), Cholesterol in alcohol (25 mg/l, 50 mg/l abd0 mg/l) and Cholesterol in colloidal form
(25 mg/l, 50 mg/l and 100 mg/l); the biotic eliggasolutions 1% and 5% v/v of fungal CF and
CE of Fusarium solaniMTCC 350, Alternaria alternateMTCC 1779and Verticillium dahliae
MTCC 2063 and the abiotic elicitors Calcium chlerid mg/l and 5 mg/l), Copper sulphate (100
pM/I and 500 pM/I) and Cinnamic acid (100 pM/I é@D uM/1) (sterilized by passing through
0.2 u membrane filter) were added aseptically on@&o the suspension cultures in each of the
cultured flasks and incubated at 262 °C and 12@ fhe cultures were withdrawn at the end of
day 12. Similarly the effective precursor and &tiis were further studied for optimum day of
addition (day 0, 3, 5 and 7). Three culture flagkese used for each concentration, while
running suitable control. Both the cells and madgether were extracted for withaferin A and
analyzed.

Extraction of Withaferin A

After 12 days of incubation with different precursoelicitors and controls, the cell cultures
were harvested and the contents of each cultus& flgere extracted with methanol (3x10 ml).
To the methanolic extract, equal volume of didiill@ater was added and partitionedth
dichloromethane (3x20 ml). The dichloromethane figyeere pooled together and concentrated
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under vaccum [16]. The residue was dissolved in ingthanol (HPLC grade) and subjected to
analysis by thin layer chromatography (TLC) andhhjgerformance liquid chromatography
(HPLC).

Analysis of extracts

Thin Layer Chromatography (TLC)

The methanolic extracts were co-chromatographel aithentic sample on precoated silica gel
— G plates (Merck, Mumbai, India) using solventteygs Hexane: Ethyl acetate: Methanol

(2:7:1). The plates after developing were sprayét vanillin-sulphuric acid and heated in an

oven at 110 °C for 10-15 minutes.

High Performance Liquid Chromatography (HPLC)

After detection of withaferin A by TLC, HPLC anaigswas carried out using a modified
procedure reported [17]. The system consists ah&tizu LC-10AT pump with photo diode
array (SPD-M 10AVP model) detector. The column used is C-18 (Tr&cwlitica, Nucleosil-
100, 25 cm x 0.4 i.d, 5ul). The mobile phase irsof Methanol: Water (53:47), pumped
isocratically at ambient temperature with a flowerd ml/min and withaferin A was detected at a
Amax of 229nm. Initially a standard graph was pbbttdth the authentic sample and was used
for the estimation of withaferin A in cultured fles

RESULTSAND DISCUSSION

The callus cultures oWithania somniferawere initiated and maintained on MS media
supplemented with Dicamba (2 mg/l), Kinetin (0.1/kngnd Sucrose (3% w/v). Suspension
cultures were initiated from 8 week old callus aras in the same media without agar, which
was found to be suitable for initiation and maimtece of suspension cultures from calli. The
growth kinetics of suspension cultures is showhkigm 1. Maximum growth of cells was found

to be on § day. A decline in growth was observed on day 15.

Fig. 1. Growth kinetics of suspension cultures of Withania somnifera.
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On co-chromatography with authentic sample, theaetg obtained from the cultures revealed
the presence of withaferin A. The extracted sarpke the same retention factor)(f0.52) as
that of pure sample and showed a violet spot upreatment with vanillin-sulphuric acid and
heating the plates in oven at 110 °C for 10-15 mmHPLC analysis, the extracts obtained from
the suspension cultures showed a peak at retetitien (14.6 min) same as that of authentic
sample. The peak show&thax and U.V spectrum as that of authentic samplgudiode array
detection.

Half B5 media supplemented with 2,4-D (1 mg/l), &in (0.1 mg/l) and sucrose (5% wi/v) was
found to be suitable as production medium. Thelpcton kinetics of withaferin A is shown in
Fig. 2. The maximum amount of withaferin A wasriduo be on day 12.

Fig. 2. Production kinetics of Withaferin A in suspension cultures of Withania somnifera.
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The content of withaferin A in cells and media viasnd to be 2.29+0.72 mg/l and 0.52+0.02
mg/l respectively. This result suggests that mgjai the withaferin produced was intracellular.

The addition of Sodium acetate 25 mg/l, 50 mg/l 400 mg/l, increased the withaferin A
content to ~5, ~10 and ~6 folds (16.19+0.32, 2923& and 18.24+0.48 mg/l) respectively over
the control cultures (2.96+0.23 mg/l) Fig. 3.

Mevalanolactone 25 mg/l, 50 mg/l and 100 mg/l sapmntation to the suspension cultures,
increased withaferin A content to ~7, ~14 and 484¢20.16+0.90, 35.17+0.53 and 16.12+0.61
mg/l) respectively over the control cultures (2.028 mg/l) Fig. 3.
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Fig. 3. Effect of Sodium acetate and M evalanolactone on the bioproduction of
Withaferin A.
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Squalene 25 mg/l, 50 mg/l and 100 mg/l in alcolncleased withaferin A content to ~7.5, ~8
and ~6 folds (14.93+0.61, 15.76+0.73 and 11.82+0n%@l) respectively over the control
cultures (1.97+0.33 mg/l) and as colloidal formTiween-80 same concentrations of squalene
increased withaferin A content significantly to 82 ~23 and ~9.5 folds (40.31+1.50,
72.44+4.32 and 30.73+2.14 mg/l) respectively oterdontrol cultures (3.16+0.43 mg/l) Fig. 4.

Fig. 4. Effect of Squalene and Cholesterol on the bioproduction of Withaferin A.
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Addition of Cholesterol 25 mg/l, 50 mg/l and 100/mg alcohol increased withaferin A content
to ~3, ~2.5 and ~2 folds (6.18+0.52, 4.91+0.44 41id +0.45 mg/l) respectively over the control
cultures (1.97+0.33 mg/l) and as colloidal formTween-80 same concentrations of cholesterol
increased withaferin A content significantly to 80 ~23 and ~11 folds (96.51+5.12,
72.45+4.21 and 35.22+2.32 mg/l) respectively oterdontrol cultures (3.16+0.43 mg/l) Fig. 4.
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Withaferin A is a steroidal lactone and is bioswsized from acetate via, mevalonic acid
pathway [18]. The studies with precursors have shawpositive effect on bioproduction of
withaferin A. Progressively higher yields of witkah A were obtained starting with Sodium
acetate (Acetate), Mevalanolactone (Mevalonic ad¢a)Squalene and Cholesterol. This is
because of the utilization of the precursors by déls in cultures may become easier as we
move up in the biosynthetic chain whereby a sigaiit increase in bioproduction was observed
with squalene and cholesterol. The availabilitytied precursor to the cell is also an important
factor to be considered for the improved productbnvithaferin A, which was proved by the
addition of colloidal form of squalene and choleste Addition of Cholesterol has shown
enhancement in solasodine content in suspensioiresil of Solanum xanthocarpunand
Solanum avicular¢l9].

Precursors (Sodium acetate 50 mg/l, Mevalanolacktheng/l, Squalene in colloidal form 50
mg/l and Cholesterol 25 mg/l) which have significagffect on the improvement of
bioproduction of withaferin A were studied for optzation of day of addition. All these have
shown appreciable enhancement in yield of withafétiwhen added on day 3 (34.38+1.40,
44.68+2.10, 77.61+£3.90 and 98.61+6.10) to the @dlures ofWithania somniferaThis could

be due to the reason that the biogenetic procesptwsitively accelerated leading to increased
production of withaferin A Fig. 5.

Fig. 5. Effect of effective precursorson different days of addition to suspension cultures of
Withania somnifera.
120

0 Sodium acetate (50 mgll)

H Mewvalanolactone (50 mgll)

E Squalene in Colleidal form (50 mg/l)
[ Chelesterol in Colloidal form (25 mgll)
O Control

100

Amount of Withaferin A (mgll)
8

o J . | |
[0} 3 ] T Control Control
{water) {Tween-80)

Day of Addition

Addition of 1% and 5% v/v CF solutions éfusarium solaniMTCC 350 (3.45+0.76 and
3.65%£0.53 mg/l), Alternaria alternate MTCC 1779 (2.76+0.41 and 3.28+0.46 mgAhd
Verticillium dahliaeMTCC 2063 (2.86+0.12 and 3.14+0.78 mg/l) to ceiltures ofWithania
somniferahad no significant effect on the improvement ofhaferin A over control culture
(2.54+0.53 mg/l). 1% and 5% v/v CE solutionsFafsarium solaniMTCC 350 (5.16+0.38 and
9.41+0.64 mgl/l),Alternaria alternateMTCC 1779 (3.99£0.10 and 5.66+0.54 mg/l) showed
moderate increase in withaferin A content wheredditian of 1% and 5% CE solutions of
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Verticillium dahliaeMTCC 2063 has increased withaferin A content sigaintly to ~9 and ~10
folds (22.29+1.20 and 25.72+1.71 mg/l) over contudtures (2.54+0.53 mg/l) Fig. 6.

Fig. 6. Effect of biotic elicitorson bioproduction of Withaferin A.
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The effective biotic elicitoWerticillium dahliaeMTCC 2063 CE (1% and 5% v/v) was studied
for day optimization and found that the additiorilé6 and 5% CE d¥erticillium dahliaeon day

3 showed ~12 and ~14 folds (32.94+£2.30 and 38.42+fg/l) increase in the bioproduction of
withaferin A content over control cultures (2.7830Dmg/l) of Withania somniferdrig. 7. Kaveti

et al. [1] reported a moderate increase in therbuyction of Azadirachtin by the addition of
biotic elicitor Fusarium solanto the suspension culturesA#adirachta indica

Fig. 7. Effect of Verticillium dahliae CE (cell extract) on different days of addition to
suspension cultures of Withania somnifera.
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The increase in the bioproduction of withaferin YA®E of Verticillium dahliaemay be due to
the fact that the extract used may have the congoapable of stimulating the plant defensive
system at appropriate site to enhance the yietdobndary metabolites.

84
Scholars Research Library



Venisetty RK et al Annals of Biological Research, 2010, 1 (2): 77-86

Addition of abiotic elicitors Calcium chloride 1mgnd 5 mg/l, Copper sulphate 100 uM/I and
500 pM/l and Cinnamic acid 100 uM/I and 500 pM#twsied ~2.5 and ~1.5 folds (7.30+1.21 and
4.48+0.59 mg/l), ~5 and ~2 folds (14.33+2.10 and4%0.69 mg/l) and ~1 and ~1.5 folds
(3.41+0.19 and 3.79+£0.63 mg/l) increase in the twdpction of withaferin A content over

control cultures (2.79+0.3I mg/l) Withania somniferdrig. 8.

Fig. 8. Effect of abiotic elicitorson bioproduction of Withaferin A.
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There was a significant improvement (~6 folds) 81%1.24 mg/l) in the bioproduction of
withaferin A at low concentration (100 uM/l) ovesrtrol (2.61+0.22 mg/l) on day 3 addition of
Copper sulphate Fig. 9.

Fig. 9. Effect of Copper sulphate on different days of addition to suspension cultures of
Withania somnifera.
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The increase in the bioproduction of withaferin AsMfound to be marginal by the addition of
abiotic elicitors except Copper sulphate which shdwa potential influence, this may be due to
its ability to induce the enzymes involved in thedenetic pathway of withaferin A. It was
reported that, Copper (Il) ions were optimal foducing the accumulation of high levels of
sesquiterpenoid phytoalexins in fruit cavities lobrin apple Datura stramoniumcell cultures
(White head et alLl990).

CONCLUSION

The precursors enhanced the productivity of withafé in suspension cultures &¥ithania
somnifera Among the elicitors Copper sulphate avidrticilium dahaliecell extract showed
significant effect on the production of withafen The maximum productivity of cell cultures
observed was 98 mg/l of withaferin A. The produgtyivf the cultures varied from 1.97+0.33
mg/l to 98.61+5.20 mg/l through out the study.
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