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A large number of withanolides are isolated from solanaceous pl ants and some derivat ives are also prepared. Some of 
the withanolides, mainly Withaferin A(WA),Withanolide D(WD), Withanolide E(WE), 313- hydroxy-2,3-dihydrowithanolide 
F, and sitoindosides are assessed for biological acti vi ti es. These compounds and some other withanolides are found to have 
useful biological effects such as ant icancer, radiosensitizi ng, antibac terial, adaptogenic, immunomodulati ng, antioxidant , 
hepatoprotecti ve, anti stress, antiinflammatory anti arthrit ic, and insect anti feedan t activities. However, none of the 
wi thanolide has so fa r been evaluated for pharmacokineti c and pharmacodynami c properties .. The biological activities of the 
withanolides vary with the substitut ion pattern of the co mpou nds. Fu rther,several withanolides are present in each plant. 
Thus the detailed pharmacological studies of the wi thanolides are warranted before any of these compound can be clinicall y 
assessed and used. 

Introduction 

Withanolides are a group of C28 steroidal 
lactones isolated from vari ous so lanaceous plants. 
First q~pound of thi s group was isolated first by 
Kurup from the leaves of an Indian pl ant ca lled 
Withania somnifera (Ashwagandha) and later on 
isolated from the Israe li variety of the pl ant, 
characteri sed and given the nameWithaferin A (WA) 
(ref. 3) (Figure I ). Some semi-synthetic derivati ves 
have also been prepared by interconversions in the 
withanolide series. 

Some of the withanolides and their derivatives 
are found to possess very interesting biological 
acti vities in vitro and in vivo, especially the 
antimicrobia l, antitumour, radiosensitizing, anti ­
inflammatory, adaptogenic, immunomodul ating, 
antioxidant, antistress and insect antifeedant. So far 
the most important withanolide reported to show 
these effects without noticeable systemic toxicity is 
W A and has been contemplated for use in cancer 
therapy and radiosensitizing agent. In view of the 
useful biological activities, intensive research ts 
underway on the plants containing withanolides to 
isolate new and more potent drugs of this series. 

* Corresponding author 

Since the last review of biological activity of the 
withanolides4

, some important reports have appeared 
about these activities. These studies are very 
interesting and the present paper attempts to update 
the biological activity of withanolides. Chemical 
structure and biological activity relationship have also 
been discussed, based on the available information. 

Antimicrobial Activity 

Antimicrobial activity of first steroidal lactone 
identified as WA was reported by Kurup 1

• 
2 which has 

been confirmed by others5
-
7

• Some other withanolides 
have also been reported to have antibacterial activity 

Figure I - Withaferin A 
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and these are active against gram-positive bacteria but 
not against gram-negative and anaerobic bacteria or 
non-filamentous fungi 4

•
6
-
10

. W A (ref. II) and a new 
withanolide isolated from W. coagulans and 
identified as 17~-hydroxywithanolide K (2S, 22R)-
14a, 17~, 20~-trihydroxy-1-oxo-witha-2,5,24-trieno­

lide have been found to be active against several 
potentially pathogenic fungi 12

. 

The mechanism of action of antibacterial 
activity of W A appears to be due to its reaction with -
SH group of the enzymes or other metabolites 
essential to the organisms. The antibacterial activity 
of W A was inhibited by glutathione and cysteine due 
to reaction with carbonyl group of the lactone. 

Based on the results of the antibacterial activity 
reported 6

'
13

'
14

, it can be concluded that unsaturated 
lactone and 5,6-epoxide system appear to be essential 
for antibacterial activity which is based on the 
following facts : 

(i) Hydrolysis and hydrogenation of the lactone 
caused loss of antibacterial activity. Acetylation of 
27-0H did not affect the activity. Further, deoxy WA 
and withanolide (WD) which do not contain 27-0H 
are active 13

'
14

• 

(ii) 5,6 epoxide system seems to be essential as 
the Iactones like Withanone, Nicandrenone, physalin 
A and B having no 5,6 epoxide are not active but 
W A, WD and withanolide (WE) having 5,6 epoxide 
system are active against bacteria. Lactones with 6,7-
epoxygroup ( withanone and nicandrenone) are not 
active. 

(iii) Hydrogenation of double bound at CTC3 

reduced the antibacterial activity as dihydrowithaferin 
A is less active than W A. 

Antitumour Activity 

WA and some other withanolides have been 
found to possess antimitotic and anticancer effects, 
both in vitro and in vivo studies. Kupchan et al. 15 

were the first to report the growth inhibitory effect of 
W A in vitro against cells from human carcinoma of 
the nasopharynx (KB) and on Sarcoma-180 (S-180) in 
nuce. 

Shohat et al. 16
-
18 have found that W A produced 

in vitro and in vivo growth retardation of Ehrlich 
ascites carcinoma (EAC), S-180, Sarcoma Black and 
E-0771 mammary adrenocarcinoma. Growth of EAC 
was completely inhibited in more than 50 per cent of 

mice which survived for more than I 00 d without 
evidence of tumour growth. Antitumour activity was 
much more effective in combination with low dose of 
X-ray therapy. Further studies 17

'
19 showed that WA 

rendered the cured animals refractory to reinoculation 
with the same tumour. The tumour regression during 
WA treatment was found to be due to immune stimu­
lation characterised by the presence of circulating 
antibodies with toxic properties towards the subse­
quent tumour cells implantation. Arrest 9f division of 
carcinoma cells at metaphase with W A has been 
reported in EAC (ref. 17), human lary~x carcinoma 
cells20

, HeLA (ref. 21) and Allium cepa22
; 

Chakraborti et al. 23 have found that WD has 
significant antitumour activity against carcinoma of 
the nasopharynx in vitro and in vivo against sarcoma-
180 in mice. Das et al. 24 have also found

1 
that WD has 

anticancer effects against EAC and Sarcoma-l80ce ll s. 

Fuska et a/. 25
-
27 have observed tbat WA and 

some of its derivatives suppressed in. vitro proli­
feration of P-388 murine lymphocytic leukemic ce lls 
and also affected protein and nucleic ac,ids synthesis 
by inhibiting the incorporation of th~ precursors, 
thymidine, uridine, and valine . The cytQtoxicity was 
related to the structure. The double bond at position 
CTC3 was important and di ssociation of thi s bond 
decreased the cytotxicity but dissociation of thi s bond 
at C24-C25 did not inhibit the activity. Pelletier et a /.28 

and Keinan et a/. 29 have tested some withanolide 
derivatives and found them active agai~st murine p-

' :lO 388 lymphocytes leukemia. Gonzales et al. · found 
that seven withanolides from W. frute;cens and W. 
aristata were active against human carci'noma HeLA-

' 229 cells. J aborosalactone-L and 3a-oxygenated 
withanolides from D. Penninerviwn also exhibited 
cytotoxicity to both human and murine' carcinoma31

• 

A study by H3seena Begum and S~diquie32 has 
demonatrated that W A interfered with the synthesis 
of sulphated mucopolysaccharides and impaired 
oxidative phosphorylation by enhancing ATPase 
actiVIty, followed by inhibition of succinate 
dehydrogenase activity . The unsaturated lactone in 
the side chain is important for the antitumour activity 
of W A; 1-keto-2-ene, and the epoxide functions be ing 
essential to elicit the antitumour activity'3. Physa lin 
A,B,D,F (ref. 34) and WE (ref. 35) also have been 
found to have cytotoxic effects on cancer cells . 

Uma Devi 36
'
37 has reported that tumour 

inhibitory effect of W A on EAC in vivo increased 
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with the dose, at I0-60mglkg. The dose survival curve 
showed a linear quadratic pattern with a sharp 
increase in tumour free survival from 10 to 40mg/kg. 
above which the slope ~the curve decreased . The 
ED50 was 33mglkg. Repeated administration of W A 
showed significant growth inhibitory and cytocidal 
effects on EAC. A total dose of 40 mg/kg. in 8 
fraction (5 X 8mglkg. ) or a total dose of 60mg/kg. in 
8 fraction (7 .5 X 8mglkg.) starting from 24 h. after 
tumour inoculation produced 20per cent tumour cure 
and tumour free survival on 120 d. When these doses 
were given in two fractions of 20mglkg or 30mg/kg - 1 

(total of 40 or 60mglkg) it resulted in 70 per cent and 
80per cent tumour free survivors respectively for 
120 d. Multiple higher dose ( 40mg/kg) was not 
tolerated. Combination with radiation enhanced the 
tumour cure and tumour free survival at 120 d. W A 
was more effective against early tumours but 
combination with radiation improved the response, 
even in advanced cases. Thus the W A + Radiation 
has synergistic effect with all drug schedules. 

Radiosensitizing effect and cytotoxicity of W A 
on Chinese · hamster V79 cells in vitro has been 
reported by· Uma Devi et al. 38

. W A has growth 
inhibitory effect in vitro on both Chinese hamster 
V79 cells arid HeLA cells . It reduced the survival of 
V79 cells in a dose dependent manner. The LDso was 
found to be 16 Jlm. Further, W A treatment for I h 
before irradiation enhanced cell killing in vitro39

. A 
nontoxic dose of 2.1 JlM gave a sensitizer ratio (SER) 
of 1.5 for 37 per cent survival in V79 cells. SER 
increased when the dose was increased to 5.25 and ; 
10.5 JlM. But at the higher dose the drug was toxic . 
Cell cycle studies indicated that W A induces an 
immediate block of cells in G2 M phase39

. This may 
be due to aa effect on the mitosis rather than on G2 
phase as reported by earlier workers 17

'
20

"
21 that the 

drug arresteQ cell division in metaphase. 

Sharada et al. 4{) and Ganasoundari et al. 41 have 
found thaf W A has growth inhibitory and 
radiosensitizing effects in vivo at 30mg/kg dose. W A 
increased tfie radiation induced bone marrow cell 
lethality to ' the same extent as cyclophosphamide. 
Radiosensitizing effect of W A is not tumour specific. 

Structure ~ctivity Relationship 

Cytotoxicity of the withanolides is related to 
their structure. Shohat et al. 16 have reported that the 
presence of unsaturated lactone in the chain to which 

an allylic primary alcohol is attached at C-26 and the 
other end of the molecule may be specific chemical 
system possessing carcinostatic properties. 

Fuska et al. 25 after testing W A and its nine 
derivatives found that cytotoxicity was due to double 
bond at position C2-C3 dissociation of this bond 
markedly decreased the cytotoxicity in all the 
derivatives . Dissociation of double bond at C24-C2s or 
removal of 27-0H acid did not cause any significant 
change in biological effectsof the derivatives. An 
addition of carbonyl group at C4 increased the activity 
of W A. It has also been reported:n that unsaturated 
lactone in the side chain is i1pportant for the 
anti tumour activity of W A; 1-keto-2-ene and the 
epoxide function being essential to elicit the 
antitumour activity. 

Mechanism of Antitumour Action 

, The exact mechanism of anti tumour and 
radiosensitizing properties of withanolides is not well 
understood. Palyi et al. 2 1 observed that W A induced 
mitotic arrest in HeLA cells in vitro. Similar effect 
was also reported by Shohat et al. 17

'
20 in EAC tumour 

cells and Allium cepa cells22
. 

Inhibition of RNA synthesis by W A and WD in 
mice in sarcoma-180 ascites tumour cells was 
reported by Chaudhary and Neogy42

. Later Fuska et 
al. 25

' showed that W A inhibited DNA and protein 
synthesis in P-388 cells in vitro. This may explain the 
potent cytotoxic property of W A. 

Shohat and Joshua 19 have suggested stimulation 
of the immune system to explain the growth 
inhibitory effect on EAC. The immune stimulation 
could contribute to some 'of the antitumour effects 
observed in vivo, but the cytotoxic effects in vitro 
cannot be explained by this mechanism. Moreover, an 
immunosuppressive effect has been reported against 
adjuvant arthritis in rats, in chicken host vs graft 
reactionf3 and in human B and T lymphocytes and 
mice thymocytes44

. 

Recently, using the flow cytometry, it has been 
demonstrated that W A induced an accumulation of 

1V79 cells in the G 2-M phase, most likely due to a 
mitotic arrest rather than an effect on G-2 phase39

• 

Radiosensitizing effect of W A observed both 
in vivo31

·4{) and in vitro39 cannot be explained wholly 
on the basis of effects on cell cycle or 
macromolecular synthesis. 
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Cell cycle studies indicate that W A might 
interfere with DNA synthesis, leading to inhibition of 
repair of radiation injury, as there was a reduction in 
the shoulder of the V -79 cell survival curve. The drug 
treatment also produced an imrilediate though very 
transient increase inS-phase cells39

. 

Immunomodulating Effects 

Withanolides have been reported to possess both 
immunostimulating and immunosuppressive effects in 
different studies. WA has bee,n found 19 to inhibit the 
growth of EAC in mice within 24 h followed by 
complete disappearance of tumour cells after 3-4 d of 
treatment by activating the immune response as it 
caused a striking proliferation of macrophages in the 
peritoneal cavity and clustering of acid phosphatase 
rich macrophages around EAC .WA cured mice 
exhibited complete tumour regression after 
reinoculation of EAC. The observations that W A acts 
by immune activation was confirmed when in normal 
mice the growth of EAC was prevented by passive 
transfer of serum or peritoneal cells but not of spleen 
cells taken from immune mice. Rejection of EAC by 
the sucklings born to immune mothers could be due to 
passive transfer of circulating antibodies through the 
milk. W A caused activation of humoral antibodies 
was further demonstrated by compliment fixation , 
passive cutaneous anaphylaxis and cytotoxic tests . 

Immunosuppressive acttvtty of WA was 
observed when tested against adjuvant arthritis in rats 
and it inhibited graft versus host reaction tn 

chickens43
. 

W A and WE (ref. 44) showed immuno­
supperssive effects on human B and T lymphocytes 
and mice thymocytes. Both these compounds 
prevented the formation of £.rosettes and EAC 
rosettes by normal human B and T lymphocytes. W A 
alone could inhibit the formation of red blood rosettes 
by chronic lymphatic leukemic cells . WE had a 
specific effect on T lymphocytes whereas W A affects 
both T and B lymphocytes. Both the lactones were 
found to be effective in suppressing local xenogenic 
graft versus host reaction. 

Bahr and Hansel45 have tested 5,20a (R)-dihy­
droxy-6a,7a-epoxy-l-oxo (Sa) with 2, 24-dienolide 
for its immunomodulating effects in spleen cell 
cultures and have found that the compound has 
immunosuppressive effect. Immunosuppressive acti -

vtttes of jaborosalactone and three 16a-oxygenated 
withanolides from the leaves of D. penninervium have 
been studied by Habtemariam31

• 

Anbalagan · and Sadiquie46 have found that 
inflammation induced with various agents reflected in 
the production of modulator protein by liver. 
Withanolides acted as regulator for modulator protein 
synthesis . WD and WE have been found to have 
antineoplastic and immunosuppressive effect35

. 

Sitoindosides IX and X (Glycowithanolides) from 
W. somnifera41 and acnistin A, B and E from Dunalia 
solanaceae48 are reported to have immunomodulatory 
effect. 

Antiinflammatory and AntiarthritiC Activity 

W A has been found to have antiinflammatory 
and antiarthritic activity49

. Sethi and Subramanian50 

have assessed W A, withanone, withanolide (mp 283-
85 °C) and a new withanolide (mp 212 °C) by acute 
and subacute models of antiinflammatory effects . It 
was found that there is significant variation in the 
biological activity of the withanolides. WE and 
related compounds51 and 3~-hydroxy-2,3-dihydro­
withanolide F (ref. 52) have been demonstrated to 
have antiinflammatory effects against acute and 
subacute models of inflammation. 24, 25-epoxy­
vitanolide D from Physalis augulata has been 
reportred to have antiinflammatory effect53

. 

It has been found that withanolide fraction of 
the aerial parts of Iraqi W. somnifera at I 0 mg/kg 
dose i p had antigrimuloma activity. The fraction 
reduced the weight of adrenal glands but not of 
thymus or spleen. The exact mechani~m of action was 
not established but the effects were attributed to W A 
(ref. 54). WA has also been shown to have granuloma 
and adrenal inhibiting activity without affecting 
spleen and body weight55

. 

Hepatoprotective Effect 

W A (ref. 56) at 10 mg/kg i p dose has been 
found to possess significant protective effect in rats 
against CC14-induced hepatotoxicity, when assessed 
by observing the pentobarbitone, (30 mg/kg) induced 
hypnosis , levels of SGOT, SGPT, alkaline 
phosphatase, serum proteins and histopathological 
examination of the hepatic tissue. In the withanolides 
treated rats the liver cells looked almost normal and 
there was marked reduced fatty infiltration and 
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sinusoidal dilatation as compared to control. The 
withanolides were equally or slightl y more acti ve 
than hydrocorti sone on we ight bas is.3P-hydroxy- 2,3-
dihydrowithanolide F also has hepatoprotecti ve 
effect57

. Total withanolides from W. somnifera 
showed hepatoprotecti ve effect, decreased the levels 
of peroxidation products and increased the levels of 
anti ox idant enzymes. Mechanism of protect ive effect 
is yet not known but may be due to anti oxidant effec ts 
of the withanolides58

. 

Antioxidant Activity 

Equimblar mi xtures of sito indos ides VII-X and 
W A from W. somnifera were tested in rat brain for 
superoxide 'dismutase (SOD), catalase (CAT) and 
glutathione 'peroxidase (GPX) and results compared 
with deprenyl, an antioxidant. Acti ve g lycowithano-
1 ides at I 0 and 20 mg I kg i p dose fo r 2 1 d caused 
dose related increase in SOD, CAT and GPX acti vity, 
and results were comparable with 2 mg I kg dose of 
deprenyl ip. It has been c lai med that antiox idant 
effects of these compounds may partl y explain the 
anti stress , immunomodulatory, cognition-fac ilitating, 
antiinflammatory and anti-aging effec ts of W. 
somnifera59

. Withaperuvin E, also has anti ox idant 
acti vit/ 0

. Withanol ides fracti on of W. somnifera has 
been found to have effec ts on peroxidation products 

d . 'd 58 an antt oxt ant enzymes· . 

Antifeedant Effect 

Ascher et al. 6 1 have assessed the insec t anti ­
feedant effects of many withanolides and re lated 
steroids from solanaceae. It was found that WE as 
well as re lated steroids have antifeedant properties 
against larvae of Spodoptera littoralis . Nic-1 
(nicandrenone)62 was fo und to be a feeding deterrent 
fo r larvae of Manduca sexta and Pectinophora 
gossypielia but not effective against S. littoralis. WE 
was found to be most potent antifeedant whereas WA, 
WD and Physalin B were found to be inacti ve at 0.0 I 
per cent concentrati on regarding antifeedant 

properties. 

E ight steroidal lactones were tested by Ascher et 
a!. 63 for the ir antifeedant effi cacy for larvae of 
Epilachna varivestis and found that Nicalbin A(NA), 
WE, 4P-hydroxy WE, Nicandrenone, Nicalbin B and 
some other steroids were found to be acti ve against 

E. varivestis. Antifeedant properties on S. littoralis 
larvae of leaves of W. somnifera of chemotype ill 
were found to be due to the presence of WE. NA was 
potent antifeedant. Antifeedant effects of 
W. somnifera against S. littoralis was further found to 
be due to WE and WD (ref. 64). 

The anti feedant effects of several new 
withanolides aga inst larvae of S. littoralis, E. 
varivestis and T. Castenium were investigated by 
Ascher et al. 65

. It was demonstrated that 2, 3-
dihydroWE have antifeedant effec t for S. litto ralis 
and E. varivestis, NA and some other steroids were 
found to be acti ve against E. varivestis and 
T. castenium. 

Nic- 1 and Nic-2 (Nicandrenone) having the 
anti feedant effect are the ste ro idal lactones isolated 
from Nicandra physaloides 66

. Keinan et al. 29 fo und 
that some deri vati ves of WA also have antifeedant 
properties. 

Compari son of the anti feedant results with 
different compounds showed that the substituti on 
pattern of Carbon 4, 5 and 6 is critical for anti feedant 
acti vity. Additi on of a P-oriented hydroxyl group at 
positi on 4 reduced the acti vity by a factor of ten 
whereas hydrolys is of the 5,6-epoxide to 5,6-dio l 
sys tem in the withanolide led to nearly total 
inactivation6 1

. 

Cardiovascular System 

T he withanolides have a c lose structural 
s imil ari ty with ag lycones of the cardiac glycosides in 
possess ing a 6-membered unsaturated lactone ring 
attached to a steroida l ri ng at C-20 in stead of at C-17 . 
T he 3-P hydroxy 2,3-dihydro wi thanolide F has been 
reparted to produce moderate fall in dog BP which 

bl k d . h . 67 68 was oc e wtt atropme · . 

Haemapoietic System and Bone Marrow 

Withanolides have been reported to have effect 
on haemopoietic system and bone marrow. W A at 30 
mglkg reduced the stem cell of bone marrow but 
found to be less toxic than the cytotoxic drug 
cyclophophamide (CP). W A increased the rad iation 
induced bone marrow lethality to the same extent as 
CP suggesti on that the rati o sensiti zation effect of 
W A is not tumour specific4 1

. 
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Total withanodies have been reported to 
increase haemoglobin and RBC count but no 
significant effect on bone marrow69, SGOT, SGPT, 
and alakaline phosphatase58 

Effect on CNS 

Glycowithanolides have been found to have 
effect on CNS. It has been reported that equimolar 
mixture of sitoindosides VII-X and W A from 
W. somnifera at 40 mglkg. ip when injected in rats for 
7 d led to differential effects on acetylcholinesterase 
(AChE) activity in the basal forearm nuclei, slightly 
enhanced AChE activity was found in the lateral 
septum and globus pallidus, whereas in the vertical 
diagonal band AChE activity was reduced. Number of 
M1 and M2 receptors also increased in some areas of 
the brain but did not affect GABA and 
benzodiazepine receptors. The drug induced increase 
in cortical muscuranic acetylcholine receptors may 
partly explain the memory improving effects of W. 
somnifera observed in animals and humans 70. 3-~­
hydroxy 2,3-dihydro withanolide F at dose of 5-l 0 
mg/kg i p did not show any change in general 
behaviour, hypnotic activity, and analgesic or hypo­
thermic activity52

. 

Bhattacharya et al. 71 have found that the W A 
and sitoindosides VII-X, isolated from W. somnifera 
reversed the ibotenic acid induced cognitive defects 
in Alzheimers disease model. Ghosal et al. n .n have 
also found that sitoindosides IX-X exhibited adapto­
genic and immunostimulatory activity. Sitosenosides 
VII and Vill have antistress effects74 in all the test 
parameters used. Glycowithanolides have shown 
effects on morphine induced inhibition of intestinal 
motility and tolerance to analgesia in man75 . 

Adverse Effects 

So far withanolides have not been assessed for 
adverse effects. However, few reports are available 
about the acute toxicity of some withanolides. 
Sharada et al. 40

'
16 reported that the approximate LD50 

of W A in swiss mice is 80 mg/kg. Dose above I 00 
mglkg produced severe toxic symptoms like raffling 
of hair, diarrhoea, and severe weight loss and no 
animals survived after injection of 150 mg/kg. 

However, LD50 for W A reported by other workers are 
as 54 mg/kg, 120 mg/kg and even 400 mg/kg ip 
(Shohat et al. 16). For some other withanolides LD50 

reported is : peruviana 60 mg/kg. , withanone more 
than 400 mg/kg. Acute toxicity of glycowithanolides 
(Sitoindosides) indicate that these have low order 
toxicity. LD50 of sitoindosidesX and X by ip route 
was 518 ± 34 mg/kg and 808 ± 60 mg/kg 
respectivel/4. LD50 of sitoindosides VII and VIII is 
about 1564 and 92 mg/kg47, respectively. 

Conclusions 

The present study reveal s that the withanolides 
are a new group of steroidal lactones. Many of these 
possess interesting biological activities such as 
antitumour, radiosensitizing, antibacterial, antiinflam­
matory, antioxidant, immunomodulatory and insect 
antifeedant. Some of the compounds may prove 
useful for any of the above conditions . WA has 
already been contemplated for clinical trials as 
anticancer and radiosensitizer. But so far none of the 
withanolide has been marketed for medicinal or any 
other use. 

Pharmaceutical industry is using W. somnifera 
for the manufacture of many Ayurvedic preparations 
being used as tonic and health food over long periods 
in all age groups both by men and women including 
during pregnancy and lactation. Contrary to this, W A, 
WD and WE from this plant have been found to have 
anticancer and radiosensitizing effects. Anticancer 
drugs are well documented to produce harmful effects 
during pregnancy and lactation. Therefore, these 
studies are a challenge to the future scientists and 
drug control administration to find out how safe is 
W. somnifera found to be anticancer; and the 
prepartions containing W. somnifera to be used as 
tonic and health food during pregnancy and lactation 
and at the same time as anticancer drug. 

These studies may also prove useful in 
Pharmaceutical industry to help in quality control of 
the medicines containing this plant or other plants 
containg withanolides to ensure that the active 
constituents are present in sufficient amounts to 
produce appropriate effects. Withanolides may also 
prove useful as raw material for the synthesis of other 
steroidal drugs. '-
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