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One new withanolide, (17S,20S,22R)-14a,15a,17b,20b-tetrahydroxy-1-oxowitha-2,5,24-trienolide)
named coagulanolide (4) along with four known withanolides 1–3 and 5 have been isolated from With-
ania coagulans fruits and their structures were elucidated by spectroscopic techniques. The compounds
1–5 showed significant inhibition on postprandial rise in hyperglycemia post-sucrose load in normogly-
cemic rats as well as streptozotocin-induced diabetic rats. The compound 5 also showed significant fall
on fasting blood glucose profile and improved the glucose tolerance of db/db mice. Further compound
5 showed antidyslipidemic activity in db/db mice. The median effective dose of the compound 5 was
determined to be around 25 mg/kg in streptozotocin-induced diabetic rats, which is comparable to the
standard antidiabetic drug metformin. Our results provide further support to explain the traditional
use of W. coagulans as antihyperglycemic cum antidyslipidemic agent by the traditional medical
practitioners.

� 2008 Elsevier Ltd. All rights reserved.
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Withania coagulans Dunal (Family: Solanaceae) is popularly
known as Indian cheese maker. The aqueous extract and 3-b-hy-
droxy-2,3-dihydrowithanolide F of fruits of this plant has been
shown to exert hepatoprotective activity against CCl4 induced hep-
atotoxicity in adult albino rats.1 The alcoholic extract and total
alkaloids also showed significant anti-inflammatory effect in acute
inflammation induced with egg albumin, sub-acute inflammation
induced with formalin and granulation tissue formation by cotton
pellet method.2 Oral administration of aqueous extract of fruits of
W. coagulans (1.0 g/kg) was earlier reported to lower the blood su-
gar, serum cholesterol, serum LPO and hepatic LPO levels in normal
as well as streptozotocin-induced diabetic rats.3 The aqueous ex-
tract also exhibited free radical scavenging activity in an in vitro
system using DPPH.3 It also showed hypolipidemic activity in tri-
ton induced hypercholesterolemic rats.4 Antifungal and antibacte-
rial properties have also been demonstrated in the withanolides
isolated from ethanolic extract of the whole plant and leaves,
respectively.5,6 The volatile oil obtained from fruits of W. coagulans
had antibacterial activity against S. aureus and Vibrio cholerae and
also found to have antihelminthic activity.7 Cardiovascular effects
of withanolide isolated from W. coagulans fruits have been re-
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ported. The extract has hypotensive, respiratory stimulant and
smooth muscle relaxant activity in experimental animals.9

Previous chemical investigation of this plant resulted in the iso-
lation and identification of several withanolides.5,10–12 The effec-
tive treatment of diabetes is increasingly dependent on active
constituents of medicinal plants capable of controlling hyperglyce-
mia as well as its secondary complications. The natural active prin-
ciples of W. coagulans contributing to antihyperglycemic activity
were not determined. It was therefore, necessary to determine
the active antihyperglycemic agent, if any present in the fruits of
W. coagulans, particularly in its aqueous decoctions, which is com-
monly used in the traditional system of medicine. We also demon-
strated significant antihyperglycemic activity in the aqueous
extract of W. coagulans fruits when evaluated in normoglycemic
as well as in STZ-induced diabetic rat models at 250 mg/kg po dose
level. In order to isolate the major active principles, the aqueous
extract of W. coagulans was subjected to extensive column chro-
matographic procedure.13 This process led to the isolation of five
withanolides identified as coagulin C14 (1), 17b-hydroxywithano-
lide K5,10 (2), withanolide F15 (3) isolated for the first time from this
plant, (17S,20S,22R)-14a,15a,17b,20b-tetrahydroxy-1-oxowitha-
2,5,24-trienolide (4)16 is a new compound and coagulin L17

(14R,17S,20S,22R)-14,17,20-trihydroxy-3b-(O-b-D-glucopyrano-
syl)-1-oxowitha-5,24-dienolide (5), is known in this plant, shown
in Figure 1.

The structure of compound 4 was elucidated using spectro-
scopic techniques. Compounds 1–3 and 5 were characterized by
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Figure 1. Isolated compounds.

Table 1
1H and 13C NMR spectral data of compound 4

Position 1H NMR (d) coupling constants (J in Hz) 13C NMR (d)

1 — 204.5
2 5.87 dd (10.1, 2.1) 128.3
3 6.77 m 145.4
4 3.30 d (J4a,4b = 21.6) 33.7

2.83 dd (J4a,4b = 21.6, J3,4b = 4.8)
5 — 135.3
6 5.60 br d (6.1) 125.2
7 1.98 m, 1.90 m 32.3
8 1.52 m 34.4
9 1.60 m 35.9
10 — 53.7
11 1.50 m 23.2
12 1.69 m 24.9
13 — 53.7
14 — 82.6
15 3.98 d (6.3) 74.3
16 3.07 dd (16.2, 6.3) 47.6

1.54 d (16.2)
17 — 88.5
18 1.13 s 20.0
19 1.23 s 18.9
20 — 78.9
21 1.43 s 20.8
22 4.94 dd (J22,23a = 11.8, J22,23b = 3.5) 80.9
23 2.53 m, 2.21 m 33.4
24 — 151.5
25 — 121.2
26 — 167.3
27 1.88 s 12.5
28 1.94 s 20.9
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comparison with reported spectroscopic data. In this paper we
report the isolation, structure elucidation of new compound 4
and antihyperglycemic activity of compounds 1–5.

Compound 4 was isolated as an amorphous powder. The FAB-
mass and HRESIMS spectra showed peaks at m/z 509 [M+Na]+

and 486.2611 [M]+ respectively, corresponding to the molecular
formula C28H38O7. This conclusion was supported by the 13C
NMR and DEPT spectra. It displayed diagnostic spectral features
of typical withanolide; a base peak at m/z 125 formed by cleavage
across the C-20/C-22 bond, confirmed the presence of a six-mem-
bered lactone moiety and ion at m/z 169 obtained by the cleavage
of C-17/C-20 bond, indicated the presence of 20-hydroxy, in its
ESIMS.18 The UV spectrum (MeOH) of 4 showed a strong absorp-
tion at 218 nm, which is characteristic of a,b-unsaturated carbonyl
and a,b-unsaturated lactone chromophores.19 The IR spectrum
(KBr) displayed bands at 3426, 1712 and 1684 cm�1 indicative of
hydroxyl, a,b-unsaturated lactone and six-membered cyclic ketone
functionalities, respectively. 13C NMR data (Table 1) of compound 4
revealed 28 carbon signals that were assigned by DEPT analysis to
five methyls (d 12.5, 18.9, 20.0, 20.8 and 20.9), six methylenes
(d 47.6, 33.7, 33.4, 32.3, 24.9 and 23.2), seven methines (two CH
at d 34.4 and 35.9, two CH–O– at d 74.3 and 80.9, and three olefinic
carbons at d 125.2, 128.3 and 145.4), ten quaternary carbons (two
at d 53.7, three olefinic carbons at d 121.2, 135.3 and 151.5, three
oxygenated at d 78.9, 82.6 and 88.5, two carbonyls at d 167.3 and
204.5).

The 1H NMR spectrum (Table 1) showed three singlets at d 1.13,
1.23 and 1.43 which were assigned to the C-18, C-19 and C-21
methyl groups, respectively. The chemical shift of the deshielded
C-21 methyl singlet and the appearance of the C-22 methine pro-
ton signal as double doublet at d 4.94 (J = 11.8, 3.5 Hz) also indi-
cated the presence of a hydroxy group at C-20. Further the H-22
showed correlation with C-20 (d 78.9), C-21 (d 20.8), C-23
(d 33.4) and C-24 (d 151.5) in the HMBC spectrum. Stereochemistry
at C-22 is R as found in all withanolides is of biogenetic reason.17
The downfield chemical shifts at d 1.88 and 1.94 for C-27 and
C-28 methyl singlets, respectively, indicated that they both are
substituted on the double bond of conjugated lactone group in
the side chain. The three downfield signals at d 5.87 (dd, J = 10.1,
2.1 Hz), 6.77 (m) and 5.60 (br d, J = 6.1 Hz) represented three ole-
finic protons H-2, H-3 and H-6, respectively. The splitting pattern
of the allylic methylene signals at d 3.30 (d, J = 21.6 Hz) and 2.83
(dd, J = 21.6, 4.8 Hz) indicated that C-4 is unsubstituted and that
the vicinal C-5 bears no hydrogen atom. The doublet at d 3.98
(J = 6.3 Hz) was assigned to proton at C-15. The down field shift
indicated that hydroxyl group can be placed at C-15. The orienta-
tion of secondary OH group at C-15 was assumed to be a based
on the fact that the coupling pattern (J = 6.3 Hz) similar to the pat-
tern observed in coagulin H.17 The 15-methine proton showed
interaction with the C-18 methyl group in the nuclear overhauser
effect (NOE) difference spectra. This is in favour of 15a-OH group.
In the HMBC spectrum H-15 showed two- and three-bond cou-
plings to C-14 (d 82.6), C-13 (d 53.7) and C-17 (d 88.5). The H-15
(d 3.98) exhibited strong-cross-peaks with one methylenic proton
H-16 at d 3.07 in COSY 45� spectrum of 4. Further in the COSY
45� spectrum, the C-22 methine proton (d 4.94) showed vicinal
coupling with the C-23 methylene protons (d 2.53, 2.21). The H-3
(d 6.77) showed connectivities with the H-2 (d 5.87) and H-4 meth-
ylene (d 3.30 and 2.83). The H-6 (d 5.60) showed cross-peaks with
H-7 methylene. Further the functional groups assignments were
achieved by heteronuclear single quantum coherence (HSQC) and
heteronuclear multiple bond connectivity (HMBC) experiments.
In the HSQC spectrum, the C-15 methine (d 74.3) was coupled with
the proton at d 3.98, while the C-22 (d 80.9) showed coupling with
the proton at d 4.94. The C-2, C-3 and C-6 methines (d 128.3, 145.4
and 125.2) showed cross-peaks with H-2, H-3 and H-6 at d 5.87,
6.77 and 5.60, respectively. The C-4, C-7, C-11, C-12, C-16 and C-
23 methylenes resonating at d 33.7, 32.3, 23.2, 24.9, 47.6 and
33.4 exhibited cross-peaks with the H-4, H-7, H-11, H-12, H-16
and H-23 at (d 3.30, 2.83), (d 1.98, 1.90), (d 1.50), (d 1.69),
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Figure 2. Oral glucose tolerance test of db/db mice treated with compound 5 and
metformin at a dose of 50 mg/kg of body weight. Values are expressed as
mean ± SD, N = 5, *p < 0.05, **p < 0.01 and ***p < 0.001 vs control at different time
intervals.
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(d 3.07, 1.54), and (d 2.53, 2.21), respectively. Stereochemistry at
position 14, 17 and 20 is defined on comparing the spectra with
that of known withanolides.17

The 1H and 13C NMR of compound 4 showed that it had close
resemblance in substitution pattern of rings A, B and C with com-
pound 3, the difference being the presence of a hydroxyl group at
C-15. On the basis of these spectroscopic evidences led to the
structure (17S,20S,22R)-14a,15a,17b,20b-tetrahydroxy-1-oxo-
witha-2,5,24-trienolide (4) for this new withanolide, named coag-
ulanolide (Fig. 1).

The compounds were evaluated for their antihyperglycemic
activity in normoglycemic rat model (SLM) and in streptozotocin-
induced diabetic rat model (STZ) as well as in a well characterized
model of type 2 diabetes, that is, C57BL/KsJ-db/db mice.

Most of the compounds were evaluated for in vivo antihyper-
glycemic activity in normoglycemic rat model (SLM) and STZ-in-
duced b-cell damaged diabetic male Sprague–Dawley rats20–22

and activities were compared with standard drug metformin. The
most active compound 5 was found to improve glucose tolerance
up to the tune of 29.8% in SLM and 23.3% in STZ-induced diabetic
rats at a dose of 100 mg/kg body weight. Besides, compound 1, 2,
3 and 4 exhibited significant antihyperglycemic activity, 22.8%,
20.4%, 24.9% and 28.1% in SLM and 16.9%, 15.8%, 18.2% and 19.3%
in STZ, models, respectively (Table 2). Following the confirmation
of antihyperglycemic activity in STZ-induced b-cell damaged dia-
betic rats. The most active compound 5 was further evaluated in
db/db mice.

The C57BL/KsJ-db/db mice at 12 weeks of age exhibited most of
the human characteristics of type 2 diabetes including hyperglyce-
mia in the fasting and fed states, hyperinsulinemia and insulin
resistance, as already reported.23 The db/db mice supplemented
with compound 5 at a dose of 50 mg/kg body weight for 10 consec-
utive days, significantly lowered the postprandial blood glucose le-
vel by 22.7% (p < 0.01), whereas reference standard drug
metformin declined the postprandial blood glucose by 18.6%
(p < 0.05), when compared to vehicle-treated control group
(Table 3).24

Prior to treatment db/db mice demonstrated basal hyperglyce-
mia and this hyperglycemia was exacerbated by the oral glucose
load, and failed to return to fasting level after 120 min, indicating
Table 2
Antihyperglycemic activity of compounds 1–5 in normoglycemic and STZ-induced
diabetic rats

Compounds Dose (mg/kg) % Antihyperglycemic activity

SLM-model STZ-model

1 100 22.8* 16.9*

2 100 20.4* 15.8*

3 100 24.9** 18.2**

4 100 28.1** 14.7
5 100 29.8** 23.3**

Metformin 100 26.4** 17.1*

Values are expressed as mean ± SEM, N = 5, *p < 0.05 and **p < 0.01 vs vehicle-
treated control.

Table 3
Antihyperglycemic effect of compound 5 and metformin in C57BL/KsJ-db/db mice
post 10 days treatment

Compounds Test dose
(mg/kg)

% cure in postprandial blood
glucose level

% improvement in
OGTT

5 50 22.7** 44.1***

Metformin 50 18.6* 24.8**

Values are expressed as mean ± SEM, N = 5, *p < 0.05, **p < 0.01 and ***p < 0.001 vs
control.
glucose intolerance (data not shown). After 10 days of treatment,
the glucose tolerance significantly improved in the compound 5
treated group, compared to the vehicle-treated group (Fig. 2). It
was observed that significant (p < 0.05) inhibition in rise of post-
prandial blood glucose level at time interval 90 min and 120 min
in compound 5 as well as metformin treated group. For the com-
pound 5 db/db mice group, the area under the curve (AUC) of blood
glucose decreased by approximately 40.5% compared to vehicle-
treated group. In a similar experiment metformin showed 24.8%
reduction in AUC of db/db mice.

In the other experiment, compound 5 at a dose of 50 mg/kg
body weight, showed significant improvement in plasma lipid pro-
files of dyslipidemic db/db mice after 10 days of consecutive treat-
ment (Table 4). The treatment with compound 5 lowered the level
of plasma triglycerides (TG), total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C) and very low-density lipoprotein
cholesterol (VLDL-C), respectively. Whereas, rise in high-density
lipoprotein cholesterol (HDL-C) level was recorded in the treated
group compared to control group (Table 4). Results were compared
with standard drug fenofibrate.

The median effective dose (ED50) of compound 5 was deter-
mined in streptozotocin-induced rats. The effect of increasing oral
doses of compound 5 declined the postprandial glucose level, was
dose-dependent with a calculated ED50 of around 25 mg/kg of body
weight following oral administration.

In conclusion, our study demonstrates the isolation and charac-
terization of biologically active withasteroids. All the compounds
1–5 showed significant inhibition on postprandial rise in hypergly-
cemia post-sucrose load in normoglycemic rats and in streptozoto-
cin-induced diabetic rats. The compound 5 showed significant fall
in peripheral blood glucose profile and also improved the glucose
Table 4
Effect of compound 5 on the plasma lipid profile in C57BL/KsJ-db/db mice

Lipid profiles of
db/db mice

Control
(1% gum
acacia)

Compound 5
(50 mg/kg)

Fenofibrate
(50 mg/kg)

TG (mg/dl) 140.8 ± 6.07 120.0 ± 4.48 (�14.7%) 118.0 ± 4.02 (�16.2%)*

CHOL (mg/dl) 160.4 ± 5.17 119.1 ± 2.01 (�25.7%)** 110.9 ± 3.71 (�30.8%)**

HDL-C (mg/dl) 56.6 ± 2.52 70.6 ± 3.50 (+24.7%)** 63.6 ± 4.01 (+12.4%)
LDL-C (mg/dl) 146.3 ± 4.28 115.2 ± 2.13 (�21.2%)** 110.5 ± 4.11 (�24.5%)**

VLDL-C (mg/dl) 28.2 ± 0.56 23.8 ± 0.34 (�15.6%)* 22.1 ± 0.19 (�21.6%)**

Values are expressed as mean ± SEM, N = 5, *p < 0.05 and **p < 0.01 vs control.
Statistical analysis was done by student’s t-test.
� denotes decrease in parameter compared to vehicle-treated control group.
+ denotes increase in parameter compared to vehicle-treated control group.
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tolerance of db/db mice. Further compound 5 also showed antidy-
slipidemic activity in db/db mice that is comparable to median
effective dose of fenofibrate, that is, 50 mg/kg body weight. The
median effective dose of the compound 5 was determined to be
around 25 mg/kg in streptozotocin-induced diabetic rats, which
is better than the standard drug metformin. Beside this, the com-
pound 5 also showed antidyslipidemic activity in db/db mice. Thus,
compound 5 can be developed as an antidiabetic lead molecule and
further studies needs to be carried out in this direction to find out
the mechanism of action of this molecule.
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