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ABSTRACT: Withania somnifera is a traditional indigenous plant having numerous
medicinal values. With renewed interest, the present study was undertaken to
determine its new potential therapeutic benefit. We aimed to evaluate the effect of
methanolic extract of Withania somnifera leaves in L-methionine induced
hyperhomocysteinemia in rats. Wistar rats (250-300 gm) were divided into 5 groups
(n=6/group): Group I= Normal control (vehicle, 1% CMC); Group II=
Hyperhomocysteinemic rats (L-methionine, 1 gm/kg, p.o.); Group III= Methanolic
extract of Withania somnifera (200 mg/kg, p.o.); Group IV= Methanolic extract of
Withania somnifera (400 mg/kg, p.o.); Group V= Folic acid (1 gm/kg, p.o.). All the
rats except normal control group were treated with L-methionine for the induction of
hyperhomocysteinemia. Animals of Group III-V were subjected to the respective
treatment for 30 days. On completion of the study, serum homocysteine, cholesterol,
triglyceride, LDL, VLDL, and HDL level were determined. Administration of Lmethionine significantly increased the serum homocysteine, cholesterol, triglyceride,
LDL, VLDL levels while decreased HDL level compared to normal control.
Methanolic extract of Withania somnifera (200 and 400 mg/kg) decreased serum
homocysteine level, improved lipid parameters by decreasing cholesterol,
triglyceride, LDL, VLDL levels and increasing HDL level. The homocysteine and
lipid-lowering potential of Withania somnifera in higher dose (400 mg/kg/d) were
found in an extent similar to the folic acid, (standard drug). These findings indicate
clear evidence that the methanolic extract of Withania somnifera treatment has a
beneficial effect in lowering homocysteine level. The effect may be due to the
presence of high catechin content in leaves of Withania somnifera.

INTRODUCTION: Homocysteine is an emerging
new risk factor in cardiovascular disease with a
significant correlation among hyperhomocysteinemia
and cardiovascular disease and its related
complications such as stroke, heart attacks, and
atherosclerosis 1, 2.
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Further, hyperhomocysteinemia is linked with an
increased risk of several other diseases as such in
deep vein thrombosis, dementia and Alzheimer
disease 3, 4.
Homocysteine is non-protein sulfur comprising an
amino acid, metabolic intermediary derived from
the essential sulfur-containing the amino acid,
methionine. Hyperhomocysteinemia is implicated
in endothelial cell damage, altered hemostasis,
enhanced lipid peroxidation, vascular smooth
muscle cell proliferation and inflammatory
responses 5. Additionally, hyperhomocysteinemia is
accompanied by decreased vascular reactivity via
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triggering oxidative stress and reducing nitric oxide
(NO) 6. Interestingly there are growing pieces of
evidence, suggesting natural anti-oxidants in
overwhelming high level of homocysteine.
Withania somnifera (W. sominifera), commonly
known as Ashwagandha (winter cherry) belonging
to family Solanaceae. It is widely used indigenous
medicine for more than 3,000 years with high
medicinal values. Various reported medicinal uses
of W. somnifera are analgesic, anti-inflammatory,
anabolic activity 7. Numerous studies indicated
immunomodulatory, antidepressive, antioxidant,
antitumor, antistress, antiaging, anxiolytic 8,
cardioprotective 9 and neuroprotective 10 activity of
W. somnifera. Interestingly beyond these reported
copious benefits, the effect of W. somnifera on
homocysteine level has not been reported. The
main active chemical constituents present in W.
somnifera are alkaloids and steroidal lactones.
Among them, the pharmacological activity is
attributed due to withanine and withanolides.
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40°C in water bath 13. The extract was stored and
used throughout the study.
Phyto-chemical Screening: Preliminary phytochemical studies of the extract were performed to
determine the presence of alkaloids, flavonoids,
saponins, glycosides, phenols, steroids, tannins and
terpenoids according to the standard chemical tests
Table 1.
Pharmacological Screening:
Animals: The protocol (984/12/05) of the
experiment was approved by the Institutional
Animal Ethical Committee as per the guidance of
the Committee for Control and Supervision of
Experiments on Animals (CPCSEA), Animal
Welfare Division, New Delhi, India. Wistar albino
rats (250-300 gm) were used for the experiment.
All Rats were kept at ambient temperature (22 ± 2
°C), relative humidity (55 ± 5%) and 12/12 h
light/dark cycle. Animals had access to standard
pellet diet and water was given ad libitum.

However, recently Nadia et al., demonstrated the
presence of high content of catechin in leaves of W.
somnifera 11. Also, a recent study showed a
beneficial effect of catechin in reducing plasma
homocysteine levels 12. Therefore we aimed to
study the effect of methanolic extract of W.
somnifera leaves in L-methionine induced
hyperhomocysteinemia in wistar rats.

Chemicals: L-methionine, folic acid, carboxymethyl cellulose (CMC) was purchased from
Chintan Enterprise, Baroda, India. HDL,
cholesterol, triglyceride, LDL, VLDL kits were
purchased from span diagnostic, Surat, India.
Homocysteine kit was purchased (Biomatik, USA).

MATERIAL AND METHODS:
Plant Material: Withania somnifera plants were
identified and collected from the botanical garden
of Parul Arogya Seva Mandal, Vadodara and were
authenticated (PIPR/13/07) by Dr. A. S. Reddy,
Department of Bio-science from Sardar Patel
University, Vallabh Vidyanagar. Leaves of W.
somnifera were used for the preparation of
methanolic extract.

Group 1: Normal control [CMC (0.5%)].

Preparation of Methanolic Extract of Withania
somnifera: Leaves of the plant were collected and
washed thoroughly 2-3 times with distilled water.
The leaves were air-dried under shade. The dried
leaves were crushed to fine powder and passed
from sieve #40. The dried powder was refluxed
with (15 g/200 ml) methanol in Soxhlet apparatus
for extraction. The extract so obtained was filtrated,
and excess solvent was allowed to evaporate at
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Induction of Hyperhomocysteinemia in Rats:
Rats were divided into five groups.
Group 2: Disease control (Hyperhomocysteinemic
rats).
Group 3: W. somnifera (Methanolic extract, 200
mg/kg, p.o) treated hyperhomocysteinemic rats.
Group 4: W. somnifera (Methanolic extract, 400
mg/kg, p.o.) treated hyperhomocysteinemic rats.
Group 5: Folic acid (100 gm/kg, p.o.) treated
hyperhomocysteinemic rats.
Hyperhomocysteinemia
was
induced
by
administration of L-methionine (1 gm/kg, p.o.)
orally for 30 days. Treatment of W. somnifera (200
mg/kg/d and 400 mg/kg/d) and folic acid (1 gm/kg)
were co-administered with L-methionine for 30
days in the respective groups. At the end of the
experiment serum, homocysteine level and lipid
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parameters (Cholesterol, triglyceride, HDL, VLDL,
and LDL) were determined in all the rats.
Measurement of Homocysteine: Serum was
separated from blood samples and was used to
measure homocysteine using by Enzyme-Linked
Immunosorbent Assay (ELISA) kit (Biomatik,
USA).
Measurement of Metabolic Parameters: The
metabolic parameters (Cholesterol, Triglyceride,
HDL, VLDL, and LDL) were estimated in the
serum using spectrophotometry based kits (Span
Diagnostic Ltd., Surat, Gujarat, India).
Isolation of Serum: Under light diethyl ether
anesthesia, Blood was withdrawn from retro-orbital
plexus of anesthetized rats. They were kept at room
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temperature for 30 min, followed by centrifugation
at 1000 g for 15 min. Serum was isolated by
aspiration 14.
Statistical Analysis: All the data obtained from the
in-vitro and in-vivo experiments were expressed as
mean ± SEM. Statistical analysis was performed by
one-way analysis of variance (ANOVA), followed
by Tukey's test using GraphPad Prism 5.0 software.
P<0.05 was considered statistically significant.
RESULTS: The preliminary phytochemical
screening of the methanolic extract of W. somnifera
showed the presence of alkaloids, glycosides,
flavonoids, saponins, carbohydrates, starch, and
tannins Table 1.

TABLE 1: PRELIMINARY PHYTOCHEMICAL STUDY ON W. SOMNIFERA LEAVES EXTRACT
S. no.
Test
Observation
1
Alkaloids (Dragendorff’s test)
Orange-brown precipitate
2
Glycoside (Keller kiliani)
Blue colour
3
Flavonoid (Shinoda test)
Pink tomato or magenta color
4
Saponin (Foam test)
Frothing
5
Carbohydrate (Molisch's test)
A purple ring at the interface
6
Starch (Iodine test)
Blue-black color
7
Tannins
White precipitate
8
Proteins and Amino acid (Millon’s Test)
Reddish-brown coloration or precipitate
9
Phenolic compound (Ferric chloride & lead acetate test)
Red, blue, green, or purple coloration

A

B

Result
Positive
Positive
Positive
Positive
Negative
Positive
Negative
Negative
Negative

C

D
E
F
FIG. 1: EFFECT OF METHANOLIC EXTRACT OF WITHANIA SOMNIFERA AND FOLIC ACID ON SERUM (A)
Homocysteine (B) Cholesterol (C) Triglyceride (D) LDL (E) VLDL and (F) HDL in normal and methionine induced
hyperhomocysteinemic rats. NC= vehicle (10 ml/kg, p.o) treated normal rats, MET= L-Methionine (1 gm/kg, p.o) induced
hyperhomocysteinemic rats, MET FA= folic acid (1 gm/kg, p.o) treated hyperhomocysteinemic rats, MET T1=Methanolic
extract Withania somnifera (200 mg/kg, p.o.) treated hyperhomocysteinemic rats. MET T2= Methanolic extract W. somifera
(400 mg/kg, p.o.) treated hyperhomocysteinemic rats. ***P<0.001 vs. NC. #P<0.05, ##P< 0.01 and ###P< 0.001 vs. MET.
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Serum concentration of homocysteine was found to
be significantly (P<0.001) increased in Lmethionine treated group as compared to the
normal control group. Treatment with methanolic
extract of Withania somnifera (200 mg/kg and 400
mg/kg) significantly reduced, serum homocysteine
level (P<0.01, P<0.001 respectively) in Lmethionine induced hyperhomocysteinemic rats
compared to untreated rats. Further, folic acid
treatment showed significant (P<0.001) reduction
in
the
serum
homocysteine
level
in
hyperhomocysteinemic rats compared to untreated
rats Fig. 1A.
Serum cholesterol, triglyceride, LDH, and VLDL
levels were found to be significantly increased in
hyperhomocysteinemic rats as compared to the
normal control. Conversely treatment with
methanolic extract of Withania somnifera (200
mg/kg and 400 mg/kg) significantly decreased
serum triglyceride (P<0.01, P<0.001 respectively)
level, serum cholesterol (P<0.01, P<0.001
respectively) level, serum LDH (P<0.01, P<0.01
respectively) level, and serum VLDL (P<0.01,
P<0.001 respectively) level in L-methionine
induced hyperhomocysteinemic rats. Treatment
with folic acid significantly reduced serum
triglyceride (P<0.001) level, serum cholesterol
(P<0.001) level, serum LDH (P<0.001) level, and
serum VLDL (P<0.001) level in L-methionine
induced hyperhomocysteinemic rats Fig. 1B-E. Lmethionine treated groups showed a significant
reduction in the serum HDL level as compared to
normal control group. Treatment with the
methanolic extract of Withania somnifera (200
mg/kg and 400 mg/kg) and folic acid significantly
(P<0.05, P<0.01, P<0.01, respectively) increased
the serum HDL level as compared to untreated
hyperhomocysteinemic group Fig. 1F.
DISCUSSION: Withania somnifera is a vital
medicinal plant traditionally utilized in the
treatment of numerous diseases 15. Beyond these
traditional uses, the present study is first to reveal
the beneficial effect of W. somnifera in improving
the homocysteine level, and lipid profiles in Lmethionine
induced
hyperhomocysteinemia.
Hyperhomocysteinemia has recently emerged as an
independent and major vascular risk factor in
cardiovascular diseases. The reported study
suggest, elevated homocysteine level promotes
International Journal of Pharmacognosy
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atherogenesis and atherothrombosis via several
potential mechanisms involving oxidative stress,
increased lipid peroxidation, platelet adhesiveness,
vascular smooth muscle cell proliferation, reduced
nitric oxide synthesis, and endothelial cell damage
16
. Furthermore, several epidemiological studies
have also reported, increased risk of coronary
artery disease, myocardial infarction, stroke,
venous thromboembolism, and peripheral vascular
disease in patients with elevated levels of
homocysteine. Consequently, improving the
homocysteine level may reduce risk in CVD. The
previous likewise demonstrated, risk reduction in
ischemic heart disease and stroke upon a decrease
in homocysteine concentration 17.
In the present study, we evaluated the
homocysteine and lipid-lowering potential of
methanolic extract of W. somnifera (200 mg/kg and
400 mg/kg, p.o.) in L-methionine induced hyperhomocysteinemia in rats. It is well reported that
administration of L-methionine, intensifies the
level of homocysteine as methionine undergoes
transmethylation and convert into homocysteine 18.
Hamet et al. revealed a relationship of
hyperhomocysteinemia with inadequacy in
cystathionine β synthase 19 which is merely an
enzyme responsible for the catabolic elimination of
homocysteine in mammals and also the ratelimiting step in the trans-sulfuration pathway 20. In
the present study administration of L-methionine (1
gm/kg; p.o) for 30 days increased the homocysteine
level. Conversely, treatment with the methanolic
extract of W. somnifera (200 mg/kg and 400
mg/kg) significantly decreased the homocysteine
level in the serum to hyperhomocysteinemic rats.
Concerning the hyperhomocysteinemia condition,
several reports have demonstrated increased lipid
peroxidation with elevated serum homocysteine
level 20. In this study, the serum level of
cholesterol, triglyceride, LDL, VLDL were
significantly increased whereas serum HDL level
was decreased in L-methionine induced hyperhomocysteinemia. Moreover, the treatment with
methanolic extract W. somnifera showed significant
improvement in the lipid profile via reducing serum
cholesterol, triglyceride, LDL, VLDL and
increasing HDL level. Ultimately the methanolic
extract of W. somnifera improved the homocysteine
level and lipids profile in hyperhomocysteinemic
78
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rats. Consequently, the protective effect of W.
somnifera may be due to the presence of high
amount of catechin with potent antioxidant
properties. The previous study has reported the role
of catechin, in enhancing cystathionine β-synthase
enzyme involved in the conversion of
homocysteine to cystathionine 21. However, with
this antecedent approach, the obtained results from
the present study provide a shred of evidence that
the consumption of W. somnifera may have the
potential in improving serum homocysteine and the
lipid profiles.
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CONCLUSION: Treatment of methanolic extract
of Withania somnifera leaves showed improvement
in homocysteine level and lipid parameters in Lmethionine induced hyperhomocysteinemia. The
protective action may be due to the presence of
catechin in Withania somnifera.
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