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Antihypertensive Effect of Trigonella foenum-greacum Seeds in

Experimentally Induced Hypertension in Rats

R. Balaraman1, S. Dangwal2, and M. Mohan1

1Department of Pharmacy, Faculty of Technology and Engineering, The M.S. University of Baroda, Kalabhavan,
Baroda, Gujrat, India; 2Sun Pharma Advanced Research Centre, Thandalja, Baroda, Gujrat, India

Abstract

We investigated the antihypertensive effect of a methanol
extract (ME) of fenugreek seeds and its methanol fraction
(MF) in deoxycorticosterone acetate (DOCA)-salt-
induced and fructose-induced hypertensive rats. In the
DOCA model, DOCA (15 mg=kg, twice a week; s.c.) was
administered in uni-nephrectomized animals for 4 weeks.
Methanol extract of fenugreek seeds (30 mg kg�1 day�1;
p.o.) and its methanol fraction (15 mg kg�1 day�1; p.o.)
were evaluated for their antihypertensive effect. In the
fructose model, drinking water was replaced with a 10%
fructose solution for 6 weeks to induce hypertension.
ME (100 mg kg�1 day�1; p.o.) was assessed for its antihy-
pertensive effect in the fructose model. After completion
of the treatment schedule, blood pressure and vascular
reactivity to various agonists like serotonin (5-hydroxy-
tryptamine; 5-HT), noradrenaline (NA), and adrenaline
(Adr) were recorded in rats of both models. A dose-
response curve (DRC) of 5-HT was carried out in isolated
rat fundus strip of the fructose-induced hypertensive rats.
Chronic administration of ME (30 mg kg�1 day�1; p.o.)
and MF (15 mg kg�1 day�1; p.o.) of fenugreek seeds signifi-
cantly reduced blood pressure in DOCA salt and ME
(100 mg kg�1 day�1; p.o.) reduced blood pressure in
fructose-induced hypertensive rats. Treatment with ME
(100 mg kg�1 day�1; p.o.) in fructose model for 6 weeks
shifted the DRC toward the right on rat fundus. Thus,
fenugreek seeds exhibit a significant antihypertensive
effect. The mechanism of action may partly involve the
serotonergic antagonistic property involving the 5-HT2

receptor subtype.

Keywords: Deoxycorticosteroneacetate, fenugreek, fruc-
tose, 5-hydroxytryptamine, hypertension.

Introduction

Trigonella foenum-graecum L. (Leguminosae), commonly
known as fenugreek, is native to the area from the east-
ern Mediterranean to Central Asia and Ethiopia and is
cultivated in Pakistan, India, and China (Morton,
1990). The seeds are hot with a sharp, bitter taste. They
are used for their carminative, tonic, laxative, and expec-
torant properties. They possess antipyretic, anthelmintic,
appetite stimulant (Kirtikar & Basu, 1993), aphrodisiac
(Chopra et al., 1982), antifatigue (Jha, 2003), hypocho-
lesterolemic, and hypoglycemic activities (Ribes, 1984;
Sharma, 1986). Fenugreek seeds and leaves are also
said to have antidiabetic (Shani et al., 1974), antiulcer
(Al Meshal et al., 1985), and antihypertensive properties
(Ghosal et al., 1974).

The seeds of Trigonella foenum-graecum contain the
alkaloid trigonelline with mucilage, tannic acid, yellow
coloring matter, fixed and volatile oils, and a bitter
extractive diosgenin, gitogenin, a trace of trigogenin
and vitamin A (Jayaweera, 1981). Selye and Bois were
the first to demonstrate that deoxycorticosterone acetate
(DOCA) produces hypertension in rats (Selye & Bois,
1957). There is increased DOCA-induced reabsorbtion
of salt and water leading to increased blood volume
and hence increased blood pressure (BP). It has been
hypothesized that 5-HT2B receptor is upregulated and
necessary for maintaining elevated blood pressure in rats
made hypertensive by DOCA and N-nitro-L-arginine
methyl ester (NAME; nitric oxide synthase inhibitor)
(Banes & Watts, 2003). Physiologically, this upregulation
is important because 5-HT has a 300-fold greater affinity
for 5-HT2B receptor compared with 5-HT2A receptor
(Wainscott et al., 1993).
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Fructose is widely present in numerous foods. It has
been commonly used as a sweetener and promoted as
being useful for weight reduction, exercise endurance,
and diabetes (Dai & McNeill, 1995). It has been demon-
strated that hypertension develops when normal rats
are fed with a fructose-enriched diet (Verma et al.,
1994; Suzuki et al., 1997).

Fenugreek has not been highly explored for its thera-
peutic profile in hypertension. Therefore, the objective of
our current study was to investigate its antihypertensive
activity using DOCA-salt-induced fructose-induced
hypertensive models in rats.

Materials and Methods

Preparation of extract

Fenugreek seeds (1 kg) were purchased locally and
authenticated. Seeds were crushed to a coarse powder
and defatted with petroleum ether (60–80�C) using a
Soxhlet extractor. The marc obtained was extracted with
methanol. The methanol extract (5.85% yield) was sepa-
rated into acetone-soluble (0.95% yield) and acetone-
insoluble (4.90% yield) fractions. The acetone-soluble
fraction was charged into a chromatography column of
neutral alumina. The column was eluted with ethyl acet-
ate (0.002% yield), methanol (0.06% yield), and
dimethylsulfoxide (DMSO) (0.1% yield). The methanol
extract (ME) and its methanol fraction (MF) were used
for the study. A voucher specimen has been deposited
at Botonical Survey of India, Pune, for future reference.
Phytochemical tests of ME and MF indicated the pres-
ence of alkaloids and saponins.

Animals

Wistar rats of either sex (200–250 g) were housed in plas-
tic cages in groups of six under standard lab conditions
of temp 25� 1�C with 12 h light=dark cycle. Animals
had free access to standard chow diet and water ad libi-
tum. They were then trained for a week to become accus-
tomed to the procedure of indirect blood pressure
measurement. The institutional animal ethical committee
approved the protocol of the study.

Drugs

Noradrenline, adrenaline, 5-HT, urethane, and DOCA
were purchased from Sigma (Sigma Chemicals, St. Louis,
MO, USA). Fructose was purchased from SD Fine
Chemicals (Mumbai, India). DOCA was dispersed in
cottonseed oil. Dilutions of ME and MF of fenugreek
seeds were prepared in fresh distilled water and adminis-
tered orally. All drug solutions were freshly prepared in
distilled water before each experiment. Fructose solution
(10%) was freshly prepared in tap water.

Induction of hypertension

DOCA-salt-induced hypertension

Hypertension was induced experimentally in female
Wistar rats (200–250 g) by unilateral nephrectomy
(Nagawa & Nasjletti, 1988). Rats were anesthetized with
ether, and a lateral incision was made in the area overly-
ing the kidney. The renal blood vessel was ligated with
fine sterile silk thread and the kidney was removed.
The incision was sutured and closed with Michel clips.
All operated rats received an injection of ampicillin
(10 mg=kg, i.p.) daily for 5 days. Neosporin powder
(polymyxin B sulfate BP, zinc bacitracin BP, neomycin
sulfate IP) was applied locally to prevent infection. One
week later, DOCA (15 mg=kg, twice a week; s.c., for 4
weeks) dispersed in cottonseed oil was injected to uni-
nephrectomized rats. A solution of 1% salineþ 0.2%
KCl was given ad libitum was given instead of drinking
water. In sham-operated control animals, a similar pro-
cedure was performed except the treatment with DOCA.

Fructose-induced hypertension

Hypertension was induced experimentally in male Wistar
rats (200–250 g) by high-fructose diet or by giving 10%
fructose solution to drink ad libitum for 6 weeks. Fruc-
tose solution was prepared every 2 days by dissolving
the fructose in tap water. Ordinary tap water was given
to control animals to drink throughout the whole experi-
mental period (Vogel, 2002).

Experimental protocol

DOCA-salt-induced hypertension model

A total of 36 unilateral nephrectomized female animals
were randomized into six groups of six animals each.

Group 1: Sham control: Sham-operated control rats
received 0.2 mL of cottonseed oil, s.c., twice a week
for 4 weeks. Drinking water was replaced with 1%
salineþ 0.2% KCl ad libitum.

Group 2: DOCA: Unilateral nephrectomized rats received
DOCA-salt (15 mg=kg, twice a week, s.c.) dispersed
in cottonseed oil for 4 weeks. Drinking water was
replaced with 1% saline þ 0.2% KCl ad libitum.

Group 3: DOCAþME-30: Unilateral nephrectomized
rats received DOCA-salt (15 mg=kg, twice a week,
s.c.) dispersed in cottonseed oil and ME (30 mg
kg�1 day�1, p.o.) for 4 weeks. Drinking water was
replaced with 1% salineþ 0.2% KCl ad libitum.

Group 4: ME-30: Unilateral neprectomized rats received
ME (30 mg kg�1 day�1, p.o.) and cottonseed oil
(0.2 mL=rat, twice a week, s.c.) for 4 weeks. Drinking
water was replaced with 1% salineþ 0.2% KCl
ad libitum.
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Group 5: DOCAþMF-15: Unilateral nephrectomized rats
received DOCA-salt (15 mg=kg, twice a week, s.c.) and
MF (15 mg kg�1 day�1, p.o.) for 4 weeks. Drinking
water was replaced with 1% salineþ 0.2% KCl
ad libitum.

Group 6: MF-15: Unilateral nephrectomized rats received
MF (15 mg kg�1 day�1, p.o.) and cottonseed oil
(0.2 mL=rat, twice a week, s.c.) for 4 weeks. Drinking
water was replaced with 1% salineþ 0.2% KCl
ad libitum.

Fructose-induced hypertension model

A total of 24 male Wistar rats (250–300 g) were rando-
mized and divided into four groups of six each.

Group 1: Control: Animals received no medication but
were given tap water for drinking.

Group 2: F-10: Animals received 10% fructose solution
instead of drinking water ad libitum for 6 weeks.

Group 3: F-10þME-100: Animals received 10% fructose
solution instead of drinking water, ad libitum, with
ME (100 mg kg�1 day�1, p.o.) for 6 weeks.

Group 4: ME-100: Animals received ME (100 mg kg�1

day�1, p.o.) and tap water for drinking for 6 weeks.

Measurement of blood pressure

Measurement of blood pressure by noninvasive (indirect)
method

For arterial blood pressure measurement using the tail-
cuff method, rats were trained for at least 1 week until
the blood pressure was steadily recorded with minimal
stress and restraint. The first cardiovascular parameters
were discarded and the mean of five or six subsequent
measurements were recorded.

Cardiovascular parameters (systolic, diastolic, mean
blood pressure, and heart rate) were measured weekly
for 5 weeks by indirect noninvasive tail-cuff method
using Letica 5002 Storage Pressure Meter (Panlab Blood
Pressure Recorder model LE 2002 N, Barcelona, Spain).

Measurement of blood pressure by invasive (direct)
method

After 4 weeks of completion of treatment schedule, rats
from each group were anesthetized with urethane (120 mg=
100 g). The femoral vein was cannulated with a fine poly-
ethylene catheter for administration of drug. Tracheost-
omy was performed, and blood pressure was recorded
from the left common carotid artery using a pressure trans-
ducer by the direct method on a BIOPAC Data Acquisition
System (BIOPAC MP30 SYSTEM, Santa Barbara, CA,
USA). Heparinized saline (250 IU=mL) was filled in the
transducer and in the fine polyethylene catheter cannulated
to the carotid artery to prevent clotting. After 30 min of

stabilization, blood pressure and vascular reactivity to nor-
adrenaline (1 and 2 mM=kg), adrenaline (1 and 2 mM=kg),
and 5-HT (1 and 2 mM=kg) were recorded.

In vitro studies

After completion of treatment schedule in the fructose-
induced hypertension model, rats from each group were
sacrificed by stunning, and the fundus was removed
and placed in Krebs solution. A strip of fundus was
mounted in a bath containing Krebs solution. The phy-
siologic salt solution had the following composition
(mM): NaCl, 118; KCl, 4.7; CaCl2,2.5; MgSO4,1.2;
NaHCO3,25; KH2PO4,1.2; and glucose, 11. The physio-
logic salt solution had a pH of 7.4. It was warmed to
37�C and aerated with 95% O2 and 5% CO2(Carbogen).
One end was tied to an aerator tube and the other end to
a forced displacement transducer (Ugo Basile, Comerio,
Italy). Each strip was placed under optimum resting ten-
sion (1.5 g) and allowed to equilibrate for 30 min with
frequent changes of Krebs solution at 10-min intervals.
Contractile response to each dose of 5-HT was recorded
for 90 s for each tissue preparation on a Gemini Two
Channel Recorder 7070 (Ugo Basile) (Goyal, 1999).

Statistics

The mean� SEM values were calculated for each group.
One-way ANOVA followed by Tukey multiple compari-
son test was used for statistical analysis. Values of
p < 0.05 were considered statistically significant.

Results

Antihypertensive effect of ME-30 and MF-15 on

DOCA-salt hypertensive rats

Measurement of blood pressure by noninvasive (indirect)
method

Administration of ME-30 and MF-15 in DOCA-salt
unilateral nephrectomized rats significantly (p < 0.05)
reduced the mean arterial blood pressure at the end of
the third week and showed further reduction at the end
of the fourth week as compared with DOCA-salt hyper-
tensive rats alone, implying an antihypertensive effect of
ME and MF of fenugreek seeds (Fig. 1).

Measurement of blood pressure by invasive (direct)
method

Administration of DOCA for 4 weeks in uni-nephrecto-
mized rats produced a significant elevation (p < 0.05) of
MABP (130.0 � 2.9 mm Hg) as compared with sham
control rats (98.4� 3.4 mm Hg). In sham-operated con-
trol rats, chronic administration of ME-30 and MF-15
for 4 weeks did not alter any BP parameters as compared
with sham-operated control rats. However, chronic
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administration of ME-30 and MF-15 for 4 weeks in
uni-nephrectomized DOCA-treated rats significantly
(p < 0.05) reduced MABP (ME-30: 106.7� 2.8 mm Hg;
MF-15: 108.0� 4.2 mm Hg) as compared with mean
arterial blood pressure (MABP) (130.0� 2.9 mm Hg) of
DOCA-salt hypertensive rats implying an antihyperten-
sive effect (Fig. 2).

Effect of ME-30 and MF-15 on vascular reactivity to
adrenaline, noradrenaline, and 5-hydroxytryptamine in
DOCA-salt hypertensive rats

Pressor responses to NA, Adr, and 5-HT were not
altered significantly in case of ME-30- and MF-15-
treated rats as compared with sham control rats. Pressor
responses to NA, Adr, and 5-HT were significantly

(p < 0.05) increased in case of uni-nephrectomized
DOCA-salt-treated hypertensive rats as compared with
sham control rats. Pressor responses to 5-HT was signifi-
cantly (p < 0.05) reduced in case of uni-nephrectomized
DOCA-salt-treated rats that received ME-30 and MF-
15 for 4 weeks as compared with DOCA-salt hyperten-
sive rats (Figs. 3–5).

Antihypertensive effect of ME-100 in fructose-induced
hypertensive rats

Measurement of blood pressure by noninvasive (indirect)
method

Fructose (10% solution) feeding for 6 weeks in rats pro-
duced a significant (p < 0.01) elevation of systolic blood

Figure 1. Time course (weekly) of changes in mean arterial
pressure (mm Hg) during 5 weeks in sham control, DOCA,
ME-30þDOCA, ME-30, MF-15þDOCA, and MF-15 treated
groups. �p < 0.05 when compared with sham control group.
#p < 0.05 when compared with DOCA hypertensive rats.
Vertical lines represent SEM, n ¼ 6.

Figure 2. Mean arterial blood pressure (mm Hg) after com-
pletion of treatment schedule in (1) sham control, (2) DOCA,
(3) ME-30þDOCA, (4) ME-30, (5) MF-15þDOCA, and (6)
MF-15 treated groups. �p < 0.05 when compared with sham
control group. #p < 0.05 when compared with DOCA hyper-
tensive rats. Vertical lines represent SEM, n ¼ 6.

Figure 3. Mean change in blood pressure to noradrenaline in
(1) sham control, (2) DOCA, (3) ME-30þDOCA, (4) ME-
30, (5) MF-15þDOCA, and (6) MF-15 treated groups.
�p < 0.05 when compared with sham control rats. Vertical lines
represent SEM, n ¼ 6.

Figure 4. Mean change in blood pressure to adrenaline in (1)
sham control, (2) DOCA, (3) ME-30þDOCA, (4) ME-30,
(5) MF-15þDOCA, and (6) MF-15 treated groups. �p < 0.05
when compared with sham control rats. Vertical lines represent
SEM, n ¼ 6.
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pressure (SBP) (177� 5.3 mm Hg) as compared with con-
trol rats (147.6� 6.2 mm Hg). In control rats, chronic
administration of ME-100 for 6 weeks did not alter SBP
(146� 3.8 mm Hg) as compared with control rats
(147.6� 6.2 mm Hg). However, chronic administration
of ME-100 for 6 weeks in fructose-fed rats significantly
(p < 0.05) reduced SBP (154.1� 5.7 mm Hg) as com-
pared with fructose-fed hypertensive rats (177� 5.3 mm
Hg) implying an antihypertensive effect (Fig. 6).

Effect of ME-100 on vascular reactivity to adrenaline,
noradrenaline, and 5-hydroxy tryptamine in fructose
hypertensive rats

Pressor responses to NA, Adr, and 5-HT were not
altered significantly in case of ME-100-treated group as

compared with control group. Pressor responses to NA
and Adr except 5-HT were not significantly altered in
case of fructose (10%) fed hypertensive rats as compared
with control rats. Pressor responses to 5-HT were signifi-
cantly reduced (p < 0.05) in case of fructose (10%) fed
rats that received ME-100 for 6 weeks as compared with
fructose (10%) fed hypertensive rats (Fig. 7).

Effect of ME-100 on dose-response curve of 5-hydroxy-
tryptamine on isolated rat stomach fundus strip of control
and fructose hypertensive rats

Chronic administration of ME-100 for 6 weeks in
fructose hypertensive rats shifted dose-response curve
of 5-HT significantly (p < 0.001) to the right with sup-
pression of maxima as compared with dose-response

Figure 5. Mean change in blood pressure to 5-HT in (1) sham
control, (2) DOCA, (3) ME-30þDOCA, (4) ME-30, (5)
MF-15þDOCA, and (6) MF-15 treated groups. �p < 0.05 when
compared with sham, control and #p < 0.05 when compared
with DOCA hypertensive rats. Vertical lines represent SEM, n ¼ 6.

Figure 6. Time course (weekly) of changes in systolic blood
pressure (mm Hg) during 7 weeks in control (CoN), F-10,
F-10þME-100, and ME-100 treated groups. ��p < 0.01,
���p < 0.001 when compared with control rats; #p < 0.05 when
compared with fructose hypertensive rats. Vertical lines
represent SEM, n ¼ 6.

Figure 7. Mean change in blood pressure to 5-HT in (1) Con-
trol, (2) F-10, (3) F-10þME-100, and (4) ME-100 treated
groups. �p < 0.05 when compared with control rats.
#p < 0.05 when compared with fructose hypertensive rats.
Vertical lines represent SEM, n ¼ 6.

Figure 8. Effect of ME-100 on DRC of 5-HT on isolated rat
fundus strip in control (Con), F-10, F-10þME-100, and ME-
100 treated groups. $: p < 0.001 when compared with control
rats. @: p < 0.001 when compared with fructose hypertensive
rats. Vertical lines represent SEM, n ¼ 6.
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curve of fructose hypertensive rats on isolated stomach
fundus strip. Chronic administration of ME-100 for
6 weeks in control rats shifted dose-response curve of
5-HT significantly to the right with suppression of max-
ima as compared with dose-response curve of control
rats on isolated stomach fundus strip (Fig. 8).

Discussion

The aim of the current study was to investigate the
antihypertensive property of methanol extract (ME) of
fenugreek seeds and its methanol fraction (MF) in
DOCA-salt and fructose hypertensive rats. The study
showed that chronic administration of ME (30 mg kg�1

day�1, p.o.) and MF (15 mg kg�1 day�1, p.o.) containing
alkaloid and saponin for 4 weeks significantly reduced
blood pressure in unilateral nephrectomized DOCA-salt
hypertensive rats. Chronic administration of ME
(100 mg kg�1 day�1, p.o.) for 6 weeks significantly
reduced blood pressure in fructose hypertensive rats.
Thus, ME and MF of fenugreek seeds possess anti-
hypertensive properties. Female rats were used in the
DOCA-salt hypertensive model as they appear to be
more susceptible to development of hypertension
(Greenberg et al., 1973; Balaraman et al., 1989).

The hypertensive mechanism due to chronic adminis-
tration of DOCA-salt has been well documented.
DOCA-salt being a mineralocorticoid causes salt and
water retention and by this contributes to the develop-
ment of hypertension. Endothelin-1 (Matsumura et al.,
1999), atrial natriuretic peptides (Ogawa et al., 1999),
vasopressin (Bereck et al., 1982), and 5-hydroxytrypta-
mine (Dawson et al., 1988) are involved in the patho-
genesis of this type of hypertension.

The 5-HT2B receptor, first called atypical 5-HT recep-
tor, was originally described as highly sensitive 5-HT
receptor in the longitudinal smooth muscle of the rat
stomach fundus (Vane, 1957). Recently, it has been
hypothesized that in hypertension there is upregulation
of 5-HT2B receptor in order to maintain an elevated
blood pressure in rats made hypertensive by DOCA
and NAME (Banes & Watts, 2002; Russel et al., 2002).
It has been previously reported that part of this increase
in arterial sensitivity to 5-HT is due to a change in the
receptor population that mediates contraction to 5-HT
under conditions of DOCA-salt hypertension. Specifi-
cally, Watts and colleagues (Watts, 1988; Watts et al.,
1995, 1996) presented pharmacological and molecular
evidence that a 5-HT2A receptor population (ketanserin
sensitive) primarily mediates contraction in arteries from
normotensive rats, and a 5-HT2B receptor population
(relatively ketanserin insensitive) primarily mediates
arterial contraction in DOCA-salt hypertension. This
‘‘switch’’ is important because 5-HT possesses 300 to
1000 times higher affinity for the 5-HT2B receptor com-
pared with the 5-HT2A receptor (Wainscott et al., 1993,

1996); thus, lower concentrations of 5-HT are necessary
to activate the 5-HT2B receptor. Moreover, this finding
makes important the reexamination of hypertension with
new pharmacological tools that block the 5-HT2B recep-
tor, because the serotonergic antagonist most frequently
tested has been ketanserin, and ketanserin possesses
�1000 times lower affinity for the 5-HT2B receptor
compared with the 5-HT2A receptor. LY-272015, a tetra-
hydro-b carboline recently developed as a 5-HT2B recep-
tor antagonist (Cohen et al., 1996), has been shown to
reduce blood pressure, suggesting that 5-HT2B receptors
are endogenously upregulated in order to maintain an
elevated blood pressure.

On the basis of these findings, we wished to test the
putative 5-HT2B antagonistic property of ME and MF
in DOCA-salt hypertensive rats. ME (30 mg kg�1 day�1,
p.o.) and MF (15 mg kg�1 day�1, p.o.) were able to reduce
blood pressure in DOCA-salt hypertensive rats but did
not alter blood pressure in sham-operated control rats,
implying an antihypertensive effect. ME and MF selec-
tively blocked the rise of serotonin in hypertensive rats
on vascular reactivity. This suggests that ME and MF
act through influencing the serotonergic pathway in
hypertensive rats, which is mediated by 5-HT2 receptors.

Further, the antihypertensive effect of ME and MF
does not involve modulation of the renin-angiotensin
system because the antihypertensive effect was observed
in DOCA-salt hypertensive rats, a low renin model of
experimental hypertension.

Currently, researchers are taking an interest in using a
fructose-induced hypertension model, as it gives a clue
about the role of dietary changes in hypertension, which
has become an important factor of the modern lifestyle.

The mechanism of fructose-induced hypertension is
still not clear. Recent studies have shown that a high-fruc-
tose diet is associated with increased blood pressure in rats
(Bunnag et al., 1997; Dimo et al., 2001a, b; Juann et al.,
1988). Several studies have demonstrated that chronic
fructose feeding leads to insulin resistance, glucose intol-
erance, hyperinsulinemia, hyperglycemia, and hypertri-
glyceridemia in a relatively short time in normal rats
(Zavaroni et al., 1980; Hwang et al., 1987; Erlich &
Rosenthal, 1995). These metabolic changes lead to essen-
tial hypertension (Rosen et al., 1997). Hyperinsulinemia
could activate the sympathetic system, which in turn could
elevate the BP (Hwang et al., 1987). An impaired response
to endothelium-dependent vasodilators in fructose-fed
rats has also been demonstrated (Richey et al., 1998). A
growing body of evidence indicates that locally generated
vasoactive substances such as angiotensin-II (Ang-II) and
nitric oxide (NO) are important determinants of the natu-
ral history of vascular disease. Recent evidence suggests
that endothelial NO production could be decreased in
fructose-fed rats at both renal (Nagai et al., 2002) and vas-
cular levels (Shinozaki et al., 1999). Alterations in both
endothelial production of NO and vascular smooth muscle
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cell (VSMC) growth could be associated with the initiation
or progression of the atherosclerotic process and to vascu-
lar changes in hypertension.

In the current study, the effect of the methanol extract
of fenugreek seed ME (100 mg kg�1 day�1, p.o.) was
examined on hypertension induced by fructose (10%)
given in drinking water. Male rats were used in this study
as female rats do not develop hypertension or hyperinsu-
linemia upon fructose feeding except after ovariectomy,
suggesting that female sex hormones may confer protec-
tion against the effects of a fructose diet (Galipeau et al.,
2002). Parameters like systolic blood pressure and vas-
cular reactivity to 5-HT were modified significantly by
chronic administration of ME (100 mg kg�1 day�1, p.o.)
in fructose hypertensive rats.

Results from vascular reactivity also support the sero-
tonin antagonistic property of ME. The blockade of rise
of BP in hypertensive rats, which is 5-HT2B receptor–
mediated, gives a clue that ME may act through 5-HT2B

receptors.
The sensitivity of rat fundus to 5-HT from fructose-

induced hypertensive rats was increased as compared with
that in control rats. Treatment with ME (100 mg kg�1

day�1, p.o.) in fructose hypertensive rats shifted the dose-
response curve of 5-HT significantly to the right compared
with fructose hypertensive rats, suggesting upregulated
5-HT2B receptors may be blocked. Similarly, treatment
with ME (100 mg kg�1 day�1, p.o.) in control rats also
shifted the dose-response curve of 5-HT toward the right
indicating 5-HT2B antagonistic properties of the extract.

The data of our study suggest that the methanol
extract of fenugreek seeds can play a major role in eluci-
dating the mechanisms underlying the pathogenesis of
fructose-fed hypertension as demonstrated by the ben-
eficial effects on blood pressure.

Collectively, the results of our study suggest that 5-HT
plays an important role in development of hypertension
and the antihypertensive activity of methanol extract,
and methanol fraction of fenugreek seeds may be partly
due to 5-HT2B receptor antagonism.
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