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Introduction

Vitis vinifera Linn. (Vitaceae) is known as the common 
grape (vine or raisins). It is used in the Ayurvedic and 
Unani systems of medicine. Raisins possess laxative, 
cooling, expectorant, antioxidant, diuretic, aphrodisiac, 
and stomachic properties (Warrier et  al., 1996). Vitis 
vinifera seeds contain flavonoids, mainly myricetin. The 
fructose hypertensive model represents an acquired 
form of systolic hypertension, wherein feeding normal 
Wistar rats a fructose-enriched diet results in hyperin-
sulinemia, insulin resistance, hypertriglyceridemia, and 
consequently hypertension (Verma et al., 1997). Insulin 
resistance and hyperinsulinemia are frequently associ-
ated with both clinical and experimental hypertension 
(Verma et al., 1994; Madar et al., 1997). If these metabolic 
abnormalities were responsible for the development of 
hypertension, then drug interventions which combat 
these effects may also decrease high blood pressure. 
Flavonoid intake appears to be inversely related to mor-
tality from coronary heart disease in epidemiological 

studies (Hertog et  al., 1993). Red wine extracts which 
are rich in flavonoids strongly inhibit the synthesis of 
endothelin-1 (Corder et al., 2001), a vasoactive peptide 
that is linked to the development of coronary arterioscle-
rosis. Based on these findings we speculated that myri-
cetin, a natural flavonoid obtained from Vitis vinifera, 
may show antihypertensive activity. The present work 
was therefore undertaken to evaluate the effect of myri-
cetin on systolic blood pressure and some metabolic 
parameters in the fructose-induced hypertensive rat.

Materials and methods

Preparation of extract

Vitis vinifera raisins (2 kg), purchased locally, were 
authenticated by Dr. S. C. Pal, NDMVP Samaj’s College 
of Pharmacy, Nashik, India. Cut pieces of the raisins 
were hydrolyzed with 2 M HCl for 30 min at 100°C. 
Fractionation of the residue was carried out by column 
chromatography (silica 60–120) using ethyl acetate as 
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Abstract
Fructose feeding induces a rise in blood pressure in normal rats and is associated with insulin resist-
ance, hyperinsulinemia, and hypertriglyceridemia. We have examined the effect of myricetin (100 and 
300 mg/ kg, p.o. for 6 weeks) isolated from Vitis vinifera Linn. (Vitaceae) on systolic blood pressure (SBP), 
vascular reactivity, serum glucose, triglycerides, cholesterol, and insulin in fructose-induced hyperten-
sion. Myricetin reduced systolic blood pressure and vascular reactivity changes to catecholamines and 
reversed the metabolic alterations induced by fructose. The cumulative concentration–response curve 
(CCRC) of Ang II was shifted toward the right in rats treated with myricetin, using isolated strips of ascend-
ing colon. The results suggest that myricetin could prevent the development of high blood pressure 
induced by a diet rich in fructose, probably by reversing the metabolic alterations induced by fructose. In 
conclusion, myricetin has antihypertensive action in the fructose model.
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the mobile phase (yield 0.5%, w/w) (Harborne, 2007). 
The presence of myricetin in the extract was confirmed 
by matching thin layer chromatography (TLC) of myri-
cetin provided by Professor S. C. Pal (Department 
of Pharmacognosy, College of Pharmacy, Nashik), 
using a solvent system comprising toluene:ethyl 
acetate:methanol (5:3:3), with retention factor (Rf) value 
of 0.62 (Rusjan & Zora, 2007), and by high performance 
liquid chromatography (HPLC) using acetonitrile in 
pyrophosphate buffer, pH 2.4 (1:3), the flow rate being 
1.2 mL/min at 20°C, scanned at wavelength 266 nm. The 
retention time of myricetin was observed to be 5.76 min 
(Tokusoglu et  al., 2003). The myricetin obtained was  
95% pure.

Animals

Male albino rats (Wistar strain), weighing between  
150 and 200 g, were obtained from the Serum Institute, 
Pune. Animals were housed in groups of five under stand-
ard laboratory conditions of temperature 25 ± 1°C with 
free access to food (Hindustan Lever, India) and water. 
The experiments were performed during the light por-
tion of the day (09.00–14.00 h). The Institutional Animal 
Ethical Committee approved the protocol of this study.

Drugs and chemicals

Adrenaline (Adr), noradrenaline (NA), phenylephrine 
(PE), angiotensin II (Ang II), and urethane were pur-
chased from Sigma, Mumbai. Fructose was obtained 
from Merck (India). Urethane and fructose (10%) were 
freshly prepared in distilled water, and all drug solutions 
were freshly prepared in saline before each experiment. 
Myricetin was dissolved in distilled water and adminis-
tered orally.

Fructose-induced hypertension

Hypertension was induced experimentally in male 
Wistar rats (150–200 g) by a high fructose diet (fructose 
10%, w/v) ad libitum for 6 weeks. Fructose solution was 
prepared every 2 days by dissolving the fructose in dis-
tilled water (Vogel & Wolfgang, 2002).

A total of 30 male Wistar rats (150–200 g) were rand-
omized and divided into six groups of five each:

Group I. Control: Animals received no medication •	
but were given distilled water for drinking.
Group II. Animals received myricetin (100 mg/•	
kg/day, p.o.) and distilled water for drinking for 6 
weeks.
Group III. Animals received myricetin (300 mg/•	
kg/day, p.o.) and distilled water for drinking for  
6 weeks.

Group IV. Fructose 10%: Animals received 10% •	
fructose solution instead of drinking water ad 
libitum for 6 weeks.
Group V. Fructose 10% + myricetin (100): Animals •	
received 10% fructose solution instead of drinking 
water ad libitum with myricetin (100 mg/kg/day, 
p.o.) for 6 weeks.
Group VI. Fructose 10% + myricetin (300): Animals •	
received 10% fructose solution instead of drinking 
water ad libitum with myricetin (300 mg/kg/day, 
p.o.) for 6 weeks.

Measurement of blood pressure by non-invasive and 
invasive (direct) methods

During the course of treatment, the change in body 
weight was recorded and the change in blood pressure 
was monitored once a week for 6 weeks by the tail-
cuff method (non-invasive blood pressure technique, 
NIBP) (Vogel & Wolfgang, 2002). After completion of 
the treatment schedule, rats from each group were 
anesthetized with urethane (120 mg/100 g). The femo-
ral vein was cannulated with a fine polyethylene cath-
eter for administration of the drug. Tracheostomy was 
performed and blood pressure was recorded from the 
left common carotid artery using a pressure transducer by 
a direct method onto a chart data system (PowerLab/4SP; 
ADInstruments, Australia). Heparinized saline (100 IU/mL) 
was used to fill the transducer and the fine polyethyl-
ene catheter cannulated to the carotid artery to prevent 
clotting. After 30 min of stabilization, heart rate, basal 
blood pressure, and vascular reactivity to NA (1 μg/kg), 
Adr (1 μg/kg), PE (1 μg/kg), and Ang II (25 ng/kg) were 
recorded.

Biochemical analysis

At the end of the experiment, blood was collected from 
the retro-orbital plexus (under light ether anesthesia) 
using capillary tubes in fresh vials. Serum was separated 
in a centrifuge (Remi Special Centrifuge Types R-23 and 
R-24; Mumbai) maintained at 3000 rpm for 2 min. The 
fresh serum was used for assaying glucose, cholesterol, 
and triglycerides using standard biochemical kits (Span 
Diagnostics, Surat). Serum insulin was determined by 
the radioimmunoassay method (Ashirwad Pathology, 
Nashik) (Pratt & Wolding, 1977).

In vitro study

After completion of the treatment schedule, rats from 
individual groups were sacrificed. The cumulative 
concentration–response curve (CCRC) of Ang II was 
obtained using strips of isolated rat ascending colon 
(Regoli & Vane, 1964) in physiological salt solution with 
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the following composition (mM): NaCl (118); KCl (4.7); 
CaCl

2
 (2.5); MgSO

4
 (1.2); NaHCO

3
 (25); KH

2
PO

4
 (1.2); 

and glucose (11); pH 7.4. This was warmed to 37°C and 
aerated using carbogen (95% oxygen and 5% carbon 
dioxide). One end of the strip was tied to an aerator tube 
and other end to a lever. Each strip was placed under 
optimum resting tension (1 g) and allowed to equilibrate 
for 30 min.

The contractile response to each dose of Ang II was 
recorded for 60 s.

Statistics

Mean ± SEM values were calculated for each group. 
One-way analysis of variance (ANOVA) followed by 
Dunnett’s multiple comparison test was used for statis-
tical analysis. Values of p < 0.05 were considered statisti-
cally significant.

Results

Systolic blood pressure, vascular reactivity, and  
heart rate

The effects of fructose and myricetin on systolic blood 
pressure (SBP) and mean change in blood pressure with 
various drugs are shown in Figures 1 and 2. Fructose 
treatment was associated with a significant increase 
(p < 0.05) in SBP. Chronic treatment with myricetin  
(100 and 300 mg/kg) completely blocked the elevation of 
blood pressure in fructose-fed rats in non-invasive and 
invasive blood pressure measurements. All treatment 
groups gained weight to a similar extent over the study 
period without any significant differences. No significant 
difference in heart rate was observed in the group of ani-
mals given fructose or in the myricetin-treated fructose 
groups, compared with control (Table 1).

Biochemical parameters

Table 1 summarizes the effect of myricetin on serum 
glucose, cholesterol, triglycerides, insulin, and insulin 
resistance index in fructose-fed rats. Serum levels of all 
parameters were significantly higher in animals treated 
with fructose as compared with the control group. 
Myricetin treatment decreased all serum parameters 
in fructose-treated groups. The effect of myricetin was 
more prominent at the dose of 300 mg/kg.

In vitro study

Chronic administration of myricetin (100 and 300 mg/
kg/day, p.o.) for 6 weeks in fructose-fed rats significantly 
(p < 0.05) shifted the cumulative concentration–response 

curve (CCRC) of Ang II to the right, with suppression of 
maxima, as compared to the CCRC of fructose-fed rats, 
for isolated ascending colon (Figure 3).

Discussion

It has been shown that sucrose feeding increases nore-
pinephrine excretion and enhances sympathetic nerve 
responses in rats (Gradin et  al., 1988). This may cause 
blood pressure elevation and impairment of blood flow 
to skeletal muscle, which would favor the development 
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Figure 1.  Effect of myricetin on systolic blood pressure (S.B.P.) in 
rats. n = 5 rats per group. Data are expressed as mean ± SEM. *p < 0.05 
when compared to control and †p < 0.05 when compared to fructose-
treated group. F, fructose; M, myricetin.
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Figure 2.  Mean change in blood pressure (B.P.) with various drugs: 
adrenaline (Adr, 1 µg/kg), noradrenaline (NA, 1 µg/kg), phenyle-
phrine (PE, 1 µg/kg), and angiotensin II (Ang II, 25 ng/kg) in rats. 
Data are expressed as mean ± SEM. *p < 0.05 when compared to con-
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of insulin resistance. Thus, sympathetic hyperactivity is 
an early and integral part of fructose-induced hyperten-
sion, and the metabolic consequences are secondary 
to sympathetic nervous system-induced insulin resist-
ance. Androgens play a key role in the development of 
fructose-induced hypertension (Song et  al., 2004). We 
therefore used male rats for our study. In the study, 
rats maintained on a high fructose diet developed high 
systolic blood pressure, as compared to control rats, 
confirming the results of previous studies (Hwang et al., 
1987; Fang & Huang, 1998; Cosenzi et al., 1999). Serum 
insulin and glucose levels were also higher in fructose-
treated rats as compared to control.

If fructose-induced hypertension is secondary to 
increased or augmented plasma insulin levels, then a 
decrease in plasma insulin levels should also prevent 
the rise in blood pressure. In our study, this further sup-
ports the concept that an increase in blood pressure 

in fructose-induced hypertension may be due to the 
direct action of insulin. Myricetin acts by preventing and 
reversing the development of hyperinsulinemia, which 
probably explains why hypertension was not maintained 
and developed in the myricetin-treated fructose group.

Sleder et  al. (1980) reported that both glucose and 
fructose feeding led to increased hepatic very-low-
density lipoprotein–triglyceride synthesis and output, 
but their removal from plasma was less efficient in 
fructose-fed rats. A number of studies favor the hypoth-
esis that hypertriglyceridemia, insulin resistance, or 
both, contribute to the development of hypertension 
in these rats (Erlich & Rosenthal, 1996). Reports have 
also shown that reducing insulin levels in these rats 
leads to a reduction in blood pressure and correction 
of other metabolic abnormalities (Verma et  al., 1994; 
Bhanot & McNeill, 1996). In our study, after drinking a 
high fructose solution for 6 weeks, normal rats exhibited 
a significant increase in blood pressure, serum glucose, 
cholesterol, triglycerides, and insulin, whereas myricetin 
treatment significantly reduced SBP and all biochemical 
parameters in fructose-fed animals. The effect seemed 
to be more pronounced at the higher dose of myricetin 
(300 mg/kg).

Fructose-induced hypertensive rats are characterized 
by elevated total mesenteric vascular endothelin-1 
(Verma et al., 1995) content and an altered arterial reac-
tivity to endothelin-1 (ET-1). Sympathetic hyperactivity 
can lead to an increase in blood vessel endothelin-1 lev-
els. Several lines of evidence support the hypothesis that 
Ang II stimulates the production and release of ET (Imai 
et al., 1992; Alexander et al., 2001). As red wine extracts, 
which are rich in flavonoids, strongly inhibit the synthe-
sis of ET-1, it is quite possible that myricetin prevents 
fructose-induced hypertension partly by its property of 
strongly inhibiting the endothelin-1 receptor. Moreover, 
the shifting of the CCRC of Ang II toward the right by 
myricetin (100 and 300 mg/kg/day, p.o.) indicates an 
inhibitory effect on Ang II receptors.

Thus, myricetin treatment significantly reduced 
systolic blood pressure and other metabolic parameters 
in the fructose model of hypertension.

Table 1.  Effect of myricetin on gain in body weight, heart rate, and serum concentrations of glucose, cholesterol, triglycerides, and insulin in 
fructose hypertensive rats.

 Control M (100 mg/kg) M (300 mg/kg) Fructose (10%)
Fructose + M  
(100 mg/kg)

Fructose + M 
(300 mg/kg)

Gain in body weight (g) 50.00 ± 5.86 68.00 ± 8.02 49.33 ± 4.84 66.67 ± 5.67 76.00 ± 4.36 45.00 ± 3.06

Heart rate (beats/min) 358 ± 8.74 360.7 ± 1.45 356 ± 3.22 364.3 ± 3.48 363 ± 3.61 357.7 ± 5.78

Glucose (mmol/L) 8.22 ± 0.53† 8.18 ± 0.19† 8.05 ± 0.1424† 13.82 ± 0.53* 10.91 ± 0.23*† 10.16 ± 0.44*†

Cholesterol (mmol/L) 1.43 ± 0.04† 1.38 ± 0.07† 1.47 ± 0.09† 3.49 ± 0.21* 2.25 ± 0.12*† 2.26 ± 0.07*†

Triglycerides (mmol/L) 1.52 ± 0.06† 1.55 ± 0.02† 1.60 ± 0.061† 6.33 ± 0.33* 5.84 ± 0.12* 2.80 ± 0.31*†

Insulin (pmol/L) 54.22 ± 2.55† 49.08 ± 3.50† 33.33 ± 1.84*† 83.80 ± 1.01* 76.63 ± 1.23* 65.98 ± 2.12*†

Insulin resistance index (HOMA) 2.86 ± 0.29† 2.56 ± 0.16† 1.72 ± 0.12*† 7.44 ± 0.18* 5.35 ± 0.44*† 4.47 ± 0.34*†

Note. Results are expressed as mean ± SEM for five animals per group. *p < 0.05 when compared to control and †p < 0.05 when compared to 
fructose-treated group. M, myricetin; HOMA, homeostasis model assessment.
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