
Indian J Physiol Pharmacol 2015; 59(2) Nasturtium Officinale and Streptozotocin-induced Diabetes 223

Original Article

Effects of Hydroalcoholic Extract of Watercress (Nasturtium Officinale)
Leaves on Serum Glucose and Lipid Levels in Diabetic Rats

Mousa-Al-Reza Hadjzadeh1, Ziba Rajaei2*, Reyhaneh Moradi1

and Ahmad Ghorbani3

1Neurocognitive Research Center and Department of Physiology,
School of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran

2Department of Physiology,
School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran

3Pharmacological Research Center of Medicinal Plants,
School of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran

Abstract

Objective: Hyperlipidemia is a known complication of diabetes mellitus and predisposes to coronary heart
disease. The lowering of total cholesterol and low density lipoprotein (LDL)-cholesterol should reduce the
incidence of coronary disease. The aim of the present study was to examine the antihyperlipidemic and
antidiabetic effects of the hydroalcoholic extract of watercress (Nasturtium officinale) leaves in streptozotocin-
induced diabetic rats.

Methods: Female Wistar rats were randomly divided into 4 groups:  control, diabetic and diabetic rats
treated with the extract of watercress (Nasturtium officinale) at doses of 100 and 200 mg/kg. Diabetic rats
received the watercress extract daily in drinking water for 4 weeks since the day after diabetes confirmation.
The levels of serum glucose and lipids were spectrophotometrically measured in all groups at weeks 0
(before diabetes induction), 2 and 4.

Results: There was a significant increase in serum glucose, triglycerides, total cholesterol, and LDL-
cholesterol in streptozotocin-induced diabetic rats, accompanied by a decrease in high density lipoprotein
(HDL)-cholesterol. The treatment of diabetic rats with hydroalcoholic extract of watercress (Nasturtium
officinale) leaves over a 4-week period significantly reduced serum glucose, total cholesterol and LDL-
cholesterol in comparison with diabetic untreated rats.

Conclusion: Our findings demonstrated that a 4-week treatment with watercress extract at a dose of 200
mg/kg has hypoglycemic and hypolipidemic effects in streptozotocin-diabetic rats. This implies that the
consumption of watercress leaves can be helpful in reducing the complications of hyperglycemia and
dyslipidemia associated with diabetes.
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Introduction

Diabetes  mel l i tus  i s  a  metabo l ic  d isorder
characterized by high levels of glucose in the blood
resulting from defects in insulin secretion, insulin
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Materials and Methods

Preparation of the hydroalcoholic extract of watercress

Aerial parts of the plant were collected from Mashhad
(Razavi Khorasan, Iran) and graciously identified by
Ferdowsi University herbarium (Mashhad, Iran). The
plant was dried in shadow and then powdered. The
powdered plant (110 g) were macerated in 1500 ml
of 70% ethanol/H2O for 72 h. Then the hydroalcoholic
extract was filtered and concentrated in an oven at
40-45°C for 72 h. The resulted extract after drying
gave 30.3 g (i.e. 27.5% yield) of brownish extract.
The plant extract was dissolved in water for
pharmacological experiments.

Animals

Female Wistar rats, weighing 200-230g were housed
in an air-conditioned colony room at 23±2°C on a
standard pellet diet and tap water at libitum. The
experiments were conducted in accordance with the
Guide for the Care and Use of Laboratory Animals
and the study was approved by Mashhad University
of Medical Sciences.

Induction of diabetes

The overnight fasted rats were rendered diabetic by
a single intraperitoneal injection of 55 mg/kg
streptozotocin (Enzo Life Sciences, USA) freshly
dissolved in cold distilled water (17). After 72 h of
the streptozotocin injection, serum glucose levels
were measured using a glucometer (Glucocard,
Japan). Only those animals with serum glucose
higher than 250 mg/dl were selected as diabetics for
the fol lowing experiments. The day on which
hyperglycemia had been confirmed was designated
as day 0. Diabetes was also confirmed by the
presence of polyphagia, polydipsia and polyuria during
the experiment.

Experimental design

Rats were randomly allocated and similarly grouped

action or both (1). Besides hyperglycemia, the levels
of plasma lipids are usually elevated in diabetes
mellitus causing a risk factor for coronary heart
disease (2). Lowering of serum lipid levels through
dietary or drug therapy seems to be associated with
a decrease in the risk of vascular disease and related
complications. Recently, there has been a resurgence
of interest in herbal medicines capable of reducing
and/or regulating serum cholesterol and triglyceride
levels. Medicinal plants contain a wide array of active
components such as flavonoids, polyphenols, tannins,
and alkaloids that can explain their hypolipidemic
activities (3-6).

Watercress (Nasturtium officinale), a member of
Brassicaceae family, is a hardy perennial native to
Europe and Asia. It is usually consumed with salads,
juices or other dishes as an ingredient, flavor or
garnish. The plant contains a high concentration of
glucosinolates, as well as carotenoids, polyphenols,
vi tamin C, vi tamin A and α- tocopherol  (7-9).
Watercress (Nasturt ium off ic inale) leaves are
traditionally used as a stomachic, depurative, diuretic,
expectorant, hypoglycemic, odontalgic and stimulant
(10, 12). It also cures pain, ulcers, jaundice and
fever (10, 11). Meanwhile, it has been used to
treat asthma, bronchitis, scurvy, tuberculosis and
urinary tract infection and calculi (10-11). The plant
possesses  an t im ic rob ia l ,  an t iox idant  (13) ,
antiestrogenic, anticarcinogenic activities (14). It is
also considered as an excellent functional food for
the prevention of cancer (15). Watercress (Nasturtium
officinale) has also been used as an antidiabetic
agent in Iranian traditional medicine (11). The
objective of the present investigation was to ascertain
the scientific basis of its use in treatment of diabetes.
It has already been shown that the ethyl acetate
extract of aerial parts of Nasturtium officinale
decreases the blood glucose levels in diabetic rats
after 2 months treatment (16). However, there is no
report about the hypolipidemic activity of watercress
in experimental diabetes. Therefore, we examined
the influence of hydroalcoholic extract of watercress
(Nasturtium officinale) leaves on serum glucose and
lipid levels in streptozotocin-induced diabetic rats.
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into four groups: control (n=8), diabetic (n=7),
diabetics treated with the extract of watercress
(Nasturtium officinale) in drinking water at doses of
100 (watercress 100 mg/kg, n=9) and 200 mg/kg
(watercress 200 mg/kg, n=8). The animals received
the watercress extracts in drinking water since
day 0 for 4 weeks. Changes in body weight, food
consumption and water intake were regularly recorded
during the experimental period. For blood sampling,
rats were fasted overnight and blood samples were
obtained from retro-orbital plexus before diabetes
induction (week 0) and at the end of weeks 2 and 4.
Blood was allowed to clot and serum separated by
centrifugation at 3500 × g for 10 min.

Biochemical parameters

Serum concentrations of glucose, triglycerides (TG),
total cholesterol (TC) and high density lipoprotein
(HDL)-cholesterol were determined by enzymatic
colorimetric methods using commercially available
kits (Pars Azmun, Iran) by Convergys 100 (Germany).
The assay was per fo rmed accord ing  to  the

manufacturer ’s instruct ions. Very low densi ty
lipoprotein (VLDL) cholesterol was calculated as TG/
5 and low density lipoprotein (LDL)-cholesterol was
estimated by using Friedewald et al. (1972) (18)
formula as follows : LDL (mg/dl) = TC – (HDL + VLDL).

Statistical analysis

The data were expressed as Mean±S.E.M. Statistical
analysis was carried out using one-way ANOVA
followed by LSD post hoc test. A statistical P value
less than 0.05 was considered significant.

Results

Effects of watercress extract on serum glucose levels

As shown in Fig. 1, there was no signif icant
difference in serum glucose levels among animals in
the experimental groups before diabetes induction
(week 0). Diabetic rats showed a significant increase
in serum glucose levels at weeks 2 and 4 as

Fig. 1 : Effect of hydroalcoholic extract of Nasturtium officinale on serum glucose levels in STZ-induced diabetic rats at week 0 (before
diabetes induction) and at the end of weeks 2 and 4. Data are mean±SEM. ***P<0.001 vs control group, +P<0.05 vs diabetic group.
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compared to control rats (Fig. 1, P<0.001). Treatment
of diabet ic rats for 4 weeks with watercress
(Nasturtium officinale) extract at doses of 100 and
200 mg/kg significantly decreased their serum glucose
levels (Fig. 1, P <0.05).

Effects of watercress extract on serum lipid profile

Diabetic rats showed a significant increase in serum
triglyceride levels at week 4 as compared to control
rats (P<0.05, Fig. 2) and treatment of diabetic rats
with watercress extract had no effect on triglyceride
levels (Fig. 2).

The levels of total cholesterol and LDL-cholesterol
were significantly increased (P<0.001, Figs. 3, 4), in
diabetic rats as compared to the control rats at week
4. Treatment of diabetic rats with watercress extract
at dose of 200 mg/kg for 4 weeks significantly
reduced the levels of total cholesterol and LDL-
cholesterol (P<0.01, Figs. 3, 4) as compared to
diabetic animals. In addition, the levels of HDL-
cholesterol were significantly decreased (P<0.001,
Fig. 5) in diabetic rats at week 4 as compared to
the controls, and treatment of diabetic rats with
watercress extract at doses of 100 and 200 mg/kg
for 4 weeks did not change the HDL-cholesterol levels

as compared to diabetic animals (Fig. 5).

Discussion

Diabetes  is  a  complex  metabo l ic  d isorder
characterized by hyperglycemia together with
b iochemica l  a l terat ions of  g lucose and l ip id
metabolism. This abnormal metabolism leads to an
increased generation of reactive oxygen species (19).
In the present study, streptozotocin-induced diabetic
rat model was used to assess the effects of
watercress extract on diabetes. Diabetogenic effect
of streptozotocin is due to excess production of
reactive oxygen species leading to toxicity in
pancreatic cells which reduces the synthesis and
the release of insulin (20). Accordingly, in our study
streptozotocin treatment induced a diabetic state
characterized by a hyperglycemia, and treatment with
watercress extract at doses of 100 and 200 mg/kg
significantly reduced the blood glucose level. These
findings are in agreement with those results reported
by Hosseini et al. (2009), who showed that ethyl
acetate extract of aerial parts of watercress at a
dose of 100 mg/kg decreased the blood glucose
levels in diabetic animals after 2 months treatment
(16). However, their results also showed that the

Fig. 2 : Effect of hydroalcoholic extract of Nasturtium officinale on serum triglyceride levels in STZ-induced diabetic rats at week
0 (before diabetes induction) and at the end of weeks 2 and 4. Data are mean±SEM. *P<0.05, ***P<0.001 vs control group.
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Fig. 3 : Effect of hydroalcoholic extract of Nasturtium officinale on serum total cholesterol levels in STZ-induced diabetic rats at week 0 (before
diabetes induction) and at the end of weeks 2 and 4. Data are mean±SEM. ***P<0.001 vs control group, ++P<0.01 vs diabetic group.

Fig. 4 : Effect of hydroalcoholic extract of Nasturtium officinale on serum LDL-cholesterol levels in STZ-induced diabetic rats at week 0 (before
diabetes induction) and at the end of weeks 2 and 4. Data are mean±SEM. ***P<0.001 vs control group, ++P<0.01 vs diabetic group.
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Fig. 5 : Effect of hydroalcoholic extract of Nasturtium officinale on serum HDL-cholesterol levels in STZ-induced diabetic rats
at week 0 (before diabetes induction) and at the end of weeks 2 and 4. Data are mean±SEM. **P<0.001 vs to control group.

aqueous and methanolic extract of aerial parts of
watercress at doses of 800 and 1000 mg/kg had no
effect on blood glucose levels after 1 week treatment
(16). This discrepancy between our results and their
study could be due to the type of the extract and
duration of the treatment.

The possible mechanism by which watercress extract
exerts its hypoglycemic action may be due to a
stimulation of Langerhans islets, an improvement of
peripheral sensitivity to remnant insulin, and to the
antioxidant properties of watercress. The antioxidant
activity of watercress has been reported in several
studies. Ozen et al. (2009) showed that watercress
extract acts as an antioxidant to reduce cellular lipid
peroxidation, reducing power, superoxide anion and
free radical scavenging activities (13). Gill et al.
(2007)  have a lso  repor ted  tha t  waterc ress
supplementation in diet reduced lymphocyte DNA
damage and altered blood antioxidant status in
healthy adults (7). Therefore, hypoglycemic effect of
watercress extract, at least in part, could be due to
i ts  an t iox idant  p roper t ies  and to  p revent
streptozotocin-induced oxidative stress, so that
watercress protects β-cells resulting in an increased

insulin secretion, and decreases elevated blood
glucose levels.

The levels of plasma lipids are also usually raised in
diabetes mellitus and such elevation represents a
r isk  fac tor  fo r  coronary  hear t  d iseases (2) .
Hypercholesterolemia and hypertriglyceridemia in
streptozotocin- induced diabet ic  rats are wel l
documented (21). In the present study, we recorded
a significant increase in the serum total cholesterol,
triglycerides, and LDL-cholesterol as well as a
decrease in the HDL-cholesterol levels at diabetic
rats. The abnormally high concentration of plasma
lipids is mainly due to the increase in the mobilization
of free fatty acids from the peripheral depots (22).

The results also demonstrated that the hydroalcoholic
extract of watercress produced a significant decrease
in serum total cholesterol and LDL-cholesterol levels
on repeated oral administration in streptozotocin
diabetic rats. The lowering of total cholesterol and
LDL-cholesterol would reduce the incidence of
coronary disorders. To our knowledge, this is the
first study reporting the hypolipidemic activity of
watercress extract in streptozotocin-induced diabetes.
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The lipid lowering activity of watercress could be
due to a decrease in cholesterol absorption from the
intestine, its binding with bile acids within the
intestine and increasing bile acids excretion (23, 24)
and/or a decrease of cholesterol biosynthesis (25,
26) and/or enhanced uptake of LDL by increasing
LDL receptors (27).

Phytochemical investigation of watercress has
revealed the presence of antioxidants; polyphenols,
glucosinolates, carotenoids, vitamin C and α-
tocopherol in the aerial parts of the plant (7-9, 28).
Several  studies have reported that the plant
flavonoids, phenolic compounds and glycosides have
hypolipidemic and hypocholesterolemic effects (4, 29,
30) .  Hence i t  may be  conc luded tha t  the
hypolipidemic effect produced by the extract may be
due to the presence of polyphenols and glycosides.

Conclusion

Based on this study, we can conclusively state that

the hydroalcoholic extract of watercress (Nasturtium
officinale) ameliorates diabetic hyperglycemia and
hyperlipidemia. This finding provides a scientific
rationale for the use of watercress (Nasturtium
officinale) as an anti-diabetic plant in Iranian folk
medicine. Further investigations are needed to
elucidate the mechanism(s) of the antidiabetic and
hypolipidemic effect in watercress and the active
constituent(s) of the extract.
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