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Abstract

Background and objective: Rumex patientia (RP) could exert beneficial health effects to ameliorate metabolic diseases. The effect of
subchronic feeding of RP seeds was evaluated on serum glucose and lipid profile in streptozotocin (STZ)-diabetic rats. Methods: Wistar
rats were divided into control, RP-treated control, diabetic, glibenclamide-treated diabetic, and RP-treated diabetic groups. For induction of
diabetes, streptozotcin was administered at a dose of 60 mg/kg. Meanwhile, RP-treated groups received RP seed powder mixed with standard
pelleted food at a weight ratio of 6% for 4 weeks. Serum glucose and lipid levels were determined before the study and at 2nd and 4th weeks after
the study in addition to the oxidative stress markers in hepatic tissue. Results: Serum glucose was significantly lower in RP-treated diabetic
rats at 2nd and 4th weeks as compared to untreated diabetics (p <0.05 and p <0.01, respectively). Serum total cholesterol and triglyceride
levels did not show significant reductions in RP-treated diabetic rats as compared to untreated diabetics. Serum HDL-cholesterol, however,
significantly increased (p <0.05) and LDL-cholesterol showed a significant reduction (p <0.05) in RP-treated diabetic rats as compared to
untreated diabetics (p < 0.05). RP also attenuated the increased malondialdehyde (MDA) content and reduced activity of superoxide dismutase
(SOD) in hepatic tissue. Conclusion: Subchronic treatment of diabetic rats with RP could lessen the abnormal changes in blood glucose level

and to improve lipid profile regarding HDL- and LDL-cholesterol in part due to its attenuation of lipid peroxidation in hepatic tissue.

© 2010 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Chronic hyperglycemia in diabetes is associated with
long term damage, dysfunction and eventually the failure
of organs, especially the eyes, kidneys, nerves, and cardio-
vascular system [1]. In addition to hyperglycemia, several
other factors such as dyslipidemia or hyperlipidemia are also
involved in the development of cardiovascular complications
in diabetes which are the major causes of morbidity and mor-
tality [2]. Diabetic patients also exhibit abnormal antioxidant
status, auto-oxidation of glucose, and excess glycosylated
proteins [3—4]. Oxidative stress in diabetes leads to tissue
damage, with lipid peroxidation, inactivation of proteins, and
protein glycation as intermediate mechanisms for its compli-
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cations [5] including retinopathy, nephropathy, and coronary
heart disease [6-7].

Several approaches are presently available to reduce the
hyperglycemia in diabetes mellitus including insulin therapy
which suppresses glucose production and augments glucose
utilization, treatment by sulfonylureas, which stimulates pan-
creatic islet cells to secrete insulin; metaformin, which acts to
reduce hepatic glucose production; a-glucosidase inhibitors,
which interfere with glucose absorption. Unfortunately, all of
these therapies have limited efficacy and various side effects
and thus searching for new classes of compounds is essen-
tial to overcome these problems [8]. Recent interests are
focusing on the use of medicinal plants with antidiabetic
and antioxidant potential in reducing the ensuing compli-
cations in diabetic patients [9]. Plant-based pharmaceuticals
have been employed in the management of various mankind
diseases [10]. They are as essential part of human diet and
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are present in plant extracts that have been used for centuries
in oriental medicine. Antioxidant properties, ROS scaveng-
ing and cell function modulation of medicinal plants and
their effective substances could account for the large part
of their pharmacological activity [11-12]. Antioxidant and
free radical scavenging activity [13], gastroprotective and
anti-ulcerogenic activity in gastric tissue [14], protecting
pancreatic B cells against STZ-induced damage [15], and
anti-inflammatory effect [ 16] of Rumex patientia L. (RP) have
already been reported. In addition, R. patientia seed (grain)
aqueous extract has been used for the treatment of type I
diabetes induced by STZ [17]. The aim of this study was to
assess hypoglycemic and hypolipidemic effect of subchronic
feeding of R. patientia seeds in streptozotocin-diabetic rats.

2. Materials and methods
2.1. Animals

Male albino Wistar rats (Pasteur’s institute, Tehran, Iran)
(190-240 g) were housed in an air-conditioned colony room
at 21 +2°C and supplied with standard pellet diet and tap
water ad libitum. Procedures involving animals and their care
were conducted in conformity with NIH guidelines for the
care and use of laboratory animals.

2.2. Experimental protocol

Male Wistar rats (n=40) were divided into equal-sized
control, RP-treated control, diabetic, glibenclamide-treated
(positive control), and RP-treated diabetic groups. The rats
were rendered diabetic by a single intraperitoneal injection
of 60mgkg~! STZ freshly dissolved in cold normal saline.
Age-matched normal animals that received an injection of an
equivalent volume of normal saline comprised a non-diabetic
control group. Diabetes was confirmed by the presence of
hyperglycemia, polyphagia, polydipsia, polyuria and weight
loss after 1 week. One week after STZ injection, blood
samples were collected and serum glucose concentrations
were measured using glucose oxidation method (Zistshimi,
Tehran). Only those animals with serum glucose higher
than 250 mgdL~" were selected for the following experi-
ments. The day on which hyperglycemia had been confirmed
was designated as day 0. R. patientia seeds were prepared
from Isfahan Natural Resources Center, systemically identi-
fied with a voucher number of 2006-69-1 (Shahid Beheshti
Biology Department, Tehran), dried under shade and finally
ground. Plant-mixed food pellet at a weight ratio of 6 was
prepared using pellet-making device (Nooran Co., Tehran).
This ratio was chosen according to our pilot study. Gliben-
clamide was orally administered as 600 pg/kg/day in 10%
Cremophor. Changes in body weight, food consumption and
water intake were regularly recorded during the experimental
period. In addition, serum triglyceride, total cholesterol, and
HDL-cholesterol levels were spectrophotometrically mea-

sured using appropriate enzymatic kits (Zistshimi, Tehran).
LDL and very low density lipoprotein (VLDL) cholesterol
levels were calculated by the following formula:

Triglyceride
5

VLDL =

LDL = Total cholesterol — HDL cholesterol — VLDL

2.3. Assay of MDA concentration and SOD activity in
hepatic tissue

After removing liver and its cleansing of extra tissues, it
was blotted dry and weighed, then made into about 5% tissue
homogenate in ice-cold 0.9% NaCl solution. A supernatant
was obtained from tissue homogenate by centrifugalization
(1000 x g, 4°C, 10min). The MDA concentration (thiobar-
bituric acid reactive substances, TBARS) in the supernatant
was measured. Briefly, 1.0 mL of 20% trichloroacetic acid
and 1.0 mL of 1% TBARS reagent were added to 100 pL. of
supernatant, then mixed and incubated at 100 °C for 80 min.
After cooling on ice, samples were centrifuged at 1000 x g
for 20 min and the absorbance of the supernatant was read at
532 nm. TBARS results were expressed as MDA equivalents
using tetraethoxypropane as standard [18].

For SOD activity, a competitive inhibition assay was
performed by using xanthine/xanthine oxidase reaction-
generated superoxide radicals to reduce nitro blue tetrazolium
(NBT) quantitatively to blue formazan. Conversion of super-
oxide radicals to hydrogen peroxide by superoxide dismutase
inhibited dye formation and served as a measure of super-
oxide dismutase activity. Briefly, 0.5 mL of supernatant was
incubated with xanthine (50 wmol/L) and xanthine oxidase
(2.5 pmol/L) in 50 mmol/L of potassium phosphate buffer
(pH 7.8, 37°C) for 40 min and NBT was added. Blue for-
mazan was then monitored spectrophotometrically at 550 nm.
The amount of protein that inhibited NBT reduction to 50%
maximum was defined as 1 nitrite unit (NU) of SOD activity
[18]. The protein content of the supernatant was measured
with Bradford method using bovine serum albumin as the
standard.

2.4. Drugs

Streptozotocin was obtained from Pharmacia and Upjohn
(USA). All other chemicals were purchased from Merck
(Germany) and Temad (Iran).

2.5. Data and statistical analysis

All values were given as means + S.E.M. Statistical anal-
ysis was carried out using repeated measure and one-way
ANOVA followed by Tukey post hoc test. A statistical p value
less than 0.05 considered significant.
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Fig. 1. Body weight and serum glucose levels in control and STZ diabetic rats receiving Rhumex patientia seed preparation after 2 and 4 weeks treatment
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the weight of the vehicle-treated diabetic rats was signifi-

3. Results

cantly decreased as compared to control rats (p <0.05) and
RP-treated diabetics showed a less non-significant decrease

Body weight and serum glucose measurements (Fig. 1)
indicated that before diabetes induction, there were no signif-

as compared to vehicle-treated diabetics. Although gliben-
clamide administration to diabetic group prevented body

icant differences among experimental groups. After 4 weeks,
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Fig. 2. Serum total cholesterol, triglyceride, HDL- and LDL-cholesterol concentrations in STZ diabetic and control rats receiving Rhumex patientia seed

preparation after 2 and 4 weeks treatment (means = S.E.M). “p <0.05, “p<0.01, ***p <0.005 (as compared to baseline in the same group); §p<0.05 (as

compared to diabetic in the same week).
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Table 1

MDA concentration and SOD activity in hepatic tissue in control and STZ diabetic rats receiving Rhumex patientia seed preparation.

Groups

Hepatic tissue

MDA (pmol g~! protein)

SOD activity (kNU g~! protein)

Control (n=6) 43403
Control + Rumex patientia (n=5) 46+04
Diabetic (n=6) 7.8+£0.5"
Diabetic + Rumex patientia (n=6) 5.7+0.5%%

158.6 + 7
1632+ 6

82.3 + 8
1234 £ 7°#

* p<0.05 (as compared to control).
™ p<0.01 (as compared to control).
™ p<0.005 (as compared to control).

# p<0.05 (as compared to diabetic).

5

weight reduction, this group showed a lower weight gain
compared to controls. Untreated diabetic rats had also an
elevated serum glucose level over those of control rats
(p<0.001) and treatment of diabetic rats with RP caused a
significant decrease in the serum glucose (p <0.05) only at
2nd week relative to vehicle-treated diabetics. In addition,
RP treatment of control rats did not produce any significant
change regarding serum glucose level and glibenclamide-
treated diabetic group showed a marked lower serum glucose
relative to untreated diabetic group (p <0.01) and serum glu-
cose level in this group was higher than control one (p <0.01)
(Fig. 1).

After 4 weeks from the diabetes induction a non-
significant increase in total cholesterol and a signifi-
cant increase in triglyceride (p<0.05), LDL-cholesterol
(p<0.005) and a significant reduction in HDL-cholesterol
(»<0.01) were observed compared with the baseline data
(data before the study) and RP treatment significantly
improved only HDL- and LDL-cholesterol. Regarding
RP-treated control group, there was not any significant
improvement regarding lipid profile (Fig. 2).

With respect to hepatic biochemical markers (Table 1),
STZ-induced diabetes resulted in an elevation of MDA con-
tent and decreased SOD activity (p<0.01-0.005) in this
tissue and treatment of diabetic group with RP for 4 weeks
significantly lowered MDA content and significantly attenu-
ated the reduced activity of SOD (p < 0.05). Meanwhile, there
was no significant change in RP-treated control group relative
to control animals regarding these parameters.

4. Discussion

R. patientia seed feeding for 4 weeks exhibited a hypo-
glycemic effect and it improved serum lipid profile regarding
HDL- and LDL-cholesterol. Although glucose-lowering
effect of R. patientia seed was not significantly in the con-
trol group. The subchronic R. patientia treatment showed
a marked hypoglycemic effect in diabetic rats, indicating
hypoglycemic mechanism of R. patientia to be different in
diabetic and non-diabetics. A study by Degirmenci et al.
showed that RP could protect and in part restore secre-
tory function of beta cells in pancreatic tissue, in this

way exerting its antihyperglycemic and antidiabetic effect
[15]. One of the main constituents of R. patientia plant
is catechins [19]. Several studies carried out on catechins
have indicated their anti-diabetic potential [20-22]. Such
compounds have been suggested to inhibit hepatic gluco-
neogenesis through a ROS-dependent pathway. Catechins
also mimic the cellular effects of insulin such as reduc-
ing gene expression of rate-limiting gluconeogenic enzymes
[23-24]. Furthermore, catechins in a similar manner like the
hormone insulin may increase tyrosine phosphorylation of
the insulin receptor and insulin receptor substrate-1 and it
reduces phosphoenolpyruvate carboxykinase gene expres-
sion in a phosphoinositide 3-kinase-dependent manner.
Catechins also mimic insulin by increasing phosphoinosi-
tide 3-kinase, mitogen-activated protein kinase, and p70(s6k)
activity [25].

In addition to its hypoglycemic effect, R. patientia seed
was also able to improve some lipid metabolites includ-
ing HDL- and LDL-cholesterol levels in diabetic rats and
non-significantly to reduce level of serum triglyceride and
total cholesterol. Diabetes has been reported to be associ-
ated with profound alterations in lipid and lipoprotein profile
[26]. Lowering of plasma or tissue lipid levels leads to a
decrease in the risk of micro- or macrovascular disease and
related complications [27]. R. patientia may have improved
lipid profile directly or indirectly through reducing blood glu-
cose in diabetic animals. ROS and NO have also possible
roles in pathogenesis of diabetes complications [28]. Possi-
ble sources of oxidative stress in diabetes condition include
an increased production of ROS, especially from enhanced
glycation and lipoxidation processes [29]. Substantial evi-
dence suggests that R. patientia elicit anti-oxidant properties
by attenuating the lipid peroxidation caused by various forms
of free radicals [13] and in this way may have affected lipid
profile. This fact was verified by alower MDA content and an
increased activity of SOD in hepatic tissue of treated diabetics
in this study.In conclusion, subchronic treatment of diabetic
rats with R. patientia seeds at a weight ratio of 6% could pre-
vent abnormal changes in blood glucose and to improve lipid
profile regarding HDL- and LDL-cholesterol in diabetic rats.
More studies are warranted to evaluate whether such therapy
can be administered as an auxiliary beneficial therapeutic
regimen in diabetic population.
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