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Abstract

Prunus divaricata (Alloocheh) is a small tree cultivating in Iran, Middle East and central Asia. Prunus genus
has many species with anti-oxidant, anti-hyperlipidemia and anti-hyperglycemia effects. In the present study
the anti-diabetic and anti-hyperlipidemic effects of P. divaricata fruits were examined in normal and
streptozotocin (STZ)-induced diabetic rats. Both groups, control and reference rats received normal saline
and glibenclamide respectively. Test groups were treated with Prunus freeze dried juice (PFDIJ, 200, 400,
800 mg/kg) and Prunus freeze dried extract (PFDE, 100, 200, 400 mg/kg) started at the 3" day of the
experiment and continued for 27 days thereafter. Weight changes of animals were checked periodically.
Fasting blood glucose (FBG) level as well as serum triglyceride (TG), total cholesterol (TC), high density
lipoprotein (HDL) and low density lipoprotein (LDL) cholesterol were determined. Different treatments had
no significant effect on body weight increments of normal rats, while in diabetic rats, PFDJ (800 mg/kg) and
PFDE (400 mg/kg) opposed with weight loss. In acute phase of experiment (0-8 h of 3" day), none of tested
fractions were effective in reducing FBG and serum lipids of normal rats. During the sub-acute phase (13th
and 30™ days) however, the greatest test doses of PFDJ (800 mg/kg) and PFDE (400 mg/kg) induced
hypoglycema. In diabetic groups, PFDJ and PFDE, at all test doses, could diminish FBG during sub-acute
phase of the experiment. In addition, PFDJ and PFDE at most examined doses could diminish TG
significantly and they were also effective on cholesterol derivatives in different magnitude.
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medicines are used in the treatment of
diabetes, that their hypoglycemic effect in
humans and animal models has been
demonstrated. Some of these plants are

INTRODUCTION

Diabetes mellitus (DM) is a set of
metabolic disturbances that is characterized by

hyperglycemia with interferences in the
metabolism of carbohydrates, lipids and
proteins (1). Prevalence of global DM was
estimated 2.8% in 2000 and 4.4% in 2030. It
means diabetes shape to an epidemic disease if
obesity still exists (2). Insulin deficiency or
resistance and defective insulin secretion are
the causes of different types of DM (1).
Besides synthetic drugs, several herbal

Fenugreek (Trigonella fornum-graecum L.)
(3), (Carum carvi L.) (4), green tea (Camellia
sinensis) (5), sumac (Rhus coriaria) (6), and
many other plants. Prunus tree, with the
scientific name Prunus divaricata (Rosaceae
family), is a shrub or small tree belonging to
the Iran, Middle East and central Asia. This
plant is eaten as nuts during spring and many
people enjoy eating it. Two subspecies of this
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plant are diagnosed in Iran: Prunus divaricata
and Prunus caspica (7). In this study the
unripe fruit of the first species was used. In
Iranian folk medicine, following effects of
prunus fruit have been reported: Lowering
effect on blood pressure and hyperlipidemia,
prevention of diseases such as cancer,
rheumatism and atherosclerosis (8). Prunus
genus is a rich source of vitamin C, sugar,
carotene, vitamins A, B1, B2, crude fiber and
etc. Rich innutrients with antioxidant
capabilities leading to body's resistance against
infection, fight inflammation and damaging
free radicals, thus enhance the immune system
(14). Vitamins B reduce stress and depression.
They have a positive role in normal
metabolism of carbohydrate, fat and proteins
(9). In this family (Rosaceae), there are some
plants such as Prunus mume which have
strong hypoglycemic and plasma lipid
lowering actions in rats with type 2 diabetes
(10). Also Almond (P. amygdalus)
consumption lowered LDL-C and improved
insulin sensitivity markers in people with pre-
diabetes condition (11).

It is assumed that antioxidant capacity of
genus Prunus is responsible for most of these
pharmacological functions. In this regard
antioxidant effect of cafeoyl quinic acid
isomers present in P. domestica was observed
by oxygen radical absorbance capacity
(ORAC) method (12).

In addition, many active phytochemicals
with antioxidant effects including cinnamic
acids, coumarins, diterpenes, flavonoids,
lignans, monoterpenes, phenylpropanoids,
tannins and triterpenes could be found in these
species (13). It seems that plants particularly
those with high levels and strong antioxidant
compounds have an important role in
improvement of disorders involving oxidative
stress such as DM (14). In another study on the
effects of local and traditional plants from
Turkey, P. divaricata and P. spinosa were
introduced as anti-diabetic plants by natives
(15). In many other studies anti-diabetic and
anti-lipidemic effects of P. domestica have
been observed (9,16,17).

According to the high content of organic
acids in Prunus genus and their significant
effects on blood pressure, blood cholesterol
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and antioxidant effects, anti-diabetic effects of
P. divaricata was studied. So the anti-
hyperglycemic and anti-lipidemic effects of
juice and hydro-alcoholic extract of P.
divaricata were examined in normal and
streptozotocin-induced diabetic rats during 30
days period.

MATERIALSAND METHODS

Chemicals

Streptozotocine (STZ) (Zanosar®) was
obtained from Upjohn, Kalamazoo, MI, USA.
Measuring blood glucose device glucometer
provided by Bionime® (Rightest GM110,
Heerbrugg, Switzerland). Diagnostic kits for
determining  triglycerides  (TG),  total
cholesterol (TC) and HDL-C were purchased
from Pars Azmoon® (Karaj, Iran). All
solvents were of analytical grade and procured
from Merck (Darmstadt, Germany).

Plant material

Fruit of Prunus divaricata (subsp.
Divaricata) was purchased from a local market
in Najaf-Abad, Isfahan by researcher during
May 2012 and then authenticated by Mrs.
Mahboobeh  Khatamsaz  (Forests  and
Rangelands Research Center, Karaj, Iran). A
voucher sample numbered 2828 was deposited
in Herbarium division of Pharmacognosy
Department, Isfahan School of Pharmacy,
Isfahan, Iran.
Prunus divaricata freeze dried
preparation

Pieces of fruits were cut, grinded and
compressed to obtain two liters juice. Then the
juice was freezing dried (Christ”, UK) till 122
g powder was resulted eventually. Prunus
divaricata freeze dried juice (PFDJ) powder
was freshly reconstituted in distilled water to
make suitable suspensions with desired
concentrations.

juice

Prunus divaricata freeze dried hydroalcoholic
extract preparation

Cut pieces of fruits (1000 g) immersed in
1.7 liters ethanol/water (70/30) for 5 days, the
mixture was shaken for 30 min and filtered to
obtain a smooth extract (Maceration method)
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(18). Finally it was freezing dried which
produced 51 g of dry powder. Prunus
divaricata freeze dried hydroalcoholic extract
(PFDE) powder was freshly reconstituted in
distilled water to make suitable suspensions
with desired concentrations.

Animals

Male albino Wistar rats weighting 230-260
grams which grew in the animal house of
Isfahan ~ School = of  Pharmacy  and
Pharmaceutical Sciences were used. They
were kept in polypropylene cages (3 rats per
cage) at standard conditions. They were fed
with pellet diet and tap water ad libitum.
Animals were randomly assigned to two
separate groups of normal and diabetic rats of
six in each. The study was carried out
according to the guidelines of Research Ethics
Committee for animal experiments set forth by
Isfahan University of Medical Sciences,
Isfahan, Iran.

Induction of type 1 diabetes mellitus

Diabetes mellitus (DM) was induced by
single intraperitoneal (i.p.) injection of freshly
prepared STZ solution (55 mg/kg, body
weight, b.w.). The rats were fasted 12 h before
induction of the disease. After 72 h, fasting
blood glucose (FBG) was measured and the
rats showed FBG equal or greater than 200
mg/dl (maximum 500 mg/dl) were selected for
the experiment (19).

Experimental design

Sixteen groups were selected for this study:
In eight normal groups, control and reference
groups received normal saline (5 ml/kg) and
glibenclamide (1 mg/kg) respectively. Other
six groups were treated with PFDJ (200, 400,
800 mg/kg) and PFDE (100, 200, 400 mg/kg).
On the other set of animals, eight diabetic
groups of rats were used. Control and
reference groups were similarly treated with
normal saline (5 ml/kg) and glibenclamide (3
mg/kg) respectively while test groups treated
with PFDJ (200, 400, 800 mg/kg) and PFDE
(100, 200, 400 mg/kg). All rats were fed once
daily, 72 h after induction of diabetes (at the
31 day) by a feeding tube and continued for 27
days thereafter (totally for 30 days after
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induction). The animals were weighted at 1%,
3 13™ and 30™ days of the study.

Blood glucose level was measured by
Bionime® glucometer at 0, 1, 3, 5 and 8 h at
day 3 of experiment and repeated for two more
times at the 13" and 30" days (20). Serum
lipid profile including triglyceride (TG), total
cholesterol (TC), and HDL-cholesterol (HDL-
C) were also determined at the end (30" day)
of experiment by respective diagnostic Kkits.
LDL-cholesterol (LDL-C) was measured by
using following formula

LDL-C = TC - (HDL-C + TG/S) (21).

Blood samples were taken by heparinized
microcapillary from orbital sinus plexus under
light ether anesthesia (22). At the end of study
the animals were euthanized by ether overdose
inhalation.

Statistical analyses

Data was analyzed with one way ANOVA
with Tukey Post Hoc test (SPSS software
version 17) to compare the means with the
level of significance set at P<0.05. Results are
presented as mean + SD.

RESULTS

Figs 1 and 2 show the changes of body
weight at time zero and at 3, 13, and 30 days
of experiment in two separate sets of normal
and diabetic rats respectively.

As it is shown in Fig. (1a and 1b), different
treatments had no significant effect on body
weight increments of normal rats found during
experiment. Fig. (2a and 2b) demonstrates the
data of body weight changes in diabetic rats.
As it is shown, body weight reduction is
obvious in different groups especially in
control groups. Glibenclamide (3 mg/kg) as
well as PFDJ (800 mg/kg) and PFDE (400
mg/kg) were effective to reverse this trend and
re-establish the rats' body weight loss
indicating a metabolic improvement.

Fig. (3a and 3b) shows the effect of
different treatments on FBG of normal rats. In
acute phase of the experiment (0-8 h of the 3™
day) none of test extracts were effective to
reduce  FBG with the exception of
glibenclamide. During the sub-acute phase on
the other hand, the greatest test doses of PFDJ
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(800 mg/kg) and PFDE (400 mg/kg) were
hypoglycemic at the the end of experiment
30" day) in comparison with control groups
(P<0.05).

(200,400,800 mg/kg) and PFDE (100,200,400
mg/kg) were effective to diminish FBG during
sub-acute phase of experiment compared to
control groups. Glibenclamide was similarly

In diabetic groups a different pattern of effective in this respect while it had
action could be observed. As it is shown in hypoglycemic effect in both phases of the
Fig. (4a and b), all doses of PFDJ treatment.
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Fig. 1. Changes in body weight of normal rats after treatment with Prunus divaricata freeze dried juice preparation and
Prunus divaricata freeze dried hydroalcoholic extract preparation fractions. Data are presented as mean + SD. PFDJ:
Prunus divaricata freeze dried juice (200, 400, 800 mg/kg), PFDE; Prunus divaricata freeze dried hydroalcoholic
extract (100, 200, 400 mg/kg), N. Saline; normal saline (5 ml/kg), Glib.;glibenclamide (1 mg/kg).
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Fig. 2. Changes in body weight of streptozocin-induced diabetic rats after treatment with Prunus divaricata freeze dried
juice preparation and Prunus divaricata freeze dried hydroalcoholic extract preparation fractions. Data are presented as
mean + SD, PFDJ; Prunus divaricata freeze dried juice (200, 400, 800 mg/kg), PFDE; Prunus divaricata freeze dried
hydroalcoholic extract (100, 200, 400 mg/kg), N. Saline; normal saline (5 ml/kg), Glib.; glibenclamide (3 mg/kg),
*P<0.05 compared to normal saline group (ANOVA).
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Fig. 3. Changes in fasting blood glucose levels of normal rats after treatment with Prunus divaricata freeze dried juice
preparation and Prunus divaricata freeze dried hydroalcoholic extract preparation fractions fractions. Data are
presented as mean = SD, PFDJ; Prunus divaricata freeze dried juice (200, 400, 800 mg/kg), PFDE; Prunus divaricata
freeze dried hydroalcoholic extract (100, 200, 400 mg/kg), Glib.; glibenclamide (1 mg/kg), N. Saline; normal saline (5
ml/kg), FBG; fasting blood glucose,*P<0.05, **P<0.01, ***P<(.001 compared tonormal saline group (ANOVA).
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Fig. 4. Changes in fasting blood glucose levels of streptozocin-induced diabetic rats after treatment with Prunus
divaricata freeze dried juice preparation and Prunus divaricata freeze dried hydroalcoholic extract preparation fractions
. Data are presented as mean + SD, PFDJ; Prunus divaricata freeze dried juice (200, 400, 800 mg/kg), PFDE; Prunus
divaricata freeze dried hydroalcoholic extract (100, 200, 400 mg/kg), Glib; glibenclamide (3 mg/kg), N. Saline; normal
saline (5 ml/kg), FBG; fasting blood glucose,*P<0.05, **P<0.01, ***P<0.001 compared tonormal saline group

(ANOVA).

In the case of lipid profile in normal rats,
both plant fractions (PFDJ and PFDE) were
not effective to diminish serum lipids
including TG, TC, LDL-C (Table 1).

The same results were obtained with
glibenclamide. In diabetic rats however, all
test doses of PFDJ and two greater doses of
PFDE (200, 400 mg/kg) could diminish TG

significantly while PFDJ was the only fraction
effective on TC as well as LDL-C levels in
subacute phase of the treatment (30th day ) (at
least P<0.01). PFDJ was also effective to
increase HDL-C levels in diabetic group (at
least P<0.01)+ (Table 2). Glibenclamide was
also effective in TC and LDL-C reduction of
diabetic rats (P<0.01).
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Table 1. Effect of Prunus divaricata freeze dried juice preparation and Prunus divaricata freeze dried
hydroalcoholic extract preparation fractions on serum triglycerides, total cholesterol, low density lipoprotein
cholesterol and high density lipoprotein cholesterol of normal rats at 30" day of experiment.

Groups TG (mg/dl) TC (mg/dl) LDL-C (mg/dl) HDL-C (mg/dl)
N.Saline 70.9+94 117.3£5.7 36.5+8.6 66.3 +10.2
PFDE100 68.5+8.2 117.8 £ 8.1 34.1+£12.6 70+ 7.1
PFDE200 67+9.1 122+ 15.2 383+16.8 70.3+3.5
PFDE400 74.6 £9.5 1184+3.9 35+£5.0 694 +3.8
PFDJ 200 72.8+5.6 120.4 £ 3.6 37.6+5.7 682+59
PFDJ 400 75.8+5.2 119.4+£9.1 37.9+10.7 66.4+6.5
PFDJ 800 774 +16.1 125.7+12.8 37.2+19.2 73+£15.2
Glib. 70.5£5.9 120.4+10.2 39.1+11.7 672+12

Data are presented as mean + SD, PFDJ; Prunus divaricata freeze dried juice (200, 400, 800 mg/kg), PFDE;
Prunus divaricata freeze dried hydroalcoholic extract (100, 200, 400 mg/kg), Glib.; glibenclamide (1 mg/kg),
N.Saline: normal saline (5 ml/kg). TG; serum triglycerides, TC; total cholesterol, LDL-C; low density
lipoprotein cholesterol and HDL-C; high density lipoprotein cholesterol.

Table 2. Effect of Prunus divaricata freeze dried juice preparation and Prunus divaricata freeze dried
hydroalcoholic extract preparation fractions on serum triglycerides , total cholesterol , low density lipoprotein
cholesterol and high density lipoprotein cholesterol of streptozocin-induced diabetic rats at 30" day of
experiment .

Groups TG (mg/dl) TC (mg/dl) LDL-C (mg/dl) HDL-C (mg/dl)
N.Saline 132.1+45 189.5+£4.6 130.5+4.0 325+36
PFDE100 130+8.5 181.8+5.5 117.5+9.1 385+6.4
PFDE200 126.4+9.1* 183.6£10.2 120.6 +16.2 37.7+85
PFDE400 125.8 + 4.7%* 182.5+9 115.6 £ 6.6 41.7+8.6
PFDJ200 122.2 + 4.6%* 178.6 + 6.1* 118.8+7.1 353+3.9
PFDJ400 79.2 + 6.9%%** 159.1 £ 2.5%%x* 97 + 5.8%%* 46.3 + 6.6%*
PFDJ800 69.6 £ 5.4%** 148.6 £ 4.2%** 85.3 £ 7.3%** 49.3 £6.1%%*
Glib. 1144+5.0 165.9 £ 7.0* 99.3 +£3.2* 43.7+8.0

Data are presented as mean + SD, PFDJ; Prunus divaricata freeze dried juice (200, 400, 800 mg/kg), PFDE,;
Prunus divaricata freeze dried hydroalcoholic extract (100, 200, 400 mg/kg), Glib.:glibenclamide (3 mg/kg),
N.Saline: normal saline (5 ml/kg), TG; serum triglycerides, TC; total cholesterol, LDL-C; low density
lipoprotein cholesterol and HDL-C; high density lipoprotein cholesterol. *P<0.05, **P<0.01, ***P<0.001

compared to normal saline group (ANOVA with Tukey post hoc test).

DISCUSSION

This study presented for the first time the
anti-hyperglycemic and anti-lipidemic effects
of P. divaricata two fractions (juice and
extract) on normal and STZ-induced diabetic
rats. Other species of this genus like P.
domestica (Allou), P. amygdalus (Baadam), P.
davidiana and P. mume showed significant
anti-hyperglycemic  and/or  anti-lipidemic
activities in the past studies (10,11,15,23-
24,28,29). A literature survey revealed no
report on the effects of P.divaricata, while this
delicious fruit is commonly eaten during
spring a lot.

STZ is one of the most powerful
diabetogenic agents which results in body
weight loss promptly through increasing
muscle wasting and decreasing tissue proteins
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(26). According to our results, rats' body
weight changes were not altered in normal
groups due to therapeutic interventions.
However, in diabetic rats; maximum doses of
two PFDJ and PFDE fractions opposed to
body weight loss of animals during the
experimen period. This suggests that test
Prunus fractions were able to improve
metabolic and physiologic activities in diabetic
rats (30). By reviewing the results obtained
after blood glucose analysis, it is found that
PFDJ and PFDE reduced FBG only in sub-
acute phase. In the Prunus genus, there are
many species with anti-diabetic activities
which act via different mechanisms including
a-glucosidase inhibitor due to the existence of
Prunusides A-C (25), adiponectin-related
mechanism (27), activation of PPAR-y (10)
and insulin like hypoglycemic effects due to
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Prunin, a flavanone glycoside (28). Prunus
genus is a rich source of organic acids like
chlorogenic and neochlorogenic acids as well
as fibers, sorbitol, and phenolic constituents
that may interfere with carbohydrate
absorption in gastrointestinal tract or at least
make a significant delay in it (9). This may
explain why two different examined fractions
had various effects on FBG of diabetic rats. By
reviewing the results related to
antihyperlipidemic effects of P. divaricata, it
could be found that both fractions were not
effective in normal animals as it is expected.
On the other hand, PFDE reduced TG levels
while greater doses of juice fraction PFDIJ
were able to cause a significant decline in TG,
TC, LDL-C as well as an increase in HDL-C
levels during subacute phase of treatment.

The HDL level inversely correlates with the
risk of atherosclerotic cardiovascular disease.
HDL protects against or reverse
atherosclerosis by their ability to serve as
acceptor particles for macrophage cholesterol
efflux, prevention of endothelial dysfunction
and maintenance of endothelial integrity (31).
A diet enriched with almond (P. amygdalus)
reduced total cholesterol, LDL-C and LDL-C
to HDL-C ratio significantly, but did not affect
TG and HDL-C, in type 2 DM patient (11). In
another study, opposite results obtained when
an almond-enriched diet decreased HDL-C
with no effect on LDL-C to HDL-C ratio,
suggesting that almond has a similar effect to
high-monounsaturated fat oils (32). Lipid
profile results obtained in the present study
were similar to a study carried out by Tinker
and cworkers (33) in which total cholesterol
and LDL-C levels following administration of
P. domestica was reduced. Many herbs and
plant products have been shown to have
hypolipidemic properties (34-36). Covas and
colleaues (37) reported that consumption of
polyphenol-rich olive oil increases HDL-C
levels and lowers levels of oxidative stress
markers and oxidized LDL-C.

There are many evidences indicating that
diabetes induced by STZ will result finally in
lipid profile disturbances in experimental
animals (38). In the presence of insulin
secretion paucity or shortage, the increase in
the total serum cholesterol, triglyceride and
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LDL-C levels in the diabetic rats will happen
which is mainly due to increased mobilization
of free fatty acids from peripheral deposits to
central blood circulation. The increase in the
serum LDL-C level may also result from
glycosylation of the lysyl residues of
apoprotein B, which leads to a decrease in
LDL metabolism due to a decrease in the
affinity of LDL for its receptors (39).On the
other hand, disturbed lipid profile is usually
observed in diabetic patients and most of
diabetics usually receive lipid lowering agents
mostly statins together with antidiabetic drugs
(40). For defining the active constituents with

antihyperglycemic and antihyperlipidemic
properties of P. divaricata, detailed
phytochemical  analysis is  necessary.

Additionally, to clarify exact mechanism of its
action, measuring serum insulin, HbA1C, liver
enzymes activities and glycogen contents in
liver are highly recommended.

CONCLUSION

Our findings demonstrate that juice and
hydroalcoholic fractions of P. divaricata
reduce FBG and improve lipid profile after
continuous use especially in long term
schedule. Measuring other biochemical
parameters and histological studies will help to
determine active involved mechanisms.
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