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Abstract

Background and aims: The cardiac angiogenesis is one of the complications of diabetes. The oxidative stress occurs when there is an
imbalance between the production of free radicals and antioxidant defense of the body. In diabetes mellitus, hyperglycemia induces
increased oxidative stress through biological processes. Diabetes is also associated with reduced antioxidant defense by reducing
glutathione, catalase, and superoxide dismutase. Rosa damascena Mill has antioxidant properties. This study aimed to investigate the
effects of hydroalcoholic extract of R. damascena Mill on cardiac angiogenesis in diabetic rats.

Methods: In this experimental study carried out in 2016, a total of 48 adult male Wistar rats (190-200 g) were randomly divided into 8
groups (n=6) including control, extracts (200, 400, and 1000 mg/kg), diabetic, and diabetic plus extracts (200, 400, and 1000 mg/kg).
Diabetes was induced by intraperitoneal (i.p.) injection of streptozotocin (STZ) (50 mg/kg) and the rats were gavaged with different doses
of extract for 30 days. At the end of the treatment, serum levels of vascular endothelial growth factor (VEGF) were determined by enzyme-
linked immunosorbent assay and the rat hearts were removed for immunohistochemistry study.

Results: The treatment with hydroalcoholic extract of R. damascene Mill had no significant effect on cardiac capillary density [F (7,
40)=0.5, P>0.05] and the serum levels of VEGF [F (7, 40)=0.406, P>0.05]. However, there was no significant difference in blood glucose
level in extract groups compared to control rats as well as diabetic plus extract groups compared to diabetic rats [F (7,40)=0.787, P>0.05].
Conclusion: According to our results, the hydroalcoholic extract of R. damascene Mill had no effect on cardiac angiogenesis in the normal
and diabetic subjects. These findings were probably due to the insufficient amounts of effective ingredients, especially flavonoids, in this

plant, or the duration of extract administration.
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Introduction
Diabetes

characterized by increased blood glucose levels due to

mellitus is a chronic metabolic disorder
insulin hormone deficiency or reduced body responsiveness
(1). High glucose levels in the body over a long period of
time can cause damage to very small veins in the body
that can affect various organs such as the kidneys and eyes.
Diabetes is also directly associated with an increased risk
of cardiovascular diseases (2). Angiogenesis is a process
through which new blood vessels form from pre-existing
arteries that are essential for the growth and development
of body tissues (3,4) and can be affected by diabetes.
Diabetes can decrease or increase this process in some
organs of the body, such as the heart, by disturbing the
balance between stimulatory factors and angiogenesis
inhibitors (5). In fact, diabetes reduces the rate of this
process by altering the expression of several genes involved

in angiogenesis, such as Vascular endothelial growth
factor (VEGF) (6). About 80% of the world’s population
live in developing countries where they tend to use
medicinal plants for treating the diseases because of the
high cost of synthetic drugs, lack of access to them, and
their complications (7). Rosa damascena Mill as one of
the well-known medicinal plants in traditional medicine
due to its high phenolic content, has strong antioxidant,
anti-diabetic, anti-inflammatory, anti-aging, and sedative
properties (8). The active ingredients of R. damascena
Mill include kaempferol, quercetin, geranial, eugenol,
citronelle, myrcene, phenylethyl alcohol, nonadecane,
cicosane, triclosan, geranyl acetate, carboxylic acid, and
so on (9). Given that antioxidants seem to play a role in
modulating the angiogenesis in the tissues as well as the
decrease or increase of such process (10), this study aimed
to investigate the effects of hydroalcoholic extract of this
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plant on the angiogenesis process after inducing diabetes
in rats.

Materials and Methods

Animals and the experimental groups

All animal procedures were conducted in accordance with
guidelines established by the Research Ethics Committee
of Hamadan University of Medical Sciences. Forty-eight
male Wistar rats (200-250 g) were purchased from Pasteur
Institute (Tehran, Iran) and were housed in groups at
22 + 2°C under a 12-hour light/12-hourdark cycle. Rats
had free access to water and standard chow. They were
randomly divided into eight groups (6 animals per group)
as follows: control (normal diet), extract groups (200, 400,
and 1000 mg/kg), diabetic, and diabetic + extract (200,
400, and 1000 mg/kg). The extract was daily administered
by oral gavage for 1 month. Then, they underwent surgery
and the experiments were performed.

The rats with normal blood glucose levels were included
in the study; however, non-diabetic rats were eliminated
during tests. This study was approved by the Vice-chancellor
for Research and Technology of the Hamadan University of
Medical Sciences (IR.UMSHA.REC.1394.68).

Chemicals and Reagents

Rosa damascena Mill was purchased from a flower market
(Iran). Ethanol, formalin solution, paraffin, and xylol were
purchased from Merck Co. (Germany). Streptozotocin
(STZ) was purchased from Sigma Co. (USA). Sodium
chloride 0.9 % was purchased from Darou Pakhsh Co.
(Iran). H,O, solution (5%) was purchased from Behsaman
Co. (Iran). The CD, primary antibody, EnVision
secondary antibody, as well as PBS, R.S, DAB, and
hematoxylin solutions were purchased from DaKo Co.
(Denmark). CK-E30634 ELISA kit was purchased from
Biopharm Co., USA.

Induction of diabetes

In this study, type 1 diabetes was induced in animals by a
single intraperitoneal injection of STZ (60 mg/kg), which
causes partial or total degradation of pancreatic beta cells.
After 48 hours, blood samples were collected from the tail
of rats, and they were considered as diabetic rats in case of
blood glucose greater than 250 mg/dL (11). Blood glucose
levels in all rats were evaluated before grouping and after
STZ injection to ensure diabetes induction and then were
measured weekly.

Preparation of extract

For the preparation of the hydroalcoholic extract of R.
damascena Mill, petals of the plant were purchased from a
florist (Hamadan, Iran) in spring 2016. These petals were
dried in a room free of sunlight and then ground into a
powder. The powder was then dissolved in 98% ethanol
and extracted using distilled water and ethanol (1:1 v/v) asa
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solvent. The resulting extract was filtered and concentrated
under reduced pressure in a rotary evaporator. It was
finally freeze-dried at -80°C. The extract was dissolved in
water and prepared fresh daily and the extract doses were
administered for 1 month. The doses of the extract were
chosen according to previously published reports (12,13).
Similarly, in each gavage, 1 mL of the intended volume was
prescribed for the extract-treated groups (at doses of 200,
400, and 1000 mg/kg) (14,15).

The removal of heart tissue and serum preparation
After being anesthetized, the rats underwent chest surgery
and blood samples were taken directly from the heart
and serum isolation was carried out to measure VEGE
Then, the heart of rats was removed from the body and
fixed in the formalin solution after being washed with
normal saline. The heart tissues were processed in the
autotechnicon machine and were embedded in paraffin to
measure capillary density using the immunohistochemistry
technique.

Measurement of VEGF

The concentration of VEGF in rat serum was measured
by ELISA and CK-E30634 kit (Biopharm, USA). For this
purpose, after preparation of samples and standards, 40 puL.
of the standard serum sample was added, followed by 10
uL of biotin solution, and 50 pL of HRP linked polyclonal
antibody was added to each well of microplate previously
coated with monoclonal antibodies. The microplate was
then left at 37°C for 60 minutes. The microplate was washed
with the washing solution for 5 times, then chromogen A
and B solutions were added to the wells and the microplate
was left at 37°C for 10 minutes. Afterwards, 50 pL of stop
solution was added to the wells for color development.
Finally, the optimum density was determined at 450 nm
wavelength using a microplate reader and the concentration

of VEGF was expressed in ng/L (16).

Measurement of capillary density

For this purpose, the primary antibody CD,, was used as
an indicator of endothelial cells in cardiac capillaries. The
paraffin blocks of heart tissue were sliced into 3-micron
blocks and placed on a slide. The slides were left in the
oven and then in xylol. The resulting slides were placed
in PBS solution and then in R.S solution. After being
placed in distilled water, the slides were placed in H,O,
solution (5%) and the distilled water and PBS solution.
An appropriate amount of antibody was placed on the
slices while adding the primary antibody. The slides were
then washed. In the next step, the secondary antibody
was added to the slices, and the slides were washed and
placed in a PBS buffer. Then, the chromogen was placed
on the slices and the washing process was carried out in
distilled water and PBS solution. Hematoxylin was added
to the slices and the slides were washed in the next stage.
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Ultimately, the slides were dehydrated, placed in xylol, and
prepared for morphology detection. Ten microscopic fields
from each tissue preparation were selected and by counting
endothelial cells, the capillary density was determined and
expressed as the number of endothelial cells per mm?.

Statistical analysis

Data were analyzed using SPSS version 16.0 software
and were used by unpaired #test and one-way analysis of
variance (one-way ANOVA) followed by Tukey’s post hoc
test. A P value less than 0.05 (P<0.05) was considered
statistically significant. Data were expressed as mean +

SEM.

Results

Evaluation of blood glucose levels

In Figure 1, we showed the comparison of the mean blood
glucose levels in different groups at the beginning of the
experiment and during the first to the fourth weeks. There
was no significant difference [F (7, 40)=0.777, P>0.05]
between the control group and normal rats (that only
received the extract for one month). Moreover, there
was no significant difference [F (7, 40)=0.652, P>0.05]
between the diabetic group and the diabetic + extract
groups (that received the extract for one month). However,
in the diabetic group and the diabetic + extract groups,
due to the damage of beta-pancreatic cells, changes in the
blood glucose level were observed during four weeks [F (7,
40)=53.25, P<0.001].
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Figure 1. The Mean Blood Glucose Concentrations in Different
Groups During the First to Fourth Weeks of the Experiment. Results
showed that there was no significant difference in blood glucose
levels between the control group and the extract groups [F (7,
40)=0.777, P>0.05], as well as between the diabetic group and
the diabetic + extract groups [F (7, 40)=0.652, P>0.05]. However,
significant differences in blood glucose levels were observed
between the control group and the extract groups compared with the
diabetic group and the diabetic + extract groups [F (7, 40)=53.25,
P<0.001]. The extract doses were expressed as mg/kg. ***, ###,
AAAand ! as P<0.001.

Evaluation of VEGF concentrations in serum

Figure 2 shows the mean serum VEGF concentrations
in the control group and the diabetic group. There was
no significant difference between the diabetic group
and the control group in the amount of serum VEGF
[control (255.17 +3.544) and diabetic (236.67 +27.364)
(P>0.05)]. Moreover, there was no significant difference
between the control group and the extract groups in mean
serum VEGF concentrations. The administration of the
extract at doses of 200, 400, and 1000 mg/kg had no
significant effect on the amount of serum VEGF in the
extract groups in comparison to control group [control
(255.17 + 3.544) with extract 200 [(235 + 2.608) (P> 0.05),
extract 400 (255.83+4.498) (P>0.05), and extract 1000
(254.67£10.269) (P>0.05)] and there was no significant
difference between the diabetic group and the diabetic +
extract groups in mean serum VEGF concentrations. The
administration of the extract at doses of 200, 400, and 1000
mg/kg had no significant effect on the amount of serum
VEGEF in the diabetic + extract groups in comparison with
diabetic group [diabetic (236.67 +27.364) with diabetic +
extract 200 (232.83+27.766) (P>0.05), diabetic + extract
400 (234.33+21.636) (P>0.05), and diabetic + extract
1000 (235.67 +17.959) (P>0.05)].

Evaluation of capillary density in the heart

Figure 3 shows the mean capillary density in the control
and diabetic groups. Results showed a significant difference
between the diabetic group and the control group in
the capillary density [control (83+4.899) and diabetic
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Figure 2. The Mean Serum VEGF Concentrations in the Control
Group Compared with the Diabetic Group and Extract Groups, as
well as the Diabetic Group Compared with the Diabetic + Extract
Groups

Results showed that there was no significant difference
between these groups. [control (255.17+3.544) with diabetic
(236.67+27.364) (P>0.05), extract 200 (235+2.608) (P>0.05),
extract 400 (255.83+4.498) (P>0.05), and extract 1000
(254.67£10.269) (P>0.05), as well as diabetic (236.67 +27.364)
with diabetic + extract 200 (232.83+27.766) (P>0.05), diabetic +
extract 400 (234.33+£21.636) (P>0.05), and diabetic + extract 1000
(235.67+17.959) (P>0.05)].

The extract doses were expressed as mg/kg.
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Figure 3. The Mean Capillary Density of the Heart Tissue in the
Control Group Compared with the Diabetic Group and Extract
Groups, and the Diabetic Group Compared with the Diabetic +
Extract Groups.

These results showed a significant difference between the control
and the diabetic groups. ***Statistically significant differences were
observed in the diabetic group compared to the control group [control
(83+4.899) and diabetic (10+1.065) (P<0.001)]. Additionally,
results showed that there were not significant differences between
the control group and the extract groups and the diabetic group
compared to the diabetic + extract groups [control (83 +4.899) with
extract 200 (75.33£3.565) (P>0.05), extract 400 (77.83 +£4.385)
(P>0.05), and extract 1000 (79.50+1.500) (P>0.05) and diabetic
(10£1.065) with diabetic + extract 200 (12.50+1.455) (P>0.05),
diabetic + extract 400 (14.50+1.875) (P>0.05), and diabetic +
extract 1000 (15.17+1.302) (P>0.05)]. The extract doses were
expressed as mg/kg.

(10+1.065) (P<0.001)]. Additionally, findings showed no
significant difference between the control and the extract
groups in capillary density. In fact, the administration
of extract at doses of 200, 400, and 1000 mg/kg had no
significant effect on the capillary density of these groups
[control (83+4.899) with extract 200 (75.33+3.565)
(P>0.05), extract 400 (77.83+4.385) (P>0.05), and
extract 1000 (79.50+1.500) (P>0.05)]. Similarly, Figure
3 shows the mean capillary density in the diabetic and the
diabetic + extract groups. Findings showed no significant
difference in the capillary density between these groups
and the administration of extract at doses of 200, 400,
and 1000 mg/kg had no significant effect on the capillary
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density in these groups [diabetic (10+1.065) with diabetic
+ extract 200 (12.50 +1.455) (P>0.05), diabetic + extract
400 (14.50+1.875) (P>0.05), and diabetic + extract 1000
(15.17+£1.302) (P>0.05)]. Representative samples of
histological sections are shown in Figures 4 to 6.

Discussion

In this study, the cardiac capillary density was found to
be reduced in the diabetic group compared to the control
group, while no changes were observed in serum VEGE
Although oral treatment of rats with R. damascena Mill
extract at 200, 400, and 1000 mg/kg doses increased the
capillary density of the heart tissue in diabetic groups, this
increase was not??? statistically significant in comparison
with the diabetic group. Moreover, the capillary density
in the normal group received extract was not significantly
different from that in the control group. The findings of
this study showed no significant change in serum VEGF
of diabetic and extract group compared with the diabetic
group as well as the groups received the extract as compared
to the control group, which is consistent with another
study (17). There are various chemical compounds in
R. damascena Mill, including terpenes, glycosides, and
flavonoids such as kaempferol and quercetin (9,18). Studies

have shown that flavonoids reduce angiogenesis by reducing

Figure 4. Representative photograph of the cross section of apex
of the heart capillary density in experimental groups, original
magnification: x 400. A) Heart tissue of the control group and B)
Heart tissue of the diabetic group. As shown in the figures, there is
a significant decrease in capillary density in the diabetic group.

Figure 5. Representative Cross-sectional photograph of the cardiac capillary density in the experimental groups, original magnification: x 400.
A) Heart tissue of the extract group at a dose of 200 mg/kg, B) Heart tissue of the extract group at a dose of 400 mg/kg and C) Heart tissue of
the extract group at a dose of 1000 mg/kg. As shown in the figures, there is no significant change in capillary density in the extract groups in

comparison with control group.
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Figure 5. Representative Cross-sectional photograph of the cardiac capillary density in the experimental groups, original magnification: x 400.
A) Heart tissue of the extract group at a dose of 200 mg/kg, B) Heart tissue of the extract group at a dose of 400 mg/kg and C) Heart tissue of
the extract group at a dose of 1000 mg/kg. As shown in the figures, there is no significant change in capillary density in the extract groups in

comparison with control group.

the expression of VEGF or inhibiting the hypoxia-induced
VEGF (19,20). Another study has shown that quercetin
induces antiangiogenic effects by inhibiting several stages
of angiogenesis, such as the proliferation and migration of
vascular endothelial cells, by reducing the expression and
activity of matrix metalloproteinase-2, which is involved in
the migration of vascular endothelial cells (21). The results
of this study also showed that the oral administration of
hydroalcoholic extract of R. damascena Mill at different
doses increased capillary density in the heart of diabetic
rats, while it reduced the serum VEGF concentration in the
experimental groups compared to the control group, which
was not statistically significant. According to previous
studies, this finding is due to VEGF resistance to diabetes-
induced vascular complications (17). Possible reasons for
this include the type of diabetes induced (type I) in rats,
which caused more severe complications and disability
and less tolerance against diabetes. Therefore, the extract
could not exert its effect in improving the complications
of diabetes as it should. We can also refer to non-toxic oral
doses used in this study that may not be the same as the
dose of the extract, which can cause a significant change
in the capillary density due to the presence of sufficient
flavonoids. Moreover, the insignificant difference between
the experimental groups may be due to short duration of
extract administration (15). In addition, this study revealed
that the treatment with R. damascena Mill extract at 200,
400 and 1000 mg/kg doses did not significantly increase
the blood glucose levels of the extract groups compared to
the control group and had no effect on the decrease of blood
glucose levels in diabetic rats. However, its administration
to the diabetic group that received extract at the specified
doses reduced the blood glucose level at the end of the test
(fourth week), which was not significant. Previous studies
have shown that polysaccharides, flavonoids, polypeptides,
and alkaloids in medicinal plants can justify glucose and
lipid lowering properties (22,23). Moreover, several
studies have reported the positive effect of antioxidants

and antioxidant properties of medicinal plants (24). Some
studies have shown that the administration of flavonoids
increases glucose uptake by liver cells, adipose tissues, and
muscles(25). The hypoglycemic effects of flavonoids can
be partly atcributed to the increased activity of hexokinase
and glucokinase in the liver, as well as their insulin-like
effect, thereby reducing the symptoms of diabetes mellitus
(26). The lack of effect of the extract on the reduction of
blood glucose in the present study may be due to the use of
non-toxic doses, the amount of active ingredient, and the
duration of the extract administration. It is also possible that
active ingredients of R. damascena Mill have not entered
the blood due to the use of non-toxic doses which were
ineffective in lowering blood glucose. These substances
have not been absorbed through oral administration due
to the presence of some materials in this plant, or they have
been metabolized in the liver and have created inactive
metabolites. Another possible explanation is that the
slight reduction in blood glucose achieved by receiving the
extract, as indicated in the present review, is neutralized
due to the presence of absorbable carbohydrates normally
found in the extracts. It is also possible that blood glucose
lowering substances along with their additives existed in R.
damascena Mill extract to prevent blood glucose levels in

the examined rats.

Conclusion

In brief, hydroalcoholic extract of R. damascena Mill used
at the specified doses did not have a significant effect on
blood glucose level, serum capillary density, and VEGF
concentration in control and diabetic groups. Therefore,
according to the results of this study, the type of diabetes,
dose of administration, amount of active ingredient of
the extract, and duration of the administration were
found as the factors for the inefficiency of hydroalcoholic
extract of R. damascena Mill in preventing cardiovascular

complications caused by diabetes in rats.
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