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Background and objectives

Diabetes mellitus is one of the most prevalent metabolic disorders worldwide.
Cardiac angiogenesis disruption occurs in diabetes. Petroselinum crispum has
antioxidant properties leading to its therapeutic attributes.

Materials and methods

Sixty-four male Wistar rats were randomly sorted into eight groups: control, extract
groups (50, 100, and 150mg/kg of P. crispum), diabetic, and diabetic+extract
groups. Diabetes was induced by intraperitoneal injection of streptozotocin (50 mg/
kg), and different doses of extract were administered intraperitoneal for 30 days.
The serum level of vascular endothelial growth factor was determined by enzyme-
linked immunosorbent assay method; nitrite oxide was measured by Griess assay;
and capillary density in the heart was evaluated by immunohistochemistry assay.
Results and conclusion

The values of all parameters were reduced significantly in the diabetic group
compared with the control group (P<0.001). No significant modifications were
observed in all extract groups compared with the control group as well as diabetic
+extract groups compared with diabetic rats (P>0.05). The hydroalcoholic extract
of P. crispum did not affect cardiac angiogenesis in normal and diabetic patients,
which probably is due to the insufficient amounts of active ingredients, especially
flavonoids available in P. crispum.
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Introduction

Diabetes mellitus is a chronic metabolic disorder
characterized by increased blood sugar levels due to
insulin deficiency or reduced body responsiveness [1].
In chronic states of hyperglycemia, complications such
as degeneration of very small veins may influence the
various organs like the kidneys and the eyes. Diabetes is
also directly associated with an increased risk of
cardiovascular  disease [2]. Angiogenesis, the
development of new blood vessels from the
preexisting ones, is essential for the growth and
development of body tissues that can be affected by
diabetes [3,4]. Diabetes, by disruption in the balance of
stimulatory factors and angiogenic inhibitors, can
decrease or increase this process in some organs of
the body like heart [5]. In fact, diabetes reduces the rate
of angiogenesis by alteration in the expression
angiogenic genes such as vascular endothelial growth
factor (VEGF) [6]. About 80% of the people live in
developing countries where they are more willing to use
medicinal plants for the treatment of the disease due to
the high cost, lack of access, and the complications of
synthetic drugs [7]. Petroselinum crispum is one of the
herbs used in traditional medicine due to its high
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phenolic content, strong antioxidant effect, and
various therapeutics properties such as antidiabetic,
anti-inflammatory, antiaging, and sedative [8]. The
active ingredients of P. crispum are kaempferol,
quercetin, geraniol, eugenol, citronella, myrcene,
phenylethyl alcohol, nonadecane, eicosane, triclosan,
geranyl acetate, and carboxylic acid [9]. P. crispum is a
biennial plant from the Umbelliferae family, which is
widely used in nutritional and pharmacological
interventions [10]. Since the antioxidants play a
crucial role in the modification of the angiogenesis
[11], it seems that the P. crispum plant can protect the
angiogenesis in diabetic-induced stress. Moreover, a
review of the literature indicated that there is no study
in the field on the effects of P. crispum on angiogenesis
in diabetic rats. Thus, this study aimed to determine
the effects of hydroalcoholic extract of the P. crispum on
the angiogenesis process following induction of
diabetes in male Wistar rats.
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Materials and methods

Chemicals and reagents

P. crispum was purchased from a local herbal store
(Kermanshah, Iran). Ethanol, formalin solution,
paraffin, and xylol were purchased from the Merck
Co. (Merck, Darmstadt, Germany). Streptozotocin
(STZ) was purchased from Sigma Co. (Sigma; St.
Louis, USA). Sodium chloride 0.9% was obtained
from the DarouPakhsh Co. (Tehran, Iran). H,O,
(5%) solution was purchased from the Behsaman Co.
(Behsaman, Tehran, Iran). CD31 primary antibody,
EnVision secondary antibody, phosphate-buffered
saline (PBS) solution, Ringer’s lactate solution (RS)
diaminobenzidine (DAB)
hematoxylin solution were purchased from the Dako
Co. (Dako, Copenhagen, Denmark). CK-E30634
enzyme-linked immunosorbent assay (ELISA) kit was
purchased from the BioPharm Co. (Leeches; Westbury,
UK).

solution, solution, and

Animals

All animal procedures were conducted in accordance
with the guidelines established by the Research Ethics
Committee at Kermanshah University of Medical
Sciences. Sixty-four male Wistar rats (200-250g)
were purchased from the Pasteur Institute (Tehran,
Iran) and were housed in animal homes at 22+2°C
under a 12h light/dark photocycle. Rats had free
access to water and standard chow. They were
randomly divided into eight groups (eight animals in
each): control group, extract groups (100, 150, and
200 mg/kg), diabetic group, and diabetic+extract
groups (100, 150, and 200 mg/kg). The extract group
(1g/kg of body weight) was administered daily by

intraperitoneal injection for 1 month [12].

Preparation of hydroalcoholic Petroselinum crispum
extract

The P. crispum was purchased from a local store
(Kermanshah,  Iran, spring  2018).  After
confirmation by a botanist, the plant was purged,
and the impurities were removed. The leaves and
stems were dried in shade and then ground to
produce the P. crispum powder. Then it was
dissolved in 98% ethanol solution, and it was
extracted using distilled water and ethanol (1 : 1v/
v) as a solvent. It was filtered and concentrated under
reduced pressure on a rotary evaporator. It was finally
freeze-dried at -80°C. The extract was dissolved in
water and prepared fresh for daily experimental use.
The hydroalcoholic extract of P. crispum was
administrated 1g/kg of body weight daily

intraperitoneal for 1 month, by the way, in each

1ml of the
prescribed for the extract-treated groups (doses of

100, 150, and 200 mg/kg) [9,10].

injection, intended volume was

Induction of diabetes

Type I diabetes group was induced intraperitoneally
by a single dose of STZ (60 mg/kg). The STZ causes
partial or total degradation of pancreatic beta cells.
At 48 h later, subsequent to the blood sampling from
the tail of rats, they were considered as diabetic
animals if the blood glucose was greater than
250mg/dl. To confirm diabetes induction, the
blood sugar levels were evaluated twice, before and
several days after the STZ injection. The blood sugar
was also measured weekly to the end of the
experiment [13].

Heart sampling and serum preparation

After anesthesia induction, the rats
thoracotomy and the blood samples were gathered
directly from the heart. The blood serum isolation
was carried out to measure the VEGF. Then, the
heart was removed, washed with normal saline, and

underwent

fixed in formalin solution. The heart tissue underwent
tissue processing by an Autotechnicon machine, and
they were embedded in paraffin in order to measure the
capillary density using the immunohistochemistry
technique [14].

Measurement of vascular endothelial growth factor
VEGF concentration in blood serum was measured by
ELISA and CK-E30634 kit (BioPharm Co.). After
preparation of samples and standards, 40 pl of the rat
standard serum sample was added, followed by 10 pl of
biotin solution, and 50 pl of Horseradish peroxidase
(HRP)-linked polyclonal antibody, which was added
to each well of the microplate coated with monoclonal
antibodies. The microplate was then placed at 37°C
for 60 min. Then they were washed with a washing
solution for five times, and the chromogen A and B
solutions were added to the wells and incubated at
37°C for 10 min. A measure of 50 pl of Stop solution
was added to the wells for color resuscitation. Finally,
the optimum density was determined at the 450 nm
wavelength using a microplate reader and the
concentration of VEGF is expressed in ng/l [14].

Measurement of capillary density

The primary antibody CD31 was used as an indicator
of endothelial cells in cardiac capillaries. Paraffin blocks
of the heart tissue were sliced into 3 pm sections. The
slides were incubated in the oven and then in xylol. The
slides were placed in solutions of PBS and RS. After

placing in distilled water, the slides were also placed in
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H,>0, solution (5%), then distilled water and in PBS
solutions. An appropriate amount of antibody was
placed on the slices while adding the primary
antibody. Then the slides were washed. In the next
step, the secondary antibody was added to the slices,
and they were washed and placed in a PBS buffer. In
the next step, the chromogen was placed on the slices
and washed in distilled water and PBS solutions.
Hematoxylin was added to the slices, and they were
washed in the next stage. Ultimately, the slides were
dehydrated and placed in xylol, and were prepared for
morphology detection. Ten microscopic fields from
each tissue preparation were selected, and the
capillary density was expressed as the number of
endothelial cells per mm?® by counting the number of

endothelial cells [14].

Griess technique

Nitrite oxide was measured by the Griess assay using
the microplate technique. Through this process, a
mixture of zinc sulfate powder (6 mg) and serum
samples (400ul) was vortexed for 1min. The
samples were centrifuged at 4°C for 10min at 12
000 rpm, and the supernatant was used to measure
the nitrite oxide level. A measure of 50ul of the
sample was added to 100 pl of Griess reagent (Sigma
Co.), and the reaction mixture was incubated for about
30 min at room temperature. The optical density of the
sample was measured according to the manufacturer
protocol by an ELISA reader (Hyperion, Washington,
USA) at a wavelength of 540 nm [15].

Statistical analysis
Data were analyzed using statistical package for the
social sciences software (version 16.0) (IBM, New

York, USA). The unpaired ¢ test was used, and one-
way analysis of variance was followed by Tukey’s post-
hoc tests. A P value less than 0.05 was considered
statistically significant. All data were expressed as mean

+SEM.

Results

Levels of blood glucose

A comparison of mean blood glucose in different
groups at the beginning of the experiment and from
the first to the fourth week of treatment is shown. The
blood glucose levels in diabetic and diabetic+extract
groups were significantly higher than the control and
extract groups (P<0.001). However, there was no
significant difference in blood glucose levels in the
control group in comparison with the extract groups
as well as the diabetic group compared with the diabetic
+extract groups (P>0.05) (Fig. 1).

Serum level of vascular endothelial growth factor

Figure 2 shows the mean serum concentrations of VEGF
in the control and diabetic groups. The level of serum
VEGF in the diabetic group was reduced significantly
compared with the control group (P<0.001).
Administration of the extract at doses of 100, 150,
and 200 mg/kg had no significant effect on the level
of serum VEGF in the extract groups in comparison to
the control group. Also, no significant differences were
detected among the diabetic group and the diabetic
+extract groups in terms of mean serum levels of

VEGF (P>0.05) (Fig. 2).

Capillary density in the heart
Results showed a significant alteration of capillary
density among the diabetic group compared with the
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control group (P<0.001). Findings showed no
significant differences in the field of capillary density
between the extract and control groups as well as the
diabetic+extract groups compared with diabetic rats

(P>0.05) (Fig. 3).

Nitrite oxide

The results of blood serum nitrite oxide analysis
showed a significant decrease in the diabetic group
compared with the control group (P<0.001). The
mean nitrite oxide level in the blood serum was not

significant in all extract groups compared with the
control group (P>0.05). Also, the mean of nitrite
oxide in blood serum was not significant in diabetic
+extract groups in all doses compared with the diabetic

group (P>0.05) (Fig. 4).

Discussion

In this study, diabetes reduced the cardiac capillary
density and serum levels of VEGF and nitrite oxide
compared with the control group. Although the P.
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Effects of Petroselinum crispum and diabetes on the mean nitrite oxide levels. ***Significant difference compared with the control group

(P<0.001).

crispum extract at the doses of 100, 150, and 200 mg/kg
increased the cardiac capillary density in diabetic
groups receiving the extract, this incremental trend
was not statistically significant. Also, the capillary
density rate in the extract groups not
significantly different compared with the control
group. The findings of this study showed no
significant changes in serum VEGF of diabetic
+extract group compared with the diabetic group as

‘was

well as the extract groups compared with the control
group, which is consistent with some studies [16].
Hazarika ef al. [17] have shown that in the absence
of ischemia, the VEGF signaling in diabetic mice was
lower than the control group, which is in line with the
results of this study. The results of Gao and Yu [18]
were in agreement with the findings of the present
research which found that the capillary density and the
rate of revascularization in the limbs of diabetic rats
were decreased, with reduced mRNA and protein
expression of Endothelial nitric oxide synthase
(eNOS), VEGF, and Basic fibroblast growth factor
(bFGF). There are various chemical compounds in the
P. crispum, including terpenes, glycosides, and
flavonoids, such as kaempferol and quercetin
[19,20]. Studies have shown that the flavonoids
reduce the rate of angiogenesis by reduction in the
expression of VEGF or inhibition of the hypoxia-
induced VEGF [21,22]. Another study showed that
quercetin  induces antiangiogenesis which was
restricted by the inhibition of proliferation and
migration of vascular endothelial cells (by reduction

in the expression and activity of the matrix
metalloproteinase-2 of matrix) [23]. The results of
this  study that intraperitoneal
administration of P. crispum hydroalcoholic extract

also  showed
increased the cardiac capillary density in diabetic
rats, while it slightly reduced the serum VEGF in
the experimental groups compared with the control
group in the nonstatistically significant analysis. It has
been shown that the VEGEF is an important inducer of
angiogenesis in the various in-vivo models [24]. The
findings of Li ez al. [25] confirmed the results of this
study in that diabetes could decrease the plasma VEGF
level. According to previous studies, this consequence
returns to VEGE tolerance of diabetes-induced
vascular complications [14]. The possible reason for
this phenomenon is the type of diabetes (type I) used
for animals, which caused more severe complications
and disabilities and less tolerance against diabetes.
Thus, the extract could not exert its effects to
alleviate the complications of diabetes. It should also
be noted that the amount of nontoxic intraperitoneal
doses used in this study were the same as the dose of the
extract to make a significant change in the capillary
density due to the presence of sufficient flavonoids, and
the difference  between the
experimental groups may be due to the insufficient
time of extract consumption [26]. Also, this study has
shown that the use of P. crispum extract at doses of 100,
150, and 200 mg/kg did not significantly increase the
blood glucose levels of the extract groups compared
with the control group and had no effects on the

also insignificant
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decrease of blood glucose levels in diabetic rats.
However, its administration in the diabetic+extract
groups at the specified doses reduced the blood
glucose level at the end of the experiment (fourth
week) nonsignificant The
researches have shown that the polysaccharides,
flavonoids, polypeptides, and alkaloids available in
medicinal plants can justify the nature of
hypoglycemic and hypolipidemic effects [27,28].
Also, several studies have reported the positive
effects of medicinal plants on antioxidant properties
[29]. The results of the study by Su ez al [30] are
consistent with the results of the present study
indicating that the administration of flavonoids may
increase the glucose uptake by hepatocytes, adipocytes,
and muscle cells. A part of the hypoglycemic effects of
flavonoids can be attributed to increased activity of
hexokinase and glucokinase in the liver, as well as their
insulin-like effect which reduces the symptoms of
diabetes mellitus [31]. Our results have shown that
the serum nitrite oxide level in diabetic rats was lower
than the control. Statistical analysis demonstrated that
the capillary density in the myocardial tissue was
correlated with high serum angiogenic markers.
Angiogenesis is controlled by a number of
proangiogenic and antiangiogenic factors which are
released in tissues. Nitrite oxide and VEGF have
crucial roles during angiogenesis [32]. Nitrite oxide

which is a result.

not only has a direct effect on angiogenesis, but also
affects other angiogenic growth factors by increasing
nitrite oxide production [33]. A decrease in nitrite
oxide production in endothelial nitrite oxide
synthase  gene-deficient  rats  disrupts  the
development of coronary vessels and angiogenesis
[34]. The results of Silva e al [35] were in
agreement with the findings of the present research,
indicating that serum nitrite oxide concentration in
diabetic rats was lower than the concentration in the
control group. Roshankhah e# al. [9] reported that P.
crispum administration for male Wistar rats attenuated
the nitrite oxide level compared with the control group,
which did not confirm the results of the current
research. The lack of effect of P. crispum extract on
blood glucose reduction may be due to nontoxic
intraperitoneal doses; the amount of flavonol-active
ingredients, and the duration of the extract
administration. It is also possible that the active
ingredients of P. crispum have not entered into the
blood circulation due to less than effective levels or not
being absorbed  through the intraperitoneal
administration, or they have been metabolized into
inactive metabolites in the liver. Another possibility
is that the slight reduction in blood glucose is
neutralized by the absorbable carbohydrates which

are normally found in the P. crispum extract. It is
also possible that the blood glucose-reducing
substances along with their additives exist in P.
crispum extract to prevent the rise in blood glucose
levels in experimental rats.

Conclusion

The hydroalcoholic extract of P. crispum at specified
doses did not show significant effects on blood
glucose level, nitrite oxide, serum capillary density,
and VEGF in control and diabetic groups. Thus,
according to the results of this study, the type of
diabetes, P. crispum dose level, the amount of P.
crispum-active ingredient, and its duration of
prescription were considered as the factors leading
to inefficiency of hydroalcoholic extract of P. crispum
in preventing cardiovascular complications caused by
diabetes in male Wistar rats.
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