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A B S T R A C T:

This study investigated the effects of pomegranate seed extract and supplementary zinc chloride (ZnCl2) on
Dexamethasone (DEX) and NaCl induced hypertension in rats. For this purpose, female albino rats were divided into five groups:
control and four DEX and NaCl induced hypertensive rats. The animals were given pomegranate seed extract, ZnCl2, or a
combination of both for two weeks. Our results show a significant decrease in systolic blood pressure (SBP) in each of the treated
groups, except the combination group. DEX and NaCl combination significantly decreased the total body weight in rats. The body
weight was not changed with pomegranate seed extract or ZnCl2 administration. Besides WBC, RBC, HGB, HCT, and PLTs
levels were not altered. There were no significant differences in the levels of serum K+, Ca2+, and Cl- ions among the treated
groups. Nevertheless, the Na+ level in the serum increased significantly in rats of the combination group. Taken together, we
conclude that pomegranate seed extract and ZnCl2 consumption can be beneficial for lowering blood pressure in hypertensive
patients when consumed separately.
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INTRODUCTION :

The most common cause of human
mortality is cardiovascular diseases, and one of
the main risk factors for heart diseases is
hypertension (Sahebkar et al., 2017). There are
many pharmaceutical drugs, dietary supplements,
and herbal folk medicine that are used to manage
increased blood pressure. In this study, we have
sought to investigate the effectiveness of a herbal
medicine and a dietary supplement on lowering
blood pressure in experimental animals; and those
are pomegranate seed extract and zinc chloride
(ZnCl2).
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Pomegranate, Punica granatum, trees are
native to the Middle East region. Pomegranate

fruit has a nutritional, industrial, pharmaceutical
values (Teixeira da Silva et al., 2013). It is
composed of peel, aril, seed, and juice.
Pomegranate juice is reported to have antioxidant
effects on humans. The antioxidant activities are
highly linked to the phenolic content of the
pomegranate fruit, including anthocyanins, ellagic
acid and its derivatives, and hydrolyzable tannins
(Kalaycıoğlu and Erim, 2017, Jing et al., 2012,
Hmid et al., 2016, Fawole and Opara, 2013). One
of the major components of pomegranate seed is
tocopherol, such as γ-tocopherol. Additional
components of the seeds are tocotrienols,
phytophenols, triterpene, and phospholipids.
Therefore, pomegranate seed considered a rich
source of biolipids (Verardo et al., 2014).
Pomegranate extracts have been reported to have
antiparasitic (Fahmy et al., Al-Megrin, 2017),
antibacterial (Silva et al., 2016, Labsi et al., 2016),
anti-inflammatory(Achraf et al., 2018, Ambarwati
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et al.), and anticancer activities (An et al., 2015).
It enhances male fertility (El Ghazzawy et al.,
2011) and learning and memory of rats(Adiga et
al., 2010), and it has anti-diabetic properties as
well (Mestry et al., 2017).
Malondialdehyde (MDA), and protein carbonyls
(CARB) are reduced in plasma after consumption
of the pomegranate juice for 15 days, indicating
less lipid peroxidation and less protein oxidation
conditions. The antioxidant glutathione (GSH)
levels were increased after pomegranate
consumption (Matthaiou et al., 2014). Increased
oxidative stress alters the balance between
reactive oxygen species and nitric oxide (NO),
which lowers NO bioavailability, that are the
preliminary steps in atherosclerosis and
cardiovascular diseases (Sahebkar et al., 2016).
It has been shown that Pomegranate peel extract,
Punica granatum L., Lythraceae, has proapoptotic activities and subdue cancer cell
proliferation in adult male Sprague-Dawley rats,
possibly through suppression of Wnt/β-Catenin
signaling pathway (Ahmed et al., 2017). It is
reported that pomegranate juice extract reduces
epithelial to mesenchymal transition (EMT) in
renal cell carcinoma (RCC) cell lines, through
inhibition of the NF-kB and JNK pathways (An et
al., 2015). Pomegranate also found to protect
against oxidative stress in endothelial cells from
Preeclampsia pregnant women.
Zinc supplements have protective antioxidant and
anti-inflammatory properties. It has been revealed
that it decreases hypoxia in obstructive sleep
apnea rats. It protects against hypoxia induced
cardiac dysfunction (Chen and Chen, 2016).
ZnCl2 demonstrates a protective role against
cadmium chloride toxicity, which causes severe
pathological changes in liver and kidneys in rats.
Moreover, Zn balances out cadmium-induced
oxidative stress, apoptosis and necrosis (Mahran
et al, 2011). ZnCl2 prevents oxidant-induced
mitochondrial permeability transition pore
(mPTP) opening through stimulation of PI3K/Akt
signalling pathway, which is responsible for the
inactivation of glycogen synthase kinase-3β
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(GSK-3β) by phosphorylation at Ser9 site
(Chanoit et al., 2008, Lee et al., 2009). Zinc can
suppress apoptosis through suppression of
caspase-3 and its antioxidant activities in
cardiomyocytes. Zinc can activate ERK in
SHSY5Y site and prevent apoptosis in neuronal
cells (Chanoit et al., 2008). Although Zinc has
anti-apoptotic activities, there are reports that it
can participate in the induction of necrosis in
pulmonary endothelial cells in response to
oxidative stress. The necrosis process is likely via
t-butyl hydroperoxide (tBH) and protein kinase
(PK) C pathways (Tang et al., 2001, Kambe et al.,
2015). Zinc also affects the expression and
production of cytokines. It increases the
expression of IL-2 and IFN-ϒ in Human Renal
Proximal Tubule Epithelial (TH1). Zinc also
downregulates the expression of TNF-α, IL-1β,
and IL-8 in the monocyte-macrophage cell line
(Bao et al., 2003). The main aim of the current
study is to obtain insight into the effectiveness of
pomegranate seed extract as well as ZnCl2 on
lowering glucocorticoid dexamethasone (DEX)
induced hypertension in rats. Moreover, we have
investigated the possible toxicity of these two
treatments on blood cell counts, animal weight,
serum electrolyte levels, and blood glucose level.
2. MATERIALS AND METHODS
2.1 Animal housing
Female albino rats weighed 230- 244 grams,
were divided into five groups. The animals were
bred and housed at the Animal House of the
Department of Biology, College of Science,
Salahaddin University-Erbil. The rats kept under
a controlled temperature of about 22±2°C, with 12
hours of alternating cycles of light and dark.
Before the treatments, the animals were fed a
standard diet rat chow containing 0.5% NaCl,
22% protein, and 4-6% dietary fat and tap water
ad libitum. The standard rat pellet contained
wheat 66.6%, soya 25.6%, sunflower oil 4.4%,
limestone 1.5%, salt 0.63%, methionine 0.158%,
choline chloride 0.062% and trace elements 0.05%
(Krinke, 2000).
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2.2. Experimental design
The negative control group received a regular
diet and tap water (n=6). The second group (n=7)
received a combination of Dexamethasone
(DEX)-containing water (0.5mg/L), and 4% NaCl
containing diet. The (DEX+NaCl) combination is
used to induce hypertension in experimental
animals. The third group of animals (n=6) was
given pomegranate seed (PG) extract Punica
granatum (Damiana, Turkey) in addition to
DEX+NaCl combination. The pomegranate seed
powder was dissolved in water (2000mg/L). The
fourth group (n=6) was given Zinc chloride
(ZnCl2) in addition to DEX+NaCl combination.
The ZnCl2 was prepared in a concentration of
420mg/L (50mg/Kg body weight) in water. The
fifth group (n=6) was given a combination of PG,
ZnCl2, Dexamethasone, and NaCl (PG+
ZnCl2+DEX+NaCl) in concentrations similar to
the other groups. The treatment lasted for two
weeks.
2.3 Analytical methods

At the end of each experiment, the rats
were anaesthetized with ketamine hydrochloride
(100mg/mg). Blood samples were taken by
cardiac puncture into tubes with or without
enthylenediaminetetraacetic acid (EDTA) as an
anticoagulant. The tubes with EDTA were used
for haematological analysis. White Blood Cells
(WBC), Red Blood Cells (RBC), haemoglobin
(HGB), hematocrit (HCT), and platelets (PLT)
counts were determined by using automated
haematology analyzer (NIHON KOHDEN),
Celtac α, MEK -6400 J/K). Blood glucose level
was also measured by using glucometer (ACCUCheck Active, Roche, D-68298, Germany).
The blood samples without EDTA were
centrifuged for 15min for sera collection. The sera
were stored at -80 °C (Sony, Ultra low, Japan).
Blood Gas Analyzer GASTAT-600 (TECHNO
MEDICA, Japan) was used for the measurement
of serum electrolyte concentrations (Na+, K+,
Ca2+, and Cl-).

2.3.1 Weight of the animals
2.4 Statistical analysis
The animals were weighed at three time
points during the treatment period of two weeks;
prior to the treatment, at the end of the first week
and at the end of the second week of treatment.
2.3.2 Systolic blood pressure measurement
Systolic blood pressure was measured by
using tail-cuff plethymography in un-anaesthetizes
rats, pre-warmed for 10 minutes at 37°C, in a
thermostatically controlled heating cabinet. The
tail pressure pulsations were detected with a
pneumatic pulse transducer (ADInstruments
PowerLab 2/25). Each blood pressure reading
was obtained by averaging 2-4 individual reading
values.
2.3.3 Blood collection and biochemical
analysis
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The statistical analysis was performed
using Sigma Plot Statistical Package (Version
12.0) software. Pairwise multiple comparison tests
were done using posthoc Bonferroni t-test. Data
are shown as mean±SEM. The results were
considered statistically significant at P< 0.05.
3. RESULTS
3.1 Dexamethasone and NaCl combination
reduces weight
All the groups treated with DEX+ NaCl
combination showed a significant decrease in the
weight of rats after the first week of treatment
compared to the untreated control group. This
change was further detectable after the second
week of the treatment Table (1). The maximum
reduction is seen in ZnCl2+DEX+NaCl group.
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Table (1): Change in animal weights during the
period of the experiment (2 weeks) in
Pomegranate and ZnCL2 treated hypertensive rats.
Pairwise multiple comparison tests were done
using post-hoc Bonferroni t-test. Data are shown
as mean±SEM. Treatment groups compared to the
control group.
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Figure (1): Shows the effect of Pomegranate (PG)
and/or ZnCL2 administration on systolic blood
pressure in Dexamethasone (DEX)-NaCl-induced
hypertensive rats. Pairwise multiple comparison
tests were done using post-hoc Bonferroni t-test.
Data are shown as mean±SEM.
3.3 Blood glucose level is not altered by
pomegranate nor zinc chloride
Blood glucose was not changed when the rats
administered pomegranate seed extract. This
finding was observed when PG+DEX+NaCl
group was compared to the control and
DEX+NaCl groups. However, there is a slight
increase in blood glucose level in the groups that
ingested zinc chloride, even though the results
were not statistically significant (Figure 2). The
average of glucose levels in DEX+NaCl group is
114±9.94, however in each of ZnCl2+DEX+NaCl,
and PG+ZnCl2+DEX+NaCl groups the values are
124±6.39 mg/dL and 124±5.33 mg/dL,
respectively.
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Figure (2): Pomegranate and/or ZnCL2
administration does not show any significant
changes in blood glucose level in Dexamethasone
(DEX)-NaCl induced hypertensive rats. Pairwise
multiple comparison tests were done using posthoc Bonferroni t-test. Data are shown as
mean±SEM.
3.4 Hematological parameters are not changed
by pomegranate nor zinc chloride
We did not observe significant changes in
the levels of RBC, HGB, HCT, and PLTs
compared to the controls in all treated groups.
However, a slight decrease in the levels of WBC
was observed in each of PG+DEX+NaCl (3.6 ±
0.68) and ZnCl2+DEX+NaCl (3.3 ± 0.29) groups
compared to the control (5.08 ± 0.44) and
DEX+NaCl (5.46 ± 1.27) groups (see Table 2).
Table (2): Haematological parameters in
Pomegranate and/or ZnCL2 treated hypertensive
rats. Pairwise multiple comparison tests were done
using post-hoc Bonferroni t-test. Data are shown
as mean±SEM.
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WBC: White Blood Cell count; RBC: Red Blood
Cell count; HGB: haemoglobin concentration;
HCT: Hematocrit; PLT: Platelet count.
3.5 Sodium ion concentration level is changed
by pomegranate and zinc chloride combination
There were no significant differences in the levels
of serum K+, Ca2+, and Cl- among the treated
groups. Nevertheless, serum Na+ ion level
increased significantly when the rats ingested a
combination of pomegranate and ZnCl2 compared
with the control (see Table 3).
Table (3): Serum electrolyte concentrations in
Pomegranate and/or ZnCL2 treated hypertensive
rats. Pairwise multiple comparison tests were done
using post-hoc Bonferroni t-test. Data are shown
as mean±SEM.
* This group is significantly different compared to
control group.
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4. DISCUSSION
This study was designed to examine the effects of
pomegranate seed extract and ZnCl2, individually
and in combination, on the blood pressure, weight,
haematological and biochemical parameters of
rats. Hypertension in the rats was induced via
synthetic glucocorticoid, Dexamethasone (DEX)
ingestion in combination with NaCl. DEX
induction of hypertension was previously reported
(Soto-Piña et al., 2016, Dubey et al., 2017).
Dexamethasone induces increased blood pressure
as a result of enhancing blood vessels’ reactivity
(contraction) to vasopressin (Iijima and Malik,
1988). Moreover, dexamethasone reduces nitric
oxide (NO) synthesis and impairs relaxation of
endothelial cells (Yin et al., 1992, Ong et al.,
2009).
Short period NaCl induced hypertension is a result
of vasoconstrictor 20-hydroxyeicosatetraenoic
acid (20-HETE) action, in response to high salt
diet (Walkowska et al., 2015). High sodium diet,
up to 8%, has been shown to increase superoxide
formation, particularly in the kidney cortex.
Superoxide radicals decrease NO bioavailability
in the thick ascending loop; therefore, more NaCl
reabsorption takes place which eventually causes
high blood pressure in rats (Dobrian et al., 2003).
Our results show that each of pomegranate seed
extracts and ZnCl2 counteract the effects of
Dexamethasone on blood pressure within two
weeks of treatment. However, when a
combination of both, pomegranate and ZnCl2 were
used, the hypertensive effect of Dexamethasone
did not change, this might be due to the
antagonistic effect of these two treatments
together. It is possible that Na+ ion increase we
observed only in pomegranate seed extracts and
ZnCl2 combination group has caused a decrease in
the bioavailability of NO to lower the blood
pressure. In fact, the phenolic compounds in
pomegranate was observed to decrease amount of
the zinc in kidney and heart tissues in rats (Aksu
et al., 2017).
Pomegranate has been reported to increase nitric
oxide activity; therefore, it is possible that the
reduction in the systolic blood pressure we
observed might be due partly to the enhanced NO
action. In addition, pomegranate lowers protein
and lipid oxidation via increasing the antioxidant
molecules such as glutathione (GSH)(Gbinigie et
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al., 2017). Other studies have reported a possible
link between the reduction of blood pressure and
pomegranate intake (Sahebkar et al., 2017, Achraf
et al., 2018); however, the data still is not
conclusive. To our best knowledge, there is
limited data on how pomegranate consumption
affects cell signalling pathways, and whether there
is any variation on the effects of pomegranate
juice, skin, aril or the seed extract on the blood
pressure.
Dexamethasone-treated animals showed a
significant decrease in the total body weight
compared to the control group. Dexamethasone is
reported to acts in the hypothalamus to induce
rapid
transport
of
Intracerebroventricular
neuropeptide Y (NPY) from cell bodies within the
arcuate nucleus to terminal regions including the
dorsomedial and ventromedial hypothalamic
regions, thus controlling appetite (Chen and
Romsos, 1996). This result was most prominent in
rats that were treated with a combination of ZnCl2
and Dexamethasone. However, the decrease in
total body weight did not appear to be affected by
pomegranate
seed
extract
when
the
pomegranate+DEX+ NaCl-treated animals were
compared with DEX+NaCl treated animal group.
Therefore, it is most likely that the decrease in
total body weight is due to Dexamethasone.
Correlation between total body weight loss and
Dexamethasone treatment has been reported
previously (Dubey et al., 2017).
Even though our results show no change in blood
cell components, other studies have reported that
pomegranate juice can increase platelet count in
men after 15 days of intake(Achraf et al., 2018).
Previous studies proposed that pomegranate peel
can assist with type 2 diabetes, by lowering blood
glucose (Banihani et al., 2013); our study shows
no significant changes in the levels of glucose
after consumption of pomegranate seed extract.
We did not observe changes in the levels of serum
electrolytes K+, Ca2+, and Cl- or the
haematological parameters (RBCs, HGB, HCT,
and PLTs). A slight reduction of WBCs was
observed in response to pomegranate seed extract
treatments. A similar finding was detected in
ZnCl2 treatment group. In addition, serum Na+
electrolyte was significantly increased when a
combination of pomegranate seed extract and
ZnCl2 were used together.
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5. CONCLUSIONS AND SIGNIFICANCE
We conclude that pomegranate seed extract lowers
systolic blood pressure (mmHg) in hypertensive
rat models. In addition, the supplementary ZnCl2
can significantly lower blood pressure as well.
Whereas both treatments (pomegranate or ZnCl2)
do not cause any changes in blood glucose levels,
RBCs, HGB, HCT, and PLT counts. They do not
have any significant effect on body weight.
However, there is a slight reduction in WBCs
count in both pomegranate and ZnCl2 treated
groups. There were no significant differences in
the levels of serum K+, Ca2+, and Cl- among the
treated groups. Nevertheless, serum Na+ level in
serum increased significantly when the rats
ingested a combination of pomegranate and ZnCl2
compared to serum Na+ level of the control group.
This has a counter effect on the reduction of blood
pressure.
Therefore, we recommend not to
combine pomegranate seed extract and ZnCl2
together as a dietary supplement. Our data shows
that pomegranate has a potential therapeutic effect
in lowering blood pressure in hypertensive
subjects.
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