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Abstract

Pomegranate is a heart healthy fruit juice. The study aims to evaluate the effectiveness of pomegranate powder extract (Pom) in preventing y-rays-induced cardiac
illnesses in rat model. Rats were randomly divided into four groups of 10. Control group received 0.2ml diluted ethanol (vehicle) for 20days; Irradiated (IR) group
received the vehicle for 10days, exposed to 8 Gy-y-rays and then given the vehicle for additional 10days; Pom group received 50mg Pom/kg body weight for 20days,
and Pom+IR group received Pom for 10days then, rats were exposed to 8 Gy-y-rays and received Pom for additional 10days. Irradiated rats showed increased lipid
peroxidation (LPO) and total nitrate/nitrite (NO(x)), and decreased levels of reduced glutathione (GSH) content, and the relative antioxidant enzyme activity of
superoxide dismutase (SOD), glutathione peroxidase (GSHPx) and total antioxidant capacity (TAC) in the heart homogenates. Besides, asymmetric dimethylarginines
(ADMA) was augmented in serum. Myocardial necrosis, edema, and inflammation were evident through the light microscope examination. Pre-treated rats with Pom

significantly prevented or resisted all these alterations. Oral pre-treatment with Pom was effective in cardio protection in the y-irradiated rats.

Introduction

Cardiovascular disease (CVD) is estimated to be the leading
cause of death and loss of ability-adjusted life-years worldwide [1,2].
Recently, the clinical importance of radiation-induced heart diseases,
particularly in postoperative mediastinal radiation therapy, has been
recognized [3,4], these CVD complications include congestive heart
failure, constrictive pericarditis, cardiomyopathy, coronary vascular
disease, valvular heart disease, and sudden death [5].

Oxidative stress is well known to be involved in the pathophysiology
of several disorders. Reactive oxygen species (ROS) are created naturally
within cells to support biochemical activities, however when ROS are
abundant, cellular antioxidant defense mechanisms are overcome,
ending in a cascade of molecular damage [6,7]. Since ROS are the major
mediators for radiation-induced damages [8]. A treatment combining
radiation with an antioxidant might provide a strategy for preventing
radiation injury to normal tissues [9].

In the Middle East and India, Pomegranate; Punica granatum
L, a primaeval fruit, has constructive nutrients, many bioactive
polyphenolic components, and essential phytochemicals. The studies
have demonstrated that Pom improves blood lipid profiles and has anti-
inflammatory, antioxidant, anti-proliferative, anti-angiogenic, and anti-
metastatic properties [10]. These activate explain how Pom adds in the
management against numerous adverse health effects, therefore, added
the Pom fruit in person’s regimen would afford a healthy life and would
act as an effective therapy with no toxic side effects [11,12].

Safety, low side effects, and the popularity of natural products have
made them interesting for the researchers as an alternative source of
curative agents [13]. The present study was designed to investigate the
potential preventive effects of Pom against the y-rays-induced cardiac
illnesses in rats.
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Materials and methods

Animals

Forty male Sprague-Dawley rats (age 10-11 weeks), weighing 280-
300g, obtained from the Egyptian organization for biological product
and vaccines, Giza, Egypt. Rats were preserved in normal conditions
and were permitted free access to a normal diet and water ad libitum
and kept under typical circumstances of humidity, temperature (20-
24°C), and 12-h light-dark cycle. Animals were deprived of food,
but not water, overnight before investigations. All experiments were
performed following Research Ethics Committee (REC-NCRRT)
Number: 14A/18, valid from 7/6/2018 at National Centre for Radiation
Research and Technology (NCRRT) and adherence to the Principles of
Laboratory Animal Care (NIH publication #85-23, revised in 1985).

Chemicals

Pom powder was obtained from Natural in Bio-Resources Co., Ltd.
(Changsha City, China). All other chemicals and solvents used were of
the highest purity grade available.

Radiation facility

Irradiation was achieved with a Canadian gamma cell-40, (**’Cs) at
the NCRRT, Nasr City, Cairo, Egypt. Animals were exposed to a single
dose level of 8Gy y-rays at a dose rate of 0.42 Gy/min at the time of
experimentation. There was anesthetization pre-gamma-rays exposure.
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Animal groups and experimental procedures

Rats were haphazardly categorized into four groups of 10. First, the
control group, rats received 0.2ml diluted ethanol (1% ethanol in saline
as a vehicle) for 20days. Second, irradiated (IR) group, rats received
the vehicle for 10days and then exposed to whole-body 8Gy y-rays
and vehicle was maintained for 10additional days. Third, Pom group,
rats received gavage of Pom (50mg/ kg body weight/day) for 20 days as
Toklu et al. [14] recommended and the last group is Pom+IR, animals
received Pom for 10days and one hour post the last Pom dosage, rats
were exposed to 8Gy y-rays then Pom was continued for additional
10days. Rats were killed by cervical dislocation 24hours post end of the
trial after an overnight fast.

Biochemical analysis

Blood and heart tissue samples were collected from rats of different
groups under standard laboratory conditions. The cardiac tissues were
homogenate to assessment malondialdehyde (MDA) and reduced
glutathione (GSH) levels, and the relative antioxidant enzyme activity
of superoxide dismutase (SOD), glutathione peroxidase (GSHPx)
and total antioxidant capacity (TAC) using commercial kits (Zellbio
GmbH, Germany) according to the manufacturer's instructions. The
absorbance was read at 420m, 412nm, 535nm, 412nm and 490nm,
respectively. Detection of total nitrate/nitrite (NO(x)) in the heart was
performed by colorimetric technique (Oxford Biomedical Research,
UK) according to the manufacturer’s advice. The absorbance was read
at 450m. Asymmetric dimethylarginines (ADMA), EpiCypher Inc,
USA was detected according to the manufacturer’s instructions.
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Histopathological finding

The heart tissues were fixed in 10% neutral formalin reagent. After
72hours, tissues were dehydrated through a series of graded alcohol,
embedded in paraffin, and cut into 4-micron sections and stained with
hematoxylin and eosin (H&E) according to Gamble [15] and examined
microscopically.

Statistical study

The results obtained were expressed as Meant S. D. The data
were analyzed using one-way analysis of variance; ANOVA and post
hoc multiple evaluations were completed with LSD test using SPSS/
PC software package (version 21; SPSS Inc., Chicago, IL, USA). The
variance was considered significant at P-value <0.05.

Results
Result of biochemical analysis

As existing in Figures 1-3, the animal group treated with Pom only
showed non-significant changes compared to the corresponding values
of the control group in all estimated parameters in both serum and
cardiac tissues of the trail. In the tissue of heart, the MDA content was
markedly augmented, but GSH content was suggestively reduced in IR
group as compared to the parallel rate of the control group. Pom+IR rat
group established a significant decline in MDA level and a significant
upgrade in GSH level as compared to the IR group, (Figures 1A and 1B).

As shown in Figures IC and 1D, the cardiac homogenates; SOD
and GSHPx activities were significantly reduced in the IR group
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Figure 1. Effect of Pom (50mg/ kg body weight), IR (8Gy y-rays), and their combination (Pom+IR) on [A] malondialdehyde (MDA) content, [B] reduced glutathione (GSH) content, [C]
superoxide dismutase (SOD) activity and [D] glutathione peroxidase (GSHPx) activity in cardiac tissues

Data are presented as mean + SD, n=10. "“Indicate significant change from the both control group and IR group, respectively at p< 0.05 using one way ANOVA followed by Tukey-Kramer

as a post-test
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as compared to the equivalent level in the control group. Significant
increases in both of them were noticed in the Pom+IR group when
compared to the IR group.

In the cardiac tissues, NO(x) concentration was significantly
augmented, but TAC activity was significantly reduced in the IR group
as compared to the matching rate of the control group (Figures 2A and
2B). Pom+IR group established a significant decrease in NO(x) level
and a significant increase in TAC activity as compared to the IR group
(Figures 2A and 2B).

In blood serum, the ADMA activity was significantly increased in
the IR group as compared to the corresponding value of the control
group (Figure 3). Pom+IR group established a significant decrease in
ADMA activity as compared to the IR group (Figure 3).

Histopathological results

Light micrograph of myocytes in both control and Pom groups
showed normal muscles with one or two large oval nuclei present at
the central position. The perinuclear sarcoplasmic region is clear. The
intercalated disks are asymmetrical and wider than normal cross-
striations and represent specialized junctions between myocytes (Figure
4A). Pom group showed intact myocardial architecture (Figure 4B).
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The IR group showed the myocardial muscles were necrotically
changed and substituted by leukocytic cells in some cases (Figure
4C). Other cases showed dilated coronary vessels and hyalinization
of cardiac muscles (Figure 4D). Furthermore, edema and hemorrhage
of myocardial muscled were observed (Figure 4E). In most cases of
the histological structure of the myocardial muscles in the Pom+IR
group, showed relatively well-preserved architecture without necrosis,
degenerative changes or hyalinization (Figure 4F). In a few cases, the
preserved cardiac muscles were observed with mild edema and slight
hemorrhage (Figure 4G).

Discussion

As heart illnesses were recently recognized in radiotherapeutic
patients [16], antioxidant pre-treatment may attenuate cardiac
dysfunction, cardiomyocytes damage and necrosis as well as other
functional disturbances consequent [17]. Many manufactured drugs
are used for the control of heart illnesses. However, they cannot meet
the demands due to multiple etiological factors of these illnesses, and
their certain adverse effects [18,19]. Therefore, we postulated that
pre-treatment with polyphenolic antioxidants is a possible beneficial
approach to restrict pathological changes and protect the heart from
irradiation toxicity. Supplementary therapies using phytonutrients
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Figure 2. Effect of Pom (50mg/ kg body weight), IR (8Gy y-rays), and their combination (Pom+IR) on [A] total nitrate/nitrite (NOx) content and [B] total antioxidant capacity (TAC) activity

in cardiac tissues

Data are presented as mean + SD, n=10. "*Indicate significant change from the both control group and IR group, respectively at p< 0.05 using one way ANOVA followed by Tukey-Kramer

as a post-test
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Figure 3. Effect of Pom (50mg/ kg body weight), IR (8Gy y-rays), and their combination (Pom+IR) on asymmetric dimethylarginine (ADMA) activity in blood serum

Data are presented as mean + SD, n=10. **Indicate significant change from the both control group and IR group, respectively at p< 0.05 using one way ANOVA followed by Tukey-Kramer

as a post-test
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Figure 4. (A) Heart of the control group: Rat showing the normal structure (B) Heart of
the Pom group: Rat showing the normal structure (C) Heart of the IR group: Rat showing
necrotic myocardial muscle fiber covered with leukocytic infiltration ( /\) (D) Heart of the
IR group: Rat showing ongested blood vessel ( 4\) and hyalinized myocardial muscle fiber
(=>) (E) Heart of the IR group: Rats showing edema ( —>) and elimination of necrotic
myocytes by phagocytosis ( /]\) (F) Heart of the Pom+IR group: Rat showing normal
myocytes and (G) Heart of the Pom+IR group: Rat showing mild edema (—> ) and slight
hemorrhage ( /'), (H&E x400)

are applied progressively as these nutrients have no or minor side
effects and are cost dynamic. Besides, polyphenols are excellent cardio
protectants [20,21].

Pom is a highly valued plant, Ancient Egyptians regarded the
pomegranate as a symbol of prosperity and ambition and the Jewish
Torah is regarded to confer powers of fruitfulness [11]. The remedial
uses of Pom have a long history; conferring to the Ebers Papyrus,
one of the oldest medical works of literature from around 1500 BC,
Egyptians used the Pom for curing of tapeworm and other infections

Frontiers Drug Chemistry Clinical Res, 2020 doi: 10.15761/FDCCR.1000147

[22]. A current study indicated that Pom exerted protective effects
against oxidative stresses and cellular damages in kidney, liver and
heart induced by lead in rats [23]. Pom is a rich source of polyphenolic
compound content and antioxidant such as ellagic, tannin, gallotannins
and anthocyanins, and flavonoids. Also, Pom juice demonstrates a
significantly higher antioxidant activity compared to green tea [24,25].
The present results demonstrate that Pom is cardioprotective in acute
heart cellular and biochemical alterations induced by y-rays in rats.
This is manifested by improved cardiac function, reduced oxidative
stress and improved antioxidant defense. Ismail et al. [26] found that
ROS emitting from ionizing radiation exposure are well-documented
in chronic diseases, including CVD and cancer.

Increased LPO is generally believed to be an important primary
cause of the initiation of oxidative stress related to various tissue
injuries, cell death, and further progression of many acute and chronic
diseases [27]. The study indicated a rise in the level of cardiac MDA
as an indication of LPO in IR-group, but pre-treatment with Pom
significantly decreased its level. This result is in agreement with that
of El-Mansi and Al-Kahtani [28], they discovered that Pom has a
protective influence against cardiomyocytes’ oxidative stress.

GSH acts as an antioxidant both intracellularly and extracellularly in
concurrence with numerous enzymatic processes that reduce hydrogen
peroxide and hydro-peroxides [29]. Gamma-rays-induced cardiac
toxicity is associated with reduced antioxidant levels [30]. Exposed to
y-rays significantly lowered the GSH level. While, pre-treatment with
Pom, improved the level of GSH in the heart. Aksu et al. [23], found
that Pom has a protective role against the cellular injury induced by lead
in the heart tissue of rats. Moreover, the increased in GSH level may be
due to induction of GSH-biosynthesis enzymes that are known to be
increased by plant polyphenol [31].

The important protective enzymes against ROS are SOD and
GSHPx [32]. In the present study their activities were reduced due to
y-rays exposure in the IR group. These results were similar to that of
other studies [33,34]. The two antioxidant enzymes were augmented
in Pom+IR group. This augmentation may be due to increases in
antioxidant enzymes activity in tissues by Pom [35].

A significant increase in TAC values after pre-treatment with Pom
was observed in Pom+IR group compared with the IR group. The
reduction in ROS after pre-treatment with Pom is especially caused by
increases in antioxidant enzymes activity in cardiac tissue marker; TAC
[36], furthermore, Hassan et al. [37] data revealed that ingestion of Pom
resulted in a significant rise in plasma TAC of growing rabbits.

NO is a free radical that assists as a crucial messenger particle in
inflammatory disorders. Decreased production of NO reduces the
inflammatory symptoms and gives protection [38]. Moreover, NO plays
multifaceted roles in combating cardiovascular diseases [39]. Intake of
polyphenol-rich foodstuffs can moderate CVD hazards by collection
NO and ease of its bioavailability [40]. We showed that Pom inhibited
NO generation in cardiac tissue compared to IR-group. Pinheiro et al.
[41] found that Punica granatum L. reduced NO production in acute
lung injury and concluded that the prophylactic treatment with Pom
attenuates acute lung inflammation in mice. In addition, Shirbazou
and Jafari [42] postulated that Pom may also affect the regulation of
pathological conditions caused by excessive generation of NO and its
oxidation product peroxynitrite and suggested the Pom applicability
as a potent and novel therapeutic agent for scavenging NO from lung
tissue. A significant increase in NO production in heart tissue was
showed under ischemic conditions [43]. Moreover, Hosny Mansour and
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Farouk Hafez [44] observations, suggested that gamma-rays improved
endogenous NO-synthesis in liver, intestine, lung, kidney, brain, spleen
or heart tissue of the animals by facilitating the entry of Ca** ions into
the membrane and the cells produce NO.

ADMA is a marker of endothelial dysfunction and is measured for
follow-up heart muscle stroke [45]. Moreover, ADMA is revealed as an
independent early marker of CVD [46]. Also, it was reported elevated
plasma ADMA level in cases of risk factors for cardiovascular diseases
in the rat [47]. The results of this study indicated a significant increase in
serum ADMA level in IR group and a significant reduction in its value
in Pom+IR group. This decrease was obtained due to supplementing
Pom as a pre-treatment for irradiated rats. Pom is a highly concentrated
source of dietary polyphenols. Trexler et al. [48] indicating enhanced
vasodilation and blood flow in response to nitrate and polyphenols.
It was recommended that polyphenols increase intermediated
vasodilation flow [49]. Additionally, enhancing the nourishment with
polyphenol-rich bee pollen ethanol extract resulted in a reduction of
ADMA level which evidences a protective role against hepatic steatosis
and deteriorating changes caused by a high-fat regime in mice [50].

Histopathology of the myocardium of the IR group showed extensive
myocytes necrosis, edema, and myofibril disorganization. This result
is similar to cardiotoxicity induced by irradiation [51]. However, Pom
pretreatment in y-rays-challenged heart showed reduced myocytes
necrosis and cardiac damage as well as myocardial recovery. Aksu et
al. [23] suggested the protective effect of supplementation with Pom
against lead acetate-induced cardiac, kidney and liver histopathological
necrosis in rats. Moreover, Pom can confer cardioprotective effects
[52]. In addition, Zhao et al. [53] indicated that polyphenols’ rich
fruits help in CVD regulation and also proved that Pom exerted its
cardiovascular protective action by scavenging excess free radicals,
reducing oxidative stresses and increasing the antioxidant defense
system. Themyocardium of the group of rats treated with Pom showed
normal cardiac fibres without any pathological changes. This indicates
that Pom does not possess any adverse effects under normal conditions.
Thus, the histopathological and biochemical observations of the present
study strongly support and confirm the Pom properties.

Conclusion

Therefore, pre- and post-treatment with Pom significantly
attenuates the cardiotoxic effects of y-rays through significant reduction
of cardiac injury biomarkers, lipid peroxidation, and rise antioxidant
enzymes; this effect may relate to the polyphenolic compounds
which have significant biological activity including antioxidant effect.
Further researches are required to fully recognize the mode of action
of the dynamic components and to entirely fulfilment pomegranate’s
protective, curative and beneficial potential.
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