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ABSTRACT

Received: 10 Jul 2020 [XTIE Heavy exercise can damage the immune system by oxidative stress. The role of herbal supplements

Accepted: 16 Nov 2020 ¢ during and after strenuous exercise is unknown. Therefore, the present study aimed to determine hydro-
Available Online: 01 Apr 2021 ethanolic extract of pomegranate peels and a period of high-intensity interval training on the C-reactive
© protein and antioxidant enzyme activity in rats.
This research was an experimental study. The statistical population was rats, of
which 36 Wistar rats were randomly selected and were divided into 4 groups (control, hydroethanolic
extract of pomegranate peels, high-intensity interval training, and hydroethanolic extract of pomegran-
ate peels + high-intensity interval training). After 8 weeks of interval training and supplementation, blood
samples were taken from the rats. Then, the C-reactive protein and the activity of the antioxidant en-
zymes of superoxide dismutase and catalase were assessed by 1-way analysis of variance.
TS The results showed that in the group of hydroethanolic extract of pomegranate peels + high-
intensity interval training, the superoxide dismutase (P=0.000) and catalase (P=0.003) significantly in-
creased, and the C-reactive protein (P=0.002) decreased. Tukey’s test confirmed the significance of these

Keywords: changes in the hydroethanolic extract of pomegranate peels+high-intensity interval training compared to
Interval training, : the control group.
Inflammation, ¢ [THENER The combination of high-intensity interval training and hydroethanolic extract of pomegran-
Antioxidant enzyme, ate peels could strengthen the immune system, potentially enhances athletic performance, and acceler-
Pomegranate supple- :  ates recovery after exercises. The hydroethanolic extract of pomegranate peels and high-interval training
mentation : synergistically boost the immune system and increase physical endurance.
English Version tors, and antioxidants [2]. The antioxidant defense is part of
the body’s immune system to fight free radicals and oxida-
1. Introduction tive stress [3].

igh-Intensity exercise, with high oxygen Evidence suggests that heavy physical activity increases the

consumption, causes excessive free radi- production of free radicals in skeletal muscle and active tis-
cals production inside the cell [1]. These sues. Therefore, the effect of interval exercise on cytokine
radicals may affect the musculoskeletal and levels and immune system indices is considered [3]. It is
heart system elements, inflammatory fac- unclear how intense and when these sports activities can be
T u
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effective [4]. Studies show that a combination of physical
activity and the use of dietary supplements containing anti-
oxidants can control inflammatory cytokines [5].

Herbal medicine as a complementary treatment method
can effectively improve the antioxidant conditions and
cleansing the body of free radicals, and controlling in-
flammatory cytokines. In this regard, the pomegranate pill
supplement has been considered because of its compounds
such as alkaloids, flavonoids, organic acids, and various vi-
tamins [6]. Because of its unique polyphenolic compounds,
pomegranate protects against damage to macromolecules,
including membrane proteins and DNA, and inflamma-
tory and muscle damage by reducing the oxidative stress
process in athletes. Besides, pomegranate pill supplement
may increase exercise performance and reduce undesirable
blood lipids [7].

Some other medical and clinical effects of bioactive com-
pounds in pomegranate inhibit uncontrolled cell growth
and planned death of cancer cells [8]. Pomegranate is also a
source of secondary metabolic compounds (lignin, sterols,
and terpenoids) [9] and can be referred to as the alkaloids
in the skin and leaves and triglyceride fatty acids in pome-
granate seed oil [9]. The compounds of coumarin, tannins,
flavonoids, anthocyanins, ester derivatives, or glycosidic
derivatives soluble in pomegranate juice have also added
to the medicinal value of this supplement [10]. The effect
of this supplement on antioxidant indices and inflammatory
and blood factors pomegranate and immune responses in
interval exercise can be a practical step to understand better
the relationship between the immune system and supple-
ment consumption in athletes.

Cytokines have anti-inflammatory and immune-regulat-
ing properties that limit inflammatory responses caused by
tissue damage in athletes and, in addition to immune func-
tion, have metabolic function [10]. A major mediator of
inflammatory reactions that increase in sports injuries is C-
Reactive Protein (CRP). This mediator can bind to nuclear
antigens, specific pathogens, and damaged tissues [11].

The effect of pomegranate pill supplement on immune
cytokines and biochemical markers of inflammation can
provide helpful information about the anti-inflammatory
effects of pomegranate in preventing oxidative damage in
athletes. It also provides a good perspective on the design
and use of antioxidant supplements and their protective ef-
fects during intermittent exercises. Also, the use of pome-
granate pill supplements in improving the performance of
different parts of the body and counteracting the effects of
exercise and sports activity may have beneficial effects.
This study aimed to evaluate the effect of hydroethanolic
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extract of pomegranate peels and a period of intense inter-
val training on CRP, Catalase (CAT), and Superoxide Dis-
mutase (SOD) in rats.

2. Materials and Methods

This research was carried out by experimental or inter-
ventional laboratory study, post-test design with a control
group. It is an applied study in terms of purpose. Also,
this study has an ethical code approved by the Faculty of
Medical Sciences of the Islamic Azad University, Varamin
Pishva Branch, Tehran, Iran. In all stages of maintenance,
sports activities, and supplementation, the ethical principles
of working with animals have been observed following
the Helsinki Declaration regulations. The study’s statisti-
cal population comprised male Wistar rats, and the sample
consisted of 36 adult male Wistar rats weighing 260+32 g
and 8 weeks old, prepared from the center of Pasteur Insti-
tute of Iran and transferred to the laboratory of Islamic Azad
University, Varamin Branch. The rats were exposed to an
appropriate temperature and living conditions.

In each cage, 4 mice were kept in a natural light cycle
(12 hours of light and 12 hours of darkness). The rats were
transferred to the laboratory to get familiar with the new
environment and work on the treadmill. Two weeks later,
they were randomly divided into four groups: control group
(daily intake of 1 mL of freshwater by gavage), the second
group (Daily intake of 1 mL of pomegranate peel hydroeth-
anolic extract by gavage), group 3 (daily intake of 1 mL of
pomegranate peel hydroethanolic extract by gavage and a
period of intense intermittent exercise) and group 4 (intake
of 1 mL of freshwater with gavage and a period of intense
intermittent exercise).

The inclusion criteria included proper weight, age, sex,
without previous drug use or supplement, and exclusion cri-
teria included disease and physiological heterogeneity and
lack of rats’ similar race. The test period took 8 weeks. Be-
cause the rats’ transfer caused stress in them, the rats were
kept for one week after transfer to adapt to the environment.
Then, to get acquainted with the treadmill, they performed
increasing interval exercises with low intensity for one
week. The introductory program with intense intermittent
training included 4 training sessions per week, consisted of
walking and running on an electronic treadmill for rodents
(made by IranPishro AndisheSanat, Iran) (Table 1).

The rats had increased training in the first 5 weeks and
then decreased training load in the last two weeks. The
main activity time was 30 minutes and 5 minutes for warm-
ing up and 5 minutes for cooling down. To stimulate the
rats to run, a gentle electric shock was installed in the back
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Table 1. Subjects’ 8-week interval training program

April 2021. Vol 27. Issue 2

Week Gettingto Know  First Second Third Fourth Fifth Sixth Seventh  Eighth
Exercise speed” 10-25 25-35 25-35 25-35 30-45 45-55 50-65 60-70 60-70
Training duration 1 minute
Rest between repetitions 2 minutes
The number of sets 8 8 8 8 8 8 8 7 7
Number of sessions per week 4 5 5 5 6 6 6 5 5
uarterly of
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of the device. However, to prevent the possible effects of
electric shock on the test results, in the familiarization phase
with the activity on the treadmill, the animals were taught
with sound conditioning to prevent approaching and resting
at the end of the device. Pomegranate tablets (from Amy
Vital) were prepared, and after powdering, 400 g of it was
soaked with 2200 mL of 80% ethanol for 72 hours. A rotary
apparatus then separated the smooth and solvent solution.
The solution was stored at -20°C until further use. The dose
of gavage was determined to be 200 mg/kg body weight,
and during the research period, the rats were fed daily by
the animal technician in divided doses by gavage [13].

The rats were anesthetized with ether 48 hours after the
last training session, and then 5 mL of blood were sampled
from the rats’ hearts. The blood samples were immediately
poured into laboratory tubes and kept at 4°C for 30 min.
The serum of blood samples was then centrifuged at 200xg
(Pars Azmoun-Iran) for 10 minutes and kept at -20°C un-
til further steps. Serum CRP was measured by the ELISA

method with the help of a kit (Biosystem-31079C3-Spain)
made in Spain. Hydrogen peroxide decomposition at 240
nm was used to measure the CAT enzyme. To measure
SOD, we used the Ransel kit (Randox, UK) according to
the manufacturer’s instructions. The concentration was de-
termined by the Bradford method at 595 nm. Enzyme ac-
tivities were reported in [U/mg.

All measurements were performed by a Hitachi 912 bio-
chemical autoanalyzer (made in Japan) with a variety of
conventional biochemical methods and 12 wavelengths
from 340 to 750 nm plus a silicon photodiode detector. The
detector had “Within Run Precision” and “between Run
Precision control” and, with a valid control serum, deter-
mined the device repeatability through ten times testing of
a specific sample and reported the average, standard devia-
tion, and its percentage (Mean, SD, CV%).

The results were reported as the mean and standard de-
viation. After collecting the raw data of the experiment, the

Table 2. Results of 1-way analysis of variance test of research variables in four groups

Variable Sources of Variance Sum of Squares Average of Squares F P
Between groups 14 46
C-reactive protein Intergroup 100 6.8 0.002"
4.66
Total 114
Between groups 16 44
Catalase Intergroup 98 4.4 0.003
10.2
Total 114
Intragroup 12 64
Superoxide dismutase Intergroup 100 6.4 0.000°
12.4
Total 112
uarterly of
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Figure 1. Comparison of mean and standard deviation chang-
es of C-reactive protein (ng/mL) between four research groups

Shapiro-Wilk test was used to ensure the normal distribu-
tion of data, and Levene’s test to check the homogeneity
of variance. A 1-way Analysis of Variance (ANOVA) test
was used to evaluate the differences between research vari-
ables among the experimental groups. Tukey’s post hoc test
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Figure 3. Comparison of mean and standard deviation changes
of superoxide dismutase (U/mL) between four research groups
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Figure 2. Comparison of mean and standard deviation chang-
es of Catalase (U/mL) between four research groups

assessed the significance of the results. Statistical analysis
was performed by SPSS version 24.

3. Results

The descriptive results of the research were presented in
the form of tables and graphs. Rats at the beginning of the
study protocol had a Mean+SD weight of 260+32 g and a
Mean+SD age of 72+3 months. The results of comparing the
inflammatory variable of CRP in rats are shown in Figure
1. The results of comparing the antioxidant enzyme CAT of
rats can be seen in Figure 2. The results of comparing the
antioxidant enzyme SOD in rats can be seen in Figure 3.

According to the results, the assumption of homogeneity
of variance and data distribution in the experimental groups
was normal. The results of the 1-way ANOVA test of re-
search variables are shown in Table 2.

Based on the results of 1-way ANOVA, the difference
between the means of the CRP variable was significant only
between the control group and the group of hydroethanolic
extract of pomegranate peels + intense interval exercise.
Tukey’s test confirmed CRP results between the control
group and the hydroethanolic extract group of pomegran-
ate peel + intense interval exercise and the group that had
intense interval exercise (P<0.05). Based on the results of
1-way ANOVA, the difference between the control group
and the other three groups on the mean of SOD was sig-
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nificant. Tukey’s test confirmed the significance of results
for SOD between the control group and the other three
groups (P<0.05). Based on the results of 1-way ANOVA,
the difference between the control group and the other three
groups on the means of CAT was significant. The Tukey’s
test confirmed the significance of CAT results only between
the control group and the hydroethanolic extract group of
pomegranate peels + intense interval exercise (P<0.05).

4. Discussion

This study showed that the amount of CRP decreased af-
ter a period of intense interval exercise and consumption
of hydroethanolic extract of pomegranate peels. However,
pomegranate supplement alone could not change the level
of this cytokine factor. In rats with pomegranate supple-
ment and intense intermittent exercise, the CRP plasma
level decreased compared to the control group. In the study
of Farhadi et al., the amount of CRP was reduced after tak-
ing pomegranate supplements and exercise [14].

It seems that the use of pomegranate pill supplement
along with exercise causes homeostasis by activating anti-
inflammatory factors that reduce CRP, and several mecha-
nisms do this reduction. The decrease in cytokine produc-
tion resulted from the improvement of endothelial function
due to exercise and the possible antioxidant effects of
pomegranate supplementation [15]. Also, the compounds
of pomegranate ellagic polyphenols inhibited the expres-
sion of CRP genes [16]. Like the present study results,
Ammar et al. observed that pomegranate supplementation
in runners significantly reduced CRP levels. They believed
that the polyphenols in pomegranate reduce CRP levels by
suppressing the activity of the cyclooxygenase-2 enzyme
and interference with regulating some pro-inflammatory
indicators such as tumor necrosis factor [17].

Contrary to the results of the present study, Trambold et al.
observed that daily consumption of 500 mL of pomegran-
ate juice in the first 5 days of exercise, although not reduc-
ing pro-inflammatory factors such as CPR, over time, the
alginate in pomegranate juice significantly reduced CRP in
athletes [18]. Another study showed that the anti-inflam-
matory effect of pomegranate on the body of athletes after
exercise depends on the dose and duration of its use [19].
Therefore, the lack of CRP reduction in the group that used
only the hydroethanolic extract of pomegranate peels may
be attributed to the low supplement dose and short test time.
The synergistic effect of using the hydroethanolic extract
of pomegranate peels and intermittent exercise, which is
shown in reducing inflammatory protein CRP, is due to the
successful control of inflammation by this synergy.

April 2021. Vol 27. Issue 2

Regarding the levels of the SOD enzyme, the results
showed that after training and supplementation, this en-
zyme level increased significantly in all experimental
groups. Consumption of hydroethanolic extract of pome-
granate peels and intense interval training increased the
levels of this antioxidant enzyme. In the case of CAT, a
significant increase in the plasma level of the enzyme
was reported only in the group that used the hydroetha-
nolic extract of pomegranate peels simultaneously with
intermittent exercise. Moder et al. also reported that
short- and medium-term increasingly intense aerobic ex-
ercise without supplementation did not significantly alter
SOD and CAT levels in rats [20].

The disproportionate balance between changes in these
enzymes has also been reported after exercise [21]. This
imbalance between the serum levels of these two enzymes
can be attributed to the effect of pro-inflammatory factors,
which can be seen in the increased expression of SOD
mRNA molecules [22]. Some studies have also shown
an increase in serum SOD levels and no increase in serum
CAT levels in trained rats. Some researchers believe that
high-intensity, prolonged physical activity is associated
with an increase in free radicals. Excessive oxygen supply
to tissues is one of the most important causes of increased
oxidative stress, and this increase is the result of intense aer-
obic exercise [23]. In this regard, Trambold et al. showed
that consumption of pomegranate extract increases antioxi-
dant levels [24].

One of the main constituents of pomegranate fruit is phe-
nolic compounds which, due to their hydroxyl groups, can
directly neutralize free radicals and enhance the function
and synthesis of endogenous antioxidant enzymes in the
body [25]. Similar results were observed in dogs after tak-
ing pomegranate pills and a period of exercise [26, 27]. In
this regard, it has been reported that the use of pomegranate
supplementation has increased the levels of SOD in young
male athletes [28]. The ingredients of pomegranate tab-
lets are essential because of their biological role in health
and strengthening the immune system [29]. Also, several
elements and organic acids, and abundant alkaloids have
directly or indirectly strengthened the immune system and
affected research variables [30].

5. Conclusion

The present study results showed that a period of intense in-
termittent exercise with hydroethanolic extract of pomegran-
ate peels reduced C-reactive protein (one of the proteins of
the acute phase of inflammation). The novelty of the research
is that taking pomegranate pill supplements and intense in-
termittent exercise with similar benefits will synergistically
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reduce inflammation. Therefore, adding pomegranate pills
to athletes’ diet can help their health, better quality of sports,
and physical performance, without side effects.
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