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Abstract

The current study examined fluctuations in oxidative stress markers following endurance training (ET) and consumption
of purslane seeds (Ps) in rats after receiving H,O,. Fifty-four adult male Wistar rats were assigned to nine experimental
groups: (1) control (intoxicated-no treatment); (2) ET; (3) ET +Ps 50 mg/kg/day; (4) ET +Ps 200 mg/kg/day; (5) ET +Ps
400 mg/kg/day; (6) Ps 50 mg/kg/day; (7) Ps 200 mg/kg/day; (8) Ps 400 mg/kg/day; (9) control (non-intoxicated, intact).
The first eight groups were given 100 mg/kg of H,0, to induce oxidative stress. Groups 2—5 were given ET for a period of
8 weeks. Heart and lung tissues were then exposed to evaluate the oxidative stress markers. Catalase, glutathione peroxidase,
malondialdehyde, and superoxide dismutase enzymes were measured using ELISA kits. A marked improvement in enzyme
concentration was observed in both tissues. It was more pronounced in the groups receiving higher doses of Ps+ET. The
findings provide evidence that purslane seed supplementation has antioxidant potential alongside endurance training and

improved the ability to cope with oxidative stress.
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Introduction

Oxidative stress arises from an imbalance in antioxidants
and excessive generation of reactive oxygen species (ROS)
and reactive nitrogen species [1]. Oxidative stress is known
to contribute to conditions such as heart failure, coronary
artery disease, neurodegenerative diseases, chronic kidney
disease, amyotrophic lateral sclerosis and cerebrovascu-
lar disease [2—4]. Catalase (CAT), glutathione peroxidase
(GPX), malondialdehyde (MDA) and superoxide dismutase
(SOD) reciprocate against the cytotoxic effects of reactive
oxygen metabolites in pathophysiological conditions [5].
The activation of oxidative stress can cause tissue damage,
subclinical inflammation by damage to cellular components
and contribute to the degradation of the cell membrane and
DNA [6]. Thus, oxidative stress must be reduced to prevent
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or treat diseases for which the root cause is elevated oxida-
tive stress.

It has been proven that regular physical activity sig-
nificantly affects the antioxidant capacity of the body and
induces positive stress [7-9]. This includes resistance [10]
and aerobic [11] exercise. One mechanism of activation
of oxidative stress is stress itself [12]. It has been docu-
mented that a single bout of exercise can increase antioxi-
dant enzyme activity and induce oxidative stress in humans
[13] and animals [14]. Studies on humans have shown a
significant improvement in oxidant/antioxidant balance after
physical exercise through an increase in the endogenous
antioxidant defense system [15, 16]. These responses to
exercise may be related to redox signaling that activates the
pathways involved in antioxidant enzyme gene transcription
to increase resistance to cellular stress [17, 18].

In recent years, natural products and herbal remedies have
been used as alternative medicines to treat and prevent dis-
ease [19, 20]. Pharmacological studies have demonstrated
that there is a link between the presence of free radicals and
degenerative disease, and the role of free radical scaven-
gers has been explained [21]. Dietary phytochemicals and
natural plants are potential therapeutic agents with valuable
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therapeutic properties as well as nontoxic and cost effective
[22]. Portulaca oleracea, commonly known as purslane, is
a plant from the Portulacaceae family that has been used for
therapeutic purposes [20]. This plant is an excellent source
of antioxidants such as vitamins A, C, E and $-carotene [23,
24]. Studies have shown that the consumption of purslane
seeds in combination with 8 weeks of resistance exercise
can prevent exercise-induced oxidative stress, realign the
pro-oxidant and antioxidant balance [25], and improve indi-
cators associated with liver damage [26], and high blood
pressure [27].

The current study aimed at developing an exercise proto-
col along with the consumption of purslane seed to amelio-
rate oxidative stress induced by H,O,. This study assessed
the effect of exercise and purslane seed consumption on oxi-
dative stress induced by H,0O, and investigated the fluctua-
tion of oxidative stress markers such as CAT, GPX, MDA,
and SOD in the heart and lung tissues of rats.

Research design and method

Experimental animals and hydrogen peroxide
toxicity induction

Fifty-four adult male Wistar rats weighing 180-220 g that
were 8 weeks of age were purchased from the animal center
of Tehran University and kept in polycarbonate laboratory
cages in the animal room. They were reared at 22 +2 °C and
55% + 5% moisture under a 12:12-h light:dark cycle. During
the research process, the animals were fed with commercial
pellets and were provided with tap water ad libitum. All
animals were acclimatized for 1 week prior to the start of
the experiment.

The rats were assigned to one of nine experimental
groups: (1) control (intoxicated-no treatment); (2) ET; (3)
ET +Ps 50 mg/kg/day; (4) ET +Ps 200 mg/kg/day; (5)
ET +Ps 400 mg/kg/day; (6) Ps 50 mg/kg/day; (7) Ps 200 mg/
kg/day; (8) Ps 400 mg/kg/day [28]; (9) control (non-intoxi-
cated, intact). The first eight groups were given 100 mg/kg
of body weight of H,0, to induce oxidative stress [29, 30].
Group 9 did not receive H,0, and was used to show the level
of enzymes in normal intact rats. All procedures involving
animal experiments were approved and carried out in strict
accordance with US Institute of Animal Research guidelines
for the care and with the use of laboratory animals and by
the Animal Care and Use Committee of the University of
Tehran.

Preparation of purslane seeds

Purslane seeds were purchased from a grocery shop in Teh-
ran (Iran). The seeds were washed and air dried at room
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temperature for 7 days. The dry seeds were powdered and
dissolved in distilled water. Plant identification and informa-
tion were determined according to the method of Dehghan
et al. [20] with voucher specimen no.15-04979.

Exercise training protocol

Endurance training was considered for this study. After a
week of acclimatization, groups 2—5 were given endurance
training on a six-channel motor driven treadmill, 5 days
weekly, 30 min/day, for a period of 8 weeks at the running
speed of 23 m/min following the previously published pro-
tocol by Mallikarjuna et al. [31]. All animals of these four
exercise groups completed 8-week period of exercise train-
ing protocol. The running program was scheduled between
8.00 and 10.00 a.m.

Tissue sampling and determination of oxidative
stress markers

All rats from the ET, control and sedentary treatment groups
were euthanized at the end of 8 weeks of treatment. Animals
were first anesthetized with ketamine/xylazine (80/8 mg/kg
IP) and killed by cervical dislocation. Killing was performed
at this time and all efforts were made to minimize suffering.
The heart and lung tissues were removed, washed with PBS
and snap-frozen in liquid nitrogen prior to protein extrac-
tion. The following enzyme-linked immunosorbent assay
(ELISA) was performed using the following commercial kits
(Cusabio; USA): CSB-E08558r for MDA, CSB-E12146r for
GPX, CSB-E13439rr for CAT and CSB-EL022397RA for
SOD.

Statistical analysis

All data have been presented as a mean + standard devia-
tion. The Shapiro—Wilks test was conducted to determine
whether or not the data were normally distributed. The data
were analyzed in SPSS 22.0 and considered to be statisti-
cally significant at p <0.05. Two-way, repeated-measures
analysis of variance (ANOVA) was used to compare dif-
ferences between groups. The Bonferroni post hoc test was
used to check for significant differences between ET, Ps, and
combined Ps+ET.

Results

The results showed that CAT activity in the heart tissue
after consumption of purslane seed (F'=16.35, p=0.001,
n* = 0.754) and ET (F=6.42, p=0.022, n* = 0.287)
increased significantly after 8§ weeks in a dose-dependent
manner (Fig. 1). The interaction of ET and purslane seed



Sport Sciences for Health (2019) 15:133-139

135

Fig.1 CAT activity (mlU/ml) 5000

in heart and lung tissues after = mHeart
8 weeks of ET and purslane k) 4500 -

seed consumption after H,0, £ 4000 WLung
toxicity induced in rats. Data &

were expressed as mean +SEM. E 3500

C: intoxicated control, ps50: 5

50 mg purslane seed, ps200: E 3000

200 mg purslane seed, ps400: : 2500 -

400 mg purslane seed, ET: ET, E

ET +ps50: ET 4+ 50 mg purslane E 2000

seed, ET +ps200: ET + 200 mg ]

purslane seed, ET + ps400: z 1500

ET 4400 mg purslane seed, = 1000

CI: non-intoxicated control =

intact, *p <0.05 compared to ©

intoxicated control group in

heart tissue, #p <0.05 compared R
to intoxicated control group in Q{"
lung tissue

was also significant (F=12.08, p=0.001, #*> = 0.694) in
rats after oxidative stress was induced by H,0,. Exercise
significantly increased the CAT concentration in the lung
tissue (F=235.98, p=0.001, > = 0.692) (Fig. 1). Purslane
seed also significantly increased the concentration of CAT in
the lung tissue (F=57.60, p=0.001, * = 0.915) in a dose-
dependent fashion (Fig. 1). The interaction of ET and purs-
lane seed was significant (F=4.40, p=0.019, 5> = 0.452) in
rats after oxidative stress was induced by H,0,.

The GPX activity in heart tissue indicated that purs-
lane seed extract (F=9.48, p=0.001, 112 = 0.640) and ET
(F=15.88, p=0.001, * = 0.498) after 8 weeks of treatment

500 -
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400 . ®Lung

GPX activity (mlU/ml) protein

Fig.2 GPX activity (mlU/ml) in heart and lung tissues after 8 weeks
of ET and purslane seed consumption after H,O, toxicity induced
in rats. Data were expressed as mean+SEM. C: intoxicated control,
ps50: 50 mg purslane seed, ps200: 200 mg purslane seed, ps400:
400 mg purslane seed, ET: ET, ET +ps50: ET +50 mg purslane seed,
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significantly increased GPX concentration in heart tissue in
a dose-dependent manner (Fig. 2). The interaction of ET and
purslane seed also was significant (F=0.277, p=0.841, ;72
= 0.049) in rats after oxidative stress was induced by H,0,.
ET significantly increased GPX concentration in the lung
tissue (F=102.12, p=0.001, > = 0.865) (Fig. 2). Purslane
seed significantly increased the concentration of GPX in the
lung tissue (F=47.186, p=0.001, * = 0.898) in a dose-
dependent fashion (Fig. 2).

The results showed that feeding purslane seed extract
(F=0.824, p=0.500, #> = 0.134) and endurance exer-
cise (F=3.51, p=0.079, 5* = 0.180) had no effect on the

ET+ps200: ET+200 mg purslane seed, ET+ps400: ET+400 mg
purslane seed, CI: non-intoxicated control intact, *p <0.05 compared
to intoxicated control group in heart tissue, #p <0.05 compared to
intoxicated control group in lung tissue
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MDA concentration in the heart tissue (Fig. 3). The inter-
action of endurance exercise and purslane seed also had
no effect (F=0.371, p=0.775, n* = 0.065) in rats after
oxidative stress was induced by H,0,. ET significantly
decreased the MDA concentration in the lung tissue
(F=17.96, p=0.012, n* = 0.332) (Fig. 3). Purslane seed
also significantly decreased the concentration of MDA in
the lung tissue (F'=4.35, p=0.020, 172 = 0.450), but not
in a dose-dependent manner (Fig. 3). The interaction of
endurance exercise and purslane seed was not significant
(F=0.873, p=0.476, 172 = 0.141) in rats after oxidative
stress was induced by H,0,.

SOD activity in the heart tissue showed that purs-
lane seed extract (F=8.90, p=0.001, 112 = 0.626) and
endurance exercise (F=52.45, p=0.001, u=0.766) after
8 weeks of treatment significantly increased catalase
concentration in heart tissue in a dose-dependent man-
ner (Fig. 4). The interaction of endurance exercise and
purslane seed was not significant (F =10, p=0.001, ;72 =
0.652) in rats after oxidative stress was induced by H,0,.
ET significantly increased the SOD concentration in the
lung tissue (F=146.83, p=0.001, * = 0.902) (Fig. 4).
Purslane seed also significantly increased the concen-
tration of SOD in the lung tissue (F=48.95, p=0.001,

2=0.902) in a dose-dependent manner (Fig. 4). The
interaction of endurance exercise and purslane seed was
also significant (F=4.40, p=0.019, 4*> = 0.452) in rats
after oxidative stress was induced by H,0,.
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Fig.3 MDA (Pmol/ml) in heart and lung tissues after 8 weeks of
ET and purslane seed consumption after H,0, toxicity induced in
rats. Data were expressed as mean+SEM. C: intoxicated control,
ps50: 50 mg purslane seed, ps200: 200 mg purslane seed, ps400:
400 mg purslane seed, ET: ET, ET +ps50: ET +50 mg purslane seed,
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Discussion

The findings of the present study highlighted the beneficial
effects of 8 weeks of ET and the consumption of purslane
seed on the oxidative stress markers in rats who had been
exposed to H,0O, compared to pre-test value. The effect of
exercise on human oxidative stress and its effect on skeletal
muscle function have been the subject of several studies [32,
33]. Paradoxically, it is clear that H,O, and superoxide radi-
cals generated from contracting human skeletal and cardiac
muscles during ET may cause oxidative damage to cellular
constituents [8]. Amplified production of trigger peroxida-
tion of muscle membrane lipids [34] disrupts the integrity of
the sarcolemma and releases intramuscular creatine kinase
into the blood [35]. The intensity of ET of greater than nor-
mal duration or intensity of the adaptation level of subjects
had a greater effect on the induction of oxidative stress [36].

Regular physical activity has been shown to increase
ROS-induced lipid peroxidation and oxidation protein resist-
ance [37], while acute physical exercise has been shown to
cause oxidative stress [38] on rats. The beneficial effects
of endurance training on antioxidant defense mechanisms
of different tissues have been proven in mice and rat [39,
40]. It also has been reported that CAT [38] and glutathione
S-transferase activities [41] of the heart tissue do not change
after ET or acute exercise in rats. Although some enzymes
are unaltered, an increase in enzyme activity has been found
in rats after acute treadmill training [42, 43]. A decrease
in SOD activity in untrained rats and no change in SOD
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ET+ps200: ET+200 mg purslane seed, ET+ps400: ET+400 mg
purslane seed, CI: non-intoxicated control intact, *p <0.05 compared
to intoxicated control group in heart tissue, #p <0.05 compared to
intoxicated control group in lung tissue
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Fig.4 SOD (Pg/ml) in heart and lung tissues after 8 weeks of ET and
purslane seed consumption after H,0O, toxicity induced in rats. Data
were expressed as mean+SEM. C: control intoxicated, ps50: 50 mg
purslane seed, ps200: 200 mg purslane seed, ps400: 400 mg purslane
seed, ET: ET, ET+ps50: ET+50 mg purslane seed, ET 4+ ps200:

activity in trained rats have been observed after acute exer-
cise and suggest a positive effect for acute exercise [38]. In
addition, increased MDA, SOD and GPX levels have also
been recorded at high physical fitness levels in healthy older
adults [44]. In agreement with previous studies, regular ET
in the current study improved antioxidant activity at 8 weeks
after exposure to H,O,. An increase in physical training had
a greater effect on the increase in oxidative stress markers
than did weak physical training.

The most important finding of the present study was
that oxidative stress markers developed upon consumption
of purslane seeds to alleviate oxidative stress in rats with
induced H,0, toxicity compared to pre-test value. The ben-
eficial effects may due to the presence of unsaturated fatty
acids and beta-sitosterol, as identified by GC-MS analysis
[20]. It has been proven that unsaturated fatty acids can
improve the LDL level, glucose tolerance, lipid profile [45]
and cholesterol synthesis [46], and increase insulin function
[47]. Moreover, increased oxidative stress markers in the
heart and lung tissues activate beta-sitosterol, a phytosterol,
which is present in purslane seeds. High doses of purslane
seed have been correlated with an increase in the enzymatic
capacity of rat heart and lung tissues. The purslane plant has
been demonstrated to be a rich source of essential biochemi-
cal and high amounts of trace minerals [48, 49] which have
remarkable effects on body dysfunction.

Another important finding of the present study is the syn-
ergistic influence of exercise and purslane seed consump-
tion, which was more pronounced for the pattern of release
of all oxidative stress enzymes in the heart and lung tissues
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ET +200 mg purslane seed, ET +ps400: ET +400 mg purslane seed,
CI: non-intoxicated control intact. *p <0.05 compared to intoxicated
control group in heart tissue, #p <0.05 compared to intoxicated con-
trol group in lung tissue

compared to pre-test value. A significant interaction between
this herbal plant and physical activity was found in the pre-
sent study. Purslane seed has the highest protein and fatty
acid content of all five species when compared to cereals
such as corn, wheat and barley [50]. This was the motiva-
tion behind the selection of this plant seed for consumption
in conjunction with physical training to pharmacologically
activate enzymes that fight oxidative stress. It is possible that
enzymes released from both tissues in response to physi-
cal training may have eclipsed the consumption of purslane
seed. Numerous dietary antioxidants, including vitamins C
and E, and carotenoids, may have contributed to cellular
protection against free radicals or ROS. The vitamins in this
seed have direct antioxidant properties and promote chain-
breaking antioxidants in cell membranes [51].

Conclusion

The enzyme activity levels in the heart and lung tissues of
rats after induced H,0, toxicity were compared with pre-
test levels. Although the adaptive changes in antioxidant
enzymes due to the endurance training were limited, the
results of the present study clearly demonstrate that purslane
seed consumption combined with 8 weeks of ET improved
the activities of all enzymes in both tissues. These improve-
ments reveal the potential role in both tissues for antioxidant
defense. The results indicate that rat hearts and lungs had
sufficient antioxidant enzyme capacity to defend against oxi-
dative stress induced by H,O, and may be able to protect and
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defend themselves against free radical attacks. Although the
mechanistic interpretation of our results is prevented by the
use of human, it suggests that the consumption of an appro-
priate antioxidant alongside effective physical training may
help human subjects to maintain better antioxidant defenses.
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