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Abstract

Introduction: Intense physical activity can cause cellular damage, leading to
elevated resting oxidative stress and impaired cell membrane function. This study
aimed to determine the effects of eight weeks of jujube supplementation and
endurance exercise on oxidative stress indicators in inactive women after intense
exercise.

Materials and Methods: This semi-experimental study was conducted using a pre-
and post-test design. After obtaining written consent from 40 inactive female
students, they were purposefully selected and randomly assigned into four groups of
10: endurance training + jujube consumption, endurance training, jujube
consumption, and placebo. The participants received 0.4 g of jujube per kg of body
weight daily. The training groups trained three days a week on a treadmill at an
intensity of 55 to 75 percent of their heart rate reserve. Blood samples were taken
before and after the intense activity under the same conditions, and the levels of
creatine kinase (CK) and lactate dehydrogenase (LDH) were measured by optical
spectroscopy, malondialdehyde (MDA) levels by spectrophotometry, and blood
lactate by lactometer. The collected data were analyzed using one-way ANOVA and
paired t-test in SPSS (version 25).

Results: The results showed that performing endurance activities along with jujube
consumption significantly changed blood lactate levels at rest and after intense
exercise (p<0.05). However, it did not significantly change the levels of CK, LDH, or
MDA (p>0.05).

Conclusion: The endurance exercise program probably did not affect cell membrane
function, and jujube consumption may have reduced the effects of increased
oxidative stress caused by intense exercise and prevented potential damage to the
membrane.
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INTRODUCTION

Intense physical activity damages cellular
structures, especially in muscle tissues (1).
Among these, free radicals cause tissue damage
through  oxidative properties, inactivating
enzymes and damaging nucleic acids, proteins,
and lipid membranes (1). Free radicals are
reactive, potentially harmful oxygen species that
are dangerous for the antioxidant immune
system and are one of the causes of oxidative
tissue damage in sports, especially during
prolonged aerobic activities. Muscle damage
from such activity is associated with the release
of enzymes such as creatine kinase (CK) and
lactate dehydrogenase (LDH); consequently,
their levels in the blood are used as a biomarker
to measure this damage. Evidence shows that in
conditions of physical activity and intense
exercise, the body's internal antioxidant
enzymes cannot completely prevent muscle
damage; however, another suitable way to
protect against these adverse effects is to use
antioxidant supplements. Therefore, awareness
of the benefits of using various supplements to
strengthen the body's antioxidant system leads
to the consumption of these substances (24). In
recent years, researchers have focused on the
effect of herbal medicine in the prevention and
treatment of various problems. The use of
antioxidants, including those found in nature, is
an example of these measures (25). Grapes are
one of the medicinal plants, whose antioxidant
properties have been confirmed and contain
antioxidant compounds (26). Grapes contain
fatty acids, beta-carotene, alpha-tocopherol and
phenolic compounds (43). However, the effect
of consuming various types of antioxidant
supplements on physical health and athletic
performance, and whether such supplements
should be part of the diet of individuals engaged
in heavy aerobic exercise, is still unclear and
requires  further  research.  Given  the
inconsistencies and limited studies on the effect
of jujube consumption on oxidative stress,
especially after intense exercise, the present
study aims to investigate the effect of endurance
training and jujube fruit consumption on CK,
LDH, Malondialdehyde (MDA), and blood
lactate concentrations in inactive women after
intense exercise.

METHODS

In this semi-experimental study, 40 healthy and
inactive female students from the University of
Sistan and  Baluchestan were selected.
Participants were volunteers, purposively and
conveniently sampled from the university's
female student population. They completed a
consent form and a medical-sports awareness
questionnaire and were explained the research
process. The participants were randomly divided
into four groups: 1. Endurance training, 2.
Endurance training + jujube, 3. Jujube
consumption, and 4. Control. The blood lactate
levels of the participants were measured in
milligrams per deciliter with a lactate meter and
a special Vallancet kit. Serum MDA levels were

also determined based on the reaction with
thiobarbituric acid using a spectrophotometric
method at a wavelength of 532 nm (37). Before
intense activity, 5 ml of blood was taken from the
participants' forearm vein in a sitting and resting
position, and the serum CK and LDH enzyme levels
were measured by optical spectroscopy after being
sent to the medical diagnostic laboratory. Then, after
a 10-minute warm-up, the participants began intense
activity on an ergometer (Tuntury E433 model, made
in Finland). Firstly, they pedaled for 5 min at a
constant speed of 60 revolutions per minute (RPM)
and a power of 50 watts, and then 25 watts were
added to the workload every 5 min until the
participant was unable to maintain a constant speed
of 60 rpm. At the end, the time of exhaustion was
recorded and blood was taken from all participants
in a sitting position, as in the first stage. After this
stage, groups 1 and 2 performed aerobic exercise for
three days a week for eight weeks, after a 10-minute
warm-up, for 30 min on a treadmill at an intensity of
55 to 75% of the heart rate reserve (HRR) (Karvonen
method); in this order, the exercise intensity was
50% in the first two weeks, 55% in the third week,
60% in the fourth week, 65% in the fifth week, 70%
in the sixth week, and 75% in the last two weeks
(38). The exercise intensity was controlled with a
heart rate monitor (Polar, T31, made in Finland). The
participants' cooling program was performed at the
end of each session with slow pedaling for 5 min
and stretching exercises. Participants in groups 1 and
3 consumed 0.4 g of jujube fruit per kg of their body
weight twice a day (morning and evening) at the
same times for eight weeks (39). Participants in
groups 3 and 4 were also asked to refrain from
regular physical activity and not change their usual
diet. At the end of the eighth week, the intense
activity at the beginning of the period was repeated
and blood samples were taken before and after.
Blood lactate levels were also measured before and
after the intense activity.

Statistical Analysis

To examine the natural distribution of the data, the
Shapiro-Wilk test was used, and to compare and
determine the mean difference between the
dependent variables of the four groups at rest and
after intense exercise, the one-way analysis of
variance and Tukey's post hoc test were used. In
addition, the paired t-test was used to examine the
independent variables on the dependent variables of
each group separately. All statistical analyses were
performed using SPSS software (version 25). A p-
value of less than 0.05 was considered statistically
significant.

RESULTS

The results of the analysis of variance test showed no
significant difference between the weight and BMI of
the participants before and after the 8-week program
(p=0.12). However, a significant difference was
observed between the time to reaching helplessness
(p=0.01). According to the results of the paired t-test,
only blood lactate in the exercise, exercise + jujube
and jujube consumption groups decreased
significantly compared to the pre-test values
(p=0.03, 0.00, 0.01), respectively. Moreover, other
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variables (LDH, CK, MDA) did not change
significantly compared to the pre-test values.
Additionally, according to Table 2, the
participants’ lactate values after the eight-week
program showed a significant difference
between the four groups (p=0.02). However, no
significant differences in LDH (p=0.37), MDA
(p=0.11), and CK levels (p=0.06) were observed
among the participants in the four groups after
the eight-week program. According to the
results, the p-value of the one-way analysis of
variance test for the blood lactate variable of the
participants was less than 0.05 (p=0.02), so the
blood lactate response of the participants was
significantly different between the research
groups; Tukey's post hoc test was used to
compare the paired groups, and the results
showed a significant difference between the
lactate values of the participants in groups 1, 2,
and 3 with group 4 at a confidence level of 99%
(p<0.05), and no significant difference was
observed between the other groups (p>0.05)
CONCLUSION

The results of the study revealed that consuming
jujube fruit along with endurance training
significantly reduces blood lactate levels in
inactive girls. In addition, the participants’ blood
lactate levels in groups 2 and 3 showed a
significant difference compared to group 4.
However, no significant difference was observed
between the lactate levels of these groups and
group 1. Accordingly, it seems that consuming
jujube fruit simultaneously with endurance
training or performing endurance training alone
has a significant effect on changes in lactate
levels in inactive girls compared to consuming
jujube fruit alone for eight weeks. Furthermore,
consuming jujube fruit alone for eight weeks
probably also causes a change in the lactate
profile of inactive girls. However, examining the
differences showed that following a bout of
intense activity after a period of endurance
training, there was a significant difference only
between the group that consumed jujube fruit
simultaneously with exercise and the control
group. Accordingly, it seems that the
simultaneous intervention, compared to exercise
or jujube fruit consumption alone, has a greater
effect on the change in blood lactate after
exercise and following an intense bout of
exercise. Simultaneous consumption of jujube
fruit and exercise had no effect on serum CK at
rest. It also did not prevent its increase after
intense exercise, which is in line with the results

of previous studies (43). The results showed that the
simultaneous consumption of jujube fruit and
aerobic exercise did not create a significant
difference in the resting and post-exercise LDH
levels of the participants. Grapes contain phenolic
compounds, which can reduce free radical levels by
trapping and destroying reactive oxygen species
through electron donation. Furthermore, the beta-
carotene present in this fruit is one of the most
effective scavengers of singlet oxygen and can
prevent lipid peroxidation by inhibiting lipoxygenase
activity. Moreover, jujube fruit can reduce the effects
of oxidative stress and strengthen antioxidant
defense mechanisms by inhibiting xanthine oxidase
activity and donating electrons (39). Since the
increase in resting levels of oxidative stress
indicators indicates disruption and destruction of
cell membrane function, it is likely that the
endurance exercise program did not affect cell
membrane function. On the other hand, jujube fruit
consumption may have prevented potential damage
to the membrane. Therefore, the results of the
present study and similar studies may contain
important scientific and practical implications
regarding the consumption of natural supplements
rich in antioxidants to prevent the loss of antioxidant
capacity and tissue damage caused by sports
activities in athletes. However, further research is
required to confirm these findings.
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