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Abstract:

Polyploid nuclei are formed as a result of a defective cell division cycle, which is strongly associated
with the aging process and leads to an increase in the area of hepatocytes, i.e. cell inflammation. The
purpose of this study was to evaluate the effect of a period high-intensity interval training (HIIT)
swimming with resveratrol (R) supplementation on the area of liver cells and polyploid nuclei in aged
rats. In this study, 40 male Wistar aged rats (twenty-month-old, weight of 350-450 g) that the NOVEL
test of whom was negative and had no motor disorder, were divided into five groups (control (C), HIIT
training (HIT), supplement and HIIT training (HITR), supplement (R), Solvent (S). Rats in the (HIT) and
(HITR) groups performed (HIIT) swimming for six weeks (three days a week) the initial load applied
(in the first week) was 9% of body weight per rat and 1% was added every week. Also, eight young
rats (three-month-old, weight of 150-180 g) was placed in a group(Y) for comparison. At the end of
the protocol and after biopsy, 5 healthy tissues were obtained from each group. Variables were stained
with Hematoxylin and Eosin (HE) and, ImageJ software was used to calculate the area of hepatocyte
and one-way analysis of variance and Tukey’s post hoc test were used to compare the groups. After six
weeks of HIIT swimming with and without resveratrol, there was a significant decrease between the
mean levels of hepatocytes in the study groups, which was significant in the training group compared
to the other groups. However, this change in polyploid nuclei was not significant (p <0.05). There was
a significant difference between the mean area of hepatocytes in the research groups (P=0.0001) (Table
1). According to Figure 1, Tukey’s test showed that this significant difference was in the mean area of
hepatocytes between the control and exercise (P=0.0001), control and youth (P=0.0001), solvent and
supplement (P=0.012), solvent and training (P=0.0001), solvent and youth (P=0.0001), supplement
and training + supplement (P=0.0001), supplement and training (P=0.002), supplement and youth
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(P=0.003), training + supplement and training (P=0.0001), and training + supplement and youth groups
(P=0.0001). There was no significant difference between the other groups. It seems HIIT swimming
exercise with resveratrol supplements can lower liver cell levels.

Keywords : High-intensity interval training swimming, resveratrol, area of hepatocytes, polyploid
nuclei.

Extended Abstract

Background and purpose

Increase in age and ageing process is an important period that may be with major and
basic risk factors for many chronic diseases, including metabolic syndrome, Alzheimer’s
disease, cancer, and liver disease (1). The progressive loss of homeostasis at genomic,
cellular, tissue, and whole-organism levels may be happening with ageing process that
can lead to a decreased ability to respond to functional decline, stress, and increased
situation of morbidity and mortality (2). One of the most persistent changes in aging
cells is the accumulation of damaged organelles and macromolecules, that is associated
with the reduction of different catabolic mechanisms and pathways. Polyploid nuclei are
caused by the defective cell division cycle, which is strongly related to the aging process
and leads to an increase in the area of hepatocytes, cellular inflammation. Therefore, this
research is aimed to evaluate the effect of (HIIT) swimming and resveratrol on the area of
hepatocytes and polyploid nuclei in aged rats.

Materials and methods

In this study, 40 male Wistar aged rats (twenty-month-old, weight of 350-450 g) that
the NOVEL test of whom was negative and had no motor disorder, were divided into
five groups (control (C), HIIT training (HIT), supplement and HIIT training (HITR),
supplement (R), Solvent (S). Also eight young rats (three-month-old, weight of 150-180
g) was placed in a group (Y) for comparison

HIIT swimming consisted of fourteen 20-second sets with 10 seconds of resting between
each set. This training was performed for six weeks (three days per week) (3). In the
interval training, the initial applied load (in the first week) was 9% of the rat’s body weight
and 1% was added each week (4). Hence, in the last week, the rats exercised with 14% of
their body weight.

The rats in all six groups were kept in a polycarbonate cage for rodents (3 rats per cage)
under controlled environmental conditions with the average temperature of 22+4 and
12/12 light/dark cycle (7AM to 7PM) and access to standard water and food ad libitum.
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All the aged rats were introduced to the animal pool (180 cm in diameter and 80 cm in
height) one week before the onset of the main training (5).

The (C) group did not participate in practice. The rats of the (R) group only received 1%
from the resveratrol dissolved in methylcellulose through gauge (10 mg per rat’s body
weight (kg) per day), and the rats in the HITR group did the swimming training while
receiving resveratrol. The (S) group received 1% methylcellulose solution via gavage
tube. It was performed in the morning for three groups (HITR, R, and S), so that the rats
in the HITR group began their training 8 hours after gavage (to relieve the stress caused
by the gavage). HIIT swimming workout was performed in the evening (which is the best
training time in the normal activity of rats). At the end of the protocol and after biopsy, 5
healthy tissues were obtained from each group. Variables were stained with Hematoxylin
and Eosin (HE) and, Image J software was used to calculate the area of hepatocyte and
one-way analysis of variance and Tukey’s post hoc test were used to compare the groups.

Findings

At the end of the research, the results of the present study showed that, after six weeks
of HIIT swimming with and without resveratrol supplements, there was a significant
difference between the mean area of hepatocytes in the research groups (P=0.0001).
Tukey’s test showed that this significant difference was in the mean area of hepatocytes
between the control and exercise (P=0.0001), control and youth (P=0.0001), Solvent and
supplement (P=0.012), Solvent and training (P=0.0001), Solvent and youth (P=0.0001),
supplement and training + supplement (P=0.0001), supplement and training (P=0.002),
supplement and youth (P=0.003), training + supplement and training (P=0.0001), and
training + supplement and youth groups (P=0.0001). There was no significant difference
between the other groups.

Following six weeks of HIIT swimming training, there was also a significant difference
between the mean of polyploid nuclei in the research groups (P=0.010). Tukey’s test
showed this significant difference was between the mean of polyploid nuclei between
control and young (P=0.01) and Solvent and young groups (P = 0.01). There was no
significant difference between the other groups.
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Imagel- Histological assessment of liver of male aged rats in A : Young Group, B : Control Group, C :Solvent

Group, D: Exercise Group, E : Resveratrol Group, F : Exercise + Resveratrol Group. Black arrow shows bi-nucleated
hepatocyte in different groups, (X400).

Conclusion

The results of the present research showed that HIIT swimming with and without
resveratrol supplements can reduce the area of hepatocytes; the reduced area of hepatocyte
in the training group was higher than other groups, which indicated less inflammation of
cells. Reduction through resveratrol supplements was lower than the training group. In
contrast, HIIT swimming with and without resveratrol supplements could not cause any
significant difference in the polyploid nuclei, which can be related to training conditions,
such as intensity, duration of training, as well as conditions of older participants.

Oxidative stress has been identified in the pathophysiology of fatty liver and the use
of phytochemicals with antioxidant properties is one of the new approaches and is
considered as an effective treatment for liver disease. One of these antioxidants is
resveratrol (6). However, in the resveratrol supplement group as well as the training +
supplement group, a decrease was seen in comparison to the control group. It should
be noted that exercises could be useful when combined with the intake of supplements
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such as resveratrol. Numerous experimental and pre-experimental studies have shown
the beneficial effects of this substance on preventing the accumulation of fat, reducing
oxidative stress in hepatocytes (7)

Since the enlargement of the cell is the most obvious consequence of liver
polyploidization (8), decreased hepatocyte area in the exercise group may represent
reduced polyploidization.

Keywords: High-intensity interval training swimming, resveratrol, area of hepatocytes,
polyploid nuclei.

Article Message:

Due to structural problems of the organs in the elderly and since swimming is a sport
activity in the water which reduces the effect of body weight on swimming, and due to the
reduction in the area of hepatocytes in the HIIT swimming group, short-term swimming
exercises are recommended.
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Table 2- Results of Tukey post hoc analysis (difference between pairs of groups) for area of hepatocytes
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