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Abstract

Background: Physical exercise aims to improve or maintain physical fitness. However, excessive
physical exercise may cause increase of oxidative stress which leads to cellular injury, including
in the proximal tubules of kidney. This research aims to find out the effect of single- and repeated-
excessive swimming exercise to the kidney histopathology of male wistar rats (Rattus norvegicus).
Methods: This research was an experimental study with complete random and post test only
control group design. Twenty seven male wistar rats were divided into three treatment groups:
control group, single- excessive swimming exercise group (45 minutes for one day), and repeated-
excessive swimming exercise group (45 minutes/day for seven days). In the end of the treatment,
the kidney of the rats were taken to be analyzed by using hematoxylin-eosin stain. The mean of
proximal tubules injury of kidneys were counted by two observers using blinded method. Data
were analyzed by using one way anova test. Result: The analysis showed there was a significant
difference in the mean percentage of proximal tubules injury between control group and single
swimming group as well as the repeated swimming group (Anova p=0,000), also there was
significant difference between the treatment groups (p=0,020). The highest average of proximal
tubules injury was in the single swimming group. Conclusion: Single- and repeated- excessive
swimming exercise causes the proximal tubules injury of kidney.

Keywords: Single- and repeated- excessive swimming exercise, kidney histopathology, male

wistar strain rats.
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INTRODUCTION

Physical exercise is a planned,
structured, repeated physical activity of body
in order to improve physical fitness (1).
However, an excessive physical exercise
could increases the production of free
radicals as well as increases endogenous
antioxidant (2).

Approximately one-third of young
English athletes have experienced excessive
physical exercise (3). It was reported that
35% of adolescent swimmers had been
experienced excessive exercise at least once.
5% to 30% of swimmers over a season and in
15% of British elite athletes ever experienced
excessive exercise (4).

Excessive physical exercise causes
oxidative stress which could damage body’s
cell including kidney (5). Nayanatara et al
reported that 45 minutes swimming stress
daily for 7 days increases the lipid
peroxidation of liver, kidney, adrenal gland
and cerebral cortex (6). Kidney is an organ
contains 1 - 1,4 million unit of nephrons.
Nephron composed of a glomerulus and a
tubule both play important role in
maintaining body salt, fluid balance and
waste excretion. The function of kidney is to
keep the stabilization of cell environment to
do many activities. The kidney function can
be disrupted due to damage to its components

(7).

Olivia N stated that a group of
swimming animal without vitamin E
consumption showed the widest damage in
kidney proximal tubulus (8). Lin et al
reported that the animal group with staged
treadmill physical exercise up to exhausted
found damage in tubulus including
degeneration of tubular epithelial cells and
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apoptosis (9). Excessive physical exercise
could also cause rhabdomyolysis or Exercise-
induced rhabdomyolysis (exRML), it is a
damage on the skeletal muscle with the
increase of creatin kinase (CK) or mioglobin
(Mb) which could disrupt the kidney function
(10).

Although many studies have reported
that exercise could cause cell damage due to
free radicals, exercise could also increase
endogenous antixodant capacity and increase
oxidative damage repairing enzymes (2). It
has been reported that exercise intensity and
duration of exercise can affect the level of
free radical damage. Acute exercise causes
more oxidative stress in the liver tissue
compared to repeated exercise (11,12).

Until now, the effects of different
types of excessive exercise on the kidney are
unknown. Therefore this study was
conducted with the aim of finding out the
effect of single and repeated excessive
exercise on the kidney.

METHODS
Animals and Acclimatization

Male wistar strain rats (Rattus
norvegicus) age 2 — 3 months (180 — 220 g)
were acclimatized for 3 days and were fed
with normal pellet diet and water ad libitum
throughout the experimental period.

Research Design

This research was a complete random
experimental design post-test only group
control. Twenty seven male wistar rats were
randomly divided into three treatment groups
consisting of nine rats in each as follows:
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e Group C: Control

e Group P1: Single excessive swimming
exercise 45 minutes for one day

e Group P2: Repeated excessive swimming
exercise 45 minutes/day for seven days

All the animals were sacrificed at the end of
the each treatments. The kidneys were
washed in 0.9% NaCl for removal of attached
blood and were fixed in
10% buffered formalin for histopathological
analysis.

Research Setting

The setting of the research was in
animal laboratory of Medical Faculty of
Universitas Tanjungpura (the animal care and
treatment), Non Microscopic Laboratory of
Medical Faculty of Universitas Tanjungpura
(Surgery and Organ Taking), Anatomy
Pathology Laboratory of Dr. Soedarso
General Hospital (Histopathology slides and
haematoxylin eosin staining) and
Microscopic Laboratory of Medical Faculty
of Universitas Tanjungpura (Histopathology
analysis).

Histopathology analysis

The Haematoxylin eosin  slides
examination performed through digital
camera from 10 fields (40x objective lens)
microscope. Observations were made on 100
proximal tubules and the mean of renal
proximal tubule damage is calculated using
the formula: Number of abnormal proximal
tubules per 100 proximal tubules.
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Data Analysis

The Anova test and The Post Hoc
Least Square Difference (LSD) test were
performed using Statistical Product and
Service Solutions (SPSS) 22 for windows.

ETHICAL CLEARANCE

The study was approved by the
Health Research Ethics Commission of the
Medical Faculty of Tanjungpura University
(7637 / UN22.9/ DT / 2016).

RESULTS
Histopathology analysis

Histological picture of kidney tissue
in group C, group P1 and group P2 can be

Picture 1. Histopathological picture of the control
group’s kidney. There is a picture of the normal
proximal renal tubules (blue circle). HE coloring,
objective 40x.

Submitted: 02/21/2020; Reviewed: 02/25/2020; Accepted: 02/28/2020; Published: 03/09/2020. DOI: XX. XXXXX/MMJ 1.1-X-X | 37


mailto:uptjurnal.fkkumj@gmail.com

Vol. 1 No. 1 Tahun 2020

jurnal.umj.ac.id/index.php/MMJ M[ M[
uptjurnal.fkkumj@gmail.com
e—iSSn: XXXX - XXXX MUHAMMADIVAH MEDICAL JOURNAL

Muhammadiyah Medical Journal

1. Kh. Ahrmad Dahlan, Cirendew, Ciputat, Tangerang Selatan

Picture 2. Renal histopathology features of a single
swim-load exercisegroup. There is a picture of damage
in the form of loss of the brush border (yellow circle)
and accompanied by tubular dilation (orange circle)
(figure A). Damage is also in the form of tubular
epithelial cell necrosis (red circle) which is
characterized by a picnotic nucleus (red arrow) and
intratubular cast (black arrow) discovery (figure B).
HE coloring, objective 40x.

o R
Picture 3. Histopathological features of the kidney
repeated exercise-swimming load group. There is a
picture of proximal tubular damage in the form of loss
of the brush border (yellow circle) (figure A), loss of
brush border accompanied by tubular dilation (orange
circle) (picture B). Damage is also in the form of
tubular epithelial cell necrosis (red circle) which is
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characterized by a picnotic nucleus (red arrow). An
intratubular cast was found in the proximal tubule
(black arrow) (figure D). HE coloring, objective 40x.

Mean Proportion of Kidney Tubule
Damage Percentage Results

The results of the mean percentage of
proximal tubular damage can be seen in
Figure 4. The analysis results obtained data
for each group normally distributed and
homogeneous variance. Anova one-way test
results showed that there were significant
differences between groups (p = 0.00) and
continued by Post-Hoc LSD test.
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Picture 4. Mean Proportion of Kidney Tubule Damage
Percentage Results

From the Mean Proportion of Kidney
Tubule Damage Percentage Results on the
picture 4. The mean percentage of over
loaded swimming — exercise group is the
highest. The repeated swimming exercise has
lower percentage of damage than over loaded
swimming — exercise group (LSD p=0,020).
The lowest percentage of damage is found in
the control group and the significant
difference from over single swimming -
exercise (p=0.00) or The repeated swimming
exercise group (p=0.00).
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The Percentage of Damage on the Tubule

The result of percentage on the tubule
damage based on the histology can be seen in
the Table 1.

Tabel 1. The percentage of Kidney Tubule
Damage Percentage

Group

Type of K P1 P2

Damage

Brush border lost 19,25% 35,60% 29,40%

Intratubular cast 0,00 0,30% 1,10%
Sitoplasma 0,00% 0,00% 0,20%
Vacuolization

Proximal tubular 0,00 3,00% 2,05%
Necrosis

Tubule dilatation 0,65% 6,70% 6,50%

and brush border
lost

Based on the table 1, it can be seen
that the most type of damage found in the
control group forms in the lost of brush
border or followed by Nekrosis proximal
tubule.

DISCUSSION

Physical exercise has a goal to
increase or maintain the physical fitness (1).
However over physical exercise could bring
harmful effect to the body because the
production of free radicals (4,13). Research of
Thirumalai reported that intensive swimming
exercise could raise reactive oxygen species
(ROS) in the muscle (14).
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The treated animals were given
swimming —exercise load for 45 minutes. The
swimming exercise was given as a stressor
which could increase protein degradation in
the muscle and increase glukokortikoid level
in the plasma as the stress respond happen in
the body (15). Hu reported the increase of
glukokortikoid level in the plasma was found
after 45 minutes exercise (11).

This study has found that the kidney
damage level higher in the both treatment
groups the single exercise group and in the
repetitive exercise group than the control
group. The damage was generally in the form
of loss of the brush border. The mechanism
accounting for the lost of brush border on
proximal tubule could be the impaired
membrane integrity and membrane polarity
due to ischemia and oxidative stress. The
intratubular cast can be formed by damage of
the tubular cells due to ischemia condition
(16). The damage on kidney proximal tubule
could be caused by the ischemia condition
during hard physical exercise (17,18). The
renal vasoconstriction is augmented during
exercise at moderate and maximal intensities
and subsequently decreases oxygen delivery
to the tubules (19). The tubular epithelial cells
are sensitive to ischemia. In time, the injured
tubular cells detach from the basement
membranes (16). Another mechanism of cast
forming is the rhabdomyolysis increases
serum myoglobin and in a state of
hypovolemia and decreased urine pH,
myoglobin can precipitate with Tamm-
horsfall protein. The casts can cause tubular
obstruction (20,21).

The state of ischemia can cause a
failure of oxidative phosphorylation which
will reduce ATP production. Decreasing the
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amount of ATP will cause the accumulation
of intracellular Na* due to failure of the
Na*K"™-ATPase pump in maintaining ion
balance, causing cell swelling. If the state of
ischemia is prolonged, irreversible cell
damage will occur (16).

Acute kidney damage due to exercise
also reflects renal ischemia caused by
rabdomiolysis, ie destruction of skeletal
muscle fibers in the form of myocyte lysis
results in releasing of muscle fiber into
extracellular fluid and blood. As a result, free
myoglobin in plasma increases, so that large
amounts of myoglobin are filtered by the
kidneys. Myoglobin can be nephrotoxic
directly mediated by free radicals and also
interfere with even inhibit the Kkidney
filtration  system  (20,21). Myoglobin
accumulation can also form ROS and trigger
lipid peroxidation which damages cell
membranes and blood vessels in the kidneys
(10,22).

Kidney proximal tubule damage can
also be caused by oxidative stress that occurs
during strenuous physical exercise. Acute
physical exercise conducted intensively
causes an imbalance between ROS and the
body's antioxidant system which can be a
potential source of oxidative stress (17,23). Di
Meo reported that strenuous physical exercise
decrease blood flow to the kidneys and will
return to normal (24). Return of O2 supply to
the kidneys after an ischemic condition causes
a reperfusion of ischemic lesions and increase
ROS production. The increased ROS is
caused by mitochondrial dysfunction that
occurs in the proximal tubule during the state
of ischemia. Increased ROS causes lipid
peroxidation of the proximal tubular
membrane (16).
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The mean percentage of renal
proximal tubule damage in the single
excessive swimming group (P1) was
significantly higher than in the repetitive
excessive swimming group (P2). This is
likely due to kidney lipid peroxidation is
higher in the Group Pl than Group P2.
Podhorska's reported an increased incidence
of apoptosis in distal tubular cells and
collecting ducts in rat kidneys after acute
exercise compared to the 8-week exercise
group (25).

Li reported that with the increase of
exercise intensity, the SOD (Superoxide
Dismutase) activity in the rats decreased
gradually, whereas the MDA
(malondialdehyde) and NO (nitric oxide)
levels gradually increased (26). Prasmadhan
showed that giving maximum physical
activity in swimming for 30-60 minutes in
one time significantly decreases the total
blood antioxidant activity when compared to
the control group (27). Conditions of
oxidative stress and free radicals will cause
lipid peroxidation of cell membranes (28).

The mean percentage of renal
proximal tubule damage in the repetitive
excessive swimming group was significantly
higher than in the control group. This result
was similar to that reported by Nayanatara et
al which showed that a 45-minute physical
exercise swimming repeated for seven days
led to an increase in lipid peroxidation
production in the liver, kidneys, adrenal
glands and cerebral cortex significantly,
which shows the occurrence of oxidative
stress in the liver, kidney, adrenal gland, and
cerebral cortex (6). However, the mean
percentage of proximal tubule damage in the
excessive repetitive swimming load group
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was lower than the single excessive swim
load group. This might be caused by an
increase in the activity of antioxidant
enzymes after repeated physical exercises
(29).

Nagaraja reported that kidney weight
calculated per 100 g of rat body weight
increased significantly in the daily swimming
group (0.347 + 0.012), seven days (0.344 +
0.007), and fifteen days (0.334 + 0.005)
compared to the control group (0.310 +
0.003). But the highest increase was in the
daily swimming group compared to other
groups. During swimming treatment, there is
an increase in workload in the kidneys and
changes in homeostatic mechanisms such as
increased cardiac output and blood pressure
during stress. This can cause increase in
kidney weight. If the stress period was
prolonged, a gradual recovery occurs back to
normal (30). Animal response decreased to
prolonged stress through habituation or
adaptation. Research conducted by Moningka
also found that repeated voluntary wheel
running for 6 weeks could increase
endothelial nitric oxide synthase (eNOS) and
extracellular superoxide dismutase (EC SOD)
(31). The increased activity of antioxidant
enzymes is caused by repeated ROS exposure
which could cause adaptation of the
mitochondria of the proximal tubule of the
kidney in repeated swimming exercises, but
the mechanism of adaptation is still unknown
(30). An increase in the antioxidant enzymes
will inhibit the of lipid peroxidation in the
proximal tubules so that the tubules proximal
suffered less damage in the load repeated
swimming-exercise group (32).

Saad RA's showed that regular
swimming exercise in 11 consecutive weeks

Submitted: 02/21/2020; Reviewed: 02/25/2020; Accepted: 02/28/2020; Published: 03/09/2020. DOI: XX. XXXXX/MMJ 1.1-X-X | 41


mailto:uptjurnal.fkkumj@gmail.com

Vol. 1 No. 1 Tahun 2020
jurnal.umj.ac.id/index.php/MMJ
uptjurnal.fkkumj@gmail.com

€-ISSN: XXXX - XXXX

significantly decreases serum urea, creatinine
and TNFa levels, as well as a significant
decrease in kidney weight compared to the
control group with ischemia. In addition, the
levels of kidney tissue malondialdehyde
(MDA) decreased, while the activity of
catalase and NOS increased than the control
group (33).

Histological changes in  renal
proximal tubule damage also occurred in the
control group. This is thought to be influenced
by stress that occurs in experimental animals
when performed routine procedures in the
laboratory and the influence of environmental
conditions. According to Balcombe,non-
invasive laboratory procedures such as
handling, lifting, and when cleaning or
moving cages of experimental animals can
potentially significantly change physiological
parameters related to stress such as
corticosterone  concentration,  glucose,
prolactin, heart rate, blood pressure, and
behavior in experimental animals (34).

Environmental conditions for animals
taking care both the condition of the taking
care room and laboratory animal facilities are
the limitations in this study (35). Acute stress
and intensive physiological stressors can
cause endocrine changes in the form of
increased epinephrine in plasma which will
trigger an increase in SGOT and urea levels
in the blood. In addition, stress can induce
injury to hepatocytes and degeneration of the
glomerulus, Bowman's capsule, proximal
tubules, distal tubules which cause abnormal
filtration and reabsorption (36).

CONCLUSION
Based on the results of the study, it can be
concluded that the excessive of single and
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repeated exercise-swimming causes kidney
proximal tubule damage. The highest
percentage of proximal tubular damage was
found in the group of single excessive
swimming exercise group.
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