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This study investigated the impact of treadmill exercise on liver and kidney health in obese rats induced by a high-fat
diet (HFD), alongside serum IL-10 levels. Rats were divided into normal control, HFD, HFD with atorvastatin, and
HFD with exercise groups. Obesity was induced over 11 months via the HFD, while the exercise group underwent

treadmill training three times per week for 90 days. Parameters measured included body weight, lipid profile, liver
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and kidney function tests, rat interleukine-10, and histopathology of the liver and kidney. Significant increases in
body weight, lipid profile, and liver and kidney function tests, alongside decreased IL-10 levels, were observed in the
HFD groups, indicating obesity-associated complications. After 90 days of exercise, significant reductions in body
weight and lipid profile, alongside improved liver and kidney functions were noted, accompanied by increased IL-10

expression. The exercise group exhibited occasional liver micro vesicular fat droplets but an otherwise healthy liver
and kidney appearance. Treadmill exercise demonstrated beneficial effects on liver and kidney health in male obese
rats with HFD-induced obesity, primarily through the amelioration of IL-10 levels.

INTRODUCTION

As of 2030, it is estimated that 51% of the population
will be obese, nearly a triple increase since 1975 [1] and is
a result of an energy imbalance between increased calorie
consumption and decreased energy expenditure [2]. An
increasingly sedentary lifestyle, industrialization, transportation
mechanization, urbanization, and consumption of processed
foods contribute to obesity [3]. Obesity-related liver diseases
are associated with non-alcoholic fatty liver disease (NAFLD),
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starting with simple steatosis (fatty liver), and progressing
to nonalcoholic steatohepatitis and cirrhosis [4]. Similarly,
obesity-related kidney dysfunction, including glomerular
hyperfiltration, albuminuria, and renal fibrosis, can progress to
chronic kidney disease (CKD), and end-stage renal disease [5].

In animal studies, high-fat diets (HFDs) have been
commonly used to persuade obesity [6]. These diets contribute
to excessive caloric intake and lead to increased adiposity,
insulin resistance, dyslipidemia, and inflammation, all of which
play significant roles in the development of obesity-related
complications of the liver and kidney [1]. Additionally, it is
important to note that obesity is related to systemic inflammation
releasing the inflammatory cytokine Interleukine-6(IL-6)
and suppressing the synthesis of anti-inflammatory cytokine
Interleukine-10(IL-10) [ 7]. Adiposopathy, resulting from excessive
energy intake, primarily affects adipose tissue in overweight/obese
individuals, preceding to the deposition of fat in the liver. This
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buildup of fat causes lipotoxicity and the generation of reactive
oxygen species. Consequently, a fatty liver exacerbates resistance
to insulin and disrupts the metabolism of lipids, creating a cycle of
metabolic dysfunction [8]. In the kidneys, the macrophages oxidize
lipoprotein and transform into foam cells releasing inflammatory
cytokines which ultimately reduce the rate of glomerular filtration,
and impair the renal function [9].

Exercise has emerged as a non-intrusive alternative
method for managing and preventing obesity [10] along with
demonstrated positive effects on lipid profile, body weight
reduction, and decreased fatty liver in NAFLD both in humans
and murine obesity model [11]. Similarly, people with CKD are
encouraged to engage in physical activity compatible with their
heart health and tolerance, according to the Kidney Disease:
Improving Global Outcomes report [12].

Research related to the effect of exercise on obesity,
inflammation, and its associated complications on the liver and
kidney tissues is not yet fully explored. The current study aims
to investigate the effect of treadmill exercise as an intervention
in alleviating obesity-related complications of the liver and
kidney through an increase in serum IL-10 in a diet-induced
obese rat model.

MATERIALS AND METHODS

Experimental animals

The study subject included 24 male Wistar rats (n
= 6) weighing 150-200 g. The rats were provided with food
and water and kept in a 12-hour light/dark cycle in institutions
central animal research facility. The study protocol was
approved by the Institutional Animal Care and Use Ethic
Committee of Kasturba Medical College, Manipal Academy
of Higher Education, Karnataka, India with approval number
TAEC/KMC/66/2019.

Preparation of the experimental diets

The rats were given one of two diets: a normal chow
diet (NCD) and a HFD. A NCD was acquired from the Amrut
Laboratory Animal Feed (Pranav Afro Industry Ltd., Sangli,
Mabharashtra, India). Meanwhile lard was used to make the HFD
procured from the local vendor [13]. The diet was prepared in
accordance with AIN-93G diet [14].

Experimental design and treatment schedule

The animals were randomized into four groups
(n = 6). Group 1: Normal control [NCD (15 g/day/kg)];
Group 2: HFD control [HFD (15 g/day/kg)]; Group 3:High
fat diet obese[high fat diet (15 g/day/kg b.wt)] treated with
atorvastatin (10 mg/kg b.wt in 0.5% CMC, orally) [15]
and Group 4: HFD obese [HFD (15 g/day/kg)] treated with
exercise. All rats consumed their respective diets for 11
months [16]. During the experimental period, body weight
measurements were taken on a weekly basis. The blood
samples of rats were collected after 12 hours fasting at the
baseline (0 day) and then after 30 days and 90 days of the
treatment. The serum was separated and stored at —80°C
until further analyses. At the end of 90 days, the organs such
as liver and kidney were collected through decapitation after

anaesthesia with thiopental and the organs were stored in
10% formalin for histopathological examination.

Exercise regimen

On a thrice-weekly basis for a duration of 12 weeks
(total of 36 sessions from 0 to 90 days of life), the rats underwent
training on an animal treadmill (model: IITC life science:800
series Treadmill). The rats were subjected to assimilation training
for 2 days and on the third day rats were adaptable to training.
On the first and second days of exercise, the treadmill’s velocity
was fixed at 5 m/minute for the first 10 minutes, followed by 9
m/minute for the next 10 minutes and 12 m/minute for the last
10 minutes. A treadmill velocity of 12 m/minute was maintained
from the third and subsequent day of exercise [17].

Body weight analysis

An electronic weighing machine(model: DS-415Series)
by Essae-Teraoka Ltd., India, was used to record the change in
body weight [in grams] once a week throughout the experiment.

Biochemical investigations

STAR 20 Auto analyser (DC 19V 4.74A) by Rapid
diagnostic PVT.LTD., India was used to carry out all the
measurements such as the total cholesterol (TC), triglyceride
(TG), and high-density lipoprotein (HDL). The levels of low-
density lipoprotein (LDL) and very low-density lipoprotein
(VLDL) were calculated using the formulae LDL = TC-HDL-
VLDL and TG/5, respectively. The hepatic injury was assessed
by estimating the levels of aspartate aminotransferase (AST),
alanine transaminase (ALT) levels, and alkaline phosphatase
(ALP) levels in the serum. The kidney function tests such as
levels of urea (U), uric acid (UA), and creatinine (Cr) in the
serum were estimated. All the kits were procured from the coral
clinical systems, A Division of Tulip Diagnostics(P) Ltd., Goa,
India, and the assays were carried out as per the kit instructions
provided by the manufacturer.

Analysis of anti-inflammatory cytokine

The serum was analyzed for Rat IL-10 by enzyme-
linked immunosorbent assay using Robonic ELISA plate reader
analyzer.

Histopathological investigations

After euthanasia, the liver and kidney tissue samples
were collected and immersed in 10% formalin for a period
of 8 hours for fixation. A serial 5 mm slices of the liver and
kidney were obtained and embedded in paraplast blocks for the
analysis of fat accumulation. The sections were stained with
hematoxylin stain by immersing the slides in 0.5% hematoxylin
stain and were observed using Olympus life science solution
CX33 microscope (under 200X and 400X).

Statistical analysis

Data were presented as Mean + SD and were analyzed
using Jamovi (Version 2.3) software. The normality of the
distribution of the variables was assessed by the Shapiro—Wilk
test. Repeated measures ANOVA with Greenhouse-Geisser
correction was performed to check the changes between 0 and
30 days and 90 days across groups. The statistical significance
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among different sets was scrutinized followed by the post hoc,
Tukey’s test. Statistical significance was determined at a 5%
level of significance (p < 0.05).

RESULTS

Body weight analysis

Before the experiment, the rats in both the control and
HFD groups had similar body weights. However, after consuming
the HFD for 11 months, the rats in the HFD groups exhibited a
significant increase in body weight compared to the control group
(p <0.001). A significant reduction in body weight was observed
in response to statin treatment both during the 30" (p < 0.05) and
90 days (p < 0.001) of treatment. The HFD caused a greater gain
in body weight, but this increase was gradually mitigated by the
exercise intervention in the HFD + Exercise group by the end of
the 90-day experiment (p < 0.001) (Table 1).

Lipid profile analysis

The effect of exercise on lipid metabolism was
evaluated by estimating the fasting serum lipid levels. HFD
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grouped animals showed a significant increase (p < 0.001)
in TC, LDL, VLDL, and TG along with a significant decline
(»<0.001) in HDL levels compared with normal control Wistar
rats. The statin and the exercise group showed a significant
decrease (p < 0.001) in TC, LDL, VLDL, and TG. The levels
of HDL were significantly elevated at 30 days (p < 0.05) and 90
days (p < 0.001) of exercise intervention (Fig. 1).

Serum liver function analysis

The levels of AST, ALT, and ALP were found to be
significantly(p < 0.001) increased indicating liver injury in
the groups fed HFD when compared to the NC group given
NCD. However, exercise intervention significantly(p < 0.001)
mitigated the liver damage by reflecting the decreased levels
of the enzyme in serum both at 30 and 90 days of intervention.
A more significant finding was that the enzyme levels
were comparable to the normal controls with no statistical
significance at the end of 90 days. While the levels of markers
were significantly lower in the statin group compared with
HFD, the levels were still at the higher end during the 30 and
90 days of treatment, indicating that further intervention or

Table 1. Effect of treadmill exercise on the body weight [grams] in Wistar rats at 30 days and 90 days of intervention.

Timeline NC HFD HFD+ATOR HFD+E

Baseline 235.66 £ 16.39 389.33 + 28.96" 397.16 + 23.56™ 391.83 +£12.48"8
30 days 244.00 £ 16.78 403.60 = 21.04%# 352.33 £33.97** 349.00 £ 17.58N8
90 days 279.40 £ 19.99 418.40 + 28.23%# 257.33 £ 18.55%** 247.80 £ 10.91%**

Results are expressed as mean + SD, (n = 6).

###p value < 0.001 vs. normal control, NS = non-significant *p value < 0.05, ** p value < 0.01, ***p value < 0.001 vs. high fat diet group.
Note: NC: Normal control, HFD: High Fat Diet, HFD+ATOR: HFD+Atorvastatin, HFD+E: HFD+ Exercise.
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Figure 1. Effects of exercise on the levels [mg/dl] of lipid profile in Wistar rats at 30 days and 90 days of intervention.

Results are expressed as mean = SD, (n = 6).

##p value < 0.001 vs. normal control, NS = non-significant *p value < 0.05, ** p value < 0.01, ***p value < 0.001 vs. high fat diet group.
Note: NC: Normal control, HFD: High Fat Diet, HFD+ATOR: HFD+Atorvastatin, HFD+E: HFD+ Exercise.
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lifestyle changes might be needed to bring them down to a more
desirable range (Table 2).

Serum renal function analysis

A significant (p < 0.001) increase in renal function tests
such as U, UA, and Cr was observed in the HFD fed groups. There
was no statistical significance observed at 30 d days for U (p =
0.144) and UA (p = 0.351) in HFD+E group when compared to
HFD group. However, significance(p < 0.001) was observed at 90
days of exercise intervention in HFD+E group. Serum Cr levels
were significant (» <0.001) at both 30 days and 90 days in exercise

group compared to HFD. Based on the findings, it can be inferred
that significant improvement in renal function was observed only
after a 90-day period of exercise intervention (Table 3).

Serum cytokine analysis

In comparison with the NC group, serum IL-10 level was
significantly (p <0.001) decreased in the HFD group, indicating
that HFD induced systemic inflammatory response in the rats.
In contrast, the level of serum anti-inflammatory cytokine I1L-10
in the HFD group treated with Atorvastatin alone and exercise
alone significantly (p < 0.001) increased. Our data illustrated the

Table 2. Effects of exercise on the levels of serum liver function parameters [[U/1] in Wistar rats at 30 days and 90 days of

intervention.

Timeline Variable NC HFD HFD+ATOR HFD+E

Baseline AST 49.55+5.24 168.92 + 6.76" 173.61 + 6.08N 179.13 £ 6.07™
30 days 57.75+6.44 184.47 £ 9.27%# 158.61 £2.09** 130.43 £ 7.14%**
90 days 55.25+9.23 184.57 +9.24# 126.97 + 3.34%%* 69.00 + 5.19%**
Baseline ALT 31.19+6.58 204.73 £ 10.99%# 196.42 + 14.33M8 200.32 +7.35N8
30 days 27.25+544 214.37 £ 11.65% 166.96 + 9.22%%** 80.30 4 2.58%*%*
90 days 30.32+8.28 223.72 £ 10.19%# 111.60 £ 18.56%** 50.18 +4.34%%*
Baseline ALP 46.20 £ 9.60 158.84 £ 11.16" 155.15 £ 34.69N 178.39 £ 17.59N
30 days 46.41 £7.52 177.93 £ 16.46*# 114.28 + 8.89%** 90.33 + 6.47%**
90 days 41.95+9.15 186.50 + 14.32%# 99.59 + 1.69%** 54.42 £+ 7.83%%*

Results are expressed as mean + SD, (n = 6).

###p value < 0.001 vs. normal control, NS = non-significant *p value < 0.05, ** p value < 0.01, ***p value < 0.001 vs. high fat diet group.
Note: NC: Normal control, HFD: High Fat Diet, HFD+ATOR: HFD+Atorvastatin, HFD+E: HFD+ Exercise.

Table 3. Effects of exercise on the levels of serum kidney function parameters [mg/dl] in Wistar rats at 30 days and 90 days

of intervention.

Timeline Variable NC HFD HFD+ATOR HFD+E
Baseline U 43.2+2.77 71.09 £ 2.43## 70.22 + 4.46N 72.93 £ 5.46N
30 days 43.79£3.22 72.08 +2.37%# 62.01 £6.07™ 67.69 + 5.42N8
90 days 4417 +£3.74 77.26 + 4.89%# 44,32 £ 1.57*** 43.55 £ 3.59%**
Baseline UA

2.36 +£0.44 4.49 + (.54 5.14 +0.86™ 478 £0.73N8
30 days 2.55+0.28 4.78 £0.32%# 4.04£0.75™ 3.95+0.19N
90 days 2.65+0.36 5.79 + 0.4% 2.55+0.17%** 2.77 £ 0.31%**
Baseline Cr 0.44 +0.04 0.64 + 0.04%# 0.67 £ 0.04~ 0.69 +£0.04Ns
30 days 0.45 £0.05 0.93 + 0.05% 0.58 + 0.05%** 0.59 + 0.05%**
90 days 0.49 £0.06 1.34 +£0.38"# 0.46 £ 0.03*** 0.43 £0.02%*

Results are expressed as mean = SD, (n = 6).

#it#tp value < 0.001 vs. normal control, NS = non-significant *p value < 0.05, ** p value < 0.01, ***p value < 0.001 vs. high fat diet group.

Note: NC: Normal control, HFD: High Fat Diet, HFD+ATOR: HFD+Atorvastatin, HFD+E: HFD+ Exercise.

Table 4. Effects of exercise on the levels of serum IL-10[pg/ml] in Wistar rats at 30 days and 90 days of intervention.

Timeline NC HFD HFD+ATOR HFD+E
Baseline 55.96 +3.24 27.13 £ 2.55% 30.74 £ 3.96™ 28.51 £ 3.49™8
30 days 58.73 £3.47 24.50 +2.16" 44.08 £ 2.60%*** 43.73 £2.86%**
90 days 58.94 +4.48 23.03 £ 1.20" 54.50 + 1.83%*** 55.74 £ 3.35%**

Results are expressed as mean + SD, (n = 6).

###p value < 0.001 vs. normal control, NS = non-significant *p value < 0.05, ** p value < 0.01, ***p value < 0.001 vs. high fat diet group.
Note: NC: Normal control, HFD: High Fat Diet, HFD+ATOR: HFD+Atorvastatin, HFD+E: HFD+ Exercise.
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ameleorative action of exercise alone on the high-fat diet-induced
inflammatory response by increasing IL-10 (Table 4).

Histopathology

The NC group showed intact parenchyma with
central venule and portal vein branches at the periphery with

Figure 2. Microscopic image of hematoxylin and eosin-stained A. normal
liver tissue (10x). B. Liver tissue showing intracellular fat deposits (40x) C.
Liver tissue after treatment with Statin (40x). D. Liver tissue after treatment
with exercise (40x). E. Normal kidney tissue (10x) F. Kidney tissue with
endocapillary congestion (40x). G. Kidney tissue after treatment with Statin
(40x) H. Kidney tissue after treatment with exercise (40x).

Note: NC: Normal control, HFD: High Fat Diet, HFD + ATOR: HFD +
Atorvastatin, HFD + E: HFD + Exercise, CV-Central vein, H-Hepatocytes, PV-
Portal vein, IF-Intracellular Fat, G-Glomeruli, DCT-Distal convoluted tubules,
PCT-Proximal convoluted tubules, VC-Vascular congestion.

unremarkable intervening hepatocytes (Fig. 2A); the HFD
group showed congested central venule and sinusoids. The
intervening hepatocytes showed intracytoplasmic micro
vesicular fat droplets (Fig. 2B). The HFD + ATORVA (Fig. 2C)
and HFD + E (Fig. 2D) groups showed congested central venule
and sinusoids. The intervening hepatocytes appear normal, with
very occasional intracytoplasmic micro vesicular fat droplets.

In the NC group, the study showed renal cortex with
cellular glomeruli and adjoining tubular system (Fig. 2E); the
HFD diet group showed renal cortex with cellular glomeruli with
endocapillary congestion and adjoining tubular system showing
luminal hyaline cast with congestion of stromal arterioles (Fig.
2F). The HFD + ATOR(Fig. 2G) and HFD + E (Fig. 2H) group
showed renal cortex with cellular glomeruli with endocapillary
congestion and adjoining tubular system appearing unremarkable
with congestion of the stromal arterioles.

DISCUSSION

HFDs contribute to the rise in obesity rates. Exercise
interventions can help counteract obesity induced by such diets
[18]. Atorvastatin, a common lipid-lowering drug, is known
for its benefits in both animal models and patients [19]. Both
atorvastatin and exercise offer distinct yet interconnected
strategies for managing obesity and improving cardiovascular
health [20]. Here, we investigated the effects of treadmill
exercise on liver and kidney health in a rat model of diet-
induced obesity.

In this study, the 90-day treadmill exercise intervention
reduced the body weight to 40% when compared to the HFD
group. Whereas the atorvastatin significantly reduced the body
weight up to 39% compared to the HFD group. By 30 days, only
11.28% and 10.93% decrease in bodyweight was noticed with
respect to atorvastatin and exercise intervention respectively.
Importantly, exercise is an accessible approach, unlike statin
medication with associated side effects. It is noteworthy that Li
et al. [21] also observed in their study a significant decrease in
body weight after a 90-day exercise intervention in obese mice
induced by an HFD.

The HFD leads to the development of dyslipidemia in
HFD groups, a condition characterized by abnormal levels of
lipids inthe blood [16]. The results obtained after the intervention
of exercise given at 30 and 90 days were highly significant (p <
0.001) in improving lipid markers such as TC, TG, HDL, LDL,
and VLDL. Specifically, it was found that exercise significantly
improved HDL levels (p < 0.001) when compared to the group
that only received HFD after 90 days, whereas during 30 days
only p < 0.05 significance was noted with respect to improving
the HDL levels in the exercise intervention group. Notably,
these outcomes were comparable to the effects of atorvastatin.
Emami et al. [22] also observed the results similar to the present
study. The metabolic demands of active muscles stimulate the
oxidation of fatty acids, leading to an enhanced release of free
fatty acids (FFAs) and glycerol into the bloodstream. The FFAs
can divert to the energy expenditure metabolism [23]. This
metabolic effect of exercise might be the possible explanation
for the observed improvement in lipid profiles with exercise.

The liver function test results revealed signs of liver
injury in the group subjected to HFD, with elevated levels
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of AST and ALT when compared to the control group. This
increase in ALT levels can be attributed to hepatic damage
and the findings are supported by previous studies [19]. After
30 days of exercise as intervention, the reduction of 27.18%,
59.91%, and 49.36% was noted with respect to AST, ALT,
and ALP, respectively. However, the group that underwent
exercise (HFD + E) exhibited a remarkable reduction in liver
injury markers AST, ALT, and ALP levels up to 62%, 77%,
and 70%, respectively, when compared to the HFD group after
90 days. Moreover, the liver histology in the HFD + E group
appeared to be normal (as shown in Fig. 2D) when compared
to the histology of HFD group wherein the congested central
venule and sinusoids, intracytoplasmic micro vesicular fat
droplets were noted(Fig. 2B). The author Zang et al. [24]
also observed the similar findings in his study. In contrast,
atorvastatin treatment only led to a reduction of 31%, 50%, and
46%, respectively, at the end of the experiment. Furthermore,
toward the end of the experiment, rats in the atorvastatin group
displayed muscle stiffness, a phenomenon not observed in the
exercise intervention group. Additionally, there were instances
of mortality in the atorvastatin group, while no such adverse
effects were observed in the exercise group. These findings
collectively suggest that exercise intervention may present
a more favourable approach for managing obesity when
compared to atorvastatin treatment.

Renal function tests are valuable in detecting the
presence of kidney disease, assessing the kidneys’ response to
treatment, and evaluating the advancement of renal disease [25]
and renal recovery has emerged as a multidisciplinary approach
with physical activity being a key component in preventing
CKD [26].The HFD group showed increase levels of serum
UA, U, and Cr. Elevated serum Cr levels in obesity indicates
a correlation between obesity and impaired kidney function
[27]. The similar findings were noted by Pereira et al. [28].
Fortunately, rats fed with HFD and exercise training after 90
days showed a significant (p < 0.001) decrease in sCr from the
baseline. Consistently, serum UA and U were significantly (p <
0.001) decreased in the HDF+E group from the baseline [29]
after 90 days. During 30 days of exercise as an intervention,
no significance was noted in terms of U and UA levels
when compared to the HFD groups. Renal histopathological
examination of the HFD diet group (Fig. 2F) showed renal
cortex with cellular glomeruli with endocapillary congestion
and adjoining tubular system showing luminal hyaline cast
with congestion of stromal arterioles whereas the group treated
with exercise showed the unremarkable normal articulate of the
kidney tissue (Fig. 2H).

During obesity, there is a notable decrease in the
expression of the anti-inflammatory mediator IL-10 [7]. The
same is been proved in our study as a significant decrease
was noted in HFD groups. However, the exercise group
significantly (p < 0.001) increased the expression of anti-
inflammatory adipokine IL-10 to 95.51% in obese rats after
90 days and 53.38% after 30 days. These findings are in line
with those observed by other researchers [7,30]. The obtained
results are also comparable with effect of atorvastatin in high
fat diet fed groups. It can also be further added that IL-10
deficiency exacerbates liver and kidney complications in

obesity, leading to lipid build-up, abnormal histopathology,
inflammation, fibrosis, and impaired functions [31]. Hence,
in our study, we not only observed the benefits of exercise
intervention on biochemical and histological indices over
time, but we also demonstrated that a longer duration of 90
days is more effective than 30 days.

CONCLUSION

Treadmill exercise showed significant benefits in
mitigating weight gain, improving dyslipidemia, liver functions,
and renal functions, and also in reducing hepatic steatosis, and
renal congestion along with improving the serum IL-10 levels
in HFD-induced obese Wistar rats. Given its affordability and
minimal side effects, exercise presents a promising approach
in managing obesity and associated metabolic complications,
offering valuable insights into its positive effects on liver and
kidney function in this study.
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