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Introduction: Non-alcoholic fatty liver disease (NAFLD) is one of the most common liver
diseases, the prevalence of which is increasing. This study aimed to evaluate the effect of
atorvastatin and combined training in NAFLD-induced rats.
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Methods: This study was conducted on 21 male Wistar rats, divided into two groups: 1) HFFD
+ combined training + atorvastatin and 2) HFFD + atorvastatin. The groups received HFFD for
15 weeks to induce NAFLD. Atorvastatin was administrated at the dose of 2mg/kg/day. The
interventions (atorvastatin and combined training) were performed for eight weeks.

Results: Alanine transaminase (ALT) was significantly reduced, and high-density lipoprotein
(HDL) was increased in the HFFD + atorvastatin group. Low-density lipoprotein (LDL)
decreased significantly in the HFFD + combined training + atorvastatin. There was no
significant difference in the aspartate transaminase (AST), triglyceride (TG), alkaline
phosphatase (ALP), and weight between the groups.
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Conclusion: Based on the findings, Atorvastatin, along with combined training, improved
NAFLD. Therefore, they can be used to reduce the complications of NAFLD. However, more
studies are needed to confirm the results.
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lipoproteins (LDL), and high-density lipoproteins
(HDL), and insulin resistance (IR) are often used
in clinical settings to detect NAFLD (5). Currently,
there are no FDA-approved pharmacological
interventions for treating NAFLD (6).
Consequently, the primary action in addressing
this affliction involves altering one’s lifestyle by
reducing the consumption of a diet high in fatand

Introduction

Non-alcoholic fatty liver disease (NAFLD) is an
exceedingly prevalent chronic liver condition
that encompasses a broad range of hepatic
steatosis leading to cirrhosis (1). The incidence of
this ailment is on the rise, with approximately 2.9
to 7.1% of the general population in Iran
grappling  with  NAFLD  (2). Multiple

investigations have demonstrated a significant
relationship between NAFLD and obesity, type 2
diabetes, cardiovascular disease, as well as
sedentary behavior (3). Aspartate
aminotransferase (AST), alanine
aminotransferase  (ALT), gamma-glutamyl
transferase (GGT), and other markers of hepatic
diseases may be helpful to surrogate measures of
NAFLD (4). Accordingly, measurement of
aminotransferases, blood lipids (Triglyceride
(TG), Total Cholesterol (TC), low-density

carbohydrates while increasing physical activity
(7). Mainly, physical activity exerts its beneficial
effects through the enhancement of lipolysis and
secretion of pro-inflammatory cytokines, thereby
playing a pivotal role in the regulation and
control of inflammatory conditions such as
NAFLD (8). Lack of physical activity, which
encompasses a dearth of bodily movement and
exercise, stands as a fundamental component
within the realm of cardiovascular risk factors,
manifesting as an influential determinant for the
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emergence of various debilitating conditions
such as cardiovascular diseases, diabetes, and
other causes of death. The absence of regular
physical exertion can serve as a remarkable
indicator in predicting the occurrence of these
health issues. Regardless of whether an
individual possesses exceptional stamina or
formidable muscular power, athletes, owing to
their consistent engagement in rigorous athletic
endeavors, exhibit significantly diminished levels
of TG, TC, and LDL while concurrently indicating
elevated levels of HDL, which confers an
enhanced ability to ward off the aforementioned
cardiovascular ailments (9).

Resistance training (RT), which emphasizes
muscle mass and fortitude, has been recognized
as an effective modality for eliciting beneficial
effects on the human body. Especially, RT has
yielded analogous metabolic advantages
compared to aerobic activities while imposing a
lesser burden on the cardiorespiratory system
(10). Simultaneously, a novel form of training,
denoted as intense interval training (HIIT), has
garnered considerable attention due to its time-
saving nature and heightened efficacy. This
revolutionary training approach was
instrumental in improving body composition and
effectively inducing weight reduction through
intermittent and high-intensity exertions,
unveiling its potential as a promising
intervention in physical fitness and well-being
(11). HIIT is characterized by the repetition of
brief and intense training sessions, followed by
periods of rest or low-intensity exercise. HIIT
(12) increases the transfer of free fatty acids
(FFAs) from adipose tissue, ultimately resulting
in (-oxidation. This biochemical pathway
involves the breakdown of FFAs, resulting in the
generation of energy for bodily functions (13). On
the other hand, combined training in middle-
aged women does not have a positive effect on
inflammatory factors and adipokines (14).
Among the widely utilized medications are
cholesterol-lowering drugs, particularly statins,
which operate by exerting control over the
production of cholesterol by inhibiting a critical
regulatory enzyme within the cholesterol
synthesis pathway (15). Furthermore,
atorvastatin, a type of statin, has been shown to
possess other beneficial therapeutic effects, even
when administered at low doses (16). These
additional effects encompass anti-inflammatory
and antioxidant properties identified in various
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studies (17). For instance, atorvastatin has been
shown to protect cellular structure from damage
caused by ischemia and insufficient blood supply
to tissues and prevent the loss of antioxidant
enzyme activity (18, 19). Considering the
information above, the objective of the present
study revolves around evaluating the concurrent
impact of atorvastatin administration and
combined training in male rats with NAFLD. The
purpose of this investigation is to examine the
effects of atorvastatin, both alone and in
combination with exercise training, on the
pathology and potential amelioration of NAFLD
in male rats. Incorporating exercise training into
the study design is particularly important as it
permits the study to examine the synergistic
effects that may result from both atorvastatin
therapy and combined exercise (endurance and
resistance). This study can provide a deeper
understanding of the interplay between
pharmacological interventions and lifestyle
modifications in managing NAFLD, thereby
contributing to developing more effective
treatment strategies for this prevalent liver
disorder.

Material and Method

Animal and Design

In this experimental study, 21 male Wistar rats
(270-370g) were obtained from Shahid Mirghani
Research Institute (Golestan, Iran) and subjected
to a 12:12h dark/light cycle at 20-24°C with
unrestricted access to food and water. NAFLD
was induced in the animals following the
protocol of Eslami et al. after a week of
acclimation to the environment (20). Blood and
liver samples were collected after 15 weeks from
five randomly selected rats to assess alanine
aminotransferase (ALT) levels and liver tissue
changes, which revealed the presence of NAFLD.
Subsequently, the rats were divided into two
groups: high-fat-fructose diet (HFFD) +
atorvastatin (n=8) and HFFD + combined
training (CT) + atorvastatin 2mg/kg (dissolved in
6% DMSO, gavage) (Raha Pharmaceutical co,
Iran) (n=8), with the interventions being
administered for eight weeks. HFFD consists of
45% fructose and 35% olive oil consumed by
gavage.

Measurement of Biochemical Indices

The rats were anesthetized through
intraperitoneal injection of ketamine (50mg/kg)
and xylazine (5mg/kg, Merck, Germany) (21),
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with the levels of aminotransferases and alkaline Combined Training Protocol
phosphatase  (ALP) determined through Tables 1 and 2 contain the protocol for resistance
standard enzymatic techniques, and TG, LDL, and training and HIIT, respectively (23).

HDL levels evaluated using an auto-analyzer (BT-
3500, Biotecnica Instruments, Italy) (22).

Table 1. Protocol of resistance training

Session qst 2nd 3rd 4th Sth 6th 7th gth Qth
1st week Repetition 1 1 1 1 1 1 1
% 0% 20% 30% 40% 30% 20% 0%
2nd week Repetition 0 1 2 2 2 1 0
% 0% 20% 30% 40% 30% 20% 20% -
3rd week Repetition 0 1 1 1 1 1 1 1
% 20% 30% 40% 50% 40% 30% 20% 0%
4th week Repetition 0 1 1 1 1 1 1 1 1
% 0% 20% 30% 40% 50% 40% 30% 20%0 0
5th week Repetition 0 1 1 1 2 1 1 1 1
% 0% 20% 30% 40% 50% 40% 30% 20% 0%
6t week Repetition 0 1 1 1 1 2 1 1 1
% 0% 30% 40% 50% 60% 50% 40% 30% 0%
7t week Repetition 1 1 1 2 2 1 1 - -
% 0% 40% 50% 60% 50% 40% 0%
8th week Repetition 1 1 2 3 1 1 1
% 0% 40% 50% 60% 50% 40% 0%
Table 2. Protocol of HIIT
Week st 2nd 3rd 4th Sth 6th 7th gth
Repetition 2 2 3 4 4 5 6 6
Min 2 2 2 2 2 2 2 2
% 90% 90% 90% 90% 90% 90% 90% 90%
Statistical Analysis Ethical Statement
The distribution of data was determined using The research followed the guidelines outlined in
the Shapiro-Wilk test. At the same time, the the publication "Guide for the Care and Use of
homogeneity of variances was checked using Laboratory Animals" by the US National
Levene's test, and the mean of the desired Institutes of Health (NIH publication No. 85-23,
variables was compared using One-way analysis revised 1996). The study protocol was approved
of variance (ANOVA), all analyzed using SPSS by the ethics committee in the local jurisdiction
software version 16 at a significance level of (IR.SSRC.REC.1402.119). Every endeavor was
P<0.05. undertaken to mitigate animal distress and limit

the number of animals employed.
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Figure 1. Mean and SD of biochemical parameters in eight weeks of interventions. A: lipid profile, B: liver enzymes

Results (0.749) between the two groups. Consequently,
There is no notable disparity in the magnitude of the administration of atorvastatin in isolation
serum TG (P= 0.293), AST (P= 0.251), and ALP yielded for eight weeks a marginal decline in ALT
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(P=0.000) and elevation in HDL (P=0.019) levels.
Conversely, co-administration of atorvastatin
and CT caused a significant reduction in LDL

not exhibit any noteworthy variance between the
two groups. The outcomes of the ANOVA were
employed to compare weight in eight consecutive

(P=0.024) level in HFFD + CT + atorvastatin
compared to HFFD + atorvastatin (Table 3). The
average weight over eight consecutive weeks did

Table 3. Average of biochemical parameters in eight weeks of interventions

weeks, presented in Table 4 and Figure 2.

Group TG LDL HDL LDL/HDL ALT AST ALP
HFFD + Atorvastatin 62.75 +10.81 8.62 +5.15 47.02 +4.91 0.11+0.10 66.85 £ 9.99 101.78 £ 7.38 342.50 £ 14.10
HFFD + CT.+ 66.60 + 13.14 1.01 £ 0.26 31.46 £5.79 0.03+0.007 103.27 £ 7.96 112.53 +17.34 314.67 £ 44.44
Atorvastatin
P 0.293 0.024* 0.019* 0.053 0.000* 0.251 0.749
F 1.230 7.016 7.816 4.798 34.575 1.485 0.108
*Significant: P<0.05
Table 4. Average of weight in eight weeks of interventions
Group w1 w2 W3 W4 W5 w6 W7 w8
370.23
. 332.74 £ 329.85 + 32693 % 336.45 369.02 359.12 360.48
HFFD + Atorvastatin 33.92 34.19 38.82 £43.10  £4210 4308 4037 o
HFFD + CT + 375.15 % 360.65 + 368.66 + 375.92 365.06 372.08 382.26 38:3_'85
Atorvastatin 46.57 33.22 37.94 +40.56 +21.20 +19.73 +£19.92 19_78
P 0.115 0.149 0.092 0.136 0.833 0.495 0.233 0.441
F 2.977 2.448 3.464 2.625 0.047 0.502 1.613 0.643
Weight W eight
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Figure 2. Mean and SD of weight in study groups during intervention. A: HFFD + atorvastatin, B: HFFD + atorvastatin + CT

Discussion

The findings indicate that the administration of
atorvastatin for eight weeks significantly
reduced ALT levels and elevation of HDL levels.
Conversely, engaging in CT concurrently with
atorvastatin administration decreases serum
LDL levels. Other biochemical parameters did not
show significant changes. Various studies
exploring the impact of training, including
different types, intensities, and durations, on
liver enzymes in individuals with NAFLD have
yielded conflicting results. For instance, a study
demonstrated that 12 weeks of HIIT decreased
liver fat and liver enzymes such as ALT and AST

J Nutr Fast Health. 2023; 11(3): 246-252.

in NAFLD patients (24). Another investigation
revealed that both HIIT and resistance training
led to a reduction in liver fat content in
individuals with NAFLD. Furthermore, the
plasma concentration of AST did not experience
a significant alteration following either type of
training, whereas the concentration of ALT
exhibited a significant decrease in both groups
(25). There have been a limited number of trials
that have examined the effects of combined
training in patients with NAFLD. Houghton et al.
demonstrated that a 12-week intervention
involving combined training resulted in a
significant reduction in liver fat content,
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regardless of any accompanying weight loss.
However, this intervention did not impact the
liver enzymes AST and ALT (26). Another study
showed that 12 weeks of HIIT training improved
obesity indices more effectively than moderate-
intensity training (MIT) (27). Pekkala et al.
showed that HIIT and MIT are equally effective in
combating obesity (28). The results of the
present study indicated that combined training is
associated with a decrease in HDL levels, which
was in line with the results of Mirghani et al. (29).
Piano et al. examined the effects of endurance
training alone or in conjunction with resistance
training on patients with NAFLD to ascertain the
impact of exercise training on individuals with
NAFLD. The findings indicated that combined
training, encompassing both endurance and
resistance exercises, yielded greater efficacy in
reducing the prevalence of NAFLD than
endurance  training alone.  Additionally,
Hallsworth et al. discovered no significant
decrease in ALT levels after an eight-week
training period. However, Baba et al
demonstrated that a three-month regimen of
aerobic training coupled with a dietary
intervention led to a decrease in
aminotransferase levels, although no significant
alterations were observed in the lipid profile. The
inconsistency in the findings about the lipid
profile may be ascribed to the variances in the
type and duration of the training sessions.
Hepatic enzyme activity is affected by various
factors, including the duration, intensity, type,
and mode of exercise. Training background,
subject characteristics, physical fitness level, and
exercise type should also be considered, as each
can contribute to these discrepancies. Ebrahimi
et al. conducted a study demonstrating that an
eight-week period of moderate and vigorous
aerobic exercise did not yield any discernible
impact on the liver enzymes of rats fed a diet high
in fat. Conversely, Mirdar et al. observed that
levels of aminotransferases increased post-
exercise, which contradicts the investigation
findings mentioned above. The elevation of
circulating  aminotransferase levels can
potentially be attributed to muscular damage
resulting from exercise. Haghigi et al. affirmed
that pharmacotherapy, physical activity, and
dietary interventions exhibit similar efficacy in
mitigating the severity of liver disease as
determined by ultrasound.
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Atorvastatin reduces cholesterol by inhibiting
the enzyme HMG-CoA reductase in the liver and
is rapidly absorbed through the gastrointestinal
tract. Most therapeutic drugs for treating various
ailments undergo metabolism within the liver.
Consequently, these metabolic transformations
have the potential to generate harmful
metabolites, resulting in the possibility of acute
and chronic liver damage in the event of enzyme
system disruption. The current investigation
demonstrated that atorvastatin alone reduced
ALT levels and increased HDL levels. Conversely,
Eslami et al. revealed that the administration of
atorvastatin at a dosage of 10mg/kg over eight
weeks was associated with a decrease in
aminotransferase and triglyceride levels, as well
as an increase in LDL levels (22). In this
particular context, applying atorvastatin at 10
mg/kg/day in rats with NAFLD for eight weeks
yielded positive enhancement in the quantities of
TG, cholesterol, and liver enzymes (30). Mirghani
et al. showed that concurrent training is the most
suitable type of training to improve
cardiovascular factors by preventing the
reduction of HDL levels by comparing eight
weeks of strength training and concurrent
training on men (31). In a study, the effect of
aerobic exercise was investigated on the
expression of genes related to lipid metabolism
(MAPK P38 and UCP-1). The results indicated
that 12 weeks of aerobic training (five sessions
per week) is associated with decreased MAPK
P38 gene expression in subcutaneous adipose
tissue (32). The results of this study indicated
that CT does not make a significant difference in
the weight of rats fed HFD. In contrast, another
study shows that endurance exercise improves
anthropometric indices (33).

Conclusion

Based on the results, administration of
atorvastatin in conjunction with combined
training leads to a reduction in ALT and LDL
levels and an increase in HDL levels.
Consequently, a regimen combining training and
atorvastatin administration seems feasible for
treating patients with NAFLD by taking
advantage of both approaches.
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