Physiol. Res. 73: 671-686, 2024

https://doi.org/10.33549/physiolres. 935244

REVIEW

The Impact of Aerobic and Anaerobic Exercise Interventions on the
Management and OQutcomes of Non-Alcoholic Fatty Liver Disease

Fei QI', Tao LI%, Qing DENG?®, Anhui FAN*

'Chongging College of International Business and Economics, Southwest University, Chongging,
China, *Southwest University Hospital, Chongging, China, *College of Physical Education,
Southwest University, Chongging, China, *College of Physical Education, Southwest University,

Chongqing, China

Received September 27, 2023
Accepted June 25, 2024

Summary

Non-alcoholic fatty liver disease (NAFLD) is a metabolic disorder
that includes non-alcoholic hepatic steatosis without or with
moderate inflammation and non-alcoholic steatohepatitis (NASH),
characterized by necroinflammation and a more rapid progression
of fibrosis. It is the primary pathological basis for hepatocellular
carcinoma. With its prevalence escalating annually, NAFLD has
emerged as a global health epidemic, presenting a significant
hazard to public health worldwide. Existing studies have shown
that physical activity and exercise training have a positive effect
on NAFLD. However, the extent to which exercise improves
NAFLD depends on the type, intensity, and duration. Therefore,
the type of exercise that has the best effect on improving NAFLD
remains to be explored. To date, the most valuable discussions
involve aerobic and anaerobic exercise. Exercise intervenes in the
pathological process of NAFLD by regulating physiological
changes in cells through multiple signaling pathways. The review
aims to summarize the signaling pathways affected by two
different exercise types associated with the onset and
progression of NAFLD. It provides a new basis for improving and
managing NAFLD in clinical practice.
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Introduction

Non-alcoholic fatty liver disease (NAFLD)
includes non-alcoholic steatosis with or without moderate
inflammation, as well as non-alcoholic steatohepatitis
(NASH), which is distinguished by necroinflammation
and a faster rate of fibrosis advancement than non-
alcoholic fatty liver disease [1]. NAFLD is defined as the
accumulation of fat in the liver with no known secondary
cause. This condition is usually diagnosed after second-
dary causes such as excessive alcohol consumption,
chronic hepatitis C virus infection, hemochromatosis, etc.
NAFLD is characterized by the accumulation of fat in the
liver without these known secondary causes. In addition,
the spectrum of disease in NAFLD ranges from simple
hepatic steatosis (non-alcoholic fatty liver) to non-
alcoholic steatohepatitis (NASH), which is characterized
by necroinflammation and a more rapid progression of
fibrosis than simple fatty liver [2]. As a metabolic
disorder, it is a major cause of chronic fatty liver disease
and liver cancer [3,4]. NAFLD and type 2 diabetes share
acomplex and bidirectional relationship. NAFLD is
associated with insulin resistance, a key feature of
individuals with NAFLD, the
accumulation of fat in the liver can cause inflammation

type 2 diabetes. In

and damage, further impairing insulin signaling and
exacerbating insulin resistance [5]. It is reported to
threaten approximately 25 % of the world's population,
with a prevalence of 52.34/1000 people annually in Asia

[4,6]. Patients with mild disease are advised to control
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their diet and exercise to reverse the disease course.
with  NAFLD who received n-3-PUFA
medication for a full year showed improvements in their

Patients

plasma lipid profile, asignificant drop in gamma-
glutamyltransferase activity, and a reduction in liver fat in
those who lost weight [7]. Another piece of data indicated
that statin therapy significantly reduces cardiovascular
disease morbidity and mortality while also significantly
improving or curing NAFLD/NASH in humans. Strong
statin administration seems to be a safe and successful
way to save the lives of NAFLD/NASH patients [8].
Medications for type 2 diabetes mellitus (T2DM) include
sodium glucose cotrans-porter-2 inhibitors, glucagon-like
peptide-1 rslleceptor agonist and thiazolidinediones have
been shown to improve steatosis based on the correction
of metabolic abnormalities. Somatostatin reduces blood
glucose levels and liver fat accumulation and acts as
an anti-inflammatory in advanced NAFLD [9]. Despite
the combination of other drugs, such as the lipid-lowering
drug statin and the metabolic disorder-improving drug
orlistat, the safety profile remains to be investigated.
Modern lifestyle changes, especially prolonged
sedentary behavior and a lack of exercise in the context
of nutritional enrichment, are key risk factors for NAFLD
[10]. Studies have proven that inactivity contributes to the
first stage of NAFLD, namely benign steatosis [10,11].
Thus, exercise is regarded as one of the options to prevent
NAFLD. Numerous studies have shown a negative
correlation between NAFLD and exercise intensity
[12-15]. Current evidence suggests that both resistance
exercise and aerobic exercise can improve NAFLD.
Exercise has an ameliorative effect on intrahepatic
triglycerides (IHTG) [16]. A study demonstrated that
regular moderate-intensity aerobic exercise significantly
improved cardiometabolic and health status in NAFLD
patients [17]. Furthermore, available evidence demon-
strates that vigorous exercise significantly reduces IHTG
in patients with NAFLD [18]. However, Zhang et al. also
mentioned that NAFLD patients are unable to exercise
vigorously [18]. Therefore, exercise in the context of
reducing the risk of NAFLD needs to be tightly
controlled to achieve the desired results. This remains the
great challenge of the present. There are differences in
the beneficial effects of different types of exercise on the
fatty liver. For example, the differences in the impact of
long-term low-intensity aerobic exercise and short-term
high-intensity anaerobic exercise on patients with fatty
livers remain to be explored. Moreover, the optimal
exercise protocol for

determining the prevention,

treatment, and prognosis of fatty livers remains unclear.
Therefore, finding better ways to exercise to complement
the pharmacological treatment of NAFLD is a long and
challenging process.

Aerobic exercise

Aerobic exercise improves metabolic mecha-
nisms in NAFLD by enhancing insulin sensitivity and
decreasing fatty acid transport to the liver and adipose
tissue. Aerobic exercise actually increases fat meta-
bolism, which is beneficial for individuals with NAFLD.
This increased oxidation helps to reduce the accumulation
of fat in the liver, thereby mitigating steatosis. The study
by Rector et al. supports this finding, demonstrating that
daily exercise is a good way to reduce the accumulation
of fat in the liver. Daily exercise in Otsuka Long-Evans
Tokushima Fatty rats, a model of NAFLD, leads to an
increase in hepatic fatty acid oxidation and prevents the
development of NAFLD [19-22]. Previous research has
shown that aerobic exercise has a beneficial preventive
effect on NAFLD and related diseases. Aerobic exercise
reduced very low-density lipoprotein triglyceride levels
and liver cell damage markers, such as aspartate
aminotransferase and alanine aminotransferase (ALT)
[23].
exercise in NAFLD patients, fatty liver-related markers

After 16 weeks of moderate-intensity aerobic

such as triglycerides and lipoprotein metabolism were
improved [24]. Similarly, another study showed that
short-term aerobic exercises reduced circulating markers
of hepatocyte apoptosis [25]. Ongoing research is
investigating the combined use of drugs or drug active
ingredients with aerobic exercise for NAFLD treatment.
Notably, Lycium barbarum poly-saccharides combined
with aerobic exercise have shown promise as a potential
treatment for NAFLD by maintaining gut microbiota
homeostasis, thereby restoring gut barrier function and
benefiting liver health [26]. According to the current
recommendations, NAFLD patients should aim for at
least 150 min of moderate-intensity aerobic exercise per
week, which can be beneficial for both obese and lean
individuals [27]. Current research data support the
in the adult
population. Additionally, aerobic exercise experiments in

beneficial effects of aerobic exercise

mice found that aerobic exercise can affect multiple
signaling pathways and inhibit pathological activities
associated with NAFLD. Therefore, the effect of aerobic
exercise on NAFLD can be further investigated by
analyzing its associated numerous signaling pathways.
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CNPY2/PERK pathway in aerobic exercise

Canopy fibroblast growth factor signaling
regulator 2 (CNPY2), a secreted protein, belongs to the
Canopy family (CNPY1, 2, 3, and 4). Furthermore, it
promotes smooth muscle cell proliferation and migration to
enhance angiogenesis, being highly expressed mainly in
cardiomyocytes [28-30]. CNPY2 is a novel unfolded
protein response (UPR) promoter. High levels of CNPY2
induce vascular endothelial cell injury by activating protein
kinase RNA-like endoplasmic reticulum kinase (PERK)
signaling pathway. In a study of patients with NASH, the
degree of angiogenesis was positively correlated with the
degree of hepatic fibrosis, suggesting that angiogenesis

plays a vital role in the progression of NASH [31]. Several

studies have now demonstrated that deletion of CNPY2
blocks the PERK-C/EBP homologous protein (CHOP)
pathway [32]. PERK/CHOP, adownstream signaling
pathway of the UPR, is involved in endoplasmic reticulum
stress (ERS) to induce hepatic injury and steatosis [32]. In
addition, a positive feedback loop exists between CNPY2
and the PERK/CHOP axis, as shown in Figure 1.
CHOP promotes the transcription of CNPY2 and
exacerbates the UPR. PERK is thus activated to promote
the transcription of CHOP. Moreover, Liu et al. showed
that the CNPY2-PERK pathway was involved in the up-
regulation of vascular endothelial growth factor expression
after hypoxia/reoxygenation injury in human umbilical
vein endothelial cells [33].
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Fig. 1. The positive feedback loop between CNPY2 and the PERK/CHOP axis. Canopy fibroblast growth factor signaling regulator 2
(CNPY2) upregulation elicits an unfolded protein response (UPR). It activates the downstream protein kinase RNA-like endoplasmic
reticulum kinase (PERK)/C/EBP homologous protein (CHOP) axis, which in turn promotes CNPY2 transcription. This process upregulates
vascular endothelial growth factor (VEGF) and leads to increased endoplasmic reticulum stress (ERS).
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Aerobic exercise ameliorates NAFLD by down-
regulating the CNPY2-PERK pathway [34]. High-fat diet
(HFD)-induced NAFLD mice showed a significant
reduction in hepatic lipid density after aerobic exercise
[34]. Additionally, CNPY2-PERK expression decreased
[34].
exercise improved liver function in NAFLD mice, it had

However, Li et al. found that although aerobic

no positive effect on normal livers. It may be related to
the shorter duration of running training as well as the
level of intensity, thus requiring in-depth research.

AMPK pathway in aerobic exercise

AMP-activated protein kinase (AMPK), as
an energy sensor, is a heterotrimer consisting of
an o-subunit, a B-subunit, and a y-subunit [35,36]. AMPK
activation  up-regulates ~ATP-producing pathways,
facilitating glucose uptake, and inhibiting ATP-depleting
pathways associated with glucose synthesis [35,36].

AMPK activation is mediated by phosphorylation of its

Thr'”* site on the a-subunit. Hepatic ATP is reduced in
patients with NAFLD, but there is evidence that hepatic
AMPK activity may be reduced [37-40]. Other factors are
therefore crucial in controlling hepatic AMPK activity
during NAFLD. AMPK activity is
two indicators of the AMPK phosphorylation site (Thr
acetyl-CoA (ACC)
phosphorylation site (Ser”” and Ser*') [41,42]. Hasumi
et al. found that activation of AMPK resulted in
increaseed phosphorylation of AMPK (T'? AMPKu),
ACC (Ser””-ACC), and inhibition of fatty acid synthesis
[43]. 172
phosphorylation and peroxisome proliferator-activated

measured by
172)

and its target carboxylase

Aerobic exercise upregulated AMPK Thr

receptor a (PPARa) protein expression, reducing the
progression of macrovascular steatosis and inflammation
in obese mice. They all contributed to the NAFLD
amelioration, as shown in Figure 2. PPARa is associated
with hepatic lipid metabolism and is closely related to
NAFLD. PPARa is a transcriptional regulator involved in
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Fig. 2. The molecular mechanism of aerobic exercise affects the AMPK axis in hepatocytes. During exercise, a rise in the AMP/ATP ratio
promotes AMP-activated protein kinase (AMPK) phosphorylation. It results in peroxisome proliferator-activated receptor a (PPARa)
binding at the peroxisome proliferator response elements (PPRESs) site, which promotes peroxisome proliferator-activated receptor
co-activator-1a (PGC-1a) transcription. It also upregulates carnitine palmitoyl transferase 1 (CPT1) transcription, contributing to
lipolysis. Moreover, the AMPK/sirtuinl (SIRT1) axis improves insulin sensitivity and reduces hepatic steatosis.
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mitochondrial B-oxidation, fatty acid transport, and
hepatic gluconeogenesis [44]. It recognizes and binds to
peroxisome proliferator response elements (PPREs)
located in the promoter region of target genes, such as
peroxisome proliferator-activated receptor co-activator-
la (PGC-1a). In livers lacking PPARa, transcription of
carnitine palmitoyl transferase 1 (CPT1)-related genes are
impaired, leading to the accumulation of excess fatty
acids derived from lipolysis. These fatty acids are
esterified to form triglycerides, which then accumulate in
the liver during steatosis, contributing to the development
of obesity [44]. Aerobic
AMPK/sirtuinl  (SIRT1)
regulation of lipid metabolism to attenuate hepatic
[45].
Bai et al. found that aerobic exercise and vitamin E

exercise  stimulates

signaling and downstream
steatosis and insulin resistance Furthermore,
combinational use can improve NAFLD in rats, leading
to a reduction in liver fat accumulation [46]. Its combined
treatment was the most effective [46]. Aerobic exercise
promotes ACC phosphorylation and reduces fatty acid
synthesis by activating the AMPK pathway [46]. This
process also reduces oxidative stress, contributing to anti-
inflammatory effects [46]. The results of a study demon-
strated that exercise slows the progression of non-
alcoholic liver disease, shows lower triglyceride and
tumor necrosis factor-alpha expression, and that exercise
improves biochemical and histological parameters of
NAFLD and blocks the progression of fibrosis and
tumorigenesis associated with enhanced activation of
AMPK signaling, and facilitates hepatic autophagy [47].
In conclusion, as exercise intensity and duration
increase, there is a corresponding enhancement in
AMPK phosphorylation. It is our belief that the activation
of AMPK through aerobic exercise is an important factor
in the amelioration of NAFLD. Nonetheless, further
research is required to establish the optimal levels of
exercise intensity and duration that maximize the
therapeutic benefits for individuals with NAFLD.

Mogatl pathway in aerobic exercise

Monoacylglycerol O-acyltransferase 1 (MOGAT1)
is an enzyme involved in lipid metabolism that catalyzes the
conversion of monoacylglycerol to diacylglycerol, which is
a key step in the synthesis of triglycerides. It is highly
expressed in adipocytes and plays a crucial role in
triglyceride synthesis [48]. Mogatl expression is critical in
the pathogenesis and progression of NAFLD [49,50].
PPARY, a transcription factor that activates the expression of
adipogenic genes, has deficient expression in normal liver.
In contrast, PPARy is highly expressed in the liver of

NAFLD mice and stimulates triglyceride synthesis mainly
by upregulating Mogat1 expression.

Recent studies have shown that regular aerobic
exercise can have an inhibitory effect on Mogatl [50]. In
HFD-induced NAFLD mice after moderate-intensity
fatty
dramatically reduced, accompanied by a remarkable
[50].
NAFLD mice that underwent aerobic exercise did not

aerobic  activity, liver accumulation was

decrease in Mogatl expression In addition,
deteriorate but also improved, even when HFD persisted.
It suggests that aerobic exercise can independently inhibit
Mogatl and alleviate NAFLD status without dietary
restrictions. Interestingly, Mogatl down-regulation had
a positive effect not only on NAFLD but also on
alcoholic hepatic steatosis [51]. Yu et al. found that
hepatic lipid accumulation could be inhibited by the
knockdown of Mogatl [51]. However, a recent study
showed that reduction of Mogatl, while inhibiting lipid
accumulation in fatty liver, was associated with drastic
side effects [52]. Kim et al. attempted to knock down
Mogatl expression in a NAFLD mouse model using
antisense oligonucleotides (ASO). Although knocking
down Mogatl reduced hepatic triglyceride accumulation,
it exacerbated ischemia/reperfusion injury (IRI) and
inflammation to prolong the time to regression, which
increased mortality in mice [52]. This suggests that
Mogat]l may be essential for liver regeneration after IRI.
Besides, the physiological role of hepatic Mogatl in
triacylglycerol (TAG) synthesis has been controversial.
This
pathway for triacylglycerol formation in the liver is the

is because it is believed that the primary
glycerol-3-phosphate pathway, not the Mogatl pathway.
For example, it has been reported that knockout of
Mogatl
Collectively,

in obese mice does not affect steatosis.
lipid
aggregation by suppressing Mogatl. It offers a promising
target for the treatment of NAFLD. However, the safety
of how to target Mogatl to treat NAFLD remains to be

aerobic exercise may reduce

investigated.

SRA pathway in aerobic exercise
Long non-coding RNAs (IncRNAs) are
group of RNAs that are

usually germline-specific and regulate a wide range of

a large and diverse
biological functions [53]. Steroid receptor RNA activator
(SRA) is an RNA an emerging regulatory factor,
it can affect various coactivator belonging to the
IncRNAs [54]. As physiological functions, such as
regulating adipose tissue differentiation and glucose
uptake [55,56]. Liu et al. found that SRA is highly expre-
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Fig. 3. The central pivotal role of SRA in NAFLD occurrence and progression. Steroid receptor RNA activator (SRA) upregulates protein
kinase-like endoplasmic reticulum kinase (PERK) and endoplasmic reticulum transmembrane kinase 1a (IRE1la) to promote endoplasmic
reticulum stress and inflammation. SRA promotes the phosphorylation of forkhead box protein O1 (FoxO1) to inhibit adipose triglyceride
lipase (ATGL) expression, thereby preventing lipolysis. SRA is also involved in steatosis by regulating the p38/C-Jun amino-terminal
kinases (IJNKs) signaling pathway. p38/JNK is regulated by upstream factors dual-specificity phosphatase 16 (DUSP16) and

AMP-activated protein kinase al (AMPKa1l).

ssed in adipose tissue and protects against high-fat diet-
induced obesity [56]. However, SRA seems to play
a central pivotal role in NAFLD, as shown in Figure 3.
SRA wupregulates protein kinase-like endoplasmic
reticulum kinase (PERK) and endoplasmic reticulum
transmembrane kinase 1a (IREla), promoting ERS and
inflammation. SRA is also involved in steatosis by
regulating the p38/JNK signaling pathway. In addition,
SRA was reported to inhibit the expression of adipose
triglyceride lipase (ATGL) and suppress the trans-
activation of the ATGL promoter via PPARy [54]. ATGL
first bond of

triglycerides, contributing to lipid hydrolysis. Therefore,

specifically hydrolyses the ester
it is thought to play a delaying role in diseases such
as AS and NAFLD.

A recent study has demonstrated the significant
impact of aerobic exercise on liver lipid metabolism,
particularly in the context of hepatic steatosis. Wu ef al.
observed that aerobic exercise in high-fat diet-fed mice
not only effectively reduced blood cholesterol levels,
which are elevated due to the diet, but more crucially, it
led to a substantial decrease in hepatic triglycerides. This
reduction in liver triglycerides is a pivotal finding, as it
addresses the condition of hepatic steatosis. The exercise
regimen was found to inhibit the expression of steroid
receptor RNA activator, which is associated with

improved lipid metabolism and a reduction in
inflammation through the upregulation of ATGL activity
[57,58]. Gang Chen et al. reveal a novel function of SRA
in promoting hepatic steatosis through repression of
ATGL expression. Forkhead box protein O1 (FoxOl1) is
an upstream transcription factor for ATGL expression,
and its phosphorylation downregulates ATGL expression.
ATGL expression was significantly reduced in mouse
liver on a high-fat diet. However, exercise significantly
reduced FoxOl phosphorylation [54]. Therefore, the
that SRA can

ATGL expression through FoxO1 phosphorylation. This

current speculation is regulate

opens up the potential to find new targets for NAFLD.

p38/JNK pathway in aerobic exercise

A recent study found that aerobic exercise
negatively regulates p38/JNK-MAPK signaling, which
leads to improved obesity in mice, confirming previous
findings [58]. C-Jun amino-terminal kinases (JNKs) and
p38MAPK are members of the mitogen-activated protein
kinase (MAPK) family that play essential roles in lipid
regulation and inflammation response as shown in
Figure 3 [58,59]. Studies have shown that HFD-induced
metabolic stress stimulates the synergistic activation of
the UPR and the p38/INK
p38/JNK axis is closely related to excessive stress and

signaling pathway.
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inflammation. Numerous studies have demonstrated that
inhibition of p38/JNK-MAPK activity attenuates hepatic
steatosis and inflammation [60-62]. It is now considered
apotential target for developing anti-inflammatory
therapeutic drugs, especially for NAFLD. For example,
Zhang et al. found that AMP-activated protein kinase al
(AMPKal) overexpression attenuates NAFLD in
a hepatocyte model by inactivating the p38MAPK
pathway [60]. In addition, the inhibition of JNK activity
by its inhibitor JM-2 had a facilitative effect on treating
NAFLD [61]. Because the investigators found that liver
inflammation and hepatocyte apoptosis were more severe
in mice on a regular high-fat diet than in obese mice
treated with JM-2 [61]. Similar findings were reported in
found that

dual-specificity

aprevious study in which Wu et al
inhibited  in
phosphatase 16 knockout mice, and hepatic steatosis was

INK activity ~ was

effectively alleviated in mice [62].

The p38/INK axis has different physiological
effects at different developmental stages. Overall, the
current study suggests that aerobic exercise can regulate
hepatic lipids that affect p38/JNK-MAPK signaling, but
fully Further
to dissect the intricate

the mechanisms remain explored.

investigation is warranted
interactions between exercise, hepatic lipid metabolism,
and the MAPK signaling cascade. This could involve
examining the activation states of p38 and JNK in response
to different types and durations of aerobic exercise, as well
as the downstream transcriptional effects on genes
involved in lipid metabolism. Understanding these
mechanisms could lead to the development of targeted
interventions for the prevention and treatment of metabolic
disorders, leveraging the beneficial effects of physical

activity on hepatic function and systemic metabolism.

Nrf2 pathway in aerobic exercise

Nuclear factor erythroid 2-related factor 2 (Nrf2)
is an important transcription factor that belongs to the
family of fundamental region leucine zipper transcription
factors [63]. It is important to emphasize that the Nrf2
signaling pathway can regulate anti-inflammatory effects
[64]. Numerous studies have shown that NAFLD can be
mitigated through the Nrf2 signaling pathway. Yu et al
demonstrated that aescin (Aes) can activate and enhance
the Nrf2 pathway to promote autophagy and attenuate
NAFLD [65]. The expression of Nrf2 and its downstream
proteins was significantly increased in the tissues of mice
treated with Aes [65]. In addition, there is evidence that
both acetylated stropharia rugoso-annulata polysaccharides

and Pterostilbene, can activate Nrf2 and promote

autophagy in a mouse model of chronic NAFLD [66,67].
Swimming exercise reduced lipid accumulation
in the liver of HFD-fed zebrafish and ameliorated
pathological changes. In addition, swimming enhanced
the anti-apoptotic effect of the organism, accompanied by
arise in the expression of the anti-apoptotic factor B-cell
lymphoma-2 (bcl2) and a decrease in the pro-apoptosis
gene expression such as caspase3 and bcl2-associated X
(Bax). Zou et al. found that sirtuinl/AMPK signaling-
mediated

lipid metabolism and anti-inflammatory

responses were activated after aerobic exercise,
enhancing NRF2 activation [45]. This demonstrates that
aerobic exercise can alleviate NAFLD in zebrafish
through the Nrf2 signaling pathway [45]. Taken together,
the current intervention of aerobic exercise in NAFLD
through the Nrf2 signaling pathway remains to be
investigated in depth. From the available evidence, we
can speculate that Nrf2 is a potential target for treating

NAFLD.

Heat shock protein in aerobic exercise

Heat shock protein (HSP) is a family of proteins
produced by cells under stress conditions. The relationship
between HSP60, HSP70, HSP90, and NAFLD was
elaborated on in previous experiments. HSP60, also known
as HSPDI, is a 60 kDa chaperone protein found mainly in
the mitochondrial matrix [68]. The overexpression of
HSP60 reduced HFD-induced fat accumulation and liver
mass, as well as hepatocellular steatosis and thus NAFLD
[68]. A study showed that N-acetylcysteine fed to mice on
an HFD significantly elevated the expression of HSP60
and HSP70 in the mice’s tissue, attenuating hepatocellular
steatosis in the mice [69]. It validated the previous findings
of an inverse relationship between HSP60 and HSP70 and
the NAFLD progression [69]. However, in an earlier study
in an animal model, it was shown that attenuation of
fibrosis in NAFLD hepatitis could be achieved through
amechanism of HSP60 downregulation [70]. HSP70,
a heat shock protein family member, is best characterized
by its anti-inflammatory effects [71]. An earlier study
examined NAFLD scores in 95 severely obese adult
patients (75 females/20 males) who underwent bariatric
surgery. The results showed that HSP70 (HSP72+HSP73)
protein levels were negatively correlated with the
progression of NAFLD [71]. However, it was
demonstrated that HSP70 protein
upregulated in the livers of obese mice in the HFD group,

expression was

and lipid droplets were significantly increased in

overexpressing HSP70 cells [72]. This is paradoxical to the
present conclusions. In combination, it is unclear whether
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HSP70 is upregulated under compensatory conditions to
counteract steatosis. HSP90 is a common molecular
chaperone in HSP. It has a broader distribution of actions
than HSP70 and consists of two main isoforms, HSP90a.
and HSP90B [73]. In a study conducted by researchers,
tissue and blood samples were analyzed from 68 obese or
overweight children and a control group of 10 children
matched for sex and age [73]. The findings revealed
anotably increased expression of Heat Shock Protein 90
(HSP90) in both the tissues and blood samples of the obese
group. These results imply a potential role for HSP90 as
abiomarker for Non-Alcoholic Fatty Liver Disease
(NAFLD), given the observed positive correlation between
HSP90 levels and the presence of the disease. This
discovery may pave the way for the development of
diagnostic tools and therapeutic strategies targeting HSP90
in the context of NAFLD [73]. In another report, Zheng et
al. found higher levels of HSP90B than HSP90a by
examining liver specimens from 20 patients with NAFLD
[74]. Furthermore, the knockdown of HSP90B in mice
resulted in 21 % of cellular triglyceride and 33 % of total
cholesterol reduction in mouse tissues, whereas the
knockdown of HSP90a did not seem to affect it [74].
Therefore, the knockdown of HSP90B could achieve
improved lipid homeostasis. A recent report found that the
HSP90 inhibitor 17-AAG promoted the maintenance of
hepatic ~mitochondrial homeostasis and prevented
mitochondrial depletion, which inhibited the progression of
NAFLD in mice [75].

In an experiment, 120 male college students
were divided into a control group (C), a resistance
exercise group, a high-intensity interval training group
(HIIT), and an aerobic exercise group. Except for group
C, which did not exercise, the other groups exercised at
different 3 days
Comparative analysis of the expression levels of HSP70

intensities a week for 8 weeks.
in blood before and after exercise revealed the greatest
decrease in HSP70 in the aerobic exercise group [76].
However, the role of HSP70 in NAFLD needs to be
further explored. Current relevant studies have focused
on the changes in HSP70 before and after exercise, while
it remains to be demonstrated by more new evidence
whether other isoforms in the heat shock protein family,
such as HSP60 and HSP90, similarly cause changes.

Anaerobic exercise
The American College of Sports Medicine

defines anaerobic exercise as a high-intensity physical
activity of short duration. It is fueled by energy within

contracted muscles, does not use inhaled oxygen as an
energy source, and is characterized by lactic acid build-up
[77,78]. Current research suggests that anaerobic exercise
is strongly associated with cardiovascular disease [78].
For instance, it has been shown that anaerobic exercise
can reduce arterial vasodilation by modulating the ratio of
collagen to elastin. Besides, anaerobic exercise can affect
NK cells, T cells in the blood. Comparison of the blood
results before and after freediving revealed a significantly
higher percentage of CD69-expressing NK cells and
asignificantly higher percentage of V31' and
V2'yd T cells that also expressed CD69 [79]. In
addition, freediving has been shown to activate AMPK
and increase AMP levels [79]. AMPK can be directly
involved in regulating cytotoxicity and cytokine
production [80]. The experiment was limited by the small
number of subjects and the short duration of the
experiment. Current reports suggest that prolonged
anaerobic exercise in athletes may activate intracellular
hypoxia-inducible factor (HIF). In addition, the effect of
anaerobic exercise on NAFLD is unclear. Therefore,
further discussion is needed.

The HIF transcription factor is the master
regulator of the cellular response to hypoxia. It
coordinates the transcriptional program to ensure optimal
functional, metabolic, and vascular adaptation to oxygen
[81].
consisting of a transcriptional regulatory subunit,
HIF-a (HIF-la, HIF-20, and HIF-3a), and a ligand-
binding subunit, HIF-B. HIF-a is a transcription factor
with structure  that

genes involved in proteins of the hypoxic homeostatic

shortages The HIF family is a heterodimer

a helix-loop-helix regulates
response in a cell-specific manner. In past reports,
HIF has been closely related to inflammation [82].
Karhausen et al. found that HIF-la mutant mice
had a higher mortality rate, slower body weight recovery,
[82,83].
hypoxia plays

and significantly more colitis
Another
a very important role in the pathogenesis of rheumatoid
arthritis (RA), which in turn promotes synovial
inflammation through HIF-la [89]. The HIF family

of transcription factors plays a central role in the cellular

SE€vere

experiment revealed that

regulation of the response to hypoxia, as well as
important regulatory roles in inflammatory and immune
responses. Future studies need to further reveal the
specific mechanisms of action of HIF family members in
different their
interactions with other signaling pathways, so as to

inflammatory diseases, as well as

provide a theoretical basis for the development of new
therapeutic strategies [84].



2024

The Impact of Exercise on NAFLD 679

Similarly, there is evidence of a strong
association between HIF and NAFLD. Some previous
reports favored an important role for HIF-2a in the
regulation of lipid metabolism, but more evidence has yet
to emerge to elucidate this accurately [85]. Many
experiments have demonstrated that HIF-2a is associated
with [86]. Under
upregulation of HIF-2a is accompanied by lipid
accumulation and activation of the PI3K/AKT/mTOR
[87]. Knockdown of HIF-2a

hepatocellular ~ carcinoma

steatosis hypoxic conditions,

pathway in adipose

ameliorates  triglyceride
accumulation and steatosis [87]. Moreover, Chen et al.
found that hypoxia upregulates HIF-2a to inhibit fatty
acid [-oxidation and induce hepatic lipogenesis
via PPARa, thereby exacerbating the progression of
NAFLD. HIF-2a levels were found to be higher in the
cytoplasm and nucleus of NAFLD hepatocytes [88].
Improvement in NAFLD is associated with the down-
regulation of hepatocyte histidine-rich glycoprotein
(HRGP) production, which is positively correlated with
HIF-20 expression [89]. Yu ef al found a positive
correlation between hepatic HIF-2a expression and the
progression of NAFLD [88]. In addition, oxygen therapy
(OT) alleviated hypoxia and inhibited the hepatic HIF-2a
signaling pathway to alleviate NAFLD in a mouse model
[88]. It indicated that OT may be a feasible approach for
the treatment of NAFLD.

Hepatocyte HIF-1 mediates an increase in hepatic
fibrosis, mainly due to hypoxia in liver tissue during
[90].
antagonist losartan significantly reduced obesity-enhanced

hepatic  steatosis The angiotensin II receptor
macrophage M1 activation and inhibited hepatic steatosis
[91]. Macrophage M1 activation is required for HIF-la
expression in the liver and epididymal white adipose tissue
[91]. HIF-10-mediated
mitochondrial dysfunction was reversed by losartan [91]. It

of obese mice Furthermore,
provides a potential target for losartan in the treatment of
NAFLD via targeting HIF-1a. Yet another study found that
HIF-1a
NAFLD cells, accompanied by significant increases in

silencing promotes lipid accumulation in
triglycerides and apolipoprotein B (ApoB) levels [92]. In
addition, HIF-1a deletion markedly elevated the activation
of oxidative stress and exacerbated the inflammatory
response in NAFLD cells [92]. This view suggests that
HIF-1a is involved in the regulation of lipid metabolism in
NAFLD through activation of the PPAR-a/angiopoietin-
like 4 signaling pathway [92]. It is supported by other
studies. HIF-1 mediates the PPARow/PGC-1a pathway in

NAFLD by activating lipinl expression and nuclear

accumulation [93]. It prevents excessive accumulation of
fat in hepatocytes.

It is well known that anaerobic exercise can affect
the distribution of HIFs. Sprinting exercise under hypoxic
conditions increased the expression of HIF-la protein
[94]. In
conducted a hypoxic exercise intervention in 47 hyper-

after exercise addition, another report
tensive patients. The results showed that the expression
level of HIF-la was significantly higher in both the
intermittent hypoxic resting breathing group and
intermittent hypoxic training group (IHT) groups [95].
AMPK interacts with other signaling molecules such as
HIF-loo (hypoxia-inducible factor 1-alpha), which is
involved in the adaptation to low oxygen conditions.
During anaerobic exercise, the interaction between AMPK
and HIF-la can influence the metabolic response and
adaptation to exercise [96].

The vast majority of the only research evidence
available examines the relationship between HIF-1a and
anaerobic or hypoxic exercise, with very little relevant
research on HIF-20. More new evidence on whether
anaerobic or hypoxic exercise affects the distribution of
HIF-2a is yet to emerge. In addition, the current opinion
only confirms that HIF-2a appears to be positively
associated with the progression of NAFLD. The role of
HIF-1, on the other hand, is still ambiguous. On the one
hand, overexpression of HIF-1 in hepatocytes promotes
hepatocyte fibrosis. However, the knockdown of HIF-1, in
turn, promotes lipid accumulation and
suggests that HIF-1 is

in hepatocytes, but its role

hepatocyte
inflammatory responses. It
indispensable cannot
yet be clarified. Numerous factors need to be further
anaerobic

investigated in the association between

exercise and NAFLD.
Summary and prospects

Overall, current reports show that a combination
of lifestyle modifications can significantly promote the
improvement of NAFLD. In this review, by studying and
summarizing the effects of various lifestyle interventions
on NAFLD, we present a comprehensive overview in
Table I. We found that aerobic exercise can improve
NAFLD through various signaling pathways. Additionally,
anaerobic exercise may affect HIF-la; however, its
relationship with NAFLD, which is primarily associated
with HIF-2a, requires further investigation with new
evidence. Beyond exercise, dietary changes have been
shown to be crucial in managing NAFLD. Adopting
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a balanced diet that is low in saturated fats, refined
sugars, and cholesterol, and rich in fiber, antioxidants, and
omega-3 fatty acids can lead to significant improvements
in liver health. Weight reduction, even modest weight loss
of 5-10 % of the initial body weight, has been associated
with improvements in liver enzymes and hepatic steatosis.
Furthermore, adequate sleep and stress management are
essential components of a healthy lifestyle that can
contribute to the overall well-being of individuals with
NAFLD. The key signaling pathways summarized in this
review, along with these lifestyle interventions, may

provide potential therapeutic targets for improving and
preventing NAFLD in the future.
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Table 1. The signaling pathways of aerobic and anaerobic exercise on NAFLD.

Exercise .
Key factors Mechanism Reference
type
Aerobic exercise ameliorates NAFLD by down-regulating the CNPY2-PERK pathway.
CNPY2/PERK [27]
There are positive feedback loops between CNPY?2 and PERK/CHOP axis to promote steatosis.
Aerobic exercise promotes AMPK phosphorylation.
AMPK AMPK activates the PPARo/PGC-1a axis and the PPARa/CPT1 axis to promote lipolysis. [39,40]
The AMPK/SIRT] axis improves insulin sensitivity and attenuates hepatic steatosis.
Mogatl Aerobic exercise reduces lipid aggregation by inhibiting Mogat1. [49]
Aerobic exercise inhibited the expression of SRA.
SRA upregulates PERK and IRE1a to promote ERS and inflammation.
Aerobic
SRA SRA promotes the phosphorylation of FoxO1 to inhibit ATGL expression, thereby preventing [53,56]
exercise lipolysis.
SRA is involved in steatosis by regulating the p38/JNK signaling pathway.
Aerobic exercise negatively regulates the p38/JINK axis.
p38/INK p38/JNK axis is strongly associated with ERS and inflammation. [57,58]
DUSP16 knockout mice have suppressed INK activity.
Nrf2 Aerobic exercise upregulates SIRT1/AMPK signaling to enhance NRF2 activation. [72]
Possible inverse association between HSP60 and HSP70 and NAFLD progression.
HSP HSP90 may be a marker for NAFLD. [77,78]
However aerobic exercise significantly reduced blood concentrations of HSP70.
Sprinting under hypoxic conditions increases HIF-1a protein expression.
HIF-1 ] o . . [97]
HIF-1 is essential in hepatocytes, but its role is unclear.
Anaerobic
. Whether anaerobic exercise affects HIF-2a distribution is unclear.
exercise
HIF-2 [93]

HIF-2a appears to be positively associated with the progression of NAFLD.

CNPY2, canopy fibroblast growth factor signaling regulator 2; PERK, protein kinase RNA-like endoplasmic reticulum kinase; PPARa, peroxisome
proliferator-activated receptor a; PGC-1a, peroxisome proliferator-activated receptor co-activator-1a; CHOP, C/EBP homologous protein; CPT1,
carnitine palmitoyl transferase 1; AMPK, AMP-activated protein kinase; SIRT1, sirtuinl; Mogatl, Monoacylglycerol O-acyltransferase 1; SRA,
Steroid receptor RNA activator; IRE1a, endoplasmic reticulum transmembrane kinase 1a; FoxO1, Forkhead box protein O1; ATGL, adipose
triglyceride lipase; JNK, C-Jun amino-terminal kinase; DUSP16, dual-specificity phosphatase 16; Nrf2, Nuclear factor erythroid 2-related factor 2;
NAFLD, non-alcoholic fatty liver disease; HSP, Heat shock protein; HIF, Hypoxia-inducible factor.



2024 The Impact of Exercise on NAFLD 681

References

1. Powell EE, Wong VW, Rinella M. Non-alcoholic fatty liver disease. Lancet 2021;397:2212-2224.
https://doi.org/10.1016/S0140-6736(20)32511-3

2. Pouwels S, Sakran N, Graham Y, Leal A, Pintar T, Yang W, Kassir R, ET AL. Non-alcoholic fatty liver disease
(NAFLD): a review of pathophysiology, clinical management and effects of weight loss. BMC Endocr Disord
2022;22:63. https://doi.org/10.1186/s12902-022-00980-1

3. Provencher DM. An wupdate on nonalcoholic fatty liver disease. JAAPA  2014;27:18-22.
https://doi.org/10.1097/01.JAA.0000450801.19545.93

4. Younossi ZM, Corey KE, Lim JK. AGA Clinical Practice Update on Lifestyle Modification Using Diet and
Exercise to Achieve Weight Loss in the Management of Nonalcoholic Fatty Liver Disease: Expert Review.
Gastroenterology 2021;160:912-918. https://doi.org/10.1053/j.gastro.2020.11.051

5. Tanase DM, Gosav EM, Costea CF, Ciocoiu M, Lacatusu CM, Maranduca MA, Ouatu A, Floria M. The Intricate
Relationship between Type 2 Diabetes Mellitus (T2DM), Insulin Resistance (IR), and Nonalcoholic Fatty Liver
Disease (NAFLD). J Diabetes Res 2020;2020:3920196. https://doi.org/10.1155/2020/3920196

6.  Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, Harrison SA, Brunt EM, Sanyal AJ. The
diagnosis and management of nonalcoholic fatty liver disease: Practice guidance from the American Association
for the Study of Liver Diseases. Hepatology 2018;67:328-357. https://doi.org/10.1002/hep.29367

7.  Smid V, Dvordk K, gedivy P, Kosek V, Lenicek M, Dezortova M, Hajslova J, ET AL. Effect of Omega-3
Polyunsaturated Fatty Acids on Lipid Metabolism in Patients With Metabolic Syndrome and NAFLD.
Hepatol Commun 2022;6:1336-1349. https://doi.org/10.1002/hep4.1906

8. Athyros VG, Boutari C, Stavropoulos K, Anagnostis P, Imprialos KP, Doumas M, Karagiannis A. Statins:
An Under-Appreciated Asset for the Prevention and the Treatment of NAFLD or NASH and the Related
Cardiovascular Risk. Curr Vasc Pharmacol 2018;16:246-253. https://doi.org/10.2174/1570161115666170621082910

9.  Niu S, Chen S, Chen X, Ren Q, Yue L, Pan X, Zhao H, Li Z, Chen X. Semaglutide ameliorates metabolism and
hepatic outcomes in an NAFLD mouse model. Front Endocrinol (Lausanne) 2022;13:1046130.
https://doi.org/10.3389/fend0.2022.1046130

10. Loomba R, Friedman SL, Shulman GI. Mechanisms and disease consequences of nonalcoholic fatty liver disease.
Cell 2021;184:2537-2564. https://doi.org/10.1016/j.cell.2021.04.015

11. Rinella ME, Sanyal AJ. NAFLD in 2014: Genetics, diagnostics and therapeutic advances in NAFLD.
Nat Rev Gastroenterol Hepatol 2015;12:65-66. https://doi.org/10.1038/nrgastro.2014.232

12.  Thorp A, Stine JG. Exercise as Medicine: The Impact of Exercise Training on Nonalcoholic Fatty Liver Disease.
Curr Hepatol Rep 2020;19:402-411. https://doi.org/10.1007/s11901-020-00543-9

13. Kistler KD, Brunt EM, Clark JM, Diehl AM, Sallis JF, Schwimmer JB. Physical activity recommendations,
exercise intensity, and histological severity of nonalcoholic fatty liver disease. Am J Gastroenterol
2011;106:460-468; quiz 469. https://doi.org/10.1038/aj2.2010.488

14. Nath P, Panigrahi MK, Sahu MK, Narayan J, Sahoo RK, Patra AA, Jena S, ET AL. Effect of Exercise on NAFLD and
Its Risk Factors: Comparison of Moderate versus Low Intensity Exercise. J Clin Transl Hepatol 2020;8:120-126.
https://doi.org/10.14218/JCTH.2019.00012

15. Winn NC, Liu Y, Rector RS, Parks EJ, Ibdah JA, Kanaley JA. Energy-matched moderate and high intensity
exercise training improves nonalcoholic fatty liver disease risk independent of changes in body mass or abdominal
adiposity - A randomized trial. Metabolism 2018;78:128-140. https://doi.org/10.1016/j.metabol.2017.08.012

16. Golabi P, Locklear CT, Austin P, Afdhal S, Byrns M, Gerber L, Younossi ZM. Effectiveness of exercise in
hepatic fat mobilization in non-alcoholic fatty liver disease: Systematic review. World J Gastroenterol
2016;22:6318-6327. https://doi.org/10.3748/wjg.v22.i27.6318

17. Shojace-Moradie F, Cuthbertson DJ, Barrett M, Jackson NC, Herring R, Thomas EL, Bell J, ET AL. Exercise
Training Reduces Liver Fat and Increases Rates of VLDL Clearance But Not VLDL Production in NAFLD.
J Clin Endocrinol Metab 2016;101:4219-4228. https://doi.org/10.1210/j¢.2016-2353




682 Qictal Vol. 73

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Zhang HJ, He J, Pan LL, Ma ZM, Han CK, Chen CS, Chen Z, ET AL. Effects of Moderate and Vigorous Exercise
on Nonalcoholic Fatty Liver Disease: A Randomized Clinical Trial. JAMA Intern Med 2016;176:1074-1082.
https://doi.org/10.1001/jamainternmed.2016.3202

Dela F, Prats C, Helge JW. Exercise interventions to prevent and manage type 2 diabetes: physiological
mechanisms. Med Sport Sci 2014;60:36-47. https://doi.org/10.1159/000357334

Johnson NA, George J. Fitness versus fatness: moving beyond weight loss in nonalcoholic fatty liver disease.
Hepatology 2010;52:370-381. https://doi.org/10.1002/hep.23711

Keating SE, Hackett DA, Parker HM, O'Connor HT, Gerofi JA, Sainsbury A, Baker MK, ET AL. Effect of
aerobic exercise training dose on liver fat and visceral adiposity. J Hepatol 2015;63:174-182.
https://doi.org/10.1016/j.jhep.2015.02.022

Rector RS, Thyfault JP, Morris RT, Laye MJ, Borengasser SJ, Booth FW, Ibdah JA. Daily exercise
increases hepatic fatty acid oxidation and prevents steatosis in Otsuka Long-Evans Tokushima Fatty rats.
Am J Physiol Gastrointest Liver Physiol 2008;294:G619-G626. https://doi.org/10.1152/ajpgi.00428.2007

Kwak MS, Kim D. Non-alcoholic fatty liver disease and lifestyle modifications, focusing on physical activity.
Korean J Intern Med 2018;33:64-74. https://doi.org/10.3904/kjim.2017.343

Sullivan S, Kirk EP, Mittendorfer B, Patterson BW, Klein S. Randomized trial of exercise effect on intrahepatic
triglyceride content and lipid kinetics in nonalcoholic fatty liver disease. Hepatology 2012;55:1738-1745.
https://doi.org/10.1002/hep.25548

Fealy CE, Haus JM, Solomon TP, Pagadala M, Flask CA, McCullough AJ, Kirwan JP. Short-term exercise
reduces markers of hepatocyte apoptosis in nonalcoholic fatty liver disease. J Appl Physiol (1985) 2012;113:1-6.
https://doi.org/10.1152/japplphysiol.00127.2012

Gao LL, Ma JM, Fan YN, Zhang YN, Ge R, Tao XJ, Zhang MW, Gao QH, Yang JJ. Lycium barbarum
polysaccharide combined with aerobic exercise ameliorated nonalcoholic fatty liver disease through restoring gut

microbiota, intestinal barrier and inhibiting hepatic inflammation. Int J Biol Macromol 2021;183:1379-1392.
https://doi.org/10.1016/j.ijbiomac.2021.05.066

Cigrovski Berkovic M, Bilic-Curcic I, Mrzljak A, Cigrovski V. NAFLD and Physical Exercise: Ready, Steady,
Go. Front Nutr 2021;8:734859. https://doi.org/10.3389/fhut.2021.734859

Guo J, Zhang Y, Mihic A, Li SH, Sun Z, Shao Z, Wu J, Weisel RD, Li RK. A secreted protein (Canopy 2,
CNPY2) enhances angiogenesis and promotes smooth muscle cell migration and proliferation. Cardiovasc Res
2015;105:383-393. https://doi.org/10.1093/cvr/cvv010

Chu M, Liu H, Xiong Z, Ju C, Zhao L, Li K, Tian S, Gu P. Canopy Fibroblast Growth Factor Signaling Regulator
2 (CNPY2) Inhibits Neuron Apoptosis in Parkinson's Disease via the AKT/GSK3[ Pathway. Curr Neurovasc Res
2021;18:102-112. https://doi.org/10.2174/1567202618666210531141833

Hatta K, Guo J, Ludke A, Dhingra S, Singh K, Huang ML, Weisel RD, Li RK. Expression of CNPY2 in mouse
tissues: quantification and localization. PLoS One 2014;9:e111370. https://doi.org/10.1371/journal.pone.0111370
Kitade M, Yoshiji H, Noguchi R, Ikenaka Y, Kaji K, Shirai Y, Yamazaki M, ET AL. Crosstalk between
angiogenesis, cytokeratin-18, and insulin resistance in the progression of non-alcoholic steatohepatitis.
World J Gastroenterol 2009;15:5193-5199. https://doi.org/10.3748/wijg.15.5193

Hong F, Liu B, Wu BX, Morreall J, Roth B, Davies C, Sun S, Diehl JA, Li Z. CNPY2 is a key initiator of the
PERK-CHOP pathway of the wunfolded protein response. Nat Struct Mol Biol 2017;24:834-839.
https://doi.org/10.1038/nsmb.3458

Liu C, Liu Y, He J, Mu R, Di Y, Shen N, Liu X, ET AL. Liraglutide Increases VEGF Expression via
CNPY2-PERK Pathway Induced by Hypoxia/Reoxygenation Injury. Front Pharmacol 2019;10:789.
https://doi.org/10.3389/fphar.2019.00789

Li J, Huang L, Xiong W, Qian Y, Song M. Aerobic exercise improves non-alcoholic fatty liver disease by down-
regulating the protein expression of the CNPY2-PERK pathway. Biochem Biophys Res Commun 2022;603:35-40.
https://doi.org/10.1016/j.bbrc.2022.03.008

Paquette M, El-Houjeiri L, C Zirden L, Puustinen P, Blanchette P, Jeong H, Dejgaard K, Siegel PM,
Pause A. AMPK-dependent phosphorylation is required for transcriptional activation of TFEB and TFE3.
Autophagy 2021;17:3957-3975. https://doi.org/10.1080/15548627.2021.1898748




2024 The Impact of Exercise on NAFLD 683

36. Zhou F, Ding M, Gu Y, Fan G, Liu C, Li Y, Sun R, ET AL. Aurantio-Obtusin Attenuates Non-Alcoholic Fatty
Liver Disease Through AMPK-Mediated Autophagy and Fatty Acid Oxidation Pathways. Front Pharmacol
2021;12:826628. https://doi.org/10.3389/fphar.2021.826628

37. Ko JR, Seo DY, Park SH, Kwak HB, Kim M, Ko KS, Rhee BD, Han J. Aerobic exercise training
decreases cereblon and increases AMPK signaling in the skeletal muscle of STZ-induced diabetic rats.
Biochem Biophys Res Commun 2018;501:448-453. https://doi.org/10.1016/j.bbrc.2018.05.009

38. de Lima EA, de Sousa L, de S Teixeira AA, Marshall AG, Zanchi NE, Neto J. Aerobic exercise, but not
metformin, prevents reduction of muscular performance by AMPk activation in mice on doxorubicin
chemotherapy. J Cell Physiol 2018;233:9652-9662. https://doi.org/10.1002/jcp.26880

39. Li DD, Ma JM, Li MJ, Gao LL, Fan YN, Zhang YN, Tao XJ, Yang JJ. Supplementation of Lycium barbarum
Polysaccharide Combined with Aerobic Exercise Ameliorates High-Fat-Induced Nonalcoholic Steatohepatitis
via AMPK/PPARo/PGC-1a Pathway. Nutrients 2022;14:3247. https://doi.org/10.3390/nul4153247

40. Liu W, Wang Z, Xia Y, Kuang H, Liu S, Li L, Tang C, Yin D. The balance of apoptosis and autophagy
via regulation of the AMPK signal pathway in aging rat striatum during regular aerobic exercise. Exp Gerontol
2019;124:110647. https://doi.org/10.1016/j.exger.2019.110647

41. McConell GK, Lee-Young RS, Chen ZP, Stepto NK, Huynh NN, Stephens TJ, Canny BJ, Kemp BE. Short-term
exercise training in humans reduces AMPK signalling during prolonged exercise independent of muscle glycogen.
J Physiol 2005;568:665-676. https://doi.org/10.1113/jphysiol.2005.089839

42. Wojtaszewski JF, Mourtzakis M, Hillig T, Saltin B, Pilegaard H. Dissociation of AMPK activity and ACCbeta
phosphorylation in human muscle during prolonged exercise. Biochem Biophys Res Commun 2002;298:309-316.
https://doi.org/10.1016/S0006-291X(02)02465-8

43. Hasumi H, Baba M, Hasumi Y, Lang M, Huang Y, Oh HF, Matsuo M, ET AL. Folliculin-interacting proteins
Fnip1 and Fnip2 play critical roles in kidney tumor suppression in cooperation with Flen. Proc Natl Acad Sci U S A
2015;112:E1624-E1631. https://doi.org/10.1073/pnas. 1419502112

44. Montagner A, Polizzi A, Fouché E, Ducheix S, Lippi Y, Lasserre F, Barquissau V, ET AL. Liver PPARa is
crucial for whole-body fatty acid homeostasis and is protective against NAFLD. Gut 2016;65:1202-1214.
https://doi.org/10.1136/gutjnl-2015-310798

45. ZouY, Chen Z, Sun C, Yang D, Zhou Z, Peng X, Zheng L, Tang C. Exercise Intervention Mitigates Pathological
Liver Changes in NAFLD Zebrafish by Activating SIRT1/AMPK/NRF2 Signaling. Int J] Mol Sci 2021;22:10940.
https://doi.org/10.3390/ijms222010940

46. BaiY, LiT, LiuJ, Wang Y, Wang C, Ju S, Zhou C, ET AL. Aerobic exercise and vitamin E improve high-fat diet-
induced NAFLD in rats by regulating the AMPK pathway and oxidative stress. Eur J Nutr 2023;62:2621-2632.
https://doi.org/10.1007/s00394-023-03179-9

47. Guarino M, Kumar P, Felser A, Terracciano LM, Guixé-Muntet S, Humar B, Foti M, ET AL. Exercise Attenuates
the Transition from Fatty Liver to Steatohepatitis and Reduces Tumor Formation in Mice. Cancers (Basel)
2020;12:1407. https://doi.org/10.3390/cancers12061407

48. McLelland GL, Lopez-Osias M, Verzijl C, Ellenbroek BD, Oliveira RA, Boon NJ, Dekker M, et al. Identification
of an alternative triglyceride biosynthesis pathway. Nature 2023;621:171-178. https://doi.org/10.1038/s41586-
023-06497-4

49. Lee YJ, Ko EH, Kim JE, Kim E, Lee H, Choi H, Yu JH, ET AL. Nuclear receptor PPARy-regulated
monoacylglycerol O-acyltransferase 1 (MGAT1) expression is responsible for the lipid accumulation in diet-induced
hepatic steatosis. Proc Natl Acad Sci U S A 2012;109:13656-13661. https://doi.org/10.1073/pnas.1203218109

50. Baek KW, Gim JA, Park JJ. Regular moderate aerobic exercise improves high-fat diet-induced nonalcoholic fatty

liver disease via monoacylglycerol O-acyltransferase 1 pathway suppression. J Sport Health Sci 2020;9:472-478.
https://doi.org/10.1016/].jshs.2018.09.001

51. YuJH, Song SJ, Kim A, Choi Y, Seok JW, Kim HJ, Lee YJ, Lee KS, Kim JW. Suppression of PPARy-mediated
monoacylglycerol O-acyltransferase 1 expression ameliorates alcoholic hepatic steatosis. Sci Rep 2016;6:29352.
https://doi.org/10.1038/srep29352




684 qictal Vol. 73

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Liss K, Ek SE, Lutkewitte AJ, Pietka TA, He M, Skaria P, Tycksen E, ET AL. Monoacylglycerol Acyltransferase
1 Knockdown Exacerbates Hepatic Ischemia/Reperfusion Injury in Mice With Hepatic Steatosis. Liver Transpl
2021;27:116-133. https://doi.org/10.1002/1t.25886

Knoll M, Lodish HF, Sun L. Long non-coding RNAs as regulators of the endocrine system. Nat Rev Endocrinol
2015;11:151-160. https://doi.org/10.1038/nrendo.2014.229

Chen G, Yu D, Nian X, Liu J, Koenig RJ, Xu B, Sheng L. LncRNA SRA promotes hepatic steatosis through repressing
the expression of adipose triglyceride lipase (ATGL). Sci Rep 2016;6:35531. https://doi.org/10.1038/srep3553 1

Sheng L, Ye L, Zhang D, Cawthorn WP, Xu B. New Insights Into the Long Non-coding RNA SRA: Physiological
Functions and Mechanisms of Action. Front Med (Lausanne) 2018;5:244. https://doi.org/10.3389/fmed.2018.00244

Liu S, Sheng L, Miao H, Saunders TL, MacDougald OA, Koenig RJ, Xu B. SRA gene knockout protects
against diet-induced obesity and improves glucose tolerance. J Biol Chem 2014;289:13000-130009.
https://doi.org/10.1074/jbc.M114.564658

Wu B, Xu C, Tian Y, Zeng Y, Yan F, Chen A, Zhao J, Chen L. Aerobic exercise promotes the expression of
ATGL and attenuates inflammation to improve hepatic steatosis via IncRNA SRA. Sci Rep 2022;12:5370.
https://doi.org/10.1038/s41598-022-09174-0

Wu B, Ding J, Chen A, Song Y, Xu C, Tian F, Zhao J. Aerobic exercise improves adipogenesis in diet-induced obese
mice via the IncSRA/p38/INK/PPARy pathway. Nutr Res 2022;105:20-32. https://doi.org/10.1016/j.nutres.2022.04.004
Kim SW, Muise AM, Lyons PJ, Ro HS. Regulation of adipogenesis by a transcriptional repressor that modulates
MAPK activation. J Biol Chem 2001;276:10199-10206. https://doi.org/10.1074/ibc.M010640200

Hang HA, Yang XY, Xiao YF. AMPKal overexpression alleviates the hepatocyte model of nonalcoholic fatty
liver disease via inactivating p38MAPK pathway. Biochem Biophys Res Commun 2016;474:364-370.
https://doi.org/10.1016/j.bbrc.2016.04.111

Jin L, Wang M, Yang B, Ye L, Zhu W, Zhang Q, Lou S, Zhang Y, Luo W, Liang G. A small-molecule JNK
inhibitor JM-2 attenuates high-fat diet-induced non-alcoholic fatty liver disease in mice. Int Immunopharmacol
2023;115:109587. https://doi.org/10.1016/j.intimp.2022.109587

Wu YK, Hu LF, Lou DS, Wang BC, Tan J. Targeting DUSP16/TAK1 signaling alleviates hepatic dyslipidemia
and inflammation in high fat diet (HFD)-challenged mice through suppressing JNK MAPK.
Biochem Biophys Res Commun 2020;524:142-149. https://doi.org/10.1016/j.bbrc.2020.01.037

Qu Z, Sun J, Zhang W, Yu J, Zhuang C. Transcription factor NRF2 as a promising therapeutic target for
Alzheimer's disease. Free Radic Biol Med 2020;159:87-102. https://doi.org/10.1016/j.freeradbiomed.2020.06.028

Zhang CY, Hu XC, Zhang GZ, Liu MQ, Chen HW, Kang XW. Role of Nrf2 and HO-1 in intervertebral disc
degeneration. Connect Tissue Res 2022;63:559-576. https://doi.org/10.1080/03008207.2022.2089565

YuH, Yan S, Jin M, Wei Y, Zhao L, Cheng J, Ding L, Feng H. Aescin can alleviate NAFLD through Keap1-Nrf2 by
activating antioxidant and autophagy. Phytomedicine 2023;113:154746. https://doi.org/10.1016/j.phymed.2023.154746

Li X, Cui W, Cui Y, Song X, Jia L, Zhang J. Stropharia rugoso-annulata acetylated polysaccharides alleviate
NAFLD via Nrf2/JNK1I/AMPK signaling pathways. Int J Biol Macromol 2022;215:560-570.
https://doi.org/10.1016/j.ijbiomac.2022.06.156

Shen B, Wang Y, Cheng J, Peng Y, Zhang Q, Li Z, Zhao L, Deng X, Feng H. Pterostilbene alleviated NAFLD
via AMPK/mTOR signaling pathways and autophagy by promoting Nrf2. Phytomedicine 2023;109:154561.
https://doi.org/10.1016/j.phymed.2022.154561

Huang YH, Wang FS, Wang PW, Lin HY, Luo SD, Yang YL. Heat Shock Protein 60 Restricts Release of
Mitochondrial dsRNA to Suppress Hepatic Inflammation and Ameliorate Non-Alcoholic Fatty Liver Disease in
Mice. Int J Mol Sci 2022;23:577. https://doi.org/10.3390/ijms23010577

Tsai CC, Chen YJ, Yu HR, Huang LT, Tain YL, Lin IC, Sheen JM, Wang PW, Tiao MM. Long term
N-acetylcysteine administration rescues liver steatosis via endoplasmic reticulum stress with unfolded protein
response in mice. Lipids Health Dis 2020;19:105. https://doi.org/10.1186/s12944-020-01274-y

Mazo DF, de Oliveira MG, Pereira IV, Cogliati B, Stefano JT, de Souza GF, Rabelo F, ET AL. S-nitroso-N-
acetylcysteine attenuates liver fibrosis in experimental nonalcoholic steatohepatitis. Drug Des Devel Ther
2013;7:553-563. https://doi.org/10.2147/DDDT.S43930




2024 The Impact of Exercise on NAFLD 685

71. Di Naso FC, Porto RR, Fillmann HS, Maggioni L, Padoin AV, Ramos RJ, Mottin CC, Bittencourt A, Marroni
NA, de Bittencourt PI Jr. Obesity depresses the anti-inflammatory HSP70 pathway, contributing to NAFLD
progression. Obesity (Silver Spring) 2015;23:120-129. https://doi.org/10.1002/0by.20919

72. Zhang J, Fan N, Peng Y. Heat shock protein 70 promotes lipogenesis in HepG2 cells. Lipids Health Dis
2018;17:73. https://doi.org/10.1186/s12944-018-0722-8

73. Balanescu A, Stan I, Codreanu I, Comanici V, Bélanescu E, Balanescu P. Circulating Hsp90 Isoform Levels in

Overweight and Obese Children and the Relation to Nonalcoholic Fatty Liver Disease: Results from a Cross-
Sectional Study. Dis Markers 2019;2019:9560247. https://doi.org/10.1155/2019/9560247

74. Zheng ZG, Zhang X, Liu XX, Jin XX, Dai L, Cheng HM, Jing D, ET AL. Inhibition of HSP90B Improves Lipid
Disorders by Promoting Mature SREBPs Degradation via the Ubiquitin-proteasome System. Theranostics
2019;9:5769-5783. https://doi.org/10.7150/thno.36505

75. MaB,Ju A, Zhang S, An Q, Xu S, Liu J, Yu L, Fu Y, Luo Y. Albumosomes formed by cytoplasmic pre-folding
albumin maintain mitochondrial homeostasis and inhibit nonalcoholic fatty liver disease. Signal Transduct Target
Ther 2023;8:229. https://doi.org/10.1038/s41392-023-01437-0

76. Akbulut T, Cinar V, Aydin S, Yardim M. The role of different exercises in irisin, heat shock protein 70 and some
biochemical parameters. J Med Biochem 2022;41:149-155. https://doi.org/10.5937/jomb0-31551

77. Patel H, Alkhawam H, Madanieh R, Shah N, Kosmas CE, Vittorio TJ. Aerobic vs anaerobic exercise training
effects on the cardiovascular system. World J Cardiol 2017;9:134-138. https://doi.org/10.4330/wjc.v9.i2.134

78. Liu S, Liu Y, Liu Z, Hu Y, Jiang M. A review of the signaling pathways of aerobic and anaerobic exercise on
atherosclerosis. J Cell Physiol 2023;238:866-879. https://doi.org/10.1002/jcp.30989

79. Gasparini D, Kavazovi¢ I, Barkovi¢ I, Mari¢i¢ V, Ivani§ V, Samsa DT, Persi¢ V, Poli¢ B, Turk Wensveen

T, Wensveen FM. Extreme anaerobic exercise causes reduced cytotoxicity and increased cytokine production by
peripheral blood lymphocytes. Immunol Lett 2022;248:45-55. https://doi.org/10.1016/j.imlet.2022.06.001

80. Riboulet-Chavey A, Diraison F, Siew LK, Wong FS, Rutter GA. Inhibition of AMP-activated protein kinase
protects pancreatic beta-cells from cytokine-mediated apoptosis and CD8+ T-cell-induced cytotoxicity. Diabetes
2008;57:415-423. https://doi.org/10.2337/db07-0993

81. Semenza GL. Oxygen sensing, homeostasis, and disease. N Engl J Med 2011;365:537-547.
https://doi.org/10.1056/NEJMral011165

82. Karhausen J, Furuta GT, Tomaszewski JE, Johnson RS, Colgan SP, Haase VH. Epithelial hypoxia-inducible factor-1 is
protective in murine experimental colitis. J Clin Invest 2004;114:1098-1106. https://doi.org/10.1172/JCI200421086

83. Neurath M, Fuss I, Strober W. TNBS-colitis. Int Rev Immunol 2000;19:51-62.
https://doi.org/10.3109/08830180009048389

84. Corrado C, Fontana S. Hypoxia and HIF Signaling: One Axis with Divergent Effects. Int J Mol Sci 2020;21:5611.
https://doi.org/10.3390/ijms2116561 1

85. Ju C, Colgan SP, Eltzschig HK. Hypoxia-inducible factors as molecular targets for liver diseases. J Mol Med
(Berl) 2016;94:613-627. https://doi.org/10.1007/s00109-016-1408-1

86. Minamishima YA, Moslehi J, Padera RF, Bronson RT, Liao R, Kaelin WG Jr. A feedback loop involving the
Phd3 prolyl hydroxylase tunes the mammalian hypoxic response in vivo. Mol Cell Biol 2009;29:5729-5741.
https://doi.org/10.1128/MCB.00331-09

87. Chen J, Chen J, Huang J, Li Z, Gong Y, Zou B, Liu X, ET AL. HIF-2a upregulation mediated by hypoxia
promotes NAFLD-HCC progression by activating lipid synthesis via the PI3K-AKT-mTOR pathway. Aging
(Albany NY) 2019;11:10839-10860. https://doi.org/10.18632/aging.102488

88. Yu L, Wang H, Han X, Liu H, Zhu D, Feng W, Wu J, Bi Y. Oxygen therapy alleviates hepatic steatosis by
inhibiting hypoxia-inducible factor-2a. J Endocrinol 2020;246:57-67. https://doi.org/10.1530/JOE-19-0555

89. Morello E, Sutti S, Foglia B, Novo E, Cannito S, Bocca C, Rajsky M, ET AL. Hypoxia-inducible factor 2a drives
nonalcoholic fatty liver progression by triggering hepatocyte release of histidine-rich glycoprotein. Hepatology
2018;67:2196-2214. https://doi.org/10.1002/hep.29754

90. Mesarwi OA, Moya EA, Zhen X, Gautane M, Zhao H, Wegbrans Gir6 P, Alshebli M, ET AL. Hepatocyte HIF-1
and Intermittent Hypoxia Independently Impact Liver Fibrosis in Murine Nonalcoholic Fatty Liver Disease.
Am J Respir Cell Mol Biol 2021;65:390-402. https://doi.org/10.1165/rcmb.2020-04920C




686 Qictal Vol. 73

91.

92.

93.

94.

95.

96.

Wang CH, Liu HM, Chang ZY, Huang TH, Lee TY. Losartan Prevents Hepatic Steatosis and Macrophage Polarization
by Inhibiting HIF-1a in a Murine Model of NAFLD. Int J Mol Sci 2021;22:7841. https://doi.org/10.3390/ijms22157841
He Y, Yang W, Gan L, Liu S, Ni Q, Bi Y, Han T, ET AL. Silencing HIF-1a aggravates non-alcoholic fatty liver
disease in vitro through inhibiting PPAR-a/ANGPTL4 singling pathway. Gastroenterol Hepatol 2021;44:355-365.
https://doi.org/10.1016/j.gastrohep.2020.09.014

Arai T, Tanaka M, Goda N. HIF-1-dependent lipinl induction prevents excessive lipid accumulation in choline-
deficient diet-induced fatty liver. Sci Rep 2018;8:14230. https://doi.org/10.1038/s41598-018-32586-w

Nava RC, McKenna Z, Fennel Z, Berkemeier Q, Ducharme J, de Castro Magalhdes F, Amorim FT, Mermier
C. Repeated sprint exercise in hypoxia stimulates HIF-1-dependent gene expression in skeletal muscle.
Eur J Appl Physiol 2022;122:1097-1107. https://doi.org/10.1007/s00421-022-04909-3

Muangritdech N, Hamlin MJ, Sawanyawisuth K, Prajumwongs P, Saengjan W, Wonnabussapawich

P, Manimmanakorn N, Manimmanakorn A. Hypoxic training improves blood pressure, nitric oxide and hypoxia-
inducible factor-1 alpha in hypertensive patients. Eur J Appl Physiol 2020;120:1815-1826.
https://doi.org/10.1007/s00421-020-04410-9

Dengler F. Activation of AMPK under Hypoxia: Many Roads Leading to Rome. Int J Mol Sci 2020;21:2428.
https://doi.org/10.3390/ijms21072428





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues false

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /CZE <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



