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Abstract

Objective: Consuming too much fat or carbohydrates stimulates lipogenesis and excess fat is stored in non-
fat tissues, including the liver, and manifests as obesity and fatty liver disease. This study aimed to investigate
the effect of eight weeks of progressive resistance training (PRT) on the liver levels of some enzymes affecting
lipid metabolism in rats fed a high-fat diet and sucrose solution.

Materials and Methods: Twenty-four male wistar rats with 5 weeks of age were randomly divided into
two groups: standard diet (SD) (n=8) and high-fat diet and sucrose solution (HFDS) (n=16). Twelve weeks
later, HFDS group was divided into two groups: sedentary (HS) and PRT (HPRT). The PRT program was
implemented 3 days a week for 8 weeks. Gene expression of AMPKa 1, SCD-1, ATGL and FASN enzymes
affecting lipid metabolism in liver tissue and its fat content were investigated.

Results: HFDS significantly increased the body weight (P: 0.001) and significantly decreased the liver
expression of ATGL and FASN (P: 0.001, P: 0.011). Eight weeks of PRT did not show a significant difference
in the expression of AMPKa 1, SCD-1, ATGL and FASN genes. Rats fed HFDS had considerably higher
levels of triglyceride (TG) and total cholesterol (TC) in their liver tissue (P: 0.004, P: 0.001) and PRT did not
affect them (P: 0.959, P: 0.809 respectively).

Conclusion: It seems that eight weeks of PRT will not change liver lipid metabolism enzymes. Therefore,
modifying the diet and changing it, will probably show different results after PRT.

Keywords: Liver, Enzymes, Exercise, Diet

G

Citation: Delbari R, Fathi R, Safarzade A, Nasiri K. Investigating the Levels of Liver Lipogenic and
Lipolytic Enzymes in Rat with High-Fat Diet and Sucrose Solution Underwent Progressive Resistance
Training. 1JDO 2023; 15 (2) :93-101

URL.: http://ijdo.ssu.ac.ir/article-1-792-en.html
d

10.18502/ijdo.v15i2.12967

Article info: Corresponding Author:
Received: 15 January 2023 Rozita Fathi, Professor of Exercise Physiology, Department of Exercise
Accepted: 02 April 2023 Physiology, Faculty of Sports Sciences, University of Mazandaran, Babolsar, Iran.

_ ) Tel: (98) 912 579 3087
Published in June 2023 Email: r.fathi@umz.ac.ir

This is an open access article Orcid ID: 0000-0002-4966-2692
under the (CC BY 4.0)



http://ijdo.ssu.ac.ir/article-1-792-en.html
http://dx.doi.org/10.18502/ijdo.v13i4.7994
http://dx.doi.org/10.18502/ijdo.v13i4.7994
http://dx.doi.org/10.18502/ijdo.v15i2.12967
http://dx.doi.org/10.18502/ijdo.v15i2.12967
https://ijdo.ssu.ac.ir/article-1-792-en.html

[ Downloaded from ijdo.ssu.ac.ir on 2026-06-21 ]

[ DOI: 10.18502/ijdo.v15i2.12967 |

Progressive resistance training & liver lipid metabolism

Introduction

he liver plays a crucial role in lipid

metabolism where fatty acid is

synthesized. Lipid metabolism involves
multiple pathways that are at least partially
inter-dependent and “cross-regulated” (1).
Fatty liver disease is one of the main liver
complications related to obesity. Current
management of this disease largely focuses on
lifestyle interventions through diet and
exercise to reduce weight and improve
metabolic and cardiovascular risk factors (2).
Excessive consumption of carbohydrates and
fats and decreasing physical activity have led
to a significant increase in the prevalence of
overweight and obesity around the world (3).
Obesity is caused by an excessive intake of
high fat diets and sugar-sweetened beverages,
according to evidence from studies on humans
and animals (4). Adipose tissue with obesity-
induced peripheral insulin resistance (IR),
experiences increased lipolysis and release of
free fatty acids (FFAS), which are taken up by
the liver and, in muscle tissue, IR leads an
increase in the transfer of glucose to the liver
(5). It is well known that IR greatly increases
the influx of fatty acids in the liver in favor of
lipogenesis and preventing lipolysis of fats.
This action, in turn, leads to increased
oxidative stress and mitochondrial functional
disorders (6).

Stearoyl-CoA Desaturase 1 (SCD-1) is a
microsomal enzyme that controls the
metabolism of fatty acids and is highly
expressed in liver cells. Studies support the
hypothesis that SCD1 activity may be
protective against oxidative stress caused by
saturated fatty acid (SFA) accumulation and
liver inflammation (7). Overall, these studies
demonstrate that SCD1 is extremely involved
in regulation of body weight and this feature is
further underlined by the fact that SCD1-
deficient animals exhibit resistance to diet-
induced obesity, hepatic steatosis, and
triacylglycerol accumulation (8). Therefore, it
can be said that SCD1 is a double-edged

sword, and its unqualified inhibition, whether
systemic or restricted to a specific organ, may
not be desirable. Deletion of SCD-1 induces
fatty acid oxidation and thermogenesis genes,
which are mediated by induction of AMP-
activated protein kinase (AMPK). AMPK
stimulation  suppresses several lipogenic
pathways and inactivates sterol regulatory
element-binding protein 1 (SREBP-1), which
IS @ main transcription factor for expression of
acetyl coenzyme A carboxylase (ACC), fatty
acid synthase (FAS), elongase and SCD1
enzymes (5). Also, the stimulation of AMPK
leads to the activation of fatty acid oxidation
and improves sensitivity to insulin and
metabolic health (9).

Adipose triglyceride lipase (ATGL) is
another enzyme involved in liver lipid
metabolism, which plays a main role in
initiating the lipolysis of triglyceride (TG) into
FFAs and glycerol (10). Studies show that
overexpression and improved hepatic ATGL
activity are along with an increase in TG
breakdown and FFA oxidation, whereas
ATGL liver deficiency is along with steatosis,
which indicates an excessive accumulation of
triacylglycerols and is strongly associated with
IR (11). Also, the specific inhibition of hepatic
ATGL causes a decrease in autophagy/
lipophagy downstream of this enzyme and
subsequently hepatic lipid droplets (LD)
catabolism and oxidation of hydrolyzed FAs
(12) and increases body weight and
subsequently fat mass (13). The role of
ATGL-mediated lipolysis in hepatocytes is
less obvious than it is in white adipocytes and
B -cells, and the information that is currently
available on glucose homeostasis reveals
conflicting findings (14). Researchers have
acknowledged that liver ATGL
overproduction in obesity conditions reduces
hepatic steatosis and partially increases the
sensitivity of the liver to insulin. They believe
that the abundance of ATGL is decreased in
the liver of insulin-resistant, NAFLD patients
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and that genetic changes in the ATGL gene are
associated with type 2 diabetes and plasma
TAG. These sentence also declare that ATGL-
mediated enhancement of lipolysis in the liver
is probably a novel therapy for NAFLD and
liver IR (15).

FAS is the critical enzyme responsible for
the conversion of glucose into fatty acids and
de novo fatty acid synthesis. Specifically,
FASN catalyzes the reaction leading to the
generation of palmitate and 16-carbon long
fatty acid from acetyl-CoA and malonyl-CoA
(16). The regulation of FAS by hormones and
the nutritional state has been described in the
liver and adipocytes and is also largely
determined by the intracellular fatty acid
concentration, an increase of which lowers
FAS activity (1). Recently, it has been shown
that overexpression of hepatic FAS in chow-
fed mice impairs fatty acid oxidation and
mitochondrial ~ respiration and increases
hepatic lipid accumulation and IR (17).

Physical activity has a beneficial effect on
fatty liver disease. Various aerobic and
resistance training has been shown to reduce
the hepatic fat content by improving IR, liver
fatty acid metabolism, liver mitochondrial
function, and activation of inflammatory
cascades (5). Researchers have found that
hepatic AMPK activity levels increase 10-100
minutes after acute treadmill running (18).
Also, resistance training due to the activation
of the AMPK pathway stimulates the
oxidation of lipids in the liver and causes the
down-regulation of lipogenic enzymes such as
SREPB-1c, ACC, SCD-1, and fatty acid
synthase (19). Evidence shows that exercise
training increases lipid droplets dynamic
markers such as triglyceride lipases, ATGL, as
well as mitochondrial efficiency, potentially
reducing the accumulation of lipotoxic
mediators (20). It has been stated that the
maximum running speed and endurance
capacity in ATGL/ rats are reduced by 42%
and 46%, respectively, and these results show
the essential role of ATGL in providing a
sufficient amount of FFA to maintain the
substrate metabolism at rest and during

exercise (21). Among exercise trainings,
although resistance training has little effect on
weight loss (22), the lack of interest in
continuous training and the increasing interest
in weight training and resistance training have
made people more inclined to these exercises.
However, it seems that these exercises, which
affect peripheral IR, especially in muscle
tissue, cause a decrease in glucose delivery to
the liver and have a positive effect in
regulating the expression of lipogenic enzymes
and subsequently the signaling pathway of
lipolytic enzymes, along with high-fat and
high-carbohydrate diets, which are exogenous
stimulators of lipogenesis, and another source
of fatty acid synthesis, provide variable
results. Because the best exercise program is
not adequately specified and because the
processes by which exercise affects the liver
are still, at least in part, unclear; this study was
designed to investigate the effect of
progressive resistance training on the enzymes
affecting the lipid content of the liver, which is
one of the most essential clinical requirements
for managing of fatty liver disease.

Materials and Methods
Animal care

Twenty-four male Wistar rats with an
average weight of 183.9+2.94 and 5 weeks of
age bought from the Pasteur Institute in
Tehran, Iran. Four rats were housed in each
cage, and the animals were kept in regulated
light/dark (12/12 h) and temperature (22 + 2°°)
environments. After one week's adaptation by
laboratory environment, the animals were
randomly separated into two groups: standard
diet (SD) (n=8) and high-fat diet and sucrose
solution (HFDS) (n=16).

Obesity induction method

The SD group followed a standard diet and
water in 500 cc bottles for laboratory mice,
and the HFDS group consumed a high-fat diet
for 12 weeks, which included a conventional
food with the addition of 12% liquid cooking
oil (4) and a 30% sucrose solution in water
provided in a second bottle, to induce IR (23).
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The dietary intervention group was split into
two groups 12 weeks later: sedentary (HS) and
PRT (HPRT).

Progressive resistance training program

The PRT lasted for 8 weeks (3 days/week).
To perform this training, a 1-meter ladder was
used at an angle of 80° to the wall, and the
training load was applied by adding weights to
the rats' tails. The PRT program in the first
session included eight ladder climbs with a
load equal to 50% of the rats’ body weight (2
min of rest between the repetitions). In the
second session, the first climb was performed
with this weight, and in subsequent tests, 10%
of body weight was added to the previous
weight to reach 100% of the body weight and
continued with the same weight until the
eighth repetition. The third session also started
with 50% of body weight and the amount of
weights in the next repetitions reached 75%,
90%, and 100% of the rats' body weight, and
in the next climbs, 10% was added to the
amount of weights for each repetition. The
highest load was considered as the maximum
carrying capacity (MCC) of the rat. In the next
training sessions, animals carried 50, 75, 90,
and 100% of their previous MCC,
respectively, during the first four climbs of the
ladder until the end of the period. Subsequent
ladder climbs were performed by adding 10%
of body weight to the previous day's MCC.
Therefore, the daily workload of the rats
progressed by 10% compared to the previous
day.

Tissue's samples collection

In order to remove the acute effect of
training, sampling was performed 72 hours
after the final training session and after the
anesthesia of rats with intraperitoneal injection
of ketamine (50 mg/kg) and xylazine (3-5
mg/kg) in the fasting state (8 hours). Tissue
samples were driven from the liver tissue and
were separated. Finally, part of the separated
tissues was frozen in liquid nitrogen and used
for mMRNA and lipid analyses.

Determination of lipid contents in liver
tissue

To measure the lipid profile of liver tissue, 1
g of homogenized liver samples was dissolved
in 10 ml PBS buffer. The solution was then
shaken in a shaker at room temperature for 15-
20 minutes. The homogenized sample was
centrifuged (12000 rpm for 10 min, at 4 °C) to
obtain a lipid phase for measurement. Contents
of TG and total cholesterol (TC) in the
homogenized liver were assessed using GPO-
POD and enzymatic-colorimetric CHOD-POD
methods, respectively with a sensitivity of 1
mg/dl. The Kkits were purchased from Bionik
Co., Iran.

Isolation of RNA and quantitative real-
time PCR

To measure liver gene expression of
AMPKa 1, SCD-1, ATGL, and FASN, total
RNA was first extracted from frozen liver
tissue using RNA extraction kit and according
to the manufacturer's instructions, and cDNA
synthesis was performed. Finally, the gene
expression levels were measured by using
Cyber-green Real-time PCR method. In this
study, specific primers were designed to
amplify AMPKa 1, ATGL, SCD1, FASN and
HPRT1 reference genes using by Primer
Premier 5 software, and then the primers
sequence was synthesized with Bioneer (South
Korea). The reciprocating primers sequence
for the above genes is presented in Table 1.
The expression of the desired genes was
calculated by Livak (2*T) method.

Statistical methods

All statistical analyses were performed using
the SPSS statistical software (version 16) was
used at a significant level of P< 0.05. The
Shapiro-Wilk’s test was used for evaluating
the normality of distribution. A one-way
analysis of variance (ANOVA) test was used
to compare the mean of liver enzymes and
lipid profiles between groups. LSD’s post hoc
test was used if significant differences were
found. All of data were presented as means (£
standard error of the mean) (S.E.M).

“ IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 15, NUMBER 2, SUMMER 2023


http://dx.doi.org/10.18502/ijdo.v15i2.12967
https://ijdo.ssu.ac.ir/article-1-792-en.html

[ Downloaded from ijdo.ssu.ac.ir on 2026-06-21 ]

[ DOI: 10.18502/ijdo.v15i2.12967 |

R. Delbari et al.

Ethical considerations

All steps of the study were carried out in
accordance with “Guiding Principles for the
Care and Use of Research Animals” approved
by the Ethical Committee of the University of
Mazandaran (IR.UMZ.REC.1401.045).

Results

There was no significant difference between
the study groups in the initial body weight,
before starting the training program and the
final body weight (P> 0.05) (Table 2). The
final body weights were affected by the diet
and increased (P: 0.001), but the weight gain
(final body weight — initial body weight) of the
intervention groups was not significantly
different from the SS group, and PRT did not
make a significant difference (P> 0.05). The
expression of genes related to liver lipid
metabolism was measured. The results showed

Table 1. Primers used in the Real Time PCR process

that there was no significant difference
between the investigated groups in the
expression of AMPKal (P> 0.05) and
applying an HFDS did not affect this variable
(Figure 1-A). It was also shown that HFDS did
not cause a significant difference in the
expression of SCD1 compared to the SS
group, and PRT did not show a significant
difference with other groups (P> 0.05) (Figure
1-B). Our investigations showed that HFDS
significantly decreased the liver expression of
ATGL and FASN enzymes compared with the
SS group (P: 0.001, P: 0.011) (P: 0.003, P:
0.004 respectively, Figure 1- C & D). The
findings indicated that tissue TG and TC levels
increased significantly after consuming HFDS
compared to the SS group (P: 0.004, P: 0.001
respectively) and PRT did not decrease their
values (P> 0.05) (Table 3).

Gene Sequence Access number Product length (open pair)
oL FESASRCARCTICCOACTITATONS S oo
HPRT1 F-5-TTCTTTGCTGACCTGCTGGAT-3" NM_012583.2 123

R-5"-TATGTCCCCCGTTGACTGGT-3"

AMPKa 1 5'-AMP-activated protein kinase catalytic subunit alpha-1, ATGL adipose triglyceride lipase, SCD1 stearoyl-coenzyme A
desaturase 1, FASN fatty acid synthase, HPRT1 Hypoxanthine phosphoribosyl transferase 1

Table 2. Body weight in experimental groups

Groups Initial weight (g)  Weight before training program (g)  Final weight (g) Weight gain (g)
sS 192.1 (¥4.74) 368 (x15.14) 427.7 (x19.25) 235.6 (+16.32)
HS 179.7 (x4.94) 355.7 (£12.52) 440.4 (+21.49) 262.9 (+23.39)
HPRT 179.7 (4.88) 369.5 (£11.72) 4439 (+16.4) 264.1 (+13.44)
P 0.140 0.738 0.815 0.443

Body weights of rats in three stages included; initial weight, weight before training program, and final weights. The values are
expressed as mean = SEM (n=8). The experimental groups were: SS, standard diet and sedentary; HS, high-fat diet and sedentary;
HPRT, high-fat diet, and progressive resistance training. Weight gain = Final body weight - Initial body weight.

Table 3. Statistical indices related to the lipid profile of liver tissue

Groups SS HS HPRT
TG (mglg) 156.25 (£8.26) 180.5 (£1.92) 180.17 (+4.54)"
TC (mg/g) 137 (£6.37) 161 (¥1.57)" 162 (+1.65)"

Abbreviations: SS, standard diet and sedentary; HS, high-fat diet and sedentary; HPRT, high-fat diet and
progressive resistance training; TG, triglycerides; TC, total cholesterol. The values are expressed as mean + SEM

(n=8). * vs. SS, (P<0.05).
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Figure 1. AMPKa 1, SCD1, ATGL and FASN gene expression levels in liver tissue of experimental groups. The values are
expressed as mean + SEM. SS, standard diet and sedentary; HS, high-fat diet and sedentary; HPRT, high-fat diet and

progressive resistance training. * Significant difference compared to the SS group (P< 0.05).

Discussion

To comprehension the pathways of
molecular involved in the effect of physical
activity on fatty liver disease, it is important to
pay attention to other outcomes than liver fat

content. For example, IR appears to be a
driving factor in NASH and its associated
metabolic syndrome (5). In the present study,
consumption of a high-fat diet and 30%
sucrose solution, to induce IR (23), caused an
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increase in weight and levels of this metabolic
disorder in rats. In line with our result, in
another study, a mixture of 30% sucrose
solution and 7.5% sunflower oil in diet
increased blood glucose and liver steatosis in
rats (24).

Despite the association between IR and
SCD1 and AMPKal enzymes in recent
studies (25-27), the changes in the levels of
these enzymes were not significant in our
study. Van der Windt et al., (2018) in their
review study to investigate the effects of
various physical exercises on fatty liver
disease, found that in addition to aerobic
exercises, resistance exercises also reduce
hepatic lipid content and improve steatosis,
liver inflammation, and IR, and as a result of
this decrease in exercise-mediated IR
subsequently causes a decrease in the
expression of lipogenic enzymes such as ACC,
FAS, SCD1 and a decrease in the synthesis of
fatty acids, as well as an increase in the
expression of AMPK in the liver (5). Also,
Domingos et al., (2012) reported activation of
the AMPK pathway and stimulation of lipid
oxidation in the liver following resistance
training, which decreased lipogenic enzymes
such as SREPB-1c, ACC, SCD-1, and fatty
acid synthase (19). Resistance training
improves IR in rats fed a high-fat diet (28). It
appears that in our study, adding sucrose
solution along with a high-fat diet had a
significant effect on IR, and PRT could not
have a significant effect on IR and
consequently the expression of these enzymes.
Because the effect of a high-fat diet alone on
IR and its consequences was not investigated.
Whereas Nikroo et al., (2020) in investigating
the effect of resistance training on IR in high-
fat diet-induced NAFLD male rats observed a
significant reduction in IR in the HFD+RT
group (29).This hypothesis is also supported in
another study. Safarzade and Safarpour,
(2021) who used a high-fat diet and sucrose
solution in their study, found that progressive
resistance training in the same period as the
present study did not have a significant effect
on glucose, insulin, and IR in the standard diet

and HFDS groups (4). Therefore, it may be
possible to partly explain the slight decrease
and increase in AMPKal and SCD1
following exercise, respectively. However,
FASN values decreased slightly as a result of
progressive resistance training, which was not
statistically significant. Researchers state that
FASN is significantly inactivated in conditions
of IR (30). This evidence can be a reason for
the reduction of this gene after the
development of IR caused by HFDS.

On the other hand, the significant increase in
body weight of the subjects at the end of the
study, knowing that there is a relationship
between SCD1, AMPKal and ATGL
enzymes, and body weight in previous studies
(8,13,27), can probably be the reason for the
observed changes in the main research
variables. Hallsworth et al, (2011) also showed
that resistance exercise had little effect on
weight loss and specifically reduces NAFLD
independent of any changes in body weight.
After eight weeks of progressive resistance
training, they elicited a 13% relative reduction
in liver lipid and lipid oxidation, glucose
control, and IR were all improved (22).

Our other finding was a significant decrease
in ATGL following consumption of HFDS, in
which progressive resistance training only
slightly increased and did not reach the values
of the SS group. Turpin et al., (2011)
acknowledge that the abundance of ATGL is
decreased in the liver of insulin-resistant,
NAFLD patients and that genetic changes in
the ATGL gene are associated with type 2
diabetes and plasma TAG (15), which is
consistent with our finding that ATGL
decreased following IR induced by dietary
intervention. Based on the search conducted
by the authors of the present study, it seems
that there has been no research on the effect of
resistance training on the expression of hepatic
ATGL. However, overexpression and
improved hepatic ATGL activity are along
with an increase in TG turnover and FFA
oxidation, whereas ATGL liver deficiency is
along with steatosis (11). Therefore, the
induction of IR in the present study can be a
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reason for the decreasing changes of this gene,
which subsequently resulted in a significant
increase in TG and TC in the liver tissue of
rats, and PRT was not effective on the lipid
profile of the liver tissue. On the other hand,
the absence of a significant effect of PRT on
ATGL and SCD1 values, due to the existence
of a relationship between these enzymes and
TG (10), can reflect the lack of change in TG
values.

Conclusions

The outcomes of this study showed that the
expression of liver lipogenic and lipolytic
enzymes are partially affected by HFDS-
induced IR, and progressive resistance training
during this time, cannot have a significant
effect on them. As a result, although different
exercise regimens have been displayed to
affect fat content in the liver, one exercise
regimen cannot be definitively preferred over
another. Therefore, it 1is suggested to
investigate the expression of these enzymes

References

1. Nguyen P, Leray V, Diez M, Serisier S, Bloc’h JL,
Siliart B, et al. Liver lipid metabolism. Journal of
animal  physiology and animal nutrition.
2008;92(3):272-83.

2. Tao L, Guo X, Xu M, Wang Y, Xie W, Chen H, et
al. Dexmedetomidine ameliorates high-fat diet-
induced nonalcoholic fatty liver disease by
targeting SCD1 in obesity mice. Pharmacology
Research & Perspectives. 2021;9(1):e00700.

3. Dobrzyn P, Jazurek M, Dobrzyn A. Stearoyl-CoA
desaturase and insulin signaling—What is the
molecular switch?. Biochimica et Biophysica Acta
(BBA)-Bioenergetics. 2010;1797(6-7):1189-94.

4. Safarzade A, Safarpour H. Enhancement of Serum
Myonectin Levels by Progressive Resistance
Training in Rats Fed with High-Fat Diet and
Sucrose Solution. Zahedan Journal of Research in
Medical Sciences. 2021;23(4).

5. van der Windt DJ, Sud V, Zhang H, Tsung A,
Huang H. The effects of physical exercise on fatty
liver disease. Gene expression. 2018;18(2):89.

6. Moosavi-Sohroforouzani A, Ganbarzadeh M.
Reviewing the physiological effects of aerobic and
resistance training on insulin resistance and some
biomarkers in non-alcoholic fatty liver disease.
KAUMS Journal (FEYZ). 2016 Aug 10;20(3):282-
96.(in Persian)

following a high-fat diet alone, along with the
dietary intervention applied in this research, so
that the effects of fat consumption alone can
be separated from the effects of high fat-high
sucrose diet on liver lipid metabolism, and
observed different possible results following
progressive resistance training over a similar
period of time.

Acknowledgments

We are grateful to the University of
Mazandaran, Babolsar, Iran for supporting this
study.

Funding
No funding was received for conducting this
study.

Conflict of Interest
The authors report no conflicts of interest.

7. Mohammadzadeh F, Hosseini V, Alihemmati A,
Shaaker M, Mosayyebi G, Darabi M, et al. The role
of stearoyl-coenzyme a desaturase 1 in liver
development, function, and pathogenesis. Journal
of Renal and Hepatic Disorders. 2019;3(1):15-
22.(in Persian)

8. Piccinin E, Cariello M, De Santis S, Ducheix S,
Sabba C, Ntambi JM, et al. Role of oleic acid in the
gut-liver axis: from diet to the regulation of its
synthesis via stearoyl-CoA desaturase 1 (SCD1).
Nutrients. 2019;11(10):2283.

9. Dziewulska A, Dobosz AM, Dobrzyn A, Smolinska
A, Kolczynska K, Ntambi JM, et al. SCD1
regulates the AMPK/SIRT1 pathway and histone
acetylation through changes in adenine nucleotide
metabolism in skeletal muscle. Journal of cellular
physiology. 2020;235(2):1129-40.

10. De la Cruz-Color L, Hernandez-Nazara ZH,
Maldonado-Gonzadlez M, Navarro-Mufiiz  E,
Dominguez-Rosales JA, Torres-Baranda JR, et al.
Association of the PNPLA2, SCD1 and leptin
expression with fat distribution in liver and adipose
tissue from obese subjects. Experimental and
Clinical Endocrinology & Diabetes.
2020;128(11):715-22.

11. Saponaro C, Gaggini M, Carli F, Gastaldelli A. The
subtle balance between lipolysis and lipogenesis: a

100 IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 15, NUMBER 2, SUMMER 2023


http://dx.doi.org/10.18502/ijdo.v15i2.12967
https://ijdo.ssu.ac.ir/article-1-792-en.html

[ Downloaded from ijdo.ssu.ac.ir on 2026-06-21 ]

[ DOI: 10.18502/ijdo.v15i2.12967 |

R. Delbari et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

critical point in metabolic homeostasis. Nutrients.
2015;7(11):9453-74.

Sathyanarayan A, Mashek MT, Mashek DG. ATGL
promotes autophagy/lipophagy via SIRT1 to
control hepatic lipid droplet catabolism. Cell
reports. 2017;19(1):1-9.

Kienesherger PC, Lee D, Pulinilkunnil T, Brenner
DS, Cai L, Magnes C, et al. Adipose triglyceride
lipase deficiency causes tissue-specific changes in
insulin signaling. Journal of Biological Chemistry.
2009;284(44):30218-29.

Schreiber R, Xie H, Schweiger M. Of mice and
men: The physiological role of adipose triglyceride
lipase (ATGL). Biochimica et Biophysica Acta
(BBA)-Molecular and Cell Biology of Lipids.
2019;1864(6):880-99.

Turpin SM, Hoy AJ, Brown RD, Garcia Rudaz C,
Honeyman J, Matzaris M, Watt MJ. Adipose
triacylglycerol lipase is a major regulator of hepatic
lipid metabolism but not insulin sensitivity in mice.
Diabetologia. 2011;54:146-56.

Che L, Paliogiannis P, Cigliano A, Pilo MG, Chen
X, Calvisi DF. Pathogenetic, prognostic, and
therapeutic role of fatty acid synthase in human
hepatocellular carcinoma. Frontiers in oncology.
2019;9:1412.

Sun B, Zhou J, Gao Y, He F, Xu H, Chen X, Zhang
W, Chen L. Fas-associated factor 1 promotes
hepatic insulin resistance via JNK signaling
pathway. Oxidative medicine and cellular
longevity. 2021;2021.

Rector RS, Thyfault JP, Morris RT, Laye MJ,
Borengasser SJ, Booth FW, et al. Daily exercise
increases hepatic fatty acid oxidation and prevents
steatosis in Otsuka Long-Evans Tokushima Fatty
rats.  American  Journal  of  Physiology-
Gastrointestinal and Liver Physiology.
2008;294(3):G619-26.

Domingos MM, Rodrigues MF, Stotzer US,
Bertucci DR, Souza MV, Marine DA, et al.
Resistance training restores the gene expression of
molecules related to fat oxidation and lipogenesis in
the liver of ovariectomized rats. European journal
of applied physiology. 2012;112:1437-44.
Zacharewicz E, Hesselink MK, Schrauwen P.
Exercise counteracts lipotoxicity by improving lipid
turnover and lipid droplet quality. Journal of
Internal Medicine. 2018;284(5):505-18.

Huijsman E, van de Par C, Economou C, van der
Poel C, Lynch GS, Schoiswohl G, et al. Adipose
triacylglycerol lipase deletion alters whole body
energy  metabolism and  impairs  exercise

22.

23.

24.

25.

26.

217.

28.

29.

30.

performance in mice. American Journal of
Physiology-Endocrinology  and Metabolism.
2009;297(2):E505-13.

Hallsworth K, Fattakhova G, Hollingsworth KG,
Thoma C, Moore S, Taylor R, et al. Resistance
exercise reduces liver fat and its mediators in non-
alcoholic fatty liver disease independent of weight
loss. Gut. 2011;60(9):1278-83.

Ehsanifard Z, Mir-Mohammadrezaei F, Safarzadeh
A, Ghobad-Nejhad M. Aqueous extract of Inocutis
levis improves insulin resistance and glucose
tolerance in high sucrose-fed Wistar rats. Journal of
Herbmed Pharmacology. 2017;6(4):160-4.
Romero-Sarmiento Y, Soto-Rodriguez 1, Arzaba-
Villalba A, Garcia HS, Alexander-Aguilera A.
Effects of conjugated linoleic acid on oxidative
stress in rats with sucrose-induced non-alcoholic
fatty liver disease. Journal of Functional Foods.
2012;4(1):219-25.

Machrina Y, Pane YS, Lindarto D. The expression
of liver metabolic enzymes ampka 1, ampka 2, and
pgc-la due to exercise in Type-2 diabetes mellitus
rat model. Open Access Macedonian Journal of
Medical Sciences. 2020;8(A):629-32.

Morcillo S, Martin-Nafiez GM, Garcia-Serrano S,
Gutierrez-Repiso C, Rodriguez-Pacheco F, Valdes
S, et al. Changes in SCD gene DNA methylation
after bariatric surgery in morbidly obese patients
are associated with free fatty acids. Scientific
reports. 2017;7(1):1-8.

Zhang W, Zhang X, Wang H, Guo X, Li H, Wang
Y, et al. AMP-activated protein kinase o 1 protects
against diet-induced insulin resistance and obesity.
Diabetes 2012; 61: 3114-3125.

Minuzzi LG, Kuga GK, Breda L, Gaspar RC,
Mufoz VR, Pereira RM, et al. Short-term resistance
training increases APPL1 content in the liver and
the insulin sensitivity of mice fed a long-term high-
fat diet. Experimental and Clinical Endocrinology
& Diabetes. 2020;128(01):30-7.

Nikroo H, Hosseini SR, Fathi M, Sardar MA,
Khazaei M. The effect of aerobic, resistance, and
combined training on PPAR-a, SIRT1 gene
expression, and insulin resistance in high-fat diet-
induced NAFLD male rats. Physiology & Behavior.
2020;227:113149.

Fernandez-Real JM, Menendez JA, Moreno-
Navarrete JM, Bliher M, Vazquez-Martin A,
Véazquez MJ, et al. Extracellular fatty acid synthase:
a possible surrogate biomarker of insulin resistance.
Diabetes. 2010;59(6):1506-11.

IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 15, NUMBER 2, SUMMER 2023 101


http://dx.doi.org/10.18502/ijdo.v15i2.12967
https://ijdo.ssu.ac.ir/article-1-792-en.html
http://www.tcpdf.org

