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Abstract

Background: Non-alcoholic fatty liver disease (NAFLD) is the most prevalent chronic liver condition linked to a rise in other

metabolic disorders, such as type 2 diabetes and metabolic syndrome.

Methods: Thirty 5-week-old rats with an average body weight of 165.4 ± 31.3 g were randomly assigned into two main groups: A

sham group (10 rats) and an experimental group (20 rats, including control for fatty liver and exercise + fatty liver subgroups).

The high-intensity interval training (HIIT) group underwent a HIIT protocol for 8 weeks, training 5 days per week. The data were

analyzed using a dependent t-test and one-way analysis of variance (ANOVA), followed by Bonferroni's post hoc test.

Results: Non-alcoholic fatty liver disease significantly increased CD36 and LFABP levels in liver tissue (P = 0.023 and P = 0.001,

respectively). Eight weeks of interval training significantly decreased the levels of CD36 and LFABP in liver tissue (P = 0.019 and P

= 0.007, respectively).

Conclusions: The onset of non-alcoholic fatty liver elevates fatty acid transporter levels in liver tissue. However, eight weeks of

HIIT markedly reduces these transporter levels.
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1. Background

In recent decades, a shift in living conditions has led

to a rise in obesity across many human societies (1).

Individuals who are overweight or obese often

experience fatty liver disease, a chronic liver condition

characterized by lipid accumulation in liver cells,
typically resulting from more than 5% fat content in the

liver. Fatty liver disease can progress from simple
steatosis to steatohepatitis, eventually leading to

advanced fibrosis and cirrhosis (2). The transport and

movement of FAs across the cell membrane are
facilitated by three groups of sarcolemma transporter

proteins. In muscle tissue, these include the fatty acid
(FA) binding protein in the plasma membrane

(FABPpm), a family of fatty acid transfer proteins

(FATPs), and fatty acid translocase (FAT/CD36), the latter
being a homolog of human CD36. Among these,

FAT/CD36 plays the most significant role in the rate of FA
transfer (3). After lipid digestion, the transport of short-

chain FAs occurs through simple diffusion, whereas the

transport of long-chain FAs is managed by various

transporters in the enterocyte membrane, including

CD36, FABPs, and FATP1-6. Within the cytoplasm of

enterocytes, FAs are thioesterified by acyl-CoA

synthetase-1 to form acyl-CoA, which is then used with

monoglycerides to synthesize triglycerides (TG) (4).

CD36, a plasma membrane component of hepatocytes,
plays a crucial role in lipid transfer, facilitating the

transport and transfer of FA across the mitochondrial

membrane and into hepatocytes (5). Changes in CD36
expression have been shown to significantly impact FA

accumulation, where a reduction in CD36 leads to
decreased secretion of VLDL, reduced release of TG and

apoB, and an increase in prostaglandins D2, F2 and E2,

ultimately resulting in steatosis in rats (6). Additionally,
the adoption of a high-fat diet, which induces NAFLD,

has been linked to an increased expression of CD36 (7).

Adopting a low-fat diet has been shown to decrease

the expression of CD36, resulting in a significant
reduction of FA uptake in hepatocytes, even with an

increase in plasma fat (8). Additionally, FABP, in

conjunction with CD36, facilitates the transport of long-

chain fatty acids (LCFA) into liver cells. FABP, with its
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high affinity for FAs, can transport two FA molecules

across the membrane (9). The impact of exercise

training on FA transporter protein levels has yielded
mixed results. Burgomaster et al. noted that 6 weeks of

high-intensity training (HIT) exercises increased muscle
oxidation capacity by 35% (increase in COX IV content

within the first week) but had varying effects on glucose,

lactate, and FA transporters. The content of GLUT4, MCT1,
and MCT4 significantly increased and remained

elevated above baseline levels even after 6 weeks
without training. However, neither training nor the lack

of training significantly altered FAT/CD36 and FABPpm

content (10). Talanian et al. observed a significant

increase in FABPpm levels in the vastus lateralis muscle

after 7 weeks of HIT training, while the FAT/CD36 protein
content showed no significant change post-training (11).

Conversely, Seldin et al. found that two weeks of
voluntary treadmill exercise significantly increased the

expression of FAT/CD36 and FABP4 in adipocytes,

although there was no significant increase in FABP1
levels in adipocytes (12).

2. Objectives

Given these mixed findings, along with the absence

of studies on FA transporters in liver tissue and the lack

of research involving high-intensity interval training

(HIIT), we aimed to investigate whether 8 weeks of

intense interval training affects the levels of hepatic

lipid transporter proteins (LFABP and CD36) in rats with

fatty liver.

3. Methods

3.1. Animals

This study employed an applied, semi-experimental,
and double-blind experimental design. Thirty 10-week-

old rats with an average body weight of 165.4 ± 31.3 g
were sourced from the laboratory at Jundishapur

University, Ahvaz. Throughout the research, the rats

were housed in specialized fiberglass cages under
controlled conditions, including 12 hours of darkness

and light, a temperature of 23 ± 1°C, and humidity of 51 ±
3%. It's important to note that each cage housed three

rats.

Throughout the study, the rats' water and food

supplies were monitored daily, ensuring they had access

to standard, species-specific provisions. Additionally,

their cages were cleaned thoroughly twice a week.

3.2. Method

After a week of acclimatizing to the laboratory

setting, thirty rats were randomly assigned into two

groups: A sham group (10 rats) and an experimental
group (20 rats, divided into two subgroups: Fatty liver

and fatty liver + exercise). Animals in the sham group
were fed standard food for 16 weeks, whereas those in

the experimental group received a high-fat diet under

similar conditions. The sample size for each group was
calculated using MedCalc version 10.0.2.0, based on a 5%

significance level and a test power of 0.8, resulting in
approximately 10 subjects per group.

Following the initial 16-week nutritional

intervention, blood samples were collected from the

tails of all animals on the high-fat diet to determine

plasma ALT levels, a primary indicator of fatty liver.

Subsequently, animals in this group were randomly
divided into two equal subgroups: A control group and a

HIIT training group. While both subgroups continued

on the high-fat diet, the HIIT training group underwent

a HIIT protocol for 8 weeks (5 days per week). In contrast,

the control group only maintained the diet, receiving
high-fat food without engaging in any exercise program.

The exercise protocol comprised 8 weeks of interval

training featuring stages of high and low intensity:

- High-intensity stages involved 2 minutes at 75% of

maximum speed during the first week, increasing to

80% in the second week, 85% in the third week, and

reaching 90% in the fourth week, which marked the

conclusion of the training period (Table 1) (13).

- Low-intensity stages consisted of 2 minutes at 30% of

maximum speed from the first to the third week and

were adjusted to 20% of maximum speed from the start

of the fourth week until the end of the training period
(Table 1) (13).

Table 1. High-intensity Interval Training Protocol

Exercise
Protocol

First
Week

Second
Week

Third
Week

Fourth
Week

Fifth
Week

Sixth
Week

Seventh
Week

Eighth
Week

Intense
training
intensity
(percentage
of
maximum
speed)

75 80 85 90 90 90 90 90

Intensity of
slow
training
(percentage
of
maximum
speed)

30 30 30 20 20 20 20 20

The
number of
practice
sessions

2 4 6 8 8 8 8 8

3.3. Statistical Analysis
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Descriptive statistics, including means and standard

deviations, were utilized to present the data and create

tables. The Shapiro-Wilk test was applied to assess the

normality of the data, while Levene's test was conducted

to examine the homogeneity of variances. An
independent t-test was used to compare group means in

the pre-test and post-test. To explore the differences

between groups, one-way analysis of variance (ANOVA)

and Bonferroni's post hoc tests were employed. All data

were analyzed using SPSS-22 software, with a
significance level set at 0.05.

4. Results

In this study, the plasma levels of the alanine

aminotransferase (ALT) enzyme were examined to

investigate the development of non-alcoholic fatty liver.

The t-test results indicated that a high-fat diet

significantly increased plasma ALT levels (P = 0.001)

(Table 2 and Figure 1).

Table 2. Independent t-test Results to Investigate the Effect of High-fat Diet on ALT
Plasma Levels

Variable and group No. Mean a
Main

Difference
t P-

Value

Alanine aminotransferase,
mmol/l 20.86 9.73 0.001

Standard diet control 10
38.21 ±

4.15

High-fat diet control 10 59.07 ±
9.42

a Values are expressed as mean standard deviation.

Figure 1. Changes in alanine aminotransferase (ALT) levels after the use of a high-fat
diet

A notable increase in CD36 and LFABP protein levels

in liver tissue was observed in the high-fat diet group (P

= 0.023 and P = 0.001, respectively) (Figures 2 and 3).

Figure 2. Changes in CD36 levels after the use of a high-fat diet

Figure 3. Changes in LFABP levels after the use of a high-fat diet

Additionally, the findings demonstrated that HIIT

significantly reduced CD36 and LFABP protein levels in

liver tissue in rats (Figures 4 and 5).

Figure 4. Changes in CD36 levels after eight weeks of high-intensity interval training
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Figure 5. Changes in LFABP levels after eight weeks of high-intensity interval
training

5. Discussion

ALT is recognized as a more specific and sensitive

marker for liver cell damage compared to AST. Typically,

the increase in ALT levels during hepatocellular injury

exceeds that of AST due to ALT's longer half-life (14, 15).

The use of a high-fat diet in this study led to

inflammation and liver damage in rats, with a

consequent increase in plasma ALT levels, indicating the

development of non-alcoholic fatty liver. The research

findings revealed that liver CD36 and LFABP protein

levels significantly increased by the end of the 16th

week. Thus, the induction of non-alcoholic fatty liver

resulted in a significant rise in liver CD36 and LFABP

protein levels. Hepatic expression of FAT/CD36 is usually

low but increases in rodents with fatty liver (16).

Furthermore, a period of high-fat diet consumption

leads to non-alcoholic fatty liver disease (NAFLD),

accompanied by heightened CD36 expression (17, 18).

Fatty acid-binding proteins (FABPs) play a crucial role

in the transport and metabolism of FAs. Indeed, FABPs

facilitate the utilization and consumption of dietary

fats, and in tissues where FA metabolism, absorption,

and storage are significant—such as the intestine, liver,

adipose cells, and muscle cells—the quantity of FABPs

increases alongside the heightened use of FAs (19).

This study's findings indicate that 8 weeks of HIIT

significantly lowered the levels of liver CD36 and LFABP

proteins in rats subjected to this training regimen

compared to those in the high-fat diet control group. As

observed in this research, a possible explanation for the

reduction in LFABP levels could be the decrease in body

weight and subsequent fat reduction in the training

group relative to the control group. Moreover, according

to Lira et al., the reduction in LFABP levels following

exercise was attributed to a decrease in intracellular

triacylglycerol (20). Additionally, considering that

testosterone levels rise after prolonged exercise training

(21, 22), and given that increased testosterone is

associated with reduced LFABP levels (23, 24), it is

plausible that another contributing factor to the

decreased liver LFABP values is the elevation of

testosterone levels due to long-term exercise training

(25).

The inconsistency of the results of this study with

other research that reported an increase in LFABP levels

can be attributed to the use of non-fatty liver test

samples and a focus on the effects of exercise training

on diabetic samples in those studies. It appears that the

enlargement of fat cells due to weight gain and obesity

correlates with an increased expression of FABPs and

their release into the bloodstream (26, 27).

Consequently, the reduction in FABP levels observed in

diabetic samples might be due to the degradation of

muscle tissue and fat, which are primary sources for the

production and secretion of FABPs (28).

Non-alcoholic fatty liver is often a result of sedentary

behavior and a high-calorie diet. Thus, according to the

findings of this research, individuals with NAFLD

should, in addition to modifying their diet and reducing

calorie intake, engage in suitable exercise training to

mitigate the complications and effects of this condition.

HIIT, in particular, is recommended.

Acknowledgements

We appreciate all those who helped us in conducting

this research.

Footnotes

Authors' Contribution: MO: Conception or design of

the manuscript; HM and MR: Acquisition, analysis, and

interpretation of the data. All authors participated in

drafting the manuscript, and MO revised it critically. All

authors read and approved the final version of the

manuscript.

Clinical Trial Registration Code:

IRCT20221106056423N1.

Conflict of Interests: The authors declared no conflicts

of interest.

Data Availability: The dataset presented in the study is

available on request from the corresponding author

during submission or after its publication. The data are

not publicly available due to participants' privacy.



Maleki H et al.

Jundishapur J Health Sci. 2024; 16(1): e139909. 5

Ethical Approval: This study was approved under the

ethical approval code IR.IAU.ILAM.REC.1401.006 .

Funding/Support: There was no funding/support.

Informed Consent: Written informed consent was

obtained for participation.

References

1. Westbury S, Oyebode O, van Rens T, Barber TM. Obesity Stigma:

Causes, Consequences, and Potential Solutions. Curr Obes Rep.

2023;12(1):10-23. [PubMed ID: 36781624]. [PubMed Central ID:

PMC9985585]. https://doi.org/10.1007/s13679-023-00495-3.

2. Pouwels S, Sakran N, Graham Y, Leal A, Pintar T, Yang W, et al. Non-

alcoholic fatty liver disease (NAFLD): A review of pathophysiology,

clinical management and effects of weight loss. BMC Endocr Disord.

2022;22(1):63. [PubMed ID: 35287643]. [PubMed Central ID:

PMC8919523]. https://doi.org/10.1186/s12902-022-00980-1.

3. Ramos-Jimenez A, Zavala-Lira RA, Moreno-Brito V, Gonzalez-

Rodriguez E. FAT/CD36 Participation in Human Skeletal Muscle Lipid

Metabolism: A Systematic Review. J Clin Med. 2022;12(1). [PubMed ID:

36615118]. [PubMed Central ID: PMC9821548].

https://doi.org/10.3390/jcm12010318.

4. Ma Y, Nenkov M, Chen Y, Press AT, Kaemmerer E, Gassler N. Fatty acid

metabolism and acyl-CoA synthetases in the liver-gut axis. World J
Hepatol. 2021;13(11):1512-33. [PubMed ID: 34904027]. [PubMed Central

ID: PMC8637682]. https://doi.org/10.4254/wjh.v13.i11.1512.

5. Shu H, Peng Y, Hang W, Nie J, Zhou N, Wang DW. The role of CD36 in

cardiovascular disease. Cardiovasc Res. 2022;118(1):115-29. [PubMed

ID: 33210138]. [PubMed Central ID: PMC8752351].

https://doi.org/10.1093/cvr/cvaa319.

6. Nassir F, Adewole OL, Brunt EM, Abumrad NA. CD36 deletion reduces

VLDL secretion, modulates liver prostaglandins, and exacerbates

hepatic steatosis in ob/ob mice. J Lipid Res. 2013;54(11):2988-97.

[PubMed ID: 23964120]. [PubMed Central ID: PMC3793603].

https://doi.org/10.1194/jlr.M037812.

7. Rada P, Gonzalez-Rodriguez A, Garcia-Monzon C, Valverde AM.

Understanding lipotoxicity in NAFLD pathogenesis: is CD36 a key

driver? Cell Death Dis. 2020;11(9):802. [PubMed ID: 32978374].

[PubMed Central ID: PMC7519685]. https://doi.org/10.1038/s41419-020-

03003-w.

8. Nemeth K, Toth B, Sarnyai F, Koncz A, Lenzinger D, Kereszturi E, et al.

High fat diet and PCSK9 knockout modulates lipid profile of the liver

and changes the expression of lipid homeostasis related genes. Nutr
Metab (Lond). 2023;20(1):19. [PubMed ID: 37004042]. [PubMed

Central ID: PMC10064771]. https://doi.org/10.1186/s12986-023-00738-z.

9. Mallick R, Basak S, Duttaroy AK. Fatty acids and evolving roles of their

proteins in neurological, cardiovascular disorders and cancers. Prog
Lipid Res. 2021;83:101116. [PubMed ID: 34293403].

https://doi.org/10.1016/j.plipres.2021.101116.

10. Burgomaster KA, Hughes SC, Heigenhauser GJ, Bradwell SN, Gibala

MJ. Six sessions of sprint interval training increases muscle oxidative

potential and cycle endurance capacity in humans. J Appl Physiol
(1985). 2005;98(6):1985-90. [PubMed ID: 15705728].

https://doi.org/10.1152/japplphysiol.01095.2004.

11. Talanian JL, Galloway SD, Heigenhauser GJ, Bonen A, Spriet LL. Two

weeks of high-intensity aerobic interval training increases the

capacity for fat oxidation during exercise in women. J Appl Physiol
(1985). 2007;102(4):1439-47. [PubMed ID: 17170203].

https://doi.org/10.1152/japplphysiol.01098.2006.

12. Seldin MM, Peterson JM, Byerly MS, Wei Z, Wong GW. Myonectin

(CTRP15), a novel myokine that links skeletal muscle to systemic lipid

homeostasis. J Biol Chem. 2012;287(15):11968-80. [PubMed ID:

22351773]. [PubMed Central ID: PMC3320944].

https://doi.org/10.1074/jbc.M111.336834.

13. Khani Sanij E, Ebrahim K, Rezvani E, Azizian H. The effect of 8 weeks

of high-intensity interval training on vascular calcification index in

mice with type 2 diabetes. Journal of Sport Biosciences.

2021;13(4):473-88.

14. Bruhn PJ, Osterballe L, Hillingso J, Svendsen LB, Helgstrand F.

Posttraumatic levels of liver enzymes can reduce the need for CT in

children: a retrospective cohort study. Scand J Trauma Resusc Emerg
Med. 2016;24(1):104. [PubMed ID: 27561373]. [PubMed Central ID:

PMC5000516]. https://doi.org/10.1186/s13049-016-0297-1.

15. Sharma P. Value of Liver Function Tests in Cirrhosis. J Clin Exp
Hepatol. 2022;12(3):948-64. [PubMed ID: 35677506]. [PubMed Central

ID: PMC9168739]. https://doi.org/10.1016/j.jceh.2021.11.004.

16. Miquilena-Colina ME, Lima-Cabello E, Sanchez-Campos S, Garcia-

Mediavilla MV, Fernandez-Bermejo M, Lozano-Rodriguez T, et al.

Hepatic fatty acid translocase CD36 upregulation is associated with

insulin resistance, hyperinsulinaemia and increased steatosis in

non-alcoholic steatohepatitis and chronic hepatitis C. Gut.

2011;60(10):1394-402. [PubMed ID: 21270117].

https://doi.org/10.1136/gut.2010.222844.

17. Rey E, Melendez-Rodriguez F, Maranon P, Gil-Valle M, Carrasco AG,

Torres-Capelli M, et al. Hypoxia-inducible factor 2alpha drives

hepatosteatosis through the fatty acid translocase CD36. Liver Int.

2020;40(10):2553-67. [PubMed ID: 32432822]. [PubMed Central ID:

PMC7539965]. https://doi.org/10.1111/liv.14519.

18. Fu Q, North PE, Ke X, Huang YW, Fritz KA, Majnik AV, et al. Adverse

Maternal Environment and Postweaning Western Diet Alter Hepatic

CD36 Expression and Methylation Concurrently with Nonalcoholic

Fatty Liver Disease in Mouse Offspring. J Nutr. 2021;151(10):3102-12.

[PubMed ID: 34486661]. [PubMed Central ID: PMC8485909].

https://doi.org/10.1093/jn/nxab249.

19. Li X, Liu Q, Pan Y, Chen S, Zhao Y, Hu Y. New insights into the role of

dietary triglyceride absorption in obesity and metabolic diseases.

Front Pharmacol. 2023;14:1097835. [PubMed ID: 36817150]. [PubMed

Central ID: PMC9932209]. https://doi.org/10.3389/fphar.2023.1097835.

20. Lira FS, Yamashita A, Carnevali LJ, Goncalves DC, Lima WP, Rosa JC, et

al. Exercise training reduces PGE2 levels and induces recovery from

steatosis in tumor-bearing rats. Horm Metab Res. 2010;42(13):944-9.

[PubMed ID: 21064006]. https://doi.org/10.1055/s-0030-1267949.

21. Jensen J, Oftebro H, Breigan B, Johnsson A, Ohlin K, Meen HD, et al.

Comparison of changes in testosterone concentrations after

strength and endurance exercise in well trained men. Eur J Appl
Physiol Occup Physiol. 1991;63(6):467-71. [PubMed ID: 1765061].

https://doi.org/10.1007/BF00868080.

22. Riachy R, McKinney K, Tuvdendorj DR. Various Factors May Modulate

the Effect of Exercise on Testosterone Levels in Men. J Funct Morphol
Kinesiol. 2020;5(4). [PubMed ID: 33467296]. [PubMed Central ID:

PMC7739287]. https://doi.org/10.3390/jfmk5040081.

23. Vieira RFL, Munoz VR, Junqueira RL, de Oliveira F, Gaspar RC,

Nakandakari S, et al. Time-restricted feeding combined with aerobic

exercise training can prevent weight gain and improve metabolic

disorders in mice fed a high-fat diet. J Physiol. 2022;600(4):797-813.

[PubMed ID: 33450053]. https://doi.org/10.1113/JP280820.

24. Zhang D, Wei Y, Huang Q, Chen Y, Zeng K, Yang W, et al. Important

Hormones Regulating Lipid Metabolism. Molecules. 2022;27(20).

[PubMed ID: 36296646]. [PubMed Central ID: PMC9607181].

https://doi.org/10.3390/molecules27207052.

25. Chasland LC, Yeap BB, Maiorana AJ, Chan YX, Maslen BA, Cooke BR, et

al. Testosterone and exercise: effects on fitness, body composition,

and strength in middle-to-older aged men with low-normal serum

testosterone levels. Am J Physiol Heart Circ Physiol.

https://ethics.research.ac.ir/ProposalCertificateEn.php?id=284850
http://www.ncbi.nlm.nih.gov/pubmed/36781624
https://www.ncbi.nlm.nih.gov/pmc/PMC9985585
https://doi.org/10.1007/s13679-023-00495-3
http://www.ncbi.nlm.nih.gov/pubmed/35287643
https://www.ncbi.nlm.nih.gov/pmc/PMC8919523
https://doi.org/10.1186/s12902-022-00980-1
http://www.ncbi.nlm.nih.gov/pubmed/36615118
https://www.ncbi.nlm.nih.gov/pmc/PMC9821548
https://doi.org/10.3390/jcm12010318
http://www.ncbi.nlm.nih.gov/pubmed/34904027
https://www.ncbi.nlm.nih.gov/pmc/PMC8637682
https://doi.org/10.4254/wjh.v13.i11.1512
http://www.ncbi.nlm.nih.gov/pubmed/33210138
https://www.ncbi.nlm.nih.gov/pmc/PMC8752351
https://doi.org/10.1093/cvr/cvaa319
http://www.ncbi.nlm.nih.gov/pubmed/23964120
https://www.ncbi.nlm.nih.gov/pmc/PMC3793603
https://doi.org/10.1194/jlr.M037812
http://www.ncbi.nlm.nih.gov/pubmed/32978374
https://www.ncbi.nlm.nih.gov/pmc/PMC7519685
https://doi.org/10.1038/s41419-020-03003-w
https://doi.org/10.1038/s41419-020-03003-w
http://www.ncbi.nlm.nih.gov/pubmed/37004042
https://www.ncbi.nlm.nih.gov/pmc/PMC10064771
https://doi.org/10.1186/s12986-023-00738-z
http://www.ncbi.nlm.nih.gov/pubmed/34293403
https://doi.org/10.1016/j.plipres.2021.101116
http://www.ncbi.nlm.nih.gov/pubmed/15705728
https://doi.org/10.1152/japplphysiol.01095.2004
http://www.ncbi.nlm.nih.gov/pubmed/17170203
https://doi.org/10.1152/japplphysiol.01098.2006
http://www.ncbi.nlm.nih.gov/pubmed/22351773
https://www.ncbi.nlm.nih.gov/pmc/PMC3320944
https://doi.org/10.1074/jbc.M111.336834
http://www.ncbi.nlm.nih.gov/pubmed/22351773
https://www.ncbi.nlm.nih.gov/pmc/PMC3320944
https://doi.org/10.1074/jbc.M111.336834
http://www.ncbi.nlm.nih.gov/pubmed/27561373
https://www.ncbi.nlm.nih.gov/pmc/PMC5000516
https://doi.org/10.1186/s13049-016-0297-1
http://www.ncbi.nlm.nih.gov/pubmed/35677506
https://www.ncbi.nlm.nih.gov/pmc/PMC9168739
https://doi.org/10.1016/j.jceh.2021.11.004
http://www.ncbi.nlm.nih.gov/pubmed/21270117
https://doi.org/10.1136/gut.2010.222844
http://www.ncbi.nlm.nih.gov/pubmed/32432822
https://www.ncbi.nlm.nih.gov/pmc/PMC7539965
https://doi.org/10.1111/liv.14519
http://www.ncbi.nlm.nih.gov/pubmed/34486661
https://www.ncbi.nlm.nih.gov/pmc/PMC8485909
https://doi.org/10.1093/jn/nxab249
http://www.ncbi.nlm.nih.gov/pubmed/36817150
https://www.ncbi.nlm.nih.gov/pmc/PMC9932209
https://doi.org/10.3389/fphar.2023.1097835
http://www.ncbi.nlm.nih.gov/pubmed/21064006
https://doi.org/10.1055/s-0030-1267949
http://www.ncbi.nlm.nih.gov/pubmed/1765061
https://doi.org/10.1007/BF00868080
http://www.ncbi.nlm.nih.gov/pubmed/33467296
https://www.ncbi.nlm.nih.gov/pmc/PMC7739287
https://doi.org/10.3390/jfmk5040081
http://www.ncbi.nlm.nih.gov/pubmed/33450053
https://doi.org/10.1113/JP280820
http://www.ncbi.nlm.nih.gov/pubmed/36296646
https://www.ncbi.nlm.nih.gov/pmc/PMC9607181
https://doi.org/10.3390/molecules27207052


Maleki H et al.

6 Jundishapur J Health Sci. 2024; 16(1): e139909.

2021;320(5):H1985-98. [PubMed ID: 33739155].

https://doi.org/10.1152/ajpheart.00010.2021.

26. Moghadasi M, Nuri R, Ahmadi N. Effects of 8 weeks high intensity

aerobic exercise on serum retinol binding protein 4 levels in female

athletes. Brazilian Journal of Biomotricity. 2013;7(1):37-42.

27. Liu S, Wu D, Fan Z, Yang J, Li Y, Meng Y, et al. FABP4 in obesity-

associated carcinogenesis: Novel insights into mechanisms and

therapeutic implications. Front Mol Biosci. 2022;9:973955. [PubMed

ID: 36060264]. [PubMed Central ID: PMC9438896].

https://doi.org/10.3389/fmolb.2022.973955.

28. Furuhashi M, Saitoh S, Shimamoto K, Miura T. Fatty Acid-Binding

Protein 4 (FABP4): Pathophysiological Insights and Potent Clinical

Biomarker of Metabolic and Cardiovascular Diseases. Clin Med
Insights Cardiol. 2014;8(Suppl 3):23-33. [PubMed ID: 25674026].

[PubMed Central ID: PMC4315049].

https://doi.org/10.4137/CMC.S17067.

http://www.ncbi.nlm.nih.gov/pubmed/33739155
https://doi.org/10.1152/ajpheart.00010.2021
http://www.ncbi.nlm.nih.gov/pubmed/36060264
https://www.ncbi.nlm.nih.gov/pmc/PMC9438896
https://doi.org/10.3389/fmolb.2022.973955
http://www.ncbi.nlm.nih.gov/pubmed/36060264
https://www.ncbi.nlm.nih.gov/pmc/PMC9438896
https://doi.org/10.3389/fmolb.2022.973955
http://www.ncbi.nlm.nih.gov/pubmed/25674026
https://www.ncbi.nlm.nih.gov/pmc/PMC4315049
https://doi.org/10.4137/CMC.S17067

