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  ABSTRACT  
NAFLD, multi-hit hypothesis, 

fatty acid, fenofibrate, 

simvastatin. 

 Fenofibrate and simvastatin are drugs that might have beneficial effects 

on non-alcoholic fatty liver disease (NAFLD). This study aimed to 

determine the effect of fenofibrate and simvastatin treatment in an 

NAFLD model. HepG2 cells (5 × 105 cells/well) were treated with oleic 

acid (OA) or palmitic acid (PA) and various concentrations of either 

fenofibrate or simvastatin for 24 h (n=4). Histological features were 

examined by oil-red-O staining. Expression of metabolic genes 

(peroxisome proliferator activated receptors- α and γ, sterol regulatory 

element binding proteins-1a and 1c, acetyl-CoA carboxylase, acyl-CoA 

oxidase, and fatty acid synthase), antioxidative genes (catalase and 

superoxide dismutase-1 and 2), and cytochrome P450 genes (CYP1A2, 

CYP2C19, CYP2D6, CYP2E1, CYP3A4, and CYP4A11), was analyzed 

by RT/qPCR. Accumulation of intracellular lipid was attenuated by 10 

and 30 μM fenofibrate while cell shrinkage was observed from the lowest 

concentration of simvastatin. Expression of metabolic genes was elevated 

by both OA and PA while fenofibrate and simvastatin reduced expression 

of these genes in a dose- dependent manner. OA and PA reduced 

expression of antioxidative genes while fenofibrate increased SOD1 

expression and simvastatin restored SOD2 expression. Expression of 

CYPs was concentration-dependently modified by both drugs compared 

to the induction group. Our in vitro OA or PA-induced NAFLD model 

revealed the ability of fenofibrate to control the progression of NAFLD 

and the tendency of simvastatin to limit the process of NAFLD. These 

findings suggest that fenofibrate, not simvastatin, provides the potential 

activity for NAFLD treatment. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Fenofibrate is a fibrate drug known to be a peroxisome proliferator activated receptor-alpha (PPAR-α) 

ligand. Fenofibrate is recommended for reducing serum triglyceride (TG) levels [1]. A previous study 

suggested that fenofibrate might have beneficial effects in non-alcoholic fatty liver disease (NAFLD) [2], 

while another reported it to have no effect on steatosis grade in NAFLD [3]. Simvastatin is a cholesterol 
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lowering agent which might have a role in NAFLD amelioration despite its reported hepatotoxicity [4]. 

There are many studies that have examined the ability of low dose (10-30 μM)-fenofibrate and simvastatin 

and high dose (100- 200 μM)-fenofibrate to attenuate NAFLD [5– 7]. NAFLD is recognized as a major 

chronic liver disease worldwide. Development of NAFLD can be explained via the multiple-hit hypothesis 

associated with metabolic syndromes and/or excess fat consumption [8]. NAFLD pathogenesis progresses 

through insulin resistance, mitochondrial dysfunction, endoplasmic reticulum (ER) stress, oxidant-

antioxidant imbalance, and inflammation. Hence, all of these hits are targets for NAFLD therapy. To date, 

patients with fatty liver disease have been instructed to make life style changes such as decreasing daily 

calorie intake, avoiding high fat and sugar processed food, and exercising and therapeutic management 

focusing on PPAR-α agonists, insulin sensitizers, vitamin E, urcodeoxycholic acid, and/or bariatric surgery. 

However, no evidence of an effective treatment has been reported. Fenofibrate has been reported to activate 

PPAR-α and sterol regulatory element binding protein-1c (SREBP-1c) while simvastatin has been shown to 

stimulate PPAR-γ and SREBP-1c [9– 11]. Therefore, this study aimed to establish a new standard NAFLD 

therapy by examining the effects of fenofibrate and simvastatin on metabolic genes (PPAR-α, PPAR-γ, 

SREBP-1a, SREBP-1c, acetyl-CoA carboxylase (ACC), acyl-CoA oxidase (ACOX), and fatty acid synthase 

(FAS)), antioxidant genes (catalase (CAT), superoxide dismutase 1 (SOD1), and SOD2), CYPs (CYP1A2, 

CYP2C19, CYP2D6, CYP2E1, CYP3A4, and CYP4A11) in an OA or PA-induced NAFLD model in 

HepG2 cells. 

 

2. MATERIALS AND METHODS 

 

2.1 Materials 

Dulbecco’s modified Eagle medium (DMEM [+] 1g/L D-glucose, [+] L-glutamine, [+] 110 mg/mL sodium 

pyruvate), Dulbecco’s modified Eagle medium F-12 (DMEM F/12 [+] L-glutamine), 

penicillin/streptomycin (10,000 U/mL), and fetal bovine serum (FBS) were obtained from Gibco® (Life 

TechnologiesTM, MA, USA). Oleic acid (OA, O1008), palmitic acid (PA, P0500), fenofibrate (F6020), 

simvastatin (S6196), and oil red O (ORO) was purchased from Sigma-Aldrich (Missouri, USA). ReverTra 

Ace® was a product of Toyobo Co., Ltd. (Osaka, Japan). Taq DNA polymerase was purchased from 

Vivantis® (Selangor, Malaysia). All other laboratory chemicals were of the highest purity from the 

commercial suppliers. 

 

2.2 Experimental design and treatments 

All experiment was done at Faculty of Pharmaceutical Sciences, Khon Kaen University, Thailand, during 

June to December 2020. Each experiment was conducted twice as for confirmation. HepG2 cells (ATCC® 

HB-8065, Manassas, USA) were cultured in 10% FBS and 110 units /mL penicillin/streptomycin 

supplemented DMEM F/12 at 37ºC under 95% humidity and 5% CO2. Then the cells were seeded in a 6-

well plate at a density of 5 × 105 cells/well until reaching 80% confluence. OA and PA stock solutions (1 

M) were prepared in isopropanol and diluted with the medium to 1 mM while fenofibrate and simvastatin 

stock solutions (10 M) were dissolved in isopropanol and diluted with the medium to 1, 10, and 30 μM. The 

cells were co-treated with 1 mM OA or PA and 1, 10, and 30 μM fenofibrate or simvastatin for 24 h (n=4). 

After that the medium and the cells were collected for further analysis. 

 

2.3 Determination of intracellular fat content using oil red o staining 

ORO solution (0.18%) was freshly prepared in 60% isopropanol. The medium was removed and the cells 

were washed with phosphate buffered saline (PBS). The cells were fixed with 10% neutral-buffered-

formalin and washed twice with distilled water, followed by 60% isopropanol. Then the fixed cells were 

stained with ORO. Background was adjusted via immersion in 60% isopropanol, followed by washing with 
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distilled water. Hepatic histological features were assessed using 10× magnification of a Motic AE2000 

inverted microscope (Motic, Kowloon, Hong Kong). The image was displayed and analyzed on screen 

using a Motic image plus 3.0 software [12]. 

 

2.4 Quantitative reverse transcription and real-time polymerase chain reactions (RT/qPCR) 

Total RNA was extracted by guanidine-thiocyanate-phenol-chloroform method and the concentration was 

determined using a NanoDrop 2000c UV-spectrophotometer (NanoDrop Technologies, Inc., Thermo Fisher 

Scientific, MA, USA). Then total RNA was converted to cDNA using ReverTra Ace® at 25ºC for 10 min, 

42ºC for 60 min, and 95ºC for 5 min. Expression of metabolic genes, i.e. PPAR-α, PPAR-γ, SREBP-1a, 

SREBP-1c, ACC, , ACOX, and FAS, antioxidative genes, i.e. CAT, SOD1, and SOD2, and CYPs, i.e. 

CYP1A2, CYP2C19, CYP2D6, CYP2E1, CYP3A4, and CYP4A11, and a reference β-actin gene were 

subjected to qPCR with specific primers (Table 1) under conditions recommended by the supplier by Bio 

Basic, Inc. (Markham, Ontario, Canada) and calculated as previously described by [13]. The mRNA levels 

were normalized with β-actin and expressed as fold difference to control. 

 

2.5 Statistical analysis 

The data is analyzed using one-way ANOVA follow by Tukey’s post hoc test using the Statistical Package 

for Social Sciences (SPSS) statistical program version 23 (Armonk, USA). p < 0.05 is considered to be 

statistically significant. 

 

Table 1: Specific forward and reverse primers for qPCR. 

Genes  Forward and reverse primers (5’  3’) TAnnealing (°C) 

PPAR- Forward GGT GGA CAC GGA AAG CCC AC 60.6 
 Reverse GGA CCA CAG GAT AAG TCA CC  

PPAR-γ Forward GGC GAG GGC GAT CTT GAC AGG 57.4 
 Reverse TGC GGA TGG CCA CCT CTT TGC  

SREBP-1a Forward TCA GCG AGG CGG CTT TGG AGC AG 57.4 
 Reverse CAT GTC TTC GAT GTC GGT CAG  

SREBP-1c Forward GGA GGG GTA GGG CCA ACG GCC T 57.4 
 Reverse CAT GTC TTC GAA AGT GCA ATC C  

ACC Forward GAA TGT TTG GGG ATA TTT CAG 60.7 
 Reverse TTC TGC TAT CAG TCT GTC CAG  

ACOX Forward GGG CAT GGC TAT TCT CAT TGC 60.2 
 Reverse CGA ACA AGG TCA ACA GAA GTT AGG  

FAS Forward CGG AAA CTG CAG GAG CTG TC 60.0 
 Reverse CAC GGA GTT GAG CCG CAT  

CAT Forward AGT GAT CGG GGG ATT CCA GA 60.8 
 Reverse GAG GGG TAC TTT CCT GTG GC  

SOD1 Forward GGT GTG GCC GAT GTG TCT AT 60.6 
 Reverse TGG GCG ATC CCA ATT ACA CC  

SOD2 Forward GCA CTA GCA GCA TGT TGA GC 60.1 
 Reverse CCG TTA GGG CTG AGG TTT GT  

CYP1A2 Forward ACA AGG GAC ACA ACG CTG AA 60.0 
 Reverse AGG GCT TGT TAA TGG CAG TG  

CYP2C19 Forward ACC CAA AGG ACC TTG ACA CA 61.1 
 Reverse AGA TAG TGA AAT TTG GAC CAG AGG A  

CYP2D6 Forward AGC TTT CTG GTG ACC CCA TC 61.1 
 Reverse GGA CCC GAG TTG GAA CTA CC  

CYP2E1 Forward AAT GGA CCT ACC TGG AAG GAC 60.0 
 Reverse CCT CTG GAT CCG GCT CTC ATT  
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CYP3A4 Forward GCC TGG TGC TCC TCT ATC TA 54.7 
 Reverse GGC TGT TGA CCA TCA TAA AAG  

CYP4A11 Forward CCC CTT GTG GCC TTT GG 60.0 
 Reverse GCG TCA GGG TAG CCT TCC A  

β-actin Forward TCC GCA AAG ACC TGT ACA CC 61.1 
 Reverse GAG TAC TTG CGC TTG GGA GG  

 

3. RESULTS 

 

3.1 Histomorphology of HepG2 cells-treated with oleic acid or palmitic acid and fenofibrate or 

simvastatin 

The histological features of ORO-stained HepG2 cells are shown in Figure 1 and 2. The control and 0.5% 

isopropanol-treated HepG2 cells demonstrated regular HepG2 histological characteristics. Treatment with 1 

mM OA resulted in the accumulation of large amounts of lipid droplets with microvesicular steatosis in the 

cells (red staining, Figure 1). While fenofibrate and simvastatin both reduced lipid deposition in hepatocytes 

in a concentration-dependent manner, 30 μM simvastatin was not superior to10 μM simvastatin (Figure 1). 

Furthermore, simvastatin altered the morphology of the OA treated HepG2 cells. The cells exposed to 1 

mM PA exhibited intensive lipid accumulation, cell shrinkage, and nuclear fragmentation (Figure 2). 

Fenofibrate and simvastatin at 1 and 10 μM attenuated the accumulation of lipid droplets in the cells but 

treatment with 30 μM concentrations resulted in membrane blebbing (black arrows, Figure 2), clumping of 

cell materials, loss of attachment, and necrotic characteristics (Figure 2). 

 

 
Figure 1 Histomorphology of oleic acid (OA)-induced NAFLD in HepG2 cells treated by fenofibrate or 

simvastatin. 
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Figure 2 Histomorphology of palmitic acid (PA)-induced NAFLD in HepG2 cells treated by fenofibrate or 

simvastatin 

  

3.2 Expression of metabolic genes in HepG2 cells treated with oleic acid or palmitic acid and fenofibrate 

or simvastatin 

The expression of all tested metabolic genes (PPAR-α, PPAR-γ, SREBP-1a, SREBP-1c, ACC, ACOX, and 

FAS) was up regulated by OA (Figure 3a) and concentration-dependently suppressed by fenofibrate. The 

OA-induced PPAR-γ, SREBP-1a, SREBP-1c, ACC, and ACOX expression was down regulated by all 

concentrations of fenofibrate while PPAR-α and FAS expression was only suppressed by 10 and 30 μM 

fenofibrate. High concentrations (10 and 30 μM) of simvastatin suppressed OA-induced PPAR-α, PPAR-γ, 

ACC, and FAS expression whereas SREBP-1a, SREBP-1c, and ACOX expression was down regulated by 

all concentrations of simvastatin. PA also induced expression of all tested metabolic genes (Figure 3b). 

Fenofibrate down-regulated the PA-induced expression of PPAR-γ, ACC, and FAS at all concentrations, 

the expression of SREBP-1a and ACOX was suppressed by 10 and 30 μM fenofibrate, and 30 μM 

fenofibrate suppressed PPAR-α, SREBP-1c expression. Simvastatin attenuated PA-induced PPAR-α, 

SREBP-1a, SREBP-1c, and FAS expression at all concentrations, while PPAR-γ, ACC, and ACOX 

expression was suppressed by 10 and 30 μM simvastatin. 

 



N. Sukkasem, W. Chatuphonprasert and K. Jarukamjorn, 2021                                   Teikyo Medical Journal 

 

1610 
 

 
Figure 3 Effects of fenofibrate and simvastatin on the expression of metabolic genes in oleic acid (OA) or 

palmitic acid (PA)-induced NAFLD in HepG2 cells. (a) OA-induced NAFLD and (b) PA-induced NAFLD. 

*p<0.05, **p<0.001 VS control; #p<0.05, ##p<0.001 VS OA or PA-induced NAFLD. 

 

3.3 Expression of antioxidant genes in HepG2 cells treated with oleic acid or palmitic acid and 

fenofibrate or simvastatin 

OA suppressed the expression of the CAT, SOD1 and SOD2 antioxidant genes (Figure 4a). Neither 

fenofibrate nor simvastatin increased CAT expression at any tested concentration, but 30 μM fenofibrate 

restored the OA- suppressed expression of SOD1 and SOD2. Treatment with simvastatin restored the OA-

suppressed expression of SOD1 and SOD2. PA also suppressed the expression of CAT, SOD1, and SOD2 

(Figure 4b). Fenofibrate did not restore the PA-suppressed expression of CAT, but 10 and 30 μM 

fenofibrate restored expression of SOD1 and 1 and 10 μM fenofibrate restored expression of SOD2. PA-

induced CAT expression was raised by 1 and 10 μM simvastatin while SOD1 and SOD2 expression was 

up-regulated at all concentrations of simvastatin. 
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Figure 4 Effects of fenofibrate and simvastatin on the expression of antioxidant genes in oleic acid (OA) or 

palmitic acid (PA)-induced NAFLD in HepG2 cells. (a) OA-induced NAFLD and (b) PA-induced NAFLD. 

*p<0.05, **p<0.001 VS control; #p<0.05, ##p<0.001 VS OA or PA-induced NAFLD. 

 

3.4 Expression of cytochrome P450 genes in HepG2 cells treated with oleic acid or palmitic acid and 

fenofibrate or simvastatin 

OA down-regulated the expression of CYP1A2, CYP2C19, and CYP3A4 while CYP2E1 and CYP4A11 

were induced (Figure 5a). OA did not affect CYP2D6 expression. Fenofibrate could not increase expression 

of CYP1A2, CYP2C19, and CYP3A4, and treatment with 30 μM fenofibrate suppressed CYP3A4 

expression more than OA. Expression of CYP2D6 was elevated by 1 and 10 μM fenofibrate. Fenofibrate 

depressed the OA- induced expression of CYP2E1 and CYP4A11 in a concentration dependent manner, 

with the two higher concentrations suppressing expression to levels lower than the control. All tested 

concentrations of simvastatin restored the expression of CYP1A2 to control levels, while 1 μM simvastatin 

restored expression of CYP2C19 and 1 μM and 10 μM simvastatin restored expression of CYP3A4. 

Simvastatin did not modify the expression of CYP2D6 but it reduced expression of both of CYP2E1 and 

CYP4A11, especially at the highest concentration. PA did not change the expression of CYP1A2, CYP2D6, 

and CYP3A4, suppressed the expression of CYP2C19 and induced the expression of CYP2E1 and 

CYP4A11 (Figure 5b). The two higher concentrations (10 and 30 μM) of fenofibrate reduced CYP1A2 and 

CYP3A4 expression below the control, while 1 μM fenofibrate increased CYP2D6 expression. Fenofibrate 

increased expression of CYP2C19 but could not restore it to the control level. Fenofibrate concentration 

dependently reduced the PA-induced expression of CYP2E1 and CYP4A11. High concentration (30 μM) 

fenofibrate restored CYP2E1 expression to control levels, while low concentration fenofibrate (1 μM) 

restored that of CYP4A11. Simvastatin did not affect CYP1A2 or CYP2C19 expression but did reduce 

expression of CYP2D6, CYP2E1, CYP3A4, and CYP4A11. The expression of CYP2E1 was restored to 

control level by the two lower concentrations of simvastatin and CYP4A11 was restored to control level by 

30 μM simvastatin. 
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Figure 5 Effects of fenofibrate and simvastatin on the expression of CYP genes in oleic acid (OA) or 

palmitic acid (PA)-induced NAFLD in HepG2 cells. (a) OA-induced NAFLD in HepG2 cells and (b) PA- 

induced NAFLD in HepG2 cells. *p<0.05, **p<0.001 VS control; #p<0.05, ##p<0.001 VS OA or PA- 

induced NAFLD. 

 

4. DISCUSSION 

This study revealed that fenofibrate and simvastatin reduced lipid accumulation in HepG2 cells and 

fenofibrate had less deleterious effects on cell morphology. The simvastatin-treated HepG2 cells 

demonstrated microvesicular steatosis, cell shrinkage, blebbing, nuclear fragmentation, and condensation 

due to statin- induced hepatoxicity [14]. These morphological changes resulting from simvastatin treatment 

might impact organelle functions including ER and mitochondria. These organelles have been implicated in 

the pathogenesis of NAFLD through PPAR-α, PPAR-γ, SREBP-1a, SREBP-1c, ACC, ACOX, and FAS. 

These NAFLD markers not only affect lipolysis but also insulin resistance [15]. Both PPAR-α and PPAR-γ 

are involved in lipolysis, regulation of lipid metabolism, and insulin sensitivity. SREBP-1a is a potent 

transcriptional activator for synthesis of cholesterol, free fatty acids (FFAs), and TG, while SREBP-1c has 

selective activity on FFAs. FAS, ACC, and ACOX are known as carbohydrate-responsive element-binding 

protein (ChREBP) down-stream regulators of lipogenesis and gluconeogenesis [16], [17]. Hence, these 

genes might be important factors in development of fatty liver disease via hepatic fat accumulation. The 

present study demonstrated that fenofibrate and simvastatin attenuated the expression of lipid induced 

metabolic genes. Fenofibrate down-regulated the lipid-induced expression of PPAR-α, PPAR-γ, and 

SREBP-1c, while simvastatin attenuated lipid-induced expression of SREBP-1a and SREBP-1c. These 

findings correlate to previous studies identifying fenofibrate as a PPAR agonist [7] and simvastatin as a 

SREBP-1a ligand [18]. Both fenofibrate and simvastatin suppressed lipid-induced expression of ACC, 

ACOX, and FAS. The down- regulation of these genes restrained insulin resistance and activated β-

oxidation of FFAs, impeding hepatic fat accumulation [19]. The results support that fenofibrate and 

simvastatin improved insulin resistance. Accordingly, the activation of PPAR-α by a PPAR agonist 

(fenofibrate) was associated with TG lowering activity [7], [20]. These suggest fenofibrate could play a role 

https://www.teikyomedicaljournal.com/


   ISSN: 03875547 

Volume 44, Issue 05, October, 2021 

  

1613 
 

in TG lipolysis rather than simvastatin; fenofibrate has a greater TG lowering activity from the specificity to 

PPAR-α, PPAR-γ, and SREBP-1c. According to the impairment of cell organelles, fat accumulation 

increased lipotoxicity and reactive oxygen species (ROS) generation, resulting in oxidative stress. The 

observation of CAT and SOD up-regulation indicated a decrease in oxidative stress.  

 

Fenofibrate and simvastatin could decrease oxidative stress in mitochondria by elevating levels of SOD1 

and SOD2. SOD1 is located in the cytoplasm while SOD2 is located in mitochondria and SOD2 

polymorphisms are significantly correlated to liver injury. Improvement of mitochondrial function enhances 

cell metabolic ability and decreases lipid flux, resulting in a balance of fat homeostasis and the destruction 

of toxic metabolites via decreases in lipid and ROS levels [20], [21]. The increasing of antioxidants might 

restore oxidative stress status and enhance mitochondrial function. Mitochondria is the main organelle 

associated with lipolysis via regulation of metabolic genes. Hence, this improvement might refine the 

NAFLD condition. Oxidative stress and organelle dysfunction affect the function of CYPs, which are a 

superfamily of oxidoreductase enzymes. The inhibition of CYPs after treatment with fenofibrate or 

simvastatin in the present model might imply the degree of steatosis. The inhibition of CYP2E1 and 

CYP4A11 mRNAs has been shown to ameliorate damage to the mitochondria or ER. Once the 

mitochondrial function was improved, electron leakage decreased, resulting in less lipid peroxidation and 

ROS production. Improvement of ER function resulted in deactivation of unfolded protein response and c-

Jun N-terminal kinase actuation, which normally trigger inflammation, apoptosis, and insulin resistance 

[19]. The highest concentration of simvastatin (30 μM) and the lowest concentration of fenofibrate (1 μM) 

suppressed OA/PA-induced CYP2E1 and CYP4A11 expression, which correlates to a previous study. 

Suppression of CYP2E1 and CYP4A11 expression enhanced the function of ER and mitochondria. Since 

the evidence occurred even at the lowest concentration of fenofibrate, it suggests that fenofibrate is a 

stronger CYP4A11 inhibitor than simvastatin. In this study, simvastatin reduced the expression of 

CYP2C19, CYP2D6, and CYP3A4, while fenofibrate down-regulated CYP1A2, CYP2C19, and CYP3A4. 

A previous investigation evaluated the relationship between NAFLD progression and CYP1A2, CYP2C19, 

CYP2D6, and CYP3A4 activities. Decreases in the expression of these CYPs was associated with a 

decrease in NAFLD progression in humans [22]. The expression of CYP2C19 is influenced by the glycemic 

state. Hence, decreases in expression of insulin correlated genes (including FAS, ACC, and ACOX) could 

affect CYP2C19 expression [23]. In one study, depletion of CYP2C19 and CYP3A4 mRNAs ultimately led 

to a longer half-life of FFAs and other xenobiotics, causing an increased risk of organelle damage and β-

oxidation inhibition [24]. 

 

The down-regulation of PPAR-α, PPAR-γ, SREBP-1a, and SREBP-1c improved ER and mitochondrial 

function and decreased lipotoxicity. The suppression of ChREBP down-stream effectors, namely ACC, 

ACOX, and FAS, and including SREBP, mainly developed the phenomena of insulin resistance. The 

augmentation of SOD1 and SOD2 expression reduced oxidative stress. The alteration in the profile of CYPs 

(down-regulation of CYP2E1 and CYP4A11, and restoration of CYP1A2, CYP2C19, CYP2D6, and 

CYP3A4) correlated to less NAFLD progression. At a concentration of 10 μM, fenofibrate reduced those 

metabolic genes and specifically decreased SREBP-1c, while simvastatin decreased both SREBP-1a and 

SREBP-1c. Both fenofibrate and simvastatin exhibited the similar effects on SOD1 and SOD2 while 

simvastatin enforced expression of oxidative stress-induced CYPs. Therefore, this study suggests that 

fenofibrate is the greater TG lowering agent with an improved cell morphology and CYP profile than 

simvastatin. 

 

5. CONCLUSION 

In vitro OA/PA-induced NAFLD model in HepG2 cells revealed the ability of fenofibrate to control the 
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progression of NAFLD and a tendency of simvastatin to limit the NAFLD process. Hence, it was 

fenofibrate, particularly at 10 μM, not simvastatin, that ultimately provides the potent properties for 

NAFLD treatment in current models. 
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