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ABSTRACT 

Octyl gallate (OG) is an antioxidant commonly used in food, although there is no definition of its acceptable daily 

intake. There are reports in vitro and in vivo showing that food additives and drugs can alter lipid metabolism. 

Lipid droplet accumulation in hepatic cells is one of the main findings in the unregulated lipid metabolism and is 

strongly related to the development of nonalcoholic fatty liver disease (NAFLD). In this study, we investigated 

the effects of OG on lipid metabolism in the hepatocellular carcinoma cell line (HepG2). The results have shown, 

for the first time, that treatment with OG increased the overall amount of lipids, the triglyceride concentration, the 

lipid droplet area, and SREBP-1c and PPAR-γ gene expression. Taken together, the findings indicate that OG 

induces lipid droplet accumulation in HepG2 cells through the regulation of SREBP-1c and PPAR-γ gene expres-

sion without involving mTOR/S6K1 and may contribute to NAFLD when used as a food additive.  
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INTRODUCTION  

Hepatic steatosis is defined as the pres-

ence of intrahepatic fat of at least 5 % of the 

liver weight (Nassir et al., 2015). Non-alco-

holic fatty liver disease (NAFLD) includes 

both simple and progressive steatosis with as-

sociated hepatitis (steatohepatitis), fibrosis, 

cirrhosis, and eventually hepatocellular carci-

noma (Sayiner et al., 2016). There are reports 

stating that the use of drugs such as tamoxifen 

(Zhao et al., 2014), glucocorticoids (Letteron 

et al., 1997) and 5-fluorouracil (Gentilucci et 

al., 2006) may lead to NAFLD. Furthermore, 

several studies have shown that food additives 

may also induce NAFLD, including fructose 
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(Chen et al., 2017), monosodium glutamate 

and aspartame (Collison et al., 2013).  

Octyl gallate (OG) is an antioxidant com-

monly used in food, although there is no cur-

rent definition of its acceptable daily intake 

(ADI), considering that studies on its pharma-

cokinetics and metabolism are scarce (World 

Health Organization, 1997). In the United 

States, OG is approved only as a margarine 

additive in a concentration of 0.0075 % or 

less (U.S. Food and Drug Administration, 

2018), while in Europe it is authorized as a 

food additive in heat-treated processed meat, 

chewing gum and processed potato products 

(European Parliament and the Council of the 

European Union, 2008; European Food 

Safety Authority, 2015). The most recent Eu-

ropean re-evaluation regarding the use of OG 

concluded that, considering the lack of studies 

on its pharmacokinetics and metabolism, an 

adequate assessment of its safety as a food ad-

ditive is needed (European Food Safety Au-

thority, 2015). 

An animal model study showed that OG, 

at high doses, was able to induce strong inhi-

bition of gluconeogenesis, which could be 

considered as harmful (Eler et al., 2015). In 

addition, OG has been shown to induce tox-

icity in mice liver, as its use increased serum 

levels of AST and ALT, oxidative stress and 

histological damage (Cordova et al., 2017). 

However, no studies have evaluated its effect 

on lipid metabolism. Thus, considering that 

the human hepatocellular carcinoma cell line 

(HepG2) is widely used as an in vitro model 

to study steatosis, as it accumulates lipids in 

the cytoplasm similarly to hepatocytes (Cui et 

al., 2010; Alkhatatbeh et al., 2016; Zeng et al., 

2016), the aim of this study was to investigate 

the effects of OG on lipid metabolism in 

HepG2 cells. 

 

MATERIALS AND METHODS 

Cell culture and treatment 

HepG2 cells (Banco de Células do Rio de 

Janeiro – BCRJ, code: 0103) were cultivated 

in Dulbecco's Modified Eagle Medium 

(DMEM; Gibco, Life-technologies, USA), 

containing fetal bovine serum (FBS, 10 %; 

Gibco, Life-technologies, USA) and 1 % pen-

icillin/streptomycin antibiotics (ATB; Gibco, 

Life-technologies, USA). The cells were in-

cubated in a humidified atmosphere at 37 °C 

with 5 % CO2. The OG stock solutions were 

prepared in dimethylsulfoxide (DMSO; 

Neon, Brazil) and the dilution was prepared in 

DMEM containing 10 % FBS. Oleic acid 

(OA; Synth, Brazil) was used as a positive 

control to induce lipid droplet (LD) accumu-

lation in HepG2 cells (Cui et al., 2010). The 

OA stock solutions were prepared in isopro-

panol and the dilution was prepared in 

DMEM containing 10 % FBS. The control 

cells were maintained in DMEM, 10 % FBS 

and DMSO 0.2 % (vehicle). The treated cells 

received OG at 40 µM and the positive con-

trol cells received OA at 100 µM. The HepG2 

cells were incubated and the analyses were 

performed 24 h after treatment. 

 

Morphological analysis 

HepG2 cells (12 x 104 cells/well) were 

seeded into 24-well plates, cultured, and 

treated as aforementioned. Cellular morpho-

logical changes were evaluated after 24 h of 

treatment using a phase contrast inverted mi-

croscope (INV100, BEL Engineering, Italy) 

at 400× magnification and photographed us-

ing a Bel Photonics camera.  

 

Oil Red Staining 

Cells were seeded as described for the 

morphological analysis and treated as afore-

mentioned. After the treatment period, the 

culture medium was removed and HepG2 

cells were washed twice with a phosphate-

buffered saline (PBS) solution. Afterwards, 

HepG2 cells were fixed for 30 min with 4 % 

paraformaldehyde solution, then washed 

thrice with PBS, and subsequently rinsed with 

propylene glycol. Then, cells were stained 

with freshly prepared propylene glycol solu-

tion containing 0.5 % Oil Red (Sigma-Al-

drich, USA), previously filtered with a 

0.45 µm filter, for 15 min. Thus, cells were 

rinsed with 60 % propylene glycol and 

washed with distilled water. Images of cells 
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with the stained lipid droplets were acquired 

using a phase contrast inverted microscope 

(INV100; BEL Engineering, Italy) at 400× 

magnification and photographed using a Bel 

Photonics camera. 

 

Lipid measurement 

After the Oil Red (Sigma-Aldrich, USA) 

stained lipid droplet images were acquired, 

200 µL of isopropanol was added to each 

plate well for the lipid dissolution. Optical 

density (OD) was monitored with a VIC-

TOR® microplate reader (PerkinElmer) at a 

wavelength of 490nm. Cell viability was eval-

uated using the Trypan blue (Sigma-Aldrich, 

USA) exclusion assay, as previously de-

scribed (Lima et al., 2018), in order to correct 

the optical density lipid reading by the num-

ber of cells. Results were expressed as Lipid 

OD/100,000 cells. 

 

Triglyceride assay 

Cells were seeded into 60.8 cm2 plates (5 

x 106 cells/well), cultured and treated as 

aforementioned. Then, HepG2 cells were 

transferred to 1.5 mL tubes and all samples 

were centrifuged at 3000rpm for 5min. The 

pellet was washed once using PBS, resus-

pended with 400 μL of PBS solution, and sub-

mitted to ultrasonication. The cellular triglyc-

eride (TG) concentration was measured 

through TG Color assay kit (Wiener lab, Ar-

gentina). All measurements were normalized 

by protein concentration, following the proto-

col recommended by the manufacturer. Ab-

sorbance was measured at 505 nm using 

CT300i Chemistry Analyzer (Wiener lab, Ar-

gentina). 

 

Transmission Electron Microscopy (TEM) 

analysis 

Initially, a trypsinization was performed 

for the collection of semi-confluent HepG2 

cells. Then, the cells were prepared as previ-

ously described (Lima et al., 2018). For the 

ultrastructural analysis in both control 

(DMSO 0.2 %) and treated cells (OG 40 µM), 

a transmission electron microscopy (FEI Tec-

nai T20 G2) and the Image Pro Plus software 

(Image Pro Plus 6.1, Media Cybernetics, Sil-

ver Spring, EUA) were used. All the analyses 

were performed by two blinded specialists in 

imaging analysis. The TEM images were used 

for morphological evaluation (lipid droplet 

density and area). 

 

Lipid droplet density 

In order to estimate lipid droplet density, 

a quantitative analysis was performed. For 

that, randomized squares (3.0 μm2), named as 

areas of interest (AOIs), were overlaid on 

each image captured (4500×) and the lipid 

droplet located inside each square, as well as 

in the edges (upper and/or left), were counted. 

On the other hand, lipid droplet located in the 

lower and/or right edges of the squares were 

not counted (de Senna et al., 2017). In aver-

age, 7 AOIs were evaluated in each cell and a 

total of 10 cells were evaluated per group. 

 

Lipid droplet area 

The lipid droplet area was calculated us-

ing a stereological tool and the point counting 

method (Weibel 1979; Zacharová and 

Kubínová, 1995; Ilha et al., 2008; Lazzarotto 

Rucatti et al., 2015; Fernandes et al., 2016). A 

grid mask containing an area/point value of 

6518.5 nm2 was placed over the lipid droplet 

image (13500×). Each point of the grid has a 

cross shape, thus delimiting four quadrants. 

The lipid droplets that were superimposed on 

the upper right quadrant of the grid points 

were counted. The areas were obtained 

through the following equation: Â = ∑p.a/p 

(Â is the area and ∑p is the sum of points 

counted, and a/p is the area/point value). In 

average, 5 lipid droplets were evaluated in 

each cell and a total of 6 cells were evaluated 

per group. 

 

Western blot analysis  

HepG2 cells (5 x 105 cells/well) were 

seeded in 6-well plates, cultured and treated 

as aforementioned. The preparation of the 

cells was performed as previously described 

(Lima et al., 2018). Protein samples were sep-

arated with sodium dodecyl sulphate poly-

acrylamide gel electrophoresis (SDS-PAGE) 
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and transferred to the nitrocellulose mem-

brane. Next, the blot was blocked for 1 hour 

with Tris-buffered saline containing 0.05 % 

Tween-20 and 5 % non-fat dry milk. Then, 

the blot was incubated overnight at 4 °C with 

the following primary antibodies: mTOR 

(1:500) (2972, Cell Signaling) and GAPDH 

(1:1000) (39-8600, Invitrogen). After incuba-

tion with primary antibodies, the blot was in-

cubated again for 1 hour with the secondary 

antibody conjugated with horseradish peroxi-

dase (HRP) (1:1000). The chemilumines-

cence and digital images were taken in a 

Carestream Gel Logic 2200 PRO Imaging 

System. The protein concentration was meas-

ured using the NanoDrop Lite (Thermo Fisher 

Scientific®). GAPDH was used to normalize 

protein quantification (de Mesquita et al., 

2017). 

 

RNA isolation and quantitative PCR 

HepG2 cells (2.5 x 105 cells/well) were 

seeded in 6-well plates, cultured and treated 

as aforementioned. The RNA of all cells was 

extracted using TRIzol® Reagent (Invitro-

gen), according to the manufacturer’s recom-

mendations. Then, RNA was converted to 

complementary deoxyribonucleic acid 

(cDNA) using Superscript III First-Strand 

Synthesis SuperMix (Invitrogen), according 

to the manufacturer’s instructions. Primer se-

quences used were synthesized by Integrated 

DNA Technologies (Iowa, USA) and the se-

quences are described in Table 1. The quan-

tity of cDNA was evaluated using the 

NanoDrop 2000 (Thermo Fisher Scientific). 

The gene expression of SREBP1c, PPAR-α, 

PPAR-γ, and β-actin were quantified using 

StepOne™ (Applied Biosystems). The reac-

tion was catalyzed using the SYBR Green I 

(Applied Biosystems - Thermo Fisher Scien-

tific), according to the manufacturer´s recom-

mendation. The β-actin was used as an endog-

enous control gene. 

 

Data and statistical analysis 

The results from three independent exper-

iments are presented as mean ± standard de-

viation (SD). The Student’s t-test was used for 

comparison between groups in the Ultrastruc-

tural analysis (TEM), Western blotting, and 

quantitative PCR assays. For the comparisons 

between groups in the Lipid Measurement 

and TG assays, a one-way analysis of vari-

ance (ANOVA), followed by Tukey post hoc 

test, was used. In all cases the significance 

level was set at p<0.05. Statistical analyses 

were performed using GraphPad Prism 5.0 

(GraphPad Software, San Diego, CA). 

 

RESULTS 

Octyl gallate induces lipid accumulation in 

HepG2 cells 

Treatment with OG induced vesicle accu-

mulation in the cell cytoplasm, as observed in 

the phase contrast inverted microscope (Fig-

ure 1B). The positive control for the induction 

of lipid droplet accumulation (treatment with 

oleic acid) has also led to cytoplasmic vesicle 

accumulation, although with a greater inten-

sity, as shown in Figure 1C. Oil Red staining 

assay revealed that treatment with OG signif-

icantly increased lipid accumulation, as shown 
 

Table 1: Primer sequences used for qRT-PCR 

Genes Primer sequences (5'-3') GenBank accession number 

SREBP-1c Forward CGGAACCATCTTGGCAACAGT 
Reverse CGCTTCTCAATGGCGTTGT 

NM_001005291 

PPAR-γ Forward ACCAAAGTGCAATCAAAGTGGA 
Reverse ATGAGGGAGTTGGAAGGCTCT 

NM_138711 

PPAR-α Forward TGCAAACTTGGACTTGAACG 
Reverse TGATGTCACAGAACGGCTTC 

NM_001001928.2 

β-actin Forward TATGCCAACACAGTGCTGTCTG 
Reverse TACTCCTGCTTGCTGATCCACATG 

NM_001101.4 
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in Figure 1G (representative image shown in 

Figure 1E). As expected, the positive control 

increased lipid accumulation in a greater in-

tensity (Figure 1F and Figure 1G). The results 

also showed an increase in the TG concentra-

tion after OG treatment (Figure 1H), corrobo-

rating the accumulation of lipids demon-

strated in the Oil Red assay. 

 

 

 

Figure 1: Effects of OG on HepG2 cell morphology after 24 h. Representative images of control cells 
(A), OG-treated cells (B) and OA-treated cells (C) are presented. Black arrows show lipid droplets. 
Effects of OG on steatosis induction in HepG2 cells determined by Oil Red staining and TG assay. 
Representative images of control cells (D), OG-treated cells (E) and OA-treated cells (F) are presented. 
Results are expressed as Optical density/1×105 cells (G) and TG accumulation (mg/100 mg protein) 
(H). Data are represented as the mean + SD from three independent experiments (*p<0.05, **p<0.01). 
Treatment with OG induced lipid droplet accumulation in the cell cytoplasm (E). OA led to lipid droplet 
accumulation with greater intensity (F). Treatment with OG increased overall amount of lipids (G) and 
TG concentration (F). OA: oleic acid. Calibration bar = 50 µm. 
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Ultrastructural analysis showed that OG in-

creases lipid droplet area without modifying 

lipid droplet density 

In order to confirm the effects of OG on 

lipid accumulation and to evaluate lipid drop-

let area and density, an ultrastructural analysis 

of HepG2 cells was performed. Representa-

tive images are shown in Figure 2A (control) 

and Figure  2B (40 µM OG). Transmission 

electron microscopy images revealed that 

treatment with 40 µM of OG increased the li-

pid droplet area (p<0.05; Figure 2C) without 

changing lipid droplet density (p=0.97; Fig-

ure 2D).  

 

 

Figure 2: Ultrastructural analysis of HepG2. Representative images of control cells (A) and OG-treated 
cells (B) are presented. LD: lipid droplet. Calibration bar = 1 µm. TEM images revealed that treatment 
with OG increased LD area (C) without changing LD density (D). Results are expressed as LD area in 
µm2 (C) and number of LD per µm2 of cytosol area (D). Data are represented as the mean + SD from 
three independent experiments (*p<0.05). 
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Octyl gallate decreases mTOR protein  

expression  

In order to investigate whether increased 

mammalian target of rapamycin (mTOR) ex-

pression could be related to lipid accumula-

tion caused by OG, we have evaluated its ex-

pression using Western blot. However, results 

have shown that treatment with OG decreased 

mTOR expression (p<0.05; Figure 3A and B). 

 

Octyl gallate increases SREBP-1c gene  

expression  

Therefore, the involvement of mTOR/ 

SREBP-1c signaling in lipid accumulation 

was investigated by measuring the SREBP-1c 

gene expression. Results have shown that 

treatment with OG increased SREBP-1c gene 

expression (p<0.05; Figure 3C), although a 

reduction in the mTOR protein expression 

was seen. 

 

Octyl gallate increases PPAR-γ gene  

expression 

Finally, we have investigated whether the 

modification of PPAR-γ and PPAR-α gene 

expression could be related to lipid accumu-

lation induced by OG, by evaluating the ex-

pression of its genes. Results have shown that 

OG increased PPAR-γ gene expression 

(p<0.05; Figure 3D) without modifying 

PPAR-α (Figure 3E). 

 

DISCUSSION 

The initial toxicity studies performed with 

OG aimed to determine the acceptable daily 

intake (ADI) in order to regulate the use of 

this antioxidant as an additive in food. Thus, 

at that time, an ADI for man of 0.2 mg/kg 

body weight (as a sum of propyl, octyl and 

dodecyl gallates) was defined (Joint FAO/ 

WHO Expert Committee, 1966). Subsequent 

studies in rats, evaluating the effects of OG, 

showed high mortality levels in young pups. 

In addition, there were observations that OG 

caused reactions of sensitization in the oral 

mucosa of individuals previously sensitized 

by cutaneous contact with OG (Joint FAO/ 

WHO Expert Committee, 1974).  

 

 

Figure 3: Expression of mTOR protein in HepG2 cells after 24 h of treatment with OG by Western blot 
analysis (A). GAPDH was used to normalize protein expression. Results are expressed as protein levels 
(fold induction) of the mTOR expression. Treatment with OG decreased the expression of mTOR (B) in 
HepG2 cells (*p<0.05). In C, D and E the effect of OG on mRNA expression of SREBP-1c (*p<0.05), 
PPAR-γ (*p<0.05) and PPAR-α (p=0.42) genes regulating lipid metabolism in HepG2 cells is shown. 
Results are expressed as relative expression rate. All data are represented as the mean ± SD of 3 
independent experiments.
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In a re-evaluation of the committee in 

1997, a decision that it would not be possible 

to maintain the definition of the ADI for the 

octyl and dodecyl gallates was taken, consid-

ering the lack of studies on pharmacokinetics 

and metabolism (World Health Organization, 

1997). Ever since, there is no definition of the 

ADI for OG. Several countries have used the 

OG as an additive in certain foods, although 

restricted to specific foods and with its maxi-

mum acceptable concentration determined for 

each authorized type of food (European 

Parliament and the Council of the European 

Union, 2008; European Food Safety 

Authority, 2015; U.S. Food and Drug 

Administration, 2018). Nevertheless, to date, 

there are no studies in the literature showing 

the effects of OG on hepatic lipid metabolism. 

The concentration used to treat HepG2 

cells in the present study was 11.29 mg/L 

(40 μM), which is equivalent to the estimated 

plasma concentration after a daily consump-

tion of 72.2 g of products containing the max-

imum concentration of OG (400 mg per kg or 

liter of food) (European Food Safety 

Authority, 2015). The present results have 

shown, for the first time, that OG has the abil-

ity to induce lipid accumulation in an in vitro 

model of hepatic steatosis. Studies with other 

food additives (Collison et al., 2013; Chen et 

al., 2017; Jensen et al., 2018) or therapeutic 

drugs (Gentilucci et al., 2006; Menter et al., 

2009; Zhao et al., 2014) have also found lipid 

accumulation in the liver. Our results are also 

in agreement with an in vivo study showing 

that OG induced liver toxicity, as its treatment 

increased the oxidative stress (Cordova et al., 

2017). Considering that the excess of free 

fatty acids increases the production of reac-

tive oxygen species (Svegliati-Baroni et al., 

2019), it is possible that these mechanisms are 

associated. 

Considering that the regulation of lipid 

metabolism via mTOR/SREBP-1c signaling 

is well known (Porstmann et al., 2008; Li et 

al., 2015), we have investigated whether the 

mechanism of lipid accumulation induction 

by OG could be related to increased mTOR 

expression. Interestingly, results have shown 

a reduction in the expression of this protein, 

which is in agreement with our previous study 

showing a reduction of cellular growth (Lima 

et al., 2018).  

The transcription factor SREBP-1c is the 

major isoform that controls fatty acid synthe-

sis in the liver (Pettinelli et al., 2011), as it 

promotes transcription of lipogenic genes 

(Sanders and Griffin, 2016). Our findings 

showed that OG up-regulated SREBP-1c 

gene, similarly to previous studies with ta-

moxifen (Zhao et al., 2014) and fructose 

(Shrestha et al., 2009). Considering that the 

regulation of the transcription factor SREBP-

1C may occur through both mTOR/S6K1 

(Düvel et al., 2010) or an independent path-

way (Yap et al., 2011), it is plausible to con-

sider that the OG induced lipogenesis may in-

volve the regulation of the SREBP-1C gene 

without the involvement of mTOR/S6K1. 

Thus, other signaling pathways may be in-

volved in the effects of OG, such as signaling 

via Liver X receptors (LXR). 

The peroxisome proliferator-activated re-

ceptors (PPARs) act mainly in the regulation 

of metabolic pathways related to fatty-acid 

oxidation and lipid metabolism (Ament et al., 

2012). PPAR-α regulates a number of cata-

bolic pathways and PPAR-γ appears to be key 

in lipid storage and synthesis, as well as in ad-

ipogenesis. Thus, we have investigated if 

changes in the PPAR-α and PPAR-γ expres-

sion could be related to lipid accumulation in-

duced by OG. Results have shown that OG in-

creased, at approximately 6-fold, the PPAR-γ 

gene expression, without modifying the 

PPAR-α. Thus, lipogenesis caused by OG in-

volves the regulation of the two major tran-

scription factors that control lipid storage and 

synthesis, PPAR-γ and SREBP-1c. These re-

sults are in agreement with a previous study 

showing that, in the liver of obese patients 

with NAFLD, the PPAR-γ is up-regulated, 

demonstrating an additional lipogenic mecha-

nism to SREBP-1c induction on the develop-

ment of hepatic steatosis (Pettinelli et al., 

2011).  
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In conclusion, treatment with OG in-

creased the overall amount of lipids, the tri-

glyceride concentration and lipid droplet area. 

The results presented here show, for the first 

time, that OG induces lipid droplet accumula-

tion in HepG2 cells through the regulation of 

SREBP-1c and PPAR-γ gene expression, 

without involving mTOR/S6K1. Taken to-

gether, data suggests that the use of maximum 

OG concentration as a food additive may lead 

to NAFLD. 

 

Acknowledgments 

The authors would like to thank their col-

leagues from the Immunodiagnostic Labora-

tory and the Central Laboratory of Micros-

copy and Microanalysis (LabCEMM) at 

PUCRS.  

 

Funding 

This study was financed in part by the 

Coordenação de Aperfeiçoamento de Pessoal 

de Nível Superior – Brasil (CAPES) – 

Finance Code 001, and Conselho Nacional de 

Desenvolvimento Científico e Tecnológico 

(CNPq). 

 

Conflict of interest statement 

The authors declare no conflict of inter-

ests. 

 

REFERENCES 

Alkhatatbeh MJ, Lincz LF, Thorne RF. Low 

simvastatin concentrations reduce oleic acid-induced 

steatosis in HepG2 cells: An in vitro model of non-

alcoholic fatty liver disease. Exp Ther Med. 

2016;11:1487–92.  

Ament Z, Masoodi M, Griffin JL. Applications of 

metabolomics for understanding the action of 

peroxisome proliferator-activated receptors (PPARs) 

in diabetes, obesity and cancer. Genome Med. 2012; 

4(4):32. 

Chen Q, Wang T, Li J, Wang S, Qiu F, Yu H, et al. 

Effects of Natural Products on Fructose-Induced 

Nonalcoholic Fatty Liver Disease (NAFLD). 

Nutrients. 2017;9:96.  

Collison KS, Makhoul NJ, Zaidi MZ, Inglis A, Andres 

BL, Ubungen R, et al. Prediabetic changes in gene 

expression induced by aspartame and monosodium 

glutamate in Trans fat-fed C57Bl/6 J mice. Nutr Metab 

(Lond). 2013;10:44.  

Cordova CAS, Locatelli C, Winter E, Silva AH, 

Zanetti-Ramos BG, Jasper R, et al. Solid lipid 

nanoparticles improve octyl gallate antimetastatic 

activity and ameliorate its renal and hepatic toxic 

effects. Anticancer Drugs. 2017;28:977–88.  

Cui W, Chen SL, Hu K-Q. Quantification and 

mechanisms of oleic acid-induced steatosis in HepG2 

cells. Am J Transl Res. 2010;2:95–104.  

de Mesquita FC, Guixé-Muntet S, Fernández-Iglesias 

A, Maeso-Díaz R, Vila S, Hide D, et al. Liraglutide 

improves liver microvascular dysfunction in cirrhosis: 

Evidence from translational studies. Sci Rep. 2017;7: 

3255.  

de Senna PN, Bagatini PB, Galland F, Bobermin L, do 

Nascimento PS, Nardin P, et al. Physical exercise 

reverses spatial memory deficit and induces 

hippocampal astrocyte plasticity in diabetic rats. Brain 

Res. 2017;1655:242–51.  

Düvel K, Yecies JL, Menon S, Raman P, Lipovsky AI, 

Souza AL, et al. Activation of a metabolic gene 

regulatory network downstream of mTOR complex 1. 

Mol Cell. 2010;39:171–83.  

Eler GJ, Santos IS, de Moraes AG, Comar JF, Peralta 

RM, Bracht A. n-Octyl gallate as inhibitor of pyruvate 

carboxylation and lactate gluconeogenesis. J Biochem 

Mol Toxicol. 2015;29:157–64.  

European Food Safety Authority. Scientific Opinion on 

the re-evaluation of octyl gallate (E 311) as a food 

additive. EFSA J. 2015;13:4248.  

European Parliament and the Council of the European 

Union. Regulation (EC) no 1333/2008 of the European 

Parliament and of the Council of 16 December 2008 on 

food additives. 2008. Off J Eur Union. 2008;L 354/16. 

Fernandes RO, De Castro AL, Bonetto JHP, Ortiz VD, 

Müller DD, Campos-Carraro C, et al. Sulforaphane 

effects on postinfarction cardiac remodeling in rats: 

modulation of redox-sensitive prosurvival and 

proapoptotic proteins. J Nutr Biochem. 2016;34:106–

17.  

Gentilucci UV, Santini D, Vincenzi B, Fiori E, Picardi 

A, Tonini G. Chemotherapy-induced steatohepatitis in 

colorectal cancer patients. J Clin Oncol. 2006;24:5467.  



EXCLI Journal 2020;19:962-971 – ISSN 1611-2156 

Received: March 31, 2020, accepted: July 01, 2020, published: July 06, 2020 

 

 

971 

Ilha J, Araujo RT, Malysz T, Hermel EES, Rigon P, 

Xavier LL, et al. Endurance and resistance exercise 

training programs elicit specific effects on sciatic nerve 

regeneration after experimental traumatic lesion in rats. 

Neurorehabil Neural Repair. 2008;22:355–66.  

Jensen T, Abdelmalek MF, Sullivan S, Nadeau KJ, 

Green M, Roncal C, et al. Fructose and sugar: A major 

mediator of non-alcoholic fatty liver disease. J Hepatol. 

2018;68:1063–75.  

Joint FAO/WHO Expert Committee on Food Addi-

tives, World Health Organization & Food and Agricul-

ture Organization of the United Nations. Specifications 

for the identity and purity of food additives and their 

toxicological evaluation : some antimicrobials, antiox-

idants, emulsifiers, stabilizers, flour-treatment agents, 

acids, and bases, ninth report of the Joint FAO/WHO 

Expert Committee on Food Additives, Rome, 13-20 

December 1965. Geneva: World Health Organization, 

1966. https://apps.who.int/iris/handle/10665/39853. 

Joint FAO/WHO Expert Committee. Evaluation of 

mercury, lead, cadmium and the food additives 

amaranth, diethylpyrocarbonate, and octyl gallate. 

Food Cosmet Toxicol. 1974;12:407–8.  

Lazzarotto Rucatti A, Boemo Jaenisch R, Dalcin 

Rossato D, Poletto Bonetto JH, Ferreira J, Xavier LL, 

et al. Skeletal muscle electrical stimulation improves 

baroreflex sensitivity and heart rate variability in heart 

failure rats. Auton Neurosci. 2015;193:92–6.  

Letteron P, Brahimi-Bourouina N, Robin MA, Moreau 

A, Feldmann G, Pessayre D. Glucocorticoids inhibit 

mitochondrial matrix acyl-CoA dehydrogenases and 

fatty acid beta-oxidation. Am J Physiol Liver Physiol. 

1997;272:G1141–50.  

Li J, Huang Q, Long X, Zhang J, Huang X, Aa J, et al. 

CD147 reprograms fatty acid metabolism in 

hepatocellular carcinoma cells through Akt/mTOR/ 

SREBP1c and P38/PPARα pathways. J Hepatol. 2015; 

63:1378–89.  

Lima KG, Krause GC, da Silva EFG, Xavier LL, 

Martins LAM, Alice LM, et al. Octyl gallate reduces 

ATP levels and Ki67 expression leading HepG2 cells 

to cell cycle arrest and mitochondria-mediated 

apoptosis. Toxicol in Vitro. 2018;48:11-25.  

Menter A, Korman NJ, Elmets CA, Feldman SR, 

Gelfand JM, Gordon KB, et al. Guidelines of care for 

the management of psoriasis and psoriatic arthritis. J 

Am Acad Dermatol. 2009;61:451–85.  

Nassir F, Rector RS, Hammoud GM, Ibdah JA. 

Pathogenesis and prevention of hepatic steatosis. 

Gastroenterol Hepatol (N Y). 2015;11:167–75.  

Pettinelli P, Obregón AM, Videla LA. Molecular 

mechanisms of steatosis in nonalcoholic fatty liver 

disease. Nutr Hosp. 2011;26:441–50.  

Porstmann T, Santos CR, Griffiths B, Cully M, Wu M, 

Leevers S, et al. SREBP Activity is regulated by 

mtorc1 and contributes to akt-dependent cell growth. 

Cell Metab. 2008;8:224–36.  

Sanders FWB, Griffin JL. De novo lipogenesis in the 

liver in health and disease: more than just a shunting 

yard for glucose. Biol Rev. 2016;91:452–68.  

Sayiner M, Koenig A, Henry L, Younossi ZM. 

Epidemiology of nonalcoholic fatty liver disease and 

nonalcoholic steatohepatitis in the United States and 

the rest of the world. Clin Liver Dis. 2016;20:205–14.  

Shrestha S, Ehlers SJ, Lee J-Y, Fernandez M-L, Koo 

SI. Dietary green tea extract lowers plasma and hepatic 

triglycerides and decreases the expression of sterol 

regulatory element-binding protein-1c mRNA and its 

responsive genes in fructose-fed, ovariectomized rats. 

J Nutr. 2009;139:640–5.  

Svegliati-Baroni G, Pierantonelli I, Torquato P, 

Marinelli R, Ferreri C, Chatgilialoglu C, et al. 

Lipidomic biomarkers and mechanisms of lipotoxicity 

in non-alcoholic fatty liver disease. Free Radic Biol 

Med. 2019;144:293–309.  

U.S. Food and Drug Administration. Food additives & 

ingredients - Food Additive Status List. Silver Spring, 

MD: FDA, 2018.  

Weibel ER. Stereological methods. Vol. 1: Practical 

methods for biological morphometry. London: 

Academic Press, 1979. 

Yap F, Craddock L, Yang J. Mechanism of AMPK 

suppression of LXR-dependent Srebp-1c transcription. 

Int J Biol Sci. 2011;7:645–50.  

Zacharová G, Kubínová L. Stereological methods 

based on point counting and unbiased counting frames 

for two-dimensional measurements in muscles: 

comparison with manual and image analysis methods. 

J Muscle Res Cell Motil. 1995;16:295–302.  

Zeng L, Tang W, Yin J, Feng L, Li Y, Yao X, et al. 

Alisol A 24-acetate prevents hepatic steatosis and 

metabolic disorders in HepG2 cells. Cell Physiol 

Biochem. 2016;40:453–64.  

Zhao F, Xie P, Jiang J, Zhang L, An W, Zhan Y. The 

effect and mechanism of tamoxifen-induced hepato-

cyte steatosis in vitro. Int J Mol Sci. 2014;15:4019–30. 

 

https://apps.who.int/iris/handle/10665/39853

