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Abstract 

 

Aim: Palmitate is one of the most abundant fatty acid in both liver of healthy individuals and in patients with 

non-alcoholic fatty liver disease. Palmitate-induced steatosis in HepG2 cells is an in vitro non-alcoholic fatty 

liver disease model to investigate acute harmful effects of fat overaccumulation in the liver. Non-alcoholic fatty 

liver disease is strongly associated with atherosclerosis. Paraoxonase-1 and paraoxonase-3 are anti-

atherosclerotic enzymes which are bound to high density lipoprotein in circulation and they are primarily 

synthesized by liver. There is no study that investigated the effect of palmitate-induced steatosis on 

paraoxonase-1 and paraoxonase-3 enzymes. The aim of present study was to investigate the effect of palmitate-

induced steatosis on paraoxonase-1 and paraoxonase-3 enzymes in HepG2 cells.  

Methods: To induce steatosis, cells were incubated with 0.4, 0.7 and 1 mM palmitate for 24 hours. Cell viability 

was evaluated by 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide assay. Cells were stained 

with oil red O and triglyceride levels were measured. Paraoxonase-1 and paraoxonase-3 protein levels were 

measured by western blotting, their mRNA expression were measured by quantitative PCR and arylesterase 

activity was measured spectrophotometrically.  

Results: All palmitate concentrations caused a significant increase on paraoxonase-1 mRNA levels. Palmitate 

concentrations did not cause a significant change on paraoxonase-1 and paraoxonase-3 protein levels, 

paraoxonase-3 mRNA levels and arylesterase activities.  

Conclusion: Our study showed that palmitate-induced steatosis up-regulates paraoxonase-1 mRNA, has no 

effect on paraoxonase-1 and paraoxonase-3 protein levels, paraoxonase-3 mRNA and arylesterase activity in 

HepG2 cells. 
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Öz 

 

Amaç: Palmitat, hem sağlıklı bireylerin hem de non-alkolik karaciğer yağlanması hastalarının karaciğerinde en 

fazla bulunan yağ asitlerinden biridir. HepG2 hücrelerinde palmitat ile oluşturulan yağlanma, karaciğerdeki yağ 

birikiminin akut zararlı etkilerinin araştırılmasında kullanılan in vitro non-alkolik yağlı karaciğer hastalığı 

modelidir. Non-alkolik yağlı karaciğer hastalığı ateroskleroz ile yakından ilişkilidir. Paraoksonaz-1 ve 

paraoksonaz-3 dolaşımda yüksek dansiteli lipoproteine bağlı anti-aterosklerotik enzimlerdir ve esas olarak 

karaciğerde sentezlenirler. Palmitat ile oluşturulan yağlanmanın paraoksonaz-1 ve paraoksonaz-3 enzimleri 

üzerine etkisini araştıran bir çalışma bulunmamaktadır. Bu çalışmanın amacı HepG2 hücrelerinde palmitat ile 

oluşturulan yağlanmanın paraoksonaz-1 ve paraoksonaz-3 enzimlerine etkisini araştırmaktır. 

Yöntemler: Yağlanma oluşturmak için hücreler 0.4, 0.7 ve 1 mM palmitat ile 24 saat inkübe edildi. Hücre 

canlılığı 3-(4,5-Dimetil-2-tiazolil)-2,5-difenil-2H-tetrazolium bromür testi ile değerlendirildi. Hücreler oil red O 

ile boyandı ve trigliserit düzeyleri ölçüldü. Paraoksonaz-1 ve paraoksonaz-3 protein düzeyleri western blot ile, 

mRNA’ları ise kantitatif PCR ile ve arilesteraz aktivitesi spektrofotometrik olarak ölçüldü.  

Bulgular: Tüm palmitat konsantrasyonları paraoksonaz-1 mRNA düzeylerinde anlamlı bir artışa yol açtı. 

Palmitat konsantrasyonları paraoksonaz-1 ve paraoksonaz-3 protein düzeylerinde, paraoksonaz-3 mRNA 

düzeylerinde ve arilesteraz aktivitesinde anlamlı bir değişime yol açmadı. 

Sonuç: Çalışmamız, HepG2 hücrelerinde palmitat ile oluşturulan yağlanmanın paraoksonaz-1 mRNA düzeyini 

arttırdığını, paraoksonaz-1 ve paraoksonaz-3 protein düzeylerine, paraoksonaz-3 mRNA düzeylerine ve 

arilesteraz aktivitesine etkisi olmadığını gösterdi. 

 

Anahtar kelimeler: Palmitat, paraoksonaz-1, paraoksonaz-3, arilesteraz, HepG2, non-alkolik yağlı karaciğer 

hastalığı. 
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Introduction 

Non-alcoholic fatty liver disease (NAFLD) can be 

defined as the presence of hepatic steatosis without significant 

alcohol consumption and it’s the major cause of liver disease 

with high global prevalence and incidence [1, 2]. NAFLD is 

associated with metabolic syndrome and there is an increased 

triglyceride accumulation in hepatocytes of patients with 

NAFLD [3]. Although NAFLD is a primary liver-related disease, 

it also affects extra-hepatic organs and regulatory pathways. 

NAFLD increases risk of diabetes mellitus, cardiovascular and 

kidney diseases [4]. NAFLD also plays an independent role in 

the atherogenic dyslipidemia and is strongly associated with 

atherosclerosis [3, 5].  

Palmitate is a 16-carbon saturated fatty acid. It is one of 

the most abundant fatty acid in both liver of healthy individuals 

and in patients with NAFLD [6]. HepG2 cells are commercially 

available human-derived hepatoma cells and retain many 

biological characteristics of hepatocytes. These cells are useful 

tools in the understanding of hepatic protein biosynthesis [7]. 

Palmitate-induced steatosis in HepG2 cells is an experimental 

NAFLD model to investigate acute harmful effects of fat 

overaccumulation in liver [8]. 

Paraoxonase (PON)1 and PON3 are the members of 

PON enzyme family and they are primarily synthesized by liver 

[9]. In circulation, PON1 and PON3 are bound to high density 

lipoprotein (HDL) which is the anti-atherosclerotic lipoprotein. 

HDL mediates reverse cholesterol transport and have antioxidant 

and anti-inflammatory properties [10]. PON1 and PON3, 

antioxidant enzymes, prevent oxidation of HDL and low density 

lipoprotein and therefore prevent atherosclerosis [11]. Although 

most known PON enzyme activities are paraoxonase and 

arylesterase, PON1 has mainly paraoxonase and arylesterase 

activities but all PON enzymes are primarily lactonases [9]. 

Although there are some reports that investigated PON1 

and PON3 mRNA expression [12, 13], PON1 protein levels [14] 

and activity [15] in patients with NAFLD or experimental 

NAFLD models, the effect of NAFLD on PON1 and PON3 

enzymes have not been fully understood.  

There are no studies that investigated the effect of 

palmitate-induced steatosis on PON1 and PON3 enzymes. Also, 

we could not encounter any studies which investigate the effect 

of NAFLD on PON3 protein levels. In the present study, we 

aimed to investigate the effect of palmitate-induced steatosis on 

PON1 and PON3 enzymes in HepG2 cells. For this purpose, 

HepG2 cells were incubated with 0.4, 0.7 and 1 mM palmitate 

for 24 hours to induce steatosis. PON1 and PON3 protein levels 

were measured by western blotting, their mRNA expression were 

measured by quantitative PCR and arylesterase activity was 

measured spectrophotometrically. With present study, effect of 

palmitate on PON1 and PON3 enzymes are investigated for the 

first time and we found that palmitate-induced steatosis up-

regulates PON1 mRNA, has no effect on PON1 and PON3 

protein levels, paraoxonase-3 mRNA and arylesterase activity in 

HepG2 cells. 

  

Material and methods  

Chemicals 

Human HepG2 cells were purchased from ATCC 

(Middlesex, UK). Sodium palmitate, 3-(4,5-Dimethyl-2-

thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), oil red 

O and phenylacetate were purchased from Sigma-Aldrich Co. 

(St. Louis, MO, USA). Minimum Essential Medium, fetal bovine 

serum (FBS), antibiotic-antimycotic, trypsin-EDTA, RNA 

isolation kit, High-Capacity cDNA reverse transcription kit, 

TaqMan probes for PON1, PON3 and glyceraldehyde 3-

phosphate dehydrogenase (GAPDH) and horseradish peroxidase 

(HRP) chemiluminescent substrate were purchased from Thermo 

Fisher (Waltham, MA USA). PON1, PON3, alpha tubulin 

primary antibodies and goat anti-mouse IgG H&L HRP 

secondary antibody were purchased from Abcam (Cambridge, 

UK). Fatty acid free bovine serum albumin, 

radioimmunoprecipitation assay (RIPA) lysis buffer system was 

purchased from Santa Cruz (Heidelberg, Germany). 

Polyvinylidene fluoride (PVDF) membrane was purchased from 

Bio-Rad (Hercules, CA, USA). Other chemicals were purchased 

from Sigma-Aldrich Co. (St. Louis, MO, USA) or Merck 

(Darmstadt, Germany). All reagents were of analytical grade. 

 

Cell culture and experimental design 

HepG2 cells were cultured in minimum essential 

medium with glutamine containing 10% FBS, 1% sodium 

pyruvate and 1% antibiotic-antimycotic (100 units/mL penicillin 

and 100 μg/mL streptomycin and 25 µg/mL of Gibco 

Amphotericin B) in a humidified environment at 37 °C and 5% 

CO2 atmosphere. 

Sodium palmitate was dissolved in sterile 0.9 % NaCl at 

70 °C and complexed with 0.7 mM fatty acid free albumin which 

dissolved in medium without phenol red at 37 °C. For all 

experimental groups, total albumin concentration in medium was 

0.7 mM which was similar to human serum albumin 

concentrations [16]. Cells were cultured with medium containing 

0 (control), 0.4, 0.7 and 1 mM palmitate for 24 hours. Palmitate 

concentrations were choosen according to previous studies in 

literature [8, 16]. 

 

Cell viability assays 

Effect of palmitate on cell viability was evaluated by 

MTT assay [17]. 104 cells were seeded into the 96 well plates. 

Cells were cultured with medium containing different palmitate 

(0, 0.4, 0.7 and 1 mM) concentrations for 24 hours. At the end of 

treatment, mediums were removed and 10 µl of MTT (5 mg/mL) 

solved in phosphate-buffered saline (PBS) and 100 µl of medium 

without phenol red were added to each well. Cells were then 

incubated for 4 hours in a humidified environment at 37 °C and 

5% CO2 atmosphere. MTT-containing medium was then 

removed and formazan crystals were then dissolved by adding 

200 µL dimethyl sulfoxide and 25 µL Sorensen buffer (0.1 M 

glycine, 0.1 M sodium chloride equilibrated to pH 10.5 with 0.1 

M NaOH). Optical density of plates were measured using a 

microplate reader at 570/630 nm [18]. Optical density of each 

sample was then compared with the mean optical density value 

of control group optical density. 

 

Oil red O staining 

Cells were seeded into 6-well plates. After the cells 

reached 80-90% confluence, cells were cultured with medium 

containing different palmitate (0, 0.4, 0.7 and 1 mM) 

concentrations for 24 hours. After 24 hours, cells were washed 

with PBS and fixed with 10% paraformaldehyde for 1 hour. 

Then cells were washed with 60% isopropanol and incubated 

with oil red O in 60% isopropanol for 30 minutes. 350 mg oil red 

O dissolved in 100% isopropanol as 100 mL of stock solution. 

60% isopropanol containing oil red O solution was prepared 

freshly and filtered before using. After incubation with oil red O, 

cells were washed with distilled water and photos were taken 

with inverted microscope [19]. 

 

 

 



 Arch Clin Exp Med 2019;4(3):142-147.                                             PON1 and PON3 in palmitate-induced steatosis  

P a g e / S a y f a  144 

 

Intracellular triglyceride assay 

Cells were seeded into 25 cm
2
 flask. After the cells 

reached 80-90% confluence, cells were cultured with medium 

containing different palmitate (0, 0.4, 0.7 and 1 mM) 

concentrations for 24 hours. After 24 hours, cells were washed 

twice with PBS and scrapped with RIPA lysis buffer system. 

Intracellular triglyceride levels were analyzed by AU 5800 

clinical chemistry analyzer (Beckman Coulter lnc, Brea, CA, 

USA) using its original enzymatic kit (Beckman Coulter lnc, 

Brea, CA, USA). Protein concentrations were measured 

according to Lowry et al. [20] by using bovine serum albumin as 

standard. Triglyceride levels were calculated relative to total 

protein levels and expressed as fold change relative to control by 

dividing to mean triglyceride value of control group.  

 

PON1 and PON3 mRNA expression 

Cells were seeded into 6 well plates. After the cells 

reached 80-90% confluence, cells were cultured with medium 

containing different palmitate (0, 0.4, 0.7 and 1 mM) 

concentrations for 24 hours. RNA was isolated from cells by 

using commercial RNA isolation kit and cDNA was generated 

from 1 g of total RNA by using commercial high-capacity 

cDNA reverse transcription kit. These reaction products were 

subject to quantitative PCR by using TaqMan gene expression 

assays for PON1 and PON3. GAPDH was used as housekeeping 

gene. Results were calculated using the 2
−ΔΔCT

 method [21].  

 

Western blot analysis of PON1 and PON3 proteins 

Cells were seeded into 75 cm
2
 flask. After the cells 

reached 80-90% confluence, cells were cultured with medium 

containing different palmitate (0, 0.4, 0.7 and 1 mM) 

concentrations for 24 hours. After 24 hours, cells were washed 

twice with PBS and scrapped with RIPA lysis buffer system. 

Samples were homogenized and then centrifuged at 4 °C for 10 

minutes at 15,000 × g [22]. Supernatants were used for protein 

determination and western blotting. Protein concentrations were 

measured according to Lowry et al. [20] by using bovine serum 

albumin as standard. 

20 g of total protein was separated by 5-8% sodium 

dodecyl sulfate-polyacyrlamide gel electrophoresis and 

transferred to PVDF membrane by using semi-dry blotting 

system. Membranes were blocked with 5% skim milk powder for 

1 hour at room temperature. After blocking, membranes were 

incubated with monoclonal primary antibodies (PON1:1/1000 

dilution and PON3:1/1000 dilution) overnight at 4°C and then 

with secondary antibody (HRP goat anti-mouse: 1/10000 

dilution) at room temperature for one hour. PON1 and PON3 

protein bands were visualised by using 

electrochemiluminescence detection system with HRP 

chemiluminescent substrate and were quantified by Image J [23]. 

Results were calculated relative to alpha-tubulin as loading 

control and expressed as fold change relative to control for each 

blot. 

Arylesterase activity 

Cells were seeded into 75 cm
2
 flask. After the cells 

reached 80-90% confluence, cells were cultured with medium 

containing different palmitate (0, 0.4, 0.7 and 1 mM) 

concentrations for 24 hours. After 24 hours, cells were washed 

twice with PBS and scrapped with 50 mM Tris-HCl buffer 

(pH:8) containing 1mM CaCl2, 1% protease inhibitor cocktail 

and 0.1% Triton-X100. Arylesterase activity was determined by 

the measuring initial rate of substrate hydrolysis at 270 nm in the 

assay mixture containing 1 mM CaCl2, 2 mM phenylacetate in 

50 mM Tris-HCl buffer (pH 8.0) [24, 25]. Measurements were 

performed at 25 °C and the blank sample containing incubation 

mixture without cell lysate was run simultaneously for the 

correction of spontaneous substrate breakdown. Results were 

calculated relative to total protein levels and expressed as fold 

change relative to control. 

 

Statistical analysis  

Results were given as means ± standard deviation (SD). 

The one-way analysis of variance test was used for comparison 

of biochemical parameters among the groups, and then, Tukey 

and Tamhane post-hoc tests were used for multiple comparisons 

when the significant difference obtained. SPSS 20.0 (IBM SPSS 

Inc., Chicago, IL, USA) statistical software was used for 

statistical analysis. P value < 0.05 was considered as statistical 

significant. 

 

Results 

The mean percentages of cell viabilities of palmitate-

incubated cells were 85% for 0.4 mM palmitate, 76% for 0.7 mM 

palmitate and 63% for 1 mM palmitate. All palmitate 

concentrations (0.4, 0.7, 1 mM) caused a significant decrease on 

cell viabilities as compared with control (P<0.05 for all). 

Increasing palmitate concentrations (0.4, 0.7, 1 mM) caused a 

significant decrease on cell viabilities (P<0.05 for all) (Figure 1). 

 
 

 
Figure 1: Effect of palmitate on cell viabilities of HepG2 cells. 

Results are expressed as mean ± SD of twenty four results for all 

groups, a: p<0.05, compared with control, b: p<0.05, compared with 0.4 

mM palmitate-incubated cells, c: p<0.05, compared with 0.7 mM 

palmitate-incubated cells. 

 

Palmitate-incubated HepG2 cells were stained with oil 

red O to show intracellular lipid content. Increasing palmitate 

concentrations (0.4, 0.7, 1 mM) caused an increase on 

intracellular lipid content of HepG2 cells which were visually 

observed microscopically by oil red O staining (Figure 2a).  

Intracellular triglyceride levels of palmitate-incubated 

cells were 1.12-fold, 1.43-fold and 1.77-fold for 0.4, 0.7 and 1 

mM palmitate, respectively. All palmitate concentrations (0.4, 

0.7, 1 mM) caused a significant increase on intracellular 

triglyceride levels as compared with control (P<0.05 for all). 

Also increasing palmitate concentrations (0.4, 0.7, 1 mM) caused 

a significant increase on intracellular triglyceride levels (P<0.05 

for all) (Figure 2b). 

PON1 mRNA expression of palmitate-incubated cells 

were 2.09-fold, 1.82-fold and 1.79-fold for 0.4, 0.7 and 1 mM 

palmitate, respectively. PON1 mRNA expression in 0.4, 0.7 and 

1 mM palmitate incubated cells were significantly increased as 

compared to those in control cells (P<0.05 for all) (Figure 3a).  

PON1 protein levels of palmitate-incubated cells were 

1.11-fold, 1.07-fold and 0.97-fold for 0.4, 0.7 and 1 mM 

palmitate, respectively. There was no significant difference 
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between PON1 protein levels of groups (p>0.05 for all) (Figure 

3b). 

PON3 mRNA expression of palmitate incubated cells 

were 0.88-fold, 0.95-fold and 0.98-fold for 0.4, 0.7 and 1 mM 

palmitate, respectively. There was no significant difference 

between PON3 mRNA expression of groups (p>0.05 for all) 

(Figure 3a). 

PON3 protein levels of palmitate-incubated cells were 

1.21-fold, 1.26-fold and 1.20-fold for 0.4, 0.7 and 1 mM 

palmitate, respectively. There was no significant difference 

between PON3 protein levels of groups (p>0.05 for all) (Figure 

3b). 
 

 
 

Figure 2: Effect of palmitate on steatosis in HepG2 cells. a) Microscopic 

images of oil red O stained (x400 magnification) and b) intracellular 

triglyceride levels of HepG2 cells. Data are expressed as the mean ± SD 

of six results from three independent experiments for all groups, a: 

p<0.05, compared with control, b: p<0.05, compared with 0.4 mM 

palmitate-incubated cells, c: p<0.05, compared with 0.7 mM palmitate-

incubated cells. 

 

Arylesterase activities of palmitate incubated cells were 

1.04-fold, 1.03-fold and 1.04-fold for 0.4, 0.7 and 1 mM 

palmitate, respectively. There was no significant difference 

between arylesterase activities of groups (p>0.05 for all) (Figure 

4). 

Discussion 

  Palmitate-induced steatosis in HepG2 cells is an in vitro 

NAFLD model to investigate acute harmful effects of fat 

overaccumulation in the liver [8]. In our study, increasing 

palmitate concentrations significantly increased steatosis and 

decreased cell viability in HepG2 cells. Our results confirmed 

steatosis and cytotoxicity caused by palmitate and were 

compatible with the literature [26, 27]. 

For the first time, the effect of palmitate-induced 

steatosis on PON1 and PON3 enzymes in HepG2 cells and the 

effect of NAFLD on PON3 protein levels were investigated with 

the present study. We showed that palmitate at different 

concentrations (0.4, 0.7 and 1 mM) increases PON1 mRNA 

expression, but it does not change PON1 protein level and 

arylesterase activity in HepG2 cells.  

 

 
Figure 3: Effect of palmitate on PON1 and PON3. a) mRNA and b) 

protein levels in HepG2 cells. Data are expressed as the mean ± SD of 

five results from five independent experiments for protein levels and 

nine results for mRNA levels from three independent experiments for all 

groups, a: p<0.05, compared with control. 

 

 

 
Figure 4: Effect of palmitate on arylesterase activity in HepG2 cells. 

Data are expressed as the mean ± SD of twelve results from three 

independent experiments for all groups. 

  

Our result indicating that PON1 mRNA expression 

increases in palmitate-induced steatosis supports Desai et al. [14] 

who reported that liver PON1 mRNA expression increases in 

paediatric non-alcoholic steatohepatitis. It is known that PON1 

prevents oxidative stress and fights with inflammation [11]. It 

was reported that oxidative stress [28, 29] and inflammation [30, 

31] are increased in palmitate-induced steatosis in HepG2 cells. 

An increase in PON1 mRNA expression in palmitate-induced 

steatosis in HepG2 cells may be associated with cell defense 

against to oxidative stress and/or inflammation. 

PON enzymes have different activities for different 

substrates. PON1 has mainly arylesterase activity whereas PON3 

has very low arylesterase activity [9]. In the present study, 

although palmitate-induced steatosis increased PON1 mRNA 

expression in HepG2 cells, it did not change PON1 protein levels 

and arylesterase activities. Our arylesterase activity results are 

compatible with Kudchodkar et al. [32] who reported dietary 

tripalmitin treatment does not alter PON1 activity in rats and also 
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compatible with Bosham et al. [33] who reported palmitic acid 

composition of HDL is not associated with the PON1 activity. 

Whereas Wang et al. [15] reported that oleic acid-induced 

NAFLD decreases PON activity in L02 cells. On the other hand, 

Gomez-Lechon et al. [8] reported that, oleic acid-induced 

steatosis represents chronic cell model of NAFLD whereas 

palmitate-induced steatosis represents acute harmful effects of 

fat overaccumulation. This may be responsible for the difference 

between PON activities of these two studies. Desai et al. [14] 

also reported that liver PON1 protein levels are increased in 

paediatric non-alcoholic steatohepatitis. Whereas we found that 

palmitate-induced steatosis does not change PON1 protein levels. 

Unchanged PON1 protein levels in palmitate-induced steatosis 

could have resulted from the incubation of cells with palmitate 

for a limited time. It is also known that palmitate induces 

endoplasmic reticulum stress and inhibits protein synthesis [34]. 

This may also be responsible from unchanged PON1 proteins 

and arylesterase activities in our study. 

PON3 is not as well studied protein such as PON1. In 

the present study, for the first time, we showed that PON3 

mRNA expression and protein levels are not changed in 

palmitate-induced steatosis. PON3 mRNA results of our study 

were compatible with the previous NAFLD animal studies 

[12,13]. Our finding indicating that PON3 mRNA and protein 

levels do not change in palmitate-induced steatosis in HepG2 

cells points out that PON3 enzyme is not affected by increased 

oxidative stress and inflammation [28-31]. The finding of Reddy 

et al. [35] who reported that, different from PON1, PON3 is not 

regulated by oxidized lipids supports this idea. 

Although PON1 and PON3 are the members of the 

same enzyme family and they have many similarities, we found 

that lipoic acid up-regulates PON3 but down-regulates PON1 

mRNA expression, and caffeine increases PON1 protein levels 

but does not change PON3 protein levels in HepG2 cells in our 

previous studies [24, 36]. Taking into consideration the findings 

we have mentioned above, we can say that PON1 and PON3 are 

regulated by different mechanisms.  

Limitation of present study is not to able to show any 

PON3 enzyme activity because PON3 lactonase activities are 

below or very close to detection limits in cell lysates with assay 

methods using dihydrocoumarin and decanolactone [37]. Also 

this is an in vitro study and it needs to be supported by future 

animal and human studies.  

In conclusion, we showed that palmitate-induced 

steatosis up-regulates PON1 mRNA expression but it does not 

change PON1 and PON3 protein levels, PON3 mRNA 

expression and arylesterase activities in HepG2 cells. 
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