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Effect of glucagon-like peptide-1 analogue liraglutide on primary 
cultures of  rat hepatocytes isolated from  lean and steatotic livers
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Abstract. Non-alcoholic fatty liver disease and its complications are frequent causes of liver-related 
morbidity and mortality. Incretin glucagon-like peptide-1 (GLP-1) affects liver functions and me-
tabolism. Although GLP-1 analogues are widely used in clinical practice, information regarding their 
potential toxic effect on hepatocytes in vitro is missing. Therefore, we evaluated the effect of GLP-1 
analogue liraglutide on activity of caspases 3/7, cell viability and oxidative stress in primary cultures 
of hepatocytes. Primary cultures isolated from male Wistar rats fed a  standard (ST1-group, 10% 
energy from fat) or a high-fat diet (HF-group, 71% fat) for 10 weeks were incubated with liraglutide 
(0.1–1000 nmol/l) for 24 h. Activities of caspases 3/7 and cellular dehydrogenases (WST-1), lactate 
dehydrogenase (LDH) leakage and oxidative stress (malondialdehyde concentration and DCFDA 
assay) were evaluated. HF-groups vs. ST1-groups showed higher caspases activity, LDH leakage and 
MDA production (p < 0.001) and lower cellular dehydrogenases activity (p < 0.01). Liraglutide induced 
a dose-dependent decrease of caspases activity in both groups, reduction of oxidative stress in HF-
animals and exerted no negative effects on other parameters. In conclusion, GLP-1 analogue liraglutide 
decreased activity of caspases 3/7, reduced ROS production and didn’t exhibit negative effects on cell 
viability and oxidative stress in primary cultures of hepatocytes isolated from lean and steatotic livers.
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Introduction

Glucagon-like peptide-1 (GLP-1), along with gastric inhibi-
tory polypeptide (GIP, also known as the glucose-dependent 
insulinotropic peptide), belong to a group of peptide hor-
mones referred as incretins. These hormones are produced in 
response to the presence of chymus in gastrointestinal tract, 

GLP-1 predominantly in endocrine L-cells of human ileum 
and colon. GLP-1 occurs as two active molecules: GLP-1(7-
36) amide and GLP-1(7-37) in blood plasma (Eissele et al. 
1992; Baggio and Drucker 2007; Holst 2007). Their biologi-
cal half-life in the bloodstream is very short (1–2 min) due 
to a cleavage catalyzed by a degrading enzymes dipeptidyl 
peptidase 4 (DPP4) and neutral endopeptidases (Vilsboll et 
al. 2003). Molecules of active GLP-1 have several important 
functions in the human body: e.g. stimulation of postpran-
dial insulin release from pancreatic beta cells, suppression 
of gastrointestinal tract motility and appetite or modulation 
of metabolic processes in tissues (Nauck et al. 1986; Baggio 
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and Drucker 2007). Actions of GLP-1 can be mimicked by 
its analogues that have a longer half-life compared to origi-
nal hormone molecule. There are several GLP-1 analogues 
available, e.g. exenatide (Ex4) and liraglutide. Liraglutide is 
a GLP-1 analogue with 97% amino acid sequence homology 
to native human GLP-1. It contains a fatty acid side-chain 
that enables its bound to plasma protein albumin resulting in 
prolongation of its half-life to 13 h. This analogue is routinely 
used in treatment of patients with type 2 diabetes mellitus 
(Agersø et al. 2002; Russel-Jones and Gough 2012).

Excessive accumulation of triacylglycerols (TAG) in the 
liver is termed as fatty liver disease. Non-alcoholic fatty liver 
disease (NAFLD) is one of the most frequent liver diseases in 
western countries, affecting 20–30% of adult population. In 
its initial stages, NAFLD is characterized by an accumulation 
of ectopic fat in the liver. NAFLD is histologically defined 
by the presence of liver steatosis exceeding 5% of hepato-
cytes, regardless of whether it is macrovesicular, mixed or 
microvesicular (Kleiner et al. 2005; Kučera and Červinková 
2014). 10–25% of patients with NAFLD can develop more 
severe form termed as non-alcoholic steatohepatitis (NASH). 
NASH development is characterized by several processes: 
immune cells recruitment, endoplasmic reticulum stress, 
mitochondrial dysfunction, oxidative stress and defective 
autophagy, resulting in hepatocyte ballooning, apoptosis and 
activation of hepatic stellate cells (Tsuchida and Friedman 
2017; Gonzalez-Rodriguez et al. 2018). Their subsequent dif-
ferentiation to myofibroblasts producing collagen I promotes 
development of liver fibrosis (Mehal et al. 2011; Valdecantos 
et al. 2018). 10–15% of patients with NASH can develop 
hepatocellular carcinoma. Etiopathogenesis of NAFLD and 
NASH is closely linked to insulin resistance (liver manifesta-
tion of the metabolic syndrome), lipotoxicity, oxidative stress 

and apoptosis (Ruhl and Everhart 2004; Kim and Younossi 
2008; Vanni et al. 2010). Scheme of the possible progression 
of NAFLD is depicted in Fig. 1. Nowadays, no widely estab-
lished and highly effective treatment option for this complex 
pathological condition exists which leads to an intensive 
search for new therapeutic approach (Ratziu et al. 2015).

GLP-1 and its analogues led in in vitro and in vivo studies 
of several experimental animal models to modulation of liver 
lipid metabolism and to decrease in hepatic lipid content (Ding 
et al. 2006; Sharma et al. 2011; Svegliati-Baroni et al. 2011; Lee 
et al. 2012a; Trevaskis et al. 2012) showing its beneficial effect 
on liver metabolism under NAFLD conditions. Results of 
LEAN clinical trial (Liraglutide Efficacy and Action in Non-
alcoholic steatohepatitis; Clinicaltrials.gov#NCT01237119) 
showed that 48 weeks of treatment with liraglutide (once-daily 
1.8 mg s.c.) led to an improvement of histological results of 
NASH (Armstrong et al. 2013, 2016a). This result was accom-
panied by decreased liver steatosis and ballooning of hepato-
cytes. No statistically significant difference in Kleiner fibrosis 
stage was observed, however, patients treated with liraglutide 
had lower worsening of histological results of fibrosis when 
compared to placebo group (8 of 22 patients in placebo group 
showed its worsening vs. 2 of 23 patients in liraglutide group 
(Armstrong et al. 2016a). In a sub-study involving 14 patients 
of the LEAN study, Armstrong et al. described improvement 
of liver lipid and glucose metabolism reducing metabolic 
dysfunction in NASH after 12 weeks of liraglutide treatment 
(Armstrong et al. 2016b). These results make liraglutide more 
attractive for therapy of NAFLD and NASH.

Although GLP-1 analogues are widely used in clinical 
practice for treatment of type  2 diabetes mellitus, data 
about their potential toxic effect on hepatocytes in in vitro 
conditions are missing in literature, especially for liraglutide. 

Figure 1. Scheme of the possible progression 
of non-alcoholic fatty liver disease. TGF-β1, 
transforming growth factor β1; NASH, non-
alcoholic steatohepatitis. (Adopted from 
Kučera and Červinková 2014).
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Therefore, in our present work, we evaluated an effect of lira-
glutide on activity of caspases 3/7, cell viability and oxidative 
stress parameters in primary cultures of hepatocytes isolated 
from rats fed a standard or a high-fat diet.

Materials and Methods

Chemicals

Liraglutide was purchased from Bachem AG (Bubendorf, 
Switzerland). William’s E  medium without phenol red, 
penicillin, streptomycin, fetal bovine serum and glutamine 
were supplied by BioChrom GmbH (Germany). Colla-
genase (from Clostridium histolyticum, Serva, Germany), 
insulin (Actrapid, Hoechst, Germany), glucagon (Novo 
Nordisk, Denmark), prednisolone (Merck, Germany), kit 
for lactate dehydrogenase (DiaSys, Germany), Cell Prolif-
eration Reagent WST-1 (Roche, Germany), DCFDA (Life 
Technologies, Carlsbad, California, USA) and Caspase 
Glo 3/7 kit (Promega, Madison, Wisconsin, USA) were 
obtained from suppliers mentioned in the brackets. All 
other chemicals were of analytical grade and purchased 
from Sigma-Aldrich (St. Louis, Missouri, USA).

Animals and experimental design

Male Wistar rats (Biotest, Konarovice, Czech Republic) 
with initial body weight 235 ± 15 g, age 8 weeks were used 
throughout the study. The animals were housed at 23 ± 1°C, 
55 ± 10% relative humidity, and air exchange 12–14 times/h, 
12-h light/dark cycles (6:00 h to 18:00 h) and has had a free 
access to tap water and different diets as described below. All 
animals received care according to the guidelines set out by 
the Animal-Welfare Body of the Faculty of Medicine in Hra-
dec Králové, Charles University in Prague, Czech Republic 
and the committee approved our experiment. All planned 
experiments were in agreement with law No. 246/1992 (for 
protection of animals against cruelty), notice No. 419/2012 
(the protection of animals for experimental purposes) and 
Council Directive 86/609/ECC (on the approximation 
of laws, regulations and administrative provisions of the 
Member States regarding the protection of animals used for 
experimental and other scientific purposes).

The animals were fed ad libitum a  standard laboratory 
pelleted diet (ST-1, Velaz, Prague, Czech Republic; 10% 
energy fat, 30% energy proteins, 60% energy saccharides – 
ST1-group) or high-fat gelled diet (HFGD; 71% energy fat, 
18% energy proteins, 11% energy saccharides – HF-group; 
described by Lieber et al. 2004 and Kučera et al. 2011) for 
10 weeks. Supplements for HFGD diet were purchased from 
MP Biomedicals (Solon, OH, USA). Food and water intakes 
and mean body weight gain were monitored 3 times a week. 

Hepatocyte preparation, cultivation and treatment

Hepatocytes were isolated from animals under ether anaes-
thesia by two-step collagenase perfusion as described previ-
ously (Berry et al. 1991). The body weight at time of isolation 
was 390 ± 12 g for ST-1 and 405 ± 14 g for HFGD. The cell 
viability of freshly isolated hepatocytes was determined with 
a trypan blue exclusion test – for all isolations, it was higher 
than 90%. Cell density was counted using a  Cellometer 
(Nexcelom Bioscience, Lawrence, Massachusetts). Subse-
quently, isolated hepatocytes were suspended in William’s 
E medium enriched with 6% fetal bovine serum, glutamine 
(2 mmol/l), penicillin (100 IU/ml), streptomycin (10 mg/
ml), insulin (0.08 IU/ml), prednisolone (0.5 μg/ml), gluca-
gon (0.008 μg/ml) and allowed to attach on collagen-coated 
cultivating 6-well (at a density of 1×106 cells/well), 24-well 
(density of 3×105 cells/well) and 96-well (density of 3×104 
cells/well) NUNC plates (Thermo Scientific, Waltham, Mass.) 
in a gassed atmosphere (5% CO2) at 37°C for 2 h. After the 
establishment of monolayers, the medium was removed and 
replaced with a  fresh medium containing liraglutide with 
concentrations ranging from 0.1 to 1000 nmol/l. Control 
hepatocytes were incubated in William’s E  medium, with 
no liraglutide. The treatment period lasted 24 h (5% CO2, 
37°C). After this period, the medium was collected for the 
biochemical assays and cells were harvested.

Microscopic evaluation – phase contrast imaging

The morphological changes of hepatocytes in culture were 
assessed using Olympus IX51 microscope equipped with the 
digital camera Olympus E-600 (Olympus Imaging Corp., 
Tokyo, Japan) and Quick Photo Camera 3.0 software (Pro-
micra, Prague, Czech Republic). The objective magnification 
was set 20× for phase contrast imaging. No image editing 
was performed. 

Markers of hepatocyte damage and viability 

Lactate dehydrogenase (LDH) leakage test consisted of meas-
urement of LDH activity in the culture medium and in the 
cell lysate (hepatocytes were frozen for 10 min at –80°C and 
lysed in distilled water) using a commercial kit from DiaSys 
(Holzheim, Germany). The ratio of extracellular and total 
LDH was calculated.

Cell viability was assessed using the WST-1 assay  
(2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl) 
-2H-tetrazolium, monosodium salt, Roche, Germany) 
evaluating the activity of intracellular dehydrogenases 
(described by Lotková et al. 2005). In the assay, the ma-
ternal tetrazolium salt WST-1 is cleaved to formazan by 
intracellular dehydrogenases. The higher the number of 
viable cell is, the higher the activity of the enzymes leading 
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to the higher production of the formazan dye. The change 
directly correlates to the number of metabolically active 
cells in the culture. The medium was collected and the 
WST-1 reagent (diluted 1:10 in PBS; obtained from Roche, 
Penzberg, Germany) was added to the well-plates. Changes 
in absorbance of the dye solution were measured at time 
0, 1 h and at 2 h using a TECAN Infinite M200 spectro-
photometer (Tecan Group AG, Männedorf, Switzerland) 
at a wavelength of 440 nm. The difference between these 
values was calculated and used for statistical analysis.

Activity of caspases 3/7

Activity of executive caspases 3/7 was evaluated using 
a Caspase-Glo 3/7 kit delivered from Promega (Madison, 
Wisconsin, USA). Incubated cells were loaded with Caspase 
Glo 3/7 reagent that induced cell lysis and provided a sub-
strate for caspases 3/7. The total luminescence at time 0, 35 
and 70 min was measured using TECAN Infinite M200 spec-
trophotometer (Tecan Group AG, Männedorf, Switzerland). 
For statistical analysis was used delta of total luminescences 
at time 0 and 70 min.

Markers of oxidative stress 

Intensity of lipid peroxidation in hepatocytes was determined 
by evaluating malondialdehyde (MDA) production by meas-
uring the level of thiobarbituric acid-reactive substances 
(TBARS) in the medium (Ohkawa et al. 1979). In the method 
thiobarbituric acid (TBA) is reacted with MDA resulting 
in the formation of the chromogen that can be determined 
spectrophotometrically.

The production of reactive oxygen species (ROS) was 
evaluated using the fluorescence probe dichlorodihydrofluo-
rescein diacetate (DCFDA) obtained from Life Technologies 
(Carlsbad, California, USA). DCFDA is a fluorogenic dye 
that detects activity of ROS (e.g. hydroxyl and peroxyl) 
in cells. After diffusion through membrane, intracellular 
esterases cleave off the acetate groups forming a non-fluo-
rescent molecule that is subsequently oxidized by ROS into 
2’,7’-dichlorofluorescein (DCF). DCF is a highly fluorescent 
compound which can be detected. After the incubation, 
well-plates were rinsed with free culture medium and conse-
quently loaded by DCFDA diluted in medium (1 μmol/l) for 
30 min incubation at 37°C. Then the substrate was removed 
and the well-plates were washed with the medium. After 
an additional 45 min, the increase of fluorescence intensity 
was assessed in a TECAN Infinite M200 spectrophotom-
eter (Tecan Group AG, Männedorf, Switzerland) using an 
excitation and emission wavelength of 485 and 535 nm, 
respectively. The results were related to the amount of total 
protein extracted from the cells determined by the Bradford 
assay (Bradford 1976).

Statistical analysis

Results are expressed as the mean ± SD. GraphPad Prism 6.01 
software (La Jolla, California, USA) was used for statistical 
analysis. Kolmogorov-Smirnov test was used for proving the 
normality. Data with Gaussian distribution were analyzed 
using ANOVA followed by Tukey-Kramer’s post hoc test 
for group comparison. In non-Gaussian distribution, non-
parametric Kruskal-Wallis tests and Dunn’s post hoc test 
were used. For the assessment of caspases´ activity over con-
centrations of liraglutide we used simple linear regression, 
which was done by using SPSS Statistics software. Values of 
p < 0.05 were considered statistically significant.

Results

Phase contrast microscopy

Morphological changes of hepatocytes are shown on rep-
resentative microphotographs of primary cultures (Fig. 2). 
Hepatocytes isolated from HF-group animals exerted mi-

Figure 2. Morphology of primary cultures of hepatocytes after 
24 h of incubation. Representative microphotographs of hepato-
cytes from rats on ST1-diet (A) and HF-diet (B). a. Control hepato-
cytes. b. Hepatocytes treated with LIRA 100 nmol/l. Phase contrast, 
objective magnification 20× for all microphotographs. ST-1 diet, the 
animals were fed a standard laboratory diet, HF-diet, the animals 
were fed a high-fat diet; LIRA, liraglutide. 

a b

a b
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crovesicular steatosis (Fig. 2Ba) in comparison with hepato-
cytes isolated from lean ST1-group animals (Fig. 2Aa). Incu-
bation with liraglutide for 24 h was not associated with any 
significant changes on morphology of cultivated hepatocytes 
(Figs. 2Ab and Bb – concentration of liraglutide 100 nmol/l).

Hepatocyte damage and viability

In both assays, LDH leakage and WST-1 test, hepatocytes 
from HF-group showed a lower cell viability as documented 
by higher LDH leakage and lower activity of intracellular 
dehydrogenases (p < 0.001 for all comparisons in LDH leak-
age; p < 0.001 for LIRA0.1 and LIRA1, p < 0.001 for LIRA10, 
LIRA100 and LIRA1000 in WST-1 assay). Liraglutide treat-
ment did not exert any negative effect on cell viability in both 
assays (Fig. 3 and Fig. 4).

Activity of caspases 3/7

Activities of caspases 3/7, as a marker of apoptosis, were higher 
in all HF-groups when compared to respective ST1-groups 
(p < 0.001 for all comparisons). Simple linear regression re-
vealed linear relationship between the activity and concentra-
tion of liraglutide for ST1-groups (–1521.48, SE = 241.1, R2 = 
0.464) which is statistically significant (p < 0.001). We obtained 
similar association for HF-groups (–1306.05, SE = 189.9, R2 = 
0.507) which is also statistically significant (p < 0.001; Fig. 5). 

ROS production

Significantly higher concentrations of MDA were observed 
in hepatocytes isolated from animals fed a  high-fat diet 

in comparison to respective ST1-group (p  < 0.001 for all 
comparisons). No effect of liraglutide on this parameter 
was found in any group. On the other hand, DCFDA assay 
revealed a reduction of ROS production in HF-group after 
liraglutide exposure (HF-C vs. HF-LIRA100: p < 0.05; HF-C 
vs. HF-LIRA1000: p < 0.001; Fig. 6 and Fig. 7).

Discussion

The potential of incretin based therapies in diabetology has 
been theoretically described for more than 20 years ago 
(Gutniak et al. 1992). Subsequently the basic experimental 
and clinical-physiological pillars of this therapy have been 
developed mainly by the groups around Holst (Holst 2007, 
2008), Nauck (Nauck et al. 1997, 1998; Nauck 2008) and Ah-
ren (Ahren 1998). Nowadays, there are two groups of drugs 
with known therapeutic potential based on modulation of 
the incretin system, GLP-1 analogues and DPP4 inhibitors. 
Both groups have proven to be effective option and have 
been a part of treatment of type 2 diabetes for many years 
now (Tuch 2016).

In the literature, there are many works studying the effect 
of GLP-1 analogues on metabolism of hepatocytes and liver 
function. Intensively studied field is especially hepatic me-
tabolism of lipids, since several studies postulated possible 
beneficiary effect of incretins and related incretin-based 
therapies in the treatment of NAFLD/NASH condition (Lee 
2012b; Samson and Bajaj 2013; Armstrong et al. 2016a). 
Several in vitro and in vivo animal studies assessed the ef-
fect of GLP-1 and its analogues on parameters of liver lipid 
metabolism – e.g. hepatic lipid content, gene expression of 
key enzymes and transport proteins of fatty acids (FA) and 

Figure 3. LDH leakage after 24 h of incubation with William’s E me-
dium (0 – controls) and with medium containing LIRA at concentra-
tion of 1, 10 and 100 nmol/l, respectively. Data are expressed as ratio 
between EC and total LDH activity (IC + EC) (n = 6; *** p < 0.001 
vs. corresponding ST1-groups). EC, extracellular; IC, intracellular; 
LDH, lactate dehydrogenase. (For more abbreviations, see Fig. 2).

Figure 4. WST-1 assay. Activity of cellular dehydrogenases after 
24 h of incubation with William’s E medium (0 – controls) and 
with medium containing LIRA at concentration of 1, 10, 100 and 
1000 nmol/l, respectively (n = 8; ** p < 0.01, *** p < 0.001 vs. cor-
responding ST1-groups). For abbreviations, see Fig. 2).
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TAG metabolism etc. – concluding with promising results 
(Ding et al. 2006; Sharma et al. 2011; Svegliati-Baroni et al. 
2011; Lee et al. 2012a; Trevaskis et al. 2012). These animal 
experiments were supported by works describing positive 
findings of incretin-based therapies on liver parameters 
of patients with diabetes in clinical practice (Tushuizen 
et al. 2006; Buse et al. 2007; Klonoff et al. 2008; Kenny et 
al. 2010; D’Amico 2011; Sathyanarayana et al. 2011; Cuth-
bertson et al. 2012; Ohki et al. 2012; Vilsbøll et al. 2012). 
Subsequently, LEAN clinical trial (Armstrong et al. 2013), 
which focused on liraglutide action in overweight patients 
with a  histological evidence of NASH, described an im-
provement of histological results of NASH, decreased liver 
steatosis and ballooning of hepatocytes and improvement 
of liver lipid metabolism reducing metabolic dysfunction 
in NASH (Armstrong et al. 2016a, 2016b). However, in the 

literature there is a gap in knowledge of effects of liraglutide 
on the hepatocyte viability and oxidative stress. This missing 
information we found as crucial since both parameters are 
modified in the NAFLD/NASH condition. In the current 
study we try to elucidate the effect of liraglutide on these 
parameters in both, normal and steatotic liver. 

Excess of fatty acids (esp. saturated FA) may induce an 
endoplasmic reticulum (ER) stress response that can lead 
to an activation of signalling pathways (including caspase 
cascade) causing hepatocyte cell death (Zhang et al. 2011; 
Gentile et al. 2011). We described, that activity of caspases 
3/7 was higher in hepatocytes isolated from HF-animals 
when compared to respective ST1-groups, which is a finding 

Figure 5. Activity of caspases 3/7 
after 24  h  of incubation (n  =  12; 
*** p < 0.001 vs. corresponding ST1-
groups). Simple linear regression of 
caspases´ activity over concentra-
tions of LIRA for ST1-groups and 
HF-groups revealed linear relation-
ship (p  < 0.001 for both groups). 
r.l.u., relative light units. (For more 
abbreviations, see Fig. 2).

Figure 6. Concentration of MDA after 24 h of incubation with Wil-
liam’s E medium (0 – controls) and with medium containing LIRA 
at concentration of 1, 10 and 100 nmol/l, respectively (n = 6; *** p < 
0.001 vs. corresponding ST1-groups). MDA, malondialdehyde. (For 
more abbreviations, see Fig. 2).

Figure 7. DCFDA assay. Production of ROS after 24 h of incuba-
tion with William’s E medium (0 – controls) and with medium 
containing LIRA at concentration of 0.1, 1, 10, 100 and 1000 
nmol/l, respectively. Data are expressed as percentage of fluores-
cence intensity of respective control (n = 16; + p < 0.05, +++ p < 
0.001 vs. HF-control group). DCFDA, dichlorodihydrofluorescein 
diacetate; ROS, reactive oxygen species. (For more abbreviations, 
see Fig. 2).
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described previously in in vitro models of NAFLD/NASH 
induced by cultivation of primary human hepatocytes 
(Sharma et al. 2011), HepG2 cells (Lee et al. 2014) and pri-
mary cultures of rat hepatocytes (Moravcová et al. 2015) with 
different FA. Cultivation of hepatocytes from both groups in 
the medium with liraglutide led to a significant decrease of 
activity of caspases 3/7 (thus suppression of apoptosis). Based 
on the statistical analysis, the described effect was dose-
dependent. To our best knowledge, there are no previous 
studies describing a positive effect of liraglutide on activity 
of caspases 3/7 in primary cultures of rat hepatocytes. In the 
literature, there are several studies concerning the effect of 
other GLP-1 analogue exenatide on caspases activity (Sharma 
2011; Gezginci-Oktayoglu et al. 2011; Lee et al. 2014). Lee et 
al. described that Ex4 improves steatohepatitis in mice fed 
with a high-fat diet by increasing SIRT1 signalling (Lee et 
al. 2012a). Similar decline in activity of caspases as in our 
present work was described for primary human hepatocytes 
(Sharma et al. 2011) and HepG2 cells (Lee et al. 2014). 
A possible underlying mechanism is attenuation of ER stress 
(enhanced capacity to handle the unfolded protein response) 
via SIRT-1 dependent mechanisms leading to prevention 
of hepatocyte cell death via apoptosis (Sharma et al. 2011; 
Lee at al. 2014).

Hepatocytes from HF-animals when compared to ST1-
hepatocytes showed, based on the results of WST-1 assay 
and LDH leakage, significantly increased cell damage and 
lower viability. This finding for fat-laden hepatocytes has 
been already described in our previous experiment with the 
same experimental animal model (Kučera et al. 2012), or 
in experimental models of in vitro induction of steatosis by 
incubation of primary cultures of hepatocytes with different 
FA (Sharma et al. 2011; Moravcová et al. 2015). Liraglutide 
treatment did not exert any negative effect on cell viability 
in both assays. Sharma et al. and Aviv et al. described in in 
vitro conditions a positive effect of Ex4 on hepatocyte vi-
ability assessed by MTT and XTT assays that are similar to 
WST-1 assay used in our study (Aviv et al. 2009; Sharma et 
al. 2011). Our results thus support and correspond with the 
previous literature data that GLP-1 analogues do not cause 
negative effects on hepatocyte viability. 

Concerning the oxidative stress, we assessed mark-
ers evaluating two distinct segments of ROS metabolism: 
concentration of MDA, marker of lipid peroxidation, and 
DCFDA assay. MDA level was elevated for hepatocytes from 
HF-group when compared to respective ST1-hepatocytes. 
This is in good accordance with our previous results: for the 
same experimental model as in the present study (Kučera et 
al. 2012), or for primary cultures of rat hepatocytes exposed 
in vitro to FA (Moravcová et al. 2015). Liraglutide treatment 
led in our present study to a decrease in ROS production 
evaluated by DCFDA assay in HF-group. Reduced oxidative 
stress has already been described: for Ex4 in liver homoge-

nates obtained for ob/ob mice (assessed by TBARS/MDA 
concentration; Ding et al. 2006); and for GLP-1-derived 
nonapeptide GLP-1(28-36)amide in a  study on primary 
cultures of hepatocytes isolated from diet-induced obesity 
(DIO) mice and normal (C57bl/6J) mice or on H4IIe hepato-
cyte cell line (evaluated by DCFDA assay; Tomas et al. 2011).

Conclusion

In conclusion, our results suggest that GLP-1 analogue lira-
glutide expresses a beneficial action in primary cultures of 
hepatocytes isolated from male Wistar rats fed a standard 
laboratory or a high-fat diet by decreasing the activity of cas-
pases 3/7 and reducing oxidative stress. No negative effects 
on cell viability were described. These findings can support 
a further research and usage of liraglutide in treatment of 
human liver diseases, especially NAFLD/NASH.

Brief summary

In our article, we described that glucagon-like peptide-1 
analogue Liraglutide decreased activity of caspases 3/7, 
reduced oxidative stress and did not exhibit negative effects 
on cell viability in primary cultures of hepatocytes isolated 
from male Wistar rats fed a standard laboratory or a high-
fat diet. These findings can support a further research and 
usage of Liraglutide in treatment of human liver diseases, 
especially NAFLD/NASH.
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