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ABSTRACT

 Fatty liver is a condition that could develop into non-
alcoholic steatohepatitis (NASH) marked by liver inflammation. 
This condition can be caused by several risk factors such 
as obesity and dyslipidemia. Previous studies showed that 
rosiglitazone, one of thiazolidinediones (TZDs), could be used 
as fatty liver therapy. In this study, pioglitazone, which is also 
a TZDs, was used to evaluate its effect on liver functions, lipid 
profile, and antioxidant status in animal models. This research 
aimed to evaluate the administration of pioglitazone tablets in 
the animal model. A total of 40 male Sprague-Dawley rats were 
divided into five groups consisted of normal group, negative 
control, and three treated groups, which received 5 mg, 10 mg, 
and 20 mg/kg BW/day of pioglitazone tablet. The study was 
conducted by oral induction of high-fat diet with 0.5 mg/kg BW/
day propylthiouracil tablet for 70 days. On day 43, pioglitazone 
tablet was orally administered for 28 days until day 70. The 
parameters of liver function, lipid profile, and antioxidant status 
were measured, and liver morphological was observed. Dose 10 
mg/kg BW/day showed the most significant decrease (p<0.05) 
of liver function and lipid profile comparing to the animal 
models. However, pioglitazone tablet at a dose of 20 mg/kg BW/
day showed a significant decrease (p<0.05) comparing to both 
negative control and normal groups. Thus, administration of 
pioglitazone tablet at a dose of 10 mg/kg BW/day possessed an 
ameliorating effect on the fatty liver condition in male Sprague-
Dawley rats.

1. INTRODUCTION
 Fatty liver is the most common liver disease in the world1 
with the prevalence of people with the disease in Indonesia at 
30%2. The disease is characterized by the accumulation of 
liver fat that reaches 5% of the liver weight3. This condition 
can be caused by several risk factors such as obesity, insulin 
resistance, type 2 diabetes mellitus, dyslipidemia, and drugs4. 
Propylthiouracil (PTU) is an antithyroid drug that has rarely 
been used because it can cause liver damage and increase blood 
cholesterol that could trigger the fatty liver disease5. A high-fat 
diet and a high-fructose diet could also cause fatty liver and 
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able to develop into non-alcoholic steatohepatitis 
(NASH), the stage in which inflammation occurs 
in the liver and leads to the cirrhosis. The percentage 
of patients with fatty liver that develop into NASH 
is estimated to reach 10-30%. Moreover, fatty liver 
is known to be associated with hepatocellular 
carcinoma and continues to increase every year6. 
Regarding this problem, there is still no specific 
treatment for fatty liver disease, so it is encouraging 
the researchers to find complementary and 
alternative treatments.
 Currently, several medications for dyslipi-
demia and type-2 diabetes could be alternative 
drugs for fatty liver disease. Previous studies had 
shown that rosiglitazone, one of thiazolidinediones 
(TZDs), could be used as fatty liver therapy7,8. On 
the other hand, rosiglitazone has been reported to 
increase the risk of heart attack, so the Food and 
Drug Administration (FDA) restricts the use of 
the drug9. The pioglitazone, which is also a TZDs, 
is a type 2 antidiabetic drug that works by reducing 
insulin resistance in the peripheral and liver. 
Pioglitazone acts as a receptor agonist that activates 
PPAR-γ, which can increase the sensitivity of 
receptors so that glucose can be taken into cells10. 
Besides, pioglitazone can regulate the expression of 
genes involved in lipid metabolism11. Pioglitazone 
could ameliorate the fatty liver condition. Never-
theless, the understanding of pioglitazone effect 
on fatty liver conditions is limited.  In this study, 
pioglitazone, which is also a TZDs was used to 
evaluate its effect on liver functions, lipid profile, and 
antioxidant status in animal fatty liver models. 

2. MATERIALS AND METHODS 
2.1. Materials

 The test material used for sample was 
TZDs agent, Pioglitazone tablet (Actos®, Takeda 
Pharmaceutical, Indonesia) containing 30 mg 
pioglitazone hydrochloride and formulated with 
excipients such as lactose monohydrate NF, 
hydroxypropyl cellulose NF, carboxymethylcellulose 
calcium NF, and magnesium stearate NF. Induction 
agents used were propylthiouracil tablet (Dexa, 
Indonesia) which is containing 100 mg propyl-
thiouracil, high-fat diets containing 36% fructose 
(HFCS-55, China), 15% goat fat, 14% palm oil 
(Sunco, Indonesia), and 5% domestic chicken egg 

yolk (PT QL Trimitra) and 30% distilled water in 
1.8 g/kg BB12. 

2.2. Animals

 This study used 40 male white rats with 
Sprague-Dawley (SD) strain, aged two months with 
a weight of 150-250 grams, which were obtained 
from the Non-Ruminansia and Satwa Harapan 
Laboratory, Faculty of Animal Husbandry, Institut 
Pertanian Bogor (IPB), Bogor, Indonesia.

2.3. Protocol (in vivo)

 The in vivo study was conducted at the 
Experimental Animal Laboratory, Faculty of 
Pharmacy, Universitas Indonesia and Pharmacology 
Laboratory, Faculty of Pharmacy, Universitas 
Indonesia. This research approved by the Ethics 
Committee of the Faculty of Medicine, Universitas 
Indonesia, with protocol number 19-02-0117 
was carried out. Before being treated, rats were 
acclimatized for seven days at the Experimental 
Animal Laboratory of the Faculty of Pharmacy, 
Universitas Indonesia, with normal conditions (at 
room temperature and 12/12-h light/dark cycle). 
The induction of high-fat diet with 5 mg/kg BW/
day propylthiouracil tablet was administered orally 
for 70 days. On day 43, pioglitazone tablet was 
administered orally and divided into three groups 
of dose variations (5 mg/kg BW, 10 mg/kg BW, 
and 20 mg/kg BW) until day 7013.
 The study used five test groups consisting 
of normal groups, which were only given 0.5% 
CMC Na solution, the negative control group was 
a high-fat diet with propylthiouracil tablet and 
three groups of pioglitazone tablet dose variations. 
The dosage of pioglitazone tablet used was 5 mg/
kg BW, 10 mg/kg BW, and 20 mg/kg BW).

2.4. Liver morphology

 On day 70, rats were dissected to observe 
changes in morphology of the liver by removing 
the liver and placed them in a white paper. The 
number of lumps was observed in five groups to 
determine the liver function. Furthermore, The 
blood from the abdominal aorta was collected for 
the determination of aminotransferase level, lipid 
profile, and antioxidant status.
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2.5. Determination of plasma aminotransferase 
levels

 The blood was centrifuged at 7000 rpm 
for 15 minutes. Further, plasma was taken and then 
measured against the enzyme activity of Alanine 
Aminotransferase (ALT) and Aspartate Amino-
transferase (AST). The level of AST was measured 
by GOT (AST (Aspartate Aminotransferase)) IFCC 
mod. liquiUV (Human, Germany) while the level of 
AST using GPT (ALT (Alanine Aminotransferase)) 
IFCC mod. liquiUV (Human, Germany). The 
methods were performed according to the kit 
instructions provided. 

2.6. Determination of plasma lipid profile

 Lipid profiles such as triglyceride levels 
(TG), high-density lipoprotein (HDL), and total 
cholesterol (TC) were also determined by colorimetric 
assay based on the manufacturer’s methods using 
Triglycerides liquicolormono kit, HDL Cholesterol 
kit, and Cholesterol liquicolor kit (Human, Germany). 
The level of low-density lipoprotein (LDL) was 
calculated from TG, HDL, and TC values.

2.7. Determination of plasma antioxidant status

 Superoxide dismutase (SOD) and glutathione 
peroxidase (Gpx) levels on plasma were measured 

using Rat SOD2 Superoxidase dismutase [Cu-Zn]) 
ELISA Kit (FineTestTM, Wuhan, China) according 
to manufacturer’s protocol.

2.8. Statistical analysis

 The data obtained were processed statisti-
cally using SPSS. The analysis carried out was 
the normality test (Shapiro-Wilk) and homogeneity 
test (Levene). If it was normally distributed and/or 
homogeneous, it is evaluated by an independent 
t-test to see the statistical significance of the 
differences in the two groups. However, if the data 
is not normally distributed nor homogeneous, the 
test used Mann-Whitney analysis. Results were 
statistically significant if p <0.05.

3. RESULTS
3.1. Effects of pioglitazone tablet administration 
on aminotransferase activity in plasma

 AST and ALT activities in plasma were 
measured and shown in Table 1. In this table, all 
pioglitazone groups showed lower levels compared 
to the negative control group, while the negative 
control groups had higher levels compared to the 
normal group. The pioglitazone group (10 mg/kg BW) 
Dose 2 in both parameters showed a decrease that was 
lower than the pioglitazone group (20 mg/kg BW).

 Parameter  Normal Negative Control PIO Dose 1 PIO Dose 2 PIO Dose 3

 AST (U/l) 63.31 ± 10.99 84.74 ± 11.42* 62.59 ± 12.02# 45.39 ± 1.32*# 78.41 ± 3.27
 ALT (U/l) 63.09 ± 8.78 63.09 ± 20.66 29.64 ± 2.93*# 25.54 ± 5.24*# 34.89 ± 11.03*

Notes: 
Normal: no treatment; negative control: induced by high-fat diet and propylthiouracil tablet; PIO Dose 1: 5 mg/kg BW/day 
pioglitazone-treated group; PIO Dose 2: 10 mg/kg BW/day pioglitazone-treated group; and PIO Dose 3: 20 mg/kg BW/day 
pioglitazone-treated group. AST: aspartate aminotransferase; ALT: alanine aminotransferase. According to independent t test, 
(*) =p<0,05 compared to normal group dan (#) =p<0,05 compared to negative control group.

Table 1. Aminotransferase levels in plasma

3.2. Effects of pioglitazone tablet administration 
on lipid profile in plasma

 The lipid profile determined were trigly-
ceride levels (TG), high-density lipoprotein (HDL), 
low-density lipoprotein (LDL), and total cholesterol 
(TC). Table 2 showed that the triglycerides levels 
of all dose groups showed lower values   and differed 
significantly (p <0.05) compared to the negative 

control group, and the pioglitazone group (10 mg/
kg BW) had the lowest value of 94.47 ± 11.25 
mg/dl. The same thing happened to both total 
cholesterol and LDL. All dose groups showed 
lower values   and differed significantly (p <0.05) 
on the negative control group. Based on these data, 
all pioglitazone groups showed values   that did not 
depend on the doses.
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3.3. Effects of pioglitazone tablet administration 
on antioxidants status in plasma

 In this study, Gpx level in the negative 
control group was greater than the normal group. 
The pioglitazone group (10 mg/kg BW) showed 
the highest antioxidant activity but did not differ 

significantly (p >0.05) with the other groups. 
Therefore, no significant data is obtained on Gpx. 
Conversely, in SOD, the negative control group 
showed the lowest value. The pioglitazone group 
(5 mg/kg BW) showed the highest value and was 
significantly different from the negative control 
and normal group, as seen in Table 3.

 Parameter  Normal Negative Control PIO Dose 1 PIO Dose 2 PIO Dose 3

 TG (mg/dl) 96.34 ± 36.95 167.13 ± 20.96* 107.61 ± 18.57# 94.47 ± 11.25# 110.66 ± 30.77#
 TC (mg/dl) 59.05 ± 3.89 143.87 ± 27.16* 69.15 ± 23.15# 50.07 ± 12.39# 44.99 ± 8.82*#
 HDL (mg/dl) 27.57 ± 8.74 29.39 ± 4.25 20.47 ± 7.27 20.69 ± 4.68# 11.77 ± 9.08*#
 LDL (mg/dl) 12.22 ± 4.11 81.06 ± 20.38* 27.16 ± 21.07# 10.49 ± 7.82# 11.09 ± 4.75#

Table 2. Plasma lipid profile

Table 3. Antioxidant status in plasma

Notes: 
Normal: no treatment; negative control: induced by high-fat diet and propylthiouracil tablet; PIO Dose 1: 5 mg/kg BW/day 
pioglitazone-treated group; PIO Dose 2: 10 mg/kg BW/day pioglitazone-treated group; and PIO Dose 3: 20 mg/kg BW/day 
pioglitazone-treated group. TG: triglyceride; TC: total cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein. 
According to independent t test, (*) =p<0,05 compared to normal group dan (#) =p<0,05 compared to negative control group.

Notes:
Normal: no treatment; negative control: induced by high-fat diet and propylthiouracil tablet; PIO Dose 1: 5 mg/kg BW/day 
pioglitazone-treated group; PIO Dose 2: 10 mg/kg BW/day pioglitazone-treated group; and PIO Dose 3: 20 mg/kg BW/day 
pioglitazone-treated group. SOD: superoxide dismutase; Gpx: glutathione peroxidase. According to independent t test, (*) =p<0,05 
compared to normal group dan (#) =p<0,05 compared to negative control group.

 Parameter  Normal Negative Control PIO Dose 1 PIO Dose 2 PIO Dose 3

 SOD (ng/ml) 1.35 ± 0.57 0.99 ± 0.20 6.91 ± 4.73*# 1.51 ± 0.94 1.38 ± 0.37
 Gpx (pg/ml) 235.44 ± 59.02 271.44 ± 62.23 271.14 ± 80.10 329.11 ± 136.66 277.89 ± 64.36

3.4. Effects of pioglitazone tablet administration 
on liver morphology

 Based on observations of the liver morpho-
logy in each group as shown in Figure 1, it could be 
seen that in all groups induced by a high-fat diet 
and propylthiouracil tablet showed the white 
lumps whose numbers differed in each group. The 
negative control group showed the most amount 
of lumps compared to other groups.

4. DISCUSSION
 The presence of fatty liver in patients 
could be seen from changes in liver function 
parameters, such as increased levels of Alanine 
aminotransferase (ALT) and Aspartate Amino-
transferase (AST), and decreased Alkaline Phos-
phatase (ALP) and bilirubin levels. AST and ALT 

levels in fatty liver conditions were higher than 
normal liver. In general, the increase in AST and 
ALT level is closely related to fatty liver. Generally, 
ALT increases more than AST because ALT is mostly 
in the cytoplasm, while only 20% AST is in the 
cytoplasm with the rest found in mitochondria14.
 In both AST and ALT levels, the pioglitazone 
group (10 mg/kg BW) showed a decrease that was 
lower than the pioglitazone group (20 mg/kg 
BW) so that it can be said that this study indicates 
that pioglitazone tablet was not dose-dependent. 
However, this might be caused by pioglitazone tablet 
side effects such as cardiac15. Cardiac dysfunction 
can cause liver damage because both are the most 
important systemic organs that are interconnected16, 
so that ALT and AST levels were not significantly 
different from the negative control group or fatty 
liver model.
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 The use of high-fat diet in animal models 
of fatty liver could cause adipose cells to be unable 
to accept triglycerides, so triglycerides are broken 
down or lipolysis into fatty acids that are carried 
to hepatocyte cells. In hepatocyte cells, fatty acids 
that could no longer be oxidized are esterified to 
triglycerides and resulted in the accumulation 
of triglycerides17. Meanwhile, propylthiouracil 
is working on lowering the thyroid hormone. 
Thyroid hormones play a role in cholesterol and 
triglyceride excretion in bile18. The decrease in 
these hormones could increase the chylomicron 
uptake of cholesterol and triglycerides. Therefore, 
the combination of high-fat diet and propylthiouracil 
tablet could obtain animal models of fatty liver. 
 In the triglyceride parameter, the pioglitazone 
tablet showed a decrease compared to negative 
control group. Pioglitazone has been shown to 
increase the expression of CD36 receptors, fatty 
acids receptors to the liver so that fatty acids can be 
oxidized, and blood triglyceride levels decrease11. 
The same thing happened to both total cholesterol 
and LDL. Besides being able to increase the storage 
of triglycerides in adipose cells, pioglitazone tablet 

can bind to LDL receptors so that LDL uptake 
to cells increases11. Increased LDL uptake also 
increases HDL to bring cholesterol to the liver. It 
causes a decrease in LDL levels and total cholesterol 
in plasma while the HDL levels are increased. 
HDL in fatty liver can reach less than 20 mg/
dl, but based on the data in Table 2., all groups 
are still above 20 mg/dl. Pioglitazone tablet can 
reduce plasma triglyceride levels up to 14% and 
reduce LDL by up to five times19.
 All pioglitazone groups showed values   
that did not depend on the dosage because the 
pioglitazone group (10 mg/kg BW) showed the 
best fatty liver repair condition compared to the 
pioglitazone group (20 mg/kg BW). The pioglitazone 
group (10 mg/kg BW) indicated the most optimal 
dose. The pioglitazone group (20 mg/kg BW), 
which was two times more than the pioglitazone 
group (10 mg/kg BW) might have been cause side 
effects such as a decrease in cholesterol and HDL 
so that the pioglitazone group (20 mg/kg BW) 
showed a significantly (p <0.05) different value 
from the normal group. Research conducted by 
Spainhamer et al. showed that pioglitazone tablet 

Figure 1. Rat liver morphology of normal, fatty liver, and pioglitazone groups. Normal: no treatment; 
 negative control: induced by high-fat diet and propylthiouracil tablet; PIO Dose 1: 5 mg/kg 
 BW/day pioglitazone-treated group; PIO Dose 2: 10 mg/kg BW/day pioglitazone-treated 
 group; and PIO Dose 3: 20 mg/kg BW/day pioglitazone-treated group.
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increased HDL levels significantly (p <0.05) 
while in this study, HDL decreased. It can be 
caused by a decrease in total cholesterol, causing 
HDL not to be able to deliver excess total choles-
terol from the tissue to be returned to the liver so 
that HDL in the blood is low20.
 In fatty liver disease, a decrease in lipid 
oxidation can cause oxidative stress, which is 
a condition where oxidants and antioxidants are 
unbalanced, resulting in a reduction of endogenous 
antioxidants such as Gpx and SOD is prone to 
occur21. In this study, Gpx in the negative control 
group was higher than the normal group. It is 
probably caused by fatty liver disease that has not 
developed into NASH. Oxidative stress conditions 
have not provided a sign of inflammation resulting 
in the antioxidants have not been disturbed. In 
addition, the pioglitazone group (10 mg/kg BW) 
showed the highest antioxidant activity but did 
not differ significantly (p >0.05) with the other 
groups. Antioxidants greatly contribute to the 
improvement of mitochondrial dysfunction, so if 
there is no damage to the mitochondria, the anti-
oxidants have not worked significantly. Based on 
observations of liver morphology, lumps could 
probably have been used as a marker that showed 
the liver was abnormal. As mentioned in all parameters, 
dosage is very influential because all doses showed 
values   that are different. The pioglitazone group 
(10 mg/kg BW) showed a significant difference 
(p <0.05) compared to the negative control group.

5. CONCLUSIONS
 Pioglitazone tablet has an effect on changes 
in liver function in fatty liver animal models induced 
by high-fat diet and propylthiouracil tablet by 
showing a significant difference (p <0.05) in AST, 
ALT, TG, TC, HDL and LDL parameters. The dosage 
of 10 mg/kg BW/day pioglitazone showed the most 
significant difference (p<0.05) on animal fatty liver 
models compared to other doses. Pioglitazone 
tablet also lowering the number of lumps in liver 
of animal models of fatty liver. Further study 
is needed to investigate the specific pathway 
intervention of pioglitazone on the celullar 
response using hepatocytes. 
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