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Abstract
Purpose: The objective of this study was to determine how metformin regulates the major activator of hepatic 

gluconeogenesis, peroxisome proliferator-activated receptor γ coactivator 1α (PGC-1α) and the PGC-1α controlled liver 
functions. 

Methods: In population study, we selected 40-69 years old patients with NAFLD, 77, and 102 healthy subjects as 
a control group. We detect the levels of serum PGC-1α, MDA and the activity of SOD of the two groups. In vitro study, 
L-02 cells were treated by 20 µg/ml oleic acid to induce the NAFLD cells model. The control group added ordinary 1640 
culture medium. The model group cells were cultured in the medium containing 2.5, 5, 7.5mmol/l concentrations of 
metformin. Used RT-PCR analysis of PGC-1α mRNA, detected the level of triglycerides in cells, measured the content 
of MDA and the activity of SOD.

Results: In population study, the level of MDA in the case group were increased obviously and the activity of SOD 
was decreased compared with the control group. There had no difference of the level of PGC-1α between the two 
groups. In vitro study, compared with the control groups, the level of triglyceride and the concentration of MDA in the 
model groups were increased and the activity of SOD as well as the expression of PGC-1α mRNA were decreased; 
When the final concentration of metformin is 7.5 mmol/l, the level of triglyceride and MDA were decreased as well as the 
activity of SOD and the expression of PGC-1α mRNA were increased compared with the model group.

Conclusion: Metformin can adjust the expression of PGC-1α and the level of oxidative stress which can decrease 
the fat accumulation, Our results thus identify selective modulation of hepatic PGC-1α functions as a novel mechanism 
involved in the therapeutic action of metformin. 
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Introduction
With the improvement of people’s living standard and the change 

of lifestyle as well as population aging, the incidence of non-alcoholic 
fatty liver disease (NAFLD) in China is increasing gradually [1-3]. 
Nonalcoholic steatohepatitis (NASH) is the main stage in the progression 
of NAFLD, which can also lead to liver cirrhosis [4] even hepatocellular 
carcinoma [5]. In addition, NAFLD is associated with increased risk of 
inflammation, cardiovascular  disease [6,7] as well as insulin resistance 
(IR) and type 2 diabetes [8]. Although the pathogenesis of NAFLD is 
not clearly understood, it is known that insulin resistance assumes a 
pivotal role and it is generally regarded as the hepatic component of the 
metabolic syndrome (MetS) [9]. However, there is no accepted standard 
medication in the treatment of NAFLD. But drugs which can improve 
insulin sensitivity are widely used because insulin resistance play an 
important role in the pathophysiology of NAFLD [10]. A open label 
trial in well-characterized patients with NASH, metformin therapy was 
associated with improvements in insulin sensitivity in most patients 
and with weight loss, decreases in serum aminotransferase levels and 
improvements in liver histology in approximately 30% of patients [11]. 
Metformin is a biguanide drug that improves insulin sensitivity in the 
liver and skeletal muscle [12]. Metformin is known to stimulate AMP-
activated protein kinase (AMPK) activity in primary hepatocytes, a 
hepatoma cell line and in whole liver [13-15]. Researchers describing 
the possible mechanisms by which metformin or other AMPK 
activators regulate the expression of genes for gluconeogenesis through 
AMPK [16]. The exact mechanisms of action are not fully understood, 
but probably involve the activation of AMPK, which results in the 
suppression of the production of glucose [17], cholesterol, and 
triglycerides, and stimulation of fatty acid oxidation [18].

Peroxisome proliferator activated receptor γ coactivator 1α 
(PGC-1α) is a regulator of myocardial energy metabolism and 

mitochondrial biogenesis [19,20]. PGC-1α can regulate mitochondrial 
antioxidant enzyme’s activity and expression in  brain tissues [21] 
and cultured vascular endothelial cells [22]. The expression of 
mitochondrial antioxidants including superoxide dismutase 2 (SOD2) 
and uncoupling  protein 2 (UCP2) were reduced and had a increased 
vulnerability to oxidative injury of the dopaminergic neurons in the 
brain tissue of PGC-1α null mice [21]. Overexpression of PGC-1α in 
vascular endothelial cells increased mitochondrial antioxidant enzyme 
expression, and decreased oxidative stress and cell death [22]. In liver, 
PGC-1α stimulates gluconeogenesis, fatty acid oxidation and heme 
biosynthesis [23]. Because PGC-1α has been shown to play an important 
role in regulation of gluconeogenesis, it has also been suggested to be 
involved in the hepatic action of metformin [24]. Although PGC-1α 
is a key regulator of energy metabolism, the effects of metformin on 
hepatic PGC-1α expression and function have not been specifically 
studied. Thus, it appears timely to intensify research on metformin in 
the context of NAFLD and to begin delineating cellular and molecular 
events that may be activated beneficially in liver. Therefore, the aim 
of this study was to evaluate the effects of metformin on important 
phenotypic modifiers in NAFLD.
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Materials and Methods
Population study

Subjects: All patients with clinical and evidence of NAFLD were 
selected from  July to November 2012 at the medical center of the First 
Affiliated Hospital of Anhui Medical University. 77 patients and 102 
normal population aged 40-69 years old were selected, there had no 
statistically significant differences in the constitute of age and gender 
between the two groups.  Health questionnaires including general 
demographic characteristics, lifestyle, disease history were performed 
in all objects. Inclusion criteria were: patients without alcohol use 
or occasional use (< 30gr alcohol per day in men, and <20 grains in 
women). Results of liver ultrasound study meet the diagnostic criteria 
of mild diffuse fatty liver and cannot be explained by other reasons. 
Exclusion criteria were: chronic hepatic disease (hepatitis B and C, 
hemochromatosis), systemic comorbidities and neoplasm, hepatotoxic 
drugs during the past 6 months [25]. Subjects had to keep on an 
empty stomach more than 12 hours, and not taking lipid-lowering 
drugs, high-fat foods and alcohol within the 24 hours. This study was 
approved by the ethics committees. Informed consent was obtained 
from all patients.

Methods

Ultrasonic testing: All subjects were received the examination 
of liver ultrasound (by Toshiba 660, Japan) in the same condition. 
To avoid inter-operator discordance, we used an expert radiologist 
performed ultrasonic evaluations for all the subjects and repeated the 
suspicious ultrasonographies. 

The determination of biochemical indicators: peripheral venous 
blood were collected on an empty stomach, we used automatic 
biochemical analyzer (by Hitachi - 7600, Japan) test fasting blood 
glucose (FBG), total cholesterol (TC), triglyceride (TG), very low 
density lipoprotein (VLDL -c), high-density lipoprotein (HDL - C), 
low density lipoprotein (LDL - C) and uric acid (UA), biochemical 
reagents bought from Roche Co., Ltd.

Determination of PGC-1α level in serum: Using ELISA method 
(PGC-1α ELISA kit was purchased from beijing biotechnology 
research institute, China), first to join the standard and sample to be 
tested, set up the negative control, under the condition of 37°C reacting 
30 min, washing board for four times, adding enzyme reagent, under 
the condition of 37°C reacting 30 min, washing board for four times, 
adding color reagent A and B, under the condition of 37°C coloring 15 
min, then join the terminated reagent, the absorbance (A) values were 
measured at 450 nm, finally, draw the standard curve and calculate the 
concentration of PGC-1α.

The determination of the level of MDA and the activity of SOD 
in serum: All subjects were not take antioxidants within a month, 
all subjects were collected 4 m1 venous blood on an empty stomach, 
centrifuged the blood at a room temperature (2500 r / min, 8min), 
serum was separated and placed in a 20°C cryopreservation. The level 
of MDA in the serum were measured by thiobarbituric acid method 
(TBA), the determination of SOD was by xanthine oxidation method 
(XTO) (the kits above were purchased from Nanjing Jiancheng biological 
reagent company, China). One unit SOD is defined as the amount of 
the protein that inhibitis the rate of NBT reduction by 50% (U/ml) 

Vitro study

Materials and cells: The human normal hepatocyte cell line L-02 
was purchased from the cell bank of the Institute of Biochemistry and 
Cell Biology (Shanghai, China). RPMI 1640 medium without sugar 

and phenol (were purchased from Gibco BRL Co. Ltd. USA); fetal 
calf serum ( HyClone, Logan, UT, USA); 1:125 trypsin ( Gibco, USA); 
streptomycin, penicillin(China Pharmaceutical Husheng Co. Ltd.); 
metformin (Sigma, USA); TG test kit, Malonyldialdehyde (MDA) and 
superoxide dismutase (SOD) assay kits were obtained from Nanjing 
Jiancheng biological reagent company, China. BCA protein assay kit 
(Biocolor Bioscience & Technology Com-pany). TRIzol PrimeScript® 
RT reagent kit and T SYBR® Premix Ex Taq™ kit (Takara Biotechnology 
Co., Ltd.).

Experimental protocols: The L-02 cells were cultured in RPMI 
1640 medium supplemented with 10% heat-inactivated fetal calf 
serum  and 1% v/v penicillin/streptomycin in a 5% CO2 humidified 
atmosphere at 37°C. According to the methods from literatures [26], 
the L02 cells were grown to 80% confluence added 20µg/ml oleic acid 
(dissolved by 0.5% DMSO) into the medium for 24h to induce the cell 
model of nonalcoholic fatty liver disease. The control group added 
ordinary 1640 culture medium containing 10% fetal calf serum. The 
cells of the model group were cultured in the medium containing 2.5, 
5, 7.5 mmol/l  concentrations of metformin which were marked group 
1, 2, 3 and continue to cultivate 24 hour then collected cells. There were 
five replicates in each group.

The evaluation of the non-alcoholic fatty liver cells model: Cells 
were treated by oleic acid for 24 hours, collected cells by the digestion 
of trypsin and then observed under the electron microscope. Have a 
biochemical detection of intracellular triglyceride of each groups.

Determination of intracellular triglyceride: About 1 × 105 cells 
were implanted in each hole of the 6 hole plate. The supernatant 
was discarded after packet processing, then collected the cells in 
each cell culture plate and frozen- thawed the cells repeatedly, After 
centrifugation for 5 min at 3,000 rpm the decanted supernatant was 
saved as the TG extract. Using TG test kit(Nanjing Jincheng Corp, 
China)to detect the contents of TG. Take the remaining liquid for the 
quantitation of proteins,  the protein content was measured using a 
BCA protein assay.

Assay for intracellular contents of SOD and MDA: The culture 
medium was collected, then cells were washed with D-Hanks, scraped 
from the plates into 1 ml of icecold PBS (0.1 M, containing 0.05 mM of 
EDTA), and homogenized. The homogenate was centrifuged  at 4000 r/
min for 10 minutes at 4 °C, the MDA contents and SOD activities in the 
supernatant were measured by the assay kit (Nanjing Jincheng Corp, 
China) according to its provider’s instructions. The activities of SOD 
were expressed as units per milligram protein. MDA was measured at 
a wavelength of 532 nm by reacting with thiobarbituric acid to form a 
stable chromophoric production. Values of MDA level were expressed 
as nanomoles per milligram protein.

The measurement of the expression of PGC-1α mRNA by 
RT-PCR: The total RNA of cells was extracted using TRIzol reagent 
and cDNA was synthesized according to the instructions from 
the PrimeScript® RT reagent kit. RT-PCR primers were as follows: 
Upstream of PGC-1α: CAGCAAGTCCTCAGTCCTCAC; downstream 
of PGC-1α: TGCCTCCAAAGTCTCTCTCAG; product size:247bp. 
Upstream of β-action: GAAATGGAGGCACCCCTTC; downstream 
of β-action:TTGCCGACAGGATGCAGAA; product size:100bp.The 
reaction system was prepared according to the instructions of the 
SYBR® Premix Ex Taq™ kit and then DNA was amplified as follows: 
95°C for 10 minutes; then 95°C for 15 sec, 61°C for 15 sec and 72°C 
for 15 sec for 40 cycles; and finally 95°C for 1 minutes, 55°C for 30 
secponds and 95°C for 30 sec. PCR products were electrophoresed in 
agarose gel, to determine the expression of target and reference gene.
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Observed under the electron microscope: The fixation and 
treating of cells as well as sections were made by professionals from 
Electron Microscopy Room in Anhui Provincial Hospital (In Anhui 
province of China). Observing organelles structures, mitochondria and 
lipid droplet under the electron microscope.

Statistical analysis: 

The continuous variables were summarized by the mean and 
range. Other categorical variables were summarized by count and 
percentage. The SPSS Statistics 15.0 package was utilized to analyze the 
data. Spearman rank correlation coefficients were used to summarize 
monotonic relationships between PGC-1α and triglyceride, MDA, 
SOD in cells. Differences among groups were analyzed using the one-
way analysis of variance (ANOVA), followed by multiple comparisons 
by LSD test. The p<0.05 was considered statistically significant.

Results
Population study

Baseline characteristics: There had no difference of the age, sex 
and blood pressure between the two groups; Compared with the 
control group, BMI in the case group was increased obviously, and the 
difference was statistically significant (p<0.05) (Table 1).

The comparison of biochemical indicators: Compared with 
the control group, the level of TC, TG, VLDL-C , LDL-C , FBG, UA 
and ALT in the case group were increased obviously, and the level of 
HDL in the case group was decreased, the differences were statistically 
significant (p<0.05). There had no difference of the level of AST 
between the two groups (Table 2).

The comparison of the level of PGC-1α MDA and the activity of 
SOD in serum: Compared with the control group, the level of MDA in 
the case group were increased obviously, and the vitality of SOD in the 
case group was decreased, the differences were statistically significant 
(p<0.05). There had no difference of the level of PGC-1α between the 
two groups (Table 3).

In vitro study

The structure of organelles under the electron microscope: 
Many mitochondria can be seen in cells of control group, their shape is 
elliptical or round, and the membrane and carinulae of mitochondria 
were clear. In the model group, the number of mitochondria was 
decreased apparently. The membrane and inner carinulae in deformed 
mitochondria were absent, most of mitochondrions changed to 
vacuole after the cells exposed to oleic acid (the level of intracellular 
triglyceride by biochemical detection showed that an increasing level  
in model group, it indicated that we successfully built up NAFLD cells 
model). In the cells of Group1 (metformin 2.5 mmol/l) and Group 2 
(metformin 5 mmol/l), the vacuolation of mitochondria decreased. In 
the cells of Group3 (metformin 7.5 mmol/l), the mitochondria were a 
little swelling, but the membrane and carinulae of mitochondria were 
clear and with an obvious reduction of vacuolation (Figure 1).

The effect of metformin on the level of triglyceride in L-02 cells

Compared with the control group, the level of triglyceride in 
the cells of the model group increased obviously, and the difference 
was statistically significant (p<0.05). When the final concentration 
of metformin is 7.5 mmol/l, the level of triglyceride decreased 
compared with the model group and the difference was statistically 
significant (p<0.05). The level of triglyceride in the Group3 (metformin 
7.5mmol/l) decreased compared with Group1 (metformin 2.5 mmol/l), 
the difference was statistically significant (p<0.05) (Figure 2).

The effect of metformin on the level of MDA and the activity of 
SOD in cells

Compared with the control group, the concentration of MDA 
was increased apparently with a difference of statistical significance 
(p<0.05), and the vitality of SOD is reduced significantly, the difference 
was statistically significant (p<0.05). Compared with the model group, 
when the final concentration of metformin is 5 mmol/l, 7.5 mmol/l, 
the concentration of MDA was decreased apparently with a difference 
of statistical significance (p<0.05), and the activity of SOD is increased 
significantly, the difference was statistically significant (p<0.05). 

 A B

C D E

(A: the model group; B: the control group; C: the low dose of metformin; D: the 
medium dose of metformin; E: the high dose of metformin.)

Figure 1: The changes in electron microscope of L-02 cells.

Variable Case group (n=77) Control group (n=102) p value
Age (years) 47.40 ± 6.79 49.13 ± 7.83 >0.05
Male, n (%) 47(61.0) 62(60.8) >0.05

SBP (mmHg) 121.63 ± 10.67 119.42 ± 9.21 >0.05
DBP (mmHg) 75.54 ± 8.16 73.26 ± 7.89 >0.05
BMI (kg/m2) 25.52 ± 4.59 22.0 ± 2.36 <0.001

Table 1: Baseline characteristics (age 40–69) of the NAFLD case and control 
populations.

Variable Case group (n=77) Control group (n=102) p value
TC (mmol/L) 5.10 ± 1.02 4.48 ± 0.69 <0.001
TG (mmol/L) 2.03 ± 1.09 1.16 ± 0.52 <0.001

HDL-C (mmol/L) 1.15 ± 0.27 1.36 ± 0.31 <0.001
VLDL-C  (mmol/L) 0.75 ± 0.40 0.43 ± 0.19 <0.001
LDL-C (mmol/L) 3.19 ± 0.97 2.69 ± 0.65 <0.001
FBG (mmol/L) 5.18 ± 0.40 4.63 ± 1.10 <0.001
UA (μmol/L) 356.34 ± 70.34 305.37 ± 76.91 <0.001
ALT(IU/L) 28.08 ± 14.13 18.64 ± 8.10 <0.001
AST(IU/L) 20.51 ± 5.95 19.23 ± 5.03 >0.05

Table 2: Biochemical indicators.

Variable Case group (n=77) Control group (n=102) p value
PGC-1α (nmol/L) 25.76 ± 8.00 24.28 ± 6.14 >0.05

SOD (U/ml) 75.65 ± 6.35 98.19 ± 7.03 <0.001
MDA (μmol/L) 5.08 ± 0.42 3.85 ± 0.36 >0.001

Table 3: The level of PGC-1α MDA and the vitality of SOD in serum.
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Compared with the final concentration of metformin was 2.5 mmol/l 
group, when the final concentration of metformin was respectively 
5 mmol/l, 7.5 mmol/l, the concentration of MDA was reduced 
apparently with a difference of statistical significance (p<0.05), and the 
vitality of SOD is increased significantly, the difference was statistically 
significant (p<0.05) (Figures 3 and 4).

The effect of metformin on the expression of PGC-1α mRNA in 
L-02 cells

Compared with the control group, the expression of PGC-1α mRNA 
in L-02 cells in model group decreased apparently with a difference 
of statistical significance (p<0.05). Compared with the model group, 
when the final concentration of metformin was respectively  2.5 mmol/
l,Group1), 5 mmol/l, Group2), 7.5 mmol/l, Group3), the expression 
of PGC-1α mRNA in L-02 cells were increased obviously and with a 
differences of statistical significance (p<0.05). The expression of PGC-
1α mRNA in Group3 was higher than that in Group1 with a difference 
of statistical significance (p<0.05) (Figures 5 and 6).

Correlation

The expression of PGC-1α mRNA showed a negative correlation 
with the levels of triglyceride and the concentration of MDA in L-02 

cells (r=-0.581, -0.629, p<0.05); the expression of PGC-1α mRNA 
showed a positive correlation with the activity of SOD in L-02 cells 
(r=0.746, p<0.05).

Discussion
PGC-1α regulates mitochondrial biogenesis and function, 

oxidative stress, gluconeogenesis, and lipogenesis, all of which are 
key factors in the development of NAFLD [27].  PGC-1α  interacts 
with different transcription factors and activates distinct biological 
programs in different tissues, including gluconeogenesis in the liver, 

(Model: the model group; Control: the control group; 1: the low dose of 
metformin; 2: the medium dose of metformin; 3: the high dose of metformin.)
Compared with the model group, * p < 0.05; Compared with the control group, 
#p < 0.05; Compared with the first group, #p < 0.05. 

Figure 2: The content of intracellular triglyceride in L-02 cells (μg/mg protein).

(Model: the model group; Control: the control group; 1: the low dose of 
metformin; 2: the medium dose of metformin; 3: the high dose of metformin.)
Compared with the model group, * p < 0.05; Compared with the control group, 
#p < 0.05; Compared with the first group, #p < 0.05.

Figure 3: The concentration of MDA in cells.

(Model: the model group; Control: the control group; 1: the low dose of 
metformin; 2: the medium dose of metformin; 3: the high dose of metformin.)
Compared with the model group, * p < 0.05; Compared with the control group, 
#p < 0.05; Compared with the first group, #p < 0.05.

Figure 4: The activity of SOD in cells.

 

(Model: the model group; Control: the control group; 1: the low dose of 
metformin; 2: the medium dose of metformin; 3: the high dose of metformin; 
M: DNA marker.)

Figure 5: The expression of  PGC-1 α mRNA.

(Model: the model group; Control: the control group; 1: the low dose of 
metformin; 2: the medium dose of metformin; 3: the high dose of metformin.)
Compared with the model group, * p < 0.05; Compared with the control group, 
#p < 0.05; Compared with the first group, #p < 0.05.

Figure 6: The expression of  PGC-1 α mRNA.
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thermogenesis in brown fat, and angiogenesis in skeletal muscles 
[28]. In hepatocytes, PGC-1α orchestrates broad energy programs, 
including gluconeogenesis and mitochondrial fatty acid β-oxidation 
[29]. As IR is closely related to the pathogenesis of NAFLD, there had a 
study founded that mild and long-term decreased expression of PGC-
1α is one of the reasons causing IR in mice liver [30]. However, Koo et 
al. [31] demonstrated that a sharp, adenoviral-mediated reduction of 
hepatic PGC-1α increased insulin sensitivity in vivo. In our population 
study, there had no difference of the level of PGC-1α between the case 
group and control group. However, the expression of PGC-1α mRNA 
in the cells of the model group was decreased apparently compared 
with the control group in our vitro study. The reason of this result may 
be due to the complexity of human body system and the difference of 
the detection method, but by vitro experiments we concluded that the 
decrease of the expression of PGC-1α may play an important role in the 
pathogenesis of NAFLD. 

Oxidative stress damages multiple cellular components including 
DNA, lipids, and proteins and has been linked to pathological alterations 
in NAFLD. Reactive oxygen species (ROS) attack polyunsaturated fatty 
acids and initiate lipid peroxidation within the cell, which results in 
the formation of aldehyde by-products such as MDA. Thus, MDA 
is widely used as a marker of lipid oxidation that reflects the level of 
oxidative stress. Study have found that the content of MDA which was 
increased obviously in NAFLD patients was positively related to the 
degree of inflammatory necrosis and fibrosis in liver tissue [32]. In our 
study we founded that the content of MDA both in NAFLD patients 
and cells model were increased as well as and the activity of SOD were 
decreased, it prompt that the imbalance of the level of oxidation and 
antioxidant play a important role in the formation of NAFLD. PGC-1α 
not only can regulate the induction of antioxidant defenses including 
SODs, catalase and GPx [33] but also can increase the expression of the 
metabolic sensor NAD+-dependent deacetylase sirtuin 3 (Sirt3), a key 
regulator of the mitochondrial antioxidant system [34]. We founded 
that the expression of PGC-1α mRNA showed a negative correlation 
with the levels of triglyceride and the concentration of MDA as well 
as showed a positive correlation with the activity of SOD in L-02 cells, 
it means that PGC-1α is closely related to the level of oxidative stress.

In view of the fact that insulin resistance plays a key role in the 
pathogenesis of NAFLD, improving insulin resistance and increasing 
insulin sensitivity may be a target in the treatment of NAFLD. 
Metformin and insulin sensitizing agents are the drugs that commonly 
used. Metformin appears to be both an anti-hyperglycemic drug and 
a therapeutic tool for the treatment of insulin resistance, in which it 
plays a pivotal role in depressing of fatty acid oxidation and treating 
the metabolic syndrome [35]. The activation of AMP-activated protein 
kinase (AMPK) may play a central role in metformin’s actions [15]. 
AMPK is an important regulatory factor of energy metabolism in 
cells, it can not only regulates the oxidation of fatty acid and was 
also involved in the regulation of the insulin sensitivity. However, a 
recent study showed that AMPK deficiency did not abolish the effects 
of metformin on hepatic glucose production, indicating that the role 
of AMPK is dispensable [36]. The liver-protective mechanisms of 
metformin in NAFLD may be attributed to the down regulation of 
the inflammatory response and protection of mitochondrial function 
[37]. In this experiment, after the intervention of metformin, the level 
of triglyceride in the cells of drug group was lower than the cells in the 
model group. But the specific molecular mechanism that the metformin 
decreases the level of triglyceride in hepatocyte is unclear, We speculate 
that it is relate to the PGC-1α which is involved in mitochondrial 
damage and the disorder of lipid metabolic.

In this experiment, undering the action of oleic acid the expression 
of PGC-1α and the activity of SOD in the cells of model group is 
decreased compared with the control group. We found that after the 
intervention of metformin, the expression of PGC-1α and the activity 
of SOD was increased significantly in the cells of model groups. 
Through the experiment we come to the conclusion that Metformin 
can adjust the expression of PGC-1α and the level of oxidative stress 
which can decrease the fat accumulation. Consistent with the results 
of our research, it had demonstrated that the expression of PGC-1α 
is reduced in skeletal muscle in vivo and also in the failing heart [38], 
and metformin increases the expression of PGC-1α protein [39]. 
Severeness of steatosis is associated with impaired PGC-1α expression 
and reduced mitochondrial gene expression [40]. 

In conclusion, Metformin can adjust the expression of PGC-1α and 
the level of oxidative stress. The increment of mitochondria aftering 
the treatment of metformin would at least partially be expected to 
be due to the increased expression of PGC-1α. A previous study [22] 
demonstrated the expression of PGC-1α can stimulate mitochondrial 
proliferation and increase the mtDNA copy number, Such a role of 
PGC-1α for improving the mitochondrial capacity is one of the possible 
mechanisms for the metformin action.
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