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Abstract: Ethanol has been known to cause injury to the liver and other tissues; however the molecular factors 
responsible for alcohol induced liver injury has not been fully understood. Recent studies indicate that reactive 
oxygen species (ROS) may play an important role in alcohol induced liver injury. Peroxisome proliferator activated 
receptor-γ (PPAR-γ)-coactivator 1α (PGC-1α) has been shown to be involved in defenses against ROS by inducing 
many ROS-detoxifying enzymes. However, the role of PGC-1α in alcohol induced liver injury has not been 
elucidated. Therefore, in this study, we examined the effect of alcohol on gene and protein expression of PGC-1α 
in H4-IIE cells (in vitro) and hepatic tissues (in vivo) by real-time PCR and Western blot, respectively. Our results 
show that exposure to 500 mM ethanol in H4-IIE cells for 24 h significantly decreased both gene and protein 
expression of PGC-1α. PGC-1α gene expression was significantly decreased in cells exposed to 100 ng/ml LPS or 
1% hypoxia for 24 h. In addition, PGC-1α gene and protein expressions were slightly lower in hepatic tissues of 
rats exposed to ethanol for 15 h, at the level equivalent to the 500 mM used in culture cells, in comparison to 
sham rats. In contrast, serum LDH and AST levels in ethanol exposed rats were 1.9 fold and 2.8 fold higher than 
that of sham rats, respectively, which suggest significant organ injury in these rats following ethanol exposure. 
Likewise, catalase, an enzyme that hydrolyzes peroxide to water, is significantly increased in ethanol exposed H4-
IIE cells which further confirms ROS generation due to ethanol exposure. Thus, our results show that oxidative 
stress conditions such as acute alcohol consumption, LPS or hypoxia suppresses PGC-1α expression in the liver, 
thereby presumably downregulates pertinent ROS-scavenging enzymes and enhances liver injury. 
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Introduction 
 
Excessive alcohol consumption is the most 
prevalent cause of liver injury related morbidity 
and mortality in the United States. It is the 
third leading cause of controlled death in the 
United States with 12,000 deaths each year 
contributing to alcoholic liver disease [1]. The 
pathogenesis of chronic and acute alcohol 
consumption is complex and multifactorial 
with diverse consequences in different tissues 
and cell types. Alcohol induced liver injury is 
marked by pathological changes in the liver 
ranging from steatosis, steatohepatitis to 
cirrhosis and sometimes hepatocellular 
carcinoma. Chronic alcohol consumption leads 
to elevated endotoxin levels in the blood and 
the liver due to an increase in gut permeability 
[2]. Endotoxin, recognized by Kupffer cells in 

the liver, causes the release of pro-
inflammatory cytokines and chemokines which 
produce systemic inflammatory responses [2-
4]. In this regard, elevated serum 
concentrations of TNF-α, IL-6 and IL-8 have 
been reported in alcoholic patients [5]. In 
addition to cytokines, Kupffer cells release 
reactive oxygen species (ROS) which negatively 
affects hepatocyte function. Hepatocytes 
undergoing oxidative stress due to ROS are 
sensitized to TNF-α induced apoptosis and 
necrosis [6,7]. Thus, it is widely accepted that 
ROS not only causes direct hepatocyte injury 
but also contributes to increased inflammatory 
responses which in turn, causes further liver 
injury. A significant target of alcohol induced 
ROS is mitochondrial damage which leads to 
mitochondrial dysfunction and causes lipid 
peroxidation and protein modification [8]. 
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The molecular mechanism of alcohol induced 
liver injury has not been completely 
understood. A large body of evidence shows 
the involvement of transcription factors in 
alcoholic liver injury [9-13]. Similarly, 
activation of inflammatory mediators, NFκB 
[14,15] and AP-1 [16] have also been shown 
in alcohol induced liver injury. It has been 
shown that peroxisome proliferator activated 
receptor-γ (PPAR-γ), another transcription 
factor known to inhibit inflammatory 
responses, is also regulated by the chronic 
alcohol exposure in Kupffer cells and 
hepatocytes [17,18]. Treatment with PPAR-γ 
agonists prevented the development of 
chronic alcohol induced steatosis and 
inflammation [19]. Recently, it has been 
shown that PGC-1α, a well established co-
activator of PPAR-γ, is essential for the 
induction of many ROS-detoxifying enzymes 
including GPx1 and superoxide dismutase 2 
(SOD2) and is considered as a broad and 
powerful regulator of ROS metabolism [20-22]. 
PGC-1α, a 92-kDa transcription factor 
originally identified as a co-activator of PPAR-γ, 
is now recognized as the master regulator of 
many biological processes which include 
mitochondrial biogenesis, thermogenesis, 
gluconeogenesis and energy production 
[reviewed in [23-25]]. PGC-1α was originally 
described as a cold-inducible co-activator 
controlling adaptive thermogenesis in brown 
adipose tissue and skeletal muscle by 
stimulating mitochondrial biogenesis and 
oxidative metabolism [26]. Hepatic PGC-1α 
expression induced by fasting has shown to 
increase gluconeogenesis. In contrast, 
induction of PGC-1α due to exercise is 
associated with mitochondrial biogenesis and 
respiration in skeletal muscle and cardiac 
muscles. These functional diversities of PGC-
1α in different tissues are accomplished by 
the activation of nuclear receptors like PPARs, 
thyroid hormone receptors, estrogen-related 
receptors, glucocorticoid receptor, hepatocyte 
nuclear factor 4α, nuclear respiratory factors 
and FOXO1. These diverse functions appear to 
be specific for different tissues. 
 
Excessive generation of ROS plays an 
important role in alcohol induced cellular 
damage [7]. A number of in vitro studies show 
that alcohol increases ROS generation [27-
29]. However, the role of PGC-1α in alcohol 
induced liver injury has not been elucidated. 
Therefore in the present study, we evaluated 
the effect of alcohol on the hepatic PGC-1α 

gene and protein expression both in vitro and 
in vivo. The effect of other oxidative stress 
conditions such as hypoxia and LPS treatment 
on PGC-1α expression was also evaluated in 
H4-IIE cells. 
 
Materials and Methods 
 
Cell culture 
 
H4-IIE cells from ATCC (Cat: CRL-1548, 
Manassas, VA), originated from Rattus 
norvegicus hepatoma, were plated in 12-well 
multiple plates at a density of 0.3×106 
cells/ml of Eagle’s Minimum Essential Medium 
containing non-inactivated 10% fetal bovine 
serum (FBS). Cells were incubated in a 5% CO2 
incubator at 37°C overnight before treatments. 
 
Ethanol and LPS treatment 
 
Overnight cultures of H4-IIE were washed with 
1X PBS. New media containing 0, 100, 500 
mM ethanol (E7023, sigma-Aldrich) or 100 
ng/ml LPS ( Escherichia coli O111:B4; Sigma-
Aldrich) were added to the cells and incubated 
at 37°C for 24 h. Afterwards, RNA was 
extracted using TRIzol reagent (Invitrogen, 
Carlsbad, CA) and used for real time PCR 
analysis. In duplicate experiments, cells 
treated with different concentrations of 
ethanol were washed once with 1X PBS and 
lysed in 10 mM Tris-HCl, pH 7.5, 100 mM 
NaCl, 50 mM EDTA, 50 mM EGTA, 1% Triton-X-
100 with 2 mM Na orthovanadate, 0.2 mM 
Phenylmethylsufonylflouride, 2 μg/ml 
leupeptin and 2 μg/ml aprotinin. After 
centrifugation at 16,000 g for 10 min, the 
supernatant was collected and the protein 
concentration was determined by using Bio-
Rad DC Protein Assay kit (Bio-Rad, Hercules, 
CA). 
 
Exposure to hypoxia 
 
Overnight cultures of H4-IIE were washed with 
1X PBS and new media were added to cells. 
The hypoxic environment was created by 
placing the plate in a sealed Modular 
Incubator Chamber (Billups-Rothenberg Inc. 
Del Mar, CA) and purging the chamber with 
1% oxygen, 5% carbon dioxide and 94% 
nitrogen (WELCO-CGI Gas Technology Inc., 
Newark, NJ) at a rate of 20 liters/min for 5 
min. Subsequently, the chamber was 
disconnected from the gas source, sealed by 
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closing plastic clamp and placed into a 37°C 
incubator for 24 h. Following the hypoxia 
exposure, RNA was extracted using TRIzol 
reagent and used for real-time PCR analysis. 
 
Animals and ethanol treatment 
 
Male adult Sprague-Dawley rats (250-320g) 
purchased from Charles River Laboratories 
(Wilmington, MA) were used in this study. All 
rats were housed in a temperature controlled 
room on a 12-hr light/dark cycle and fed a 
standard Purina rat chow diet for at least one 
week before experiment. The experiments 
described here were carried out in accordance 
with the Guide for the Care and Use of 
Laboratory Animals (Institute of Laboratory 
Animal Resources). This project was approved 
by the Animal Care and Use Committee of The 
Feinstein Institute for Medical Research. Rats 
were anesthetized with 0.5-1.5% isoflurane 
inhalation and a bolus intravenous injection of 
ethanol at 1.75g / kg body weight (BW), 
followed by an intravenous infusion of 300 
mg/kg/h of ethanol for 15 h which was 
administered using a pump as previously 
described [30]. The continuous infusion of 
ethanol via the alzet mini-pump for 15 h was 
performed without anesthesia using a 
specialized animal restraint which allowed free 
movement of the rats within the cage during 
the entire time period. Sham animals received 
similar treatment with the exception of the 
ethanol infusion. Even though the plasma 
alcohol concentration was not measured in our 
studies, it has been reported that plasma 
concentration in rats infused with intragastric 
administration of ethanol dose as described 
above averaged as 135 ± 12 mg/dL [31]. 
Immediately after the completion of infusion, 
animals were sacrificed; blood and liver tissue 
samples were collected and stored at -70° for 
further analysis. 
 
Gene expression by real-time PCR 
 
Total RNA (4 μg) extracted from hepatic 
tissues or H4-IIE cells were reverse-transcribed 
as previously described [32]. Gene expression 
was determined by real-time PCR technique. 
The primer pair, designed specific for rat PGC-
1α mRNA sequences (GenBank accession#: 
NM_031347) was the following: forward 
primer: 5’-ATG AGA AGC GGG AGT CTG AA-3’; 
reverse primer: 5’-ACG GTG CAT TAA TCA ATT 
TC-3’. The primer pair designed for rat 

catalase (GenBank accession#: NM_012520) 
was forward primer: 5’-CCA GCG ACC AGA TGA 
AGCA 3’; reverse primer: 5’ TGG TCA GGA CAT 
CGG GTTTC 3’. Primer pair specific for GAPDH 
(GenBank accession#: M17701) used as 
internal gene reference, was the following: 
forward primer: 5’-ATG ACT CTA CCC ACG GCA 
AG-3’ and reverse primer: 5’-CTG GAA GAT GGT 
GAT GGG TT-3’. Real-time PCR was performed 
using 7300 Real-Time PCR system (Applied 
Biosystems) with SYBR Green as detection 
dye. The reaction was carried out in a 25 μl 
final reaction volume containing 0.08 μmol 
concentration of each forward and reverse 
primer, 2 μl cDNA, 9.2 μl H2O and 12 μl SYBR 
Green PCR Mast Mix (Applied Biosystems). The 
thermal profile for the real-time PCR was 50°C 
for 2 min, 95°C for 10 min and followed by 40 
cycles of 95°C for 15 seconds and 60 °C for 1 
min. The gene expression was expressed as 
fold change from the GAPDH level which is 
calculated as 2-ΔΔCt. In addition, melting curve 
analysis was performed to make sure the 
specificity of PCR product in this experiment. 
 
PGC-1α protein expression 
 
Total proteins (50 μg) from hepatic tissues or 
10 μg from H4-IIE cells were loaded on 4-12% 
Bis-Tris gels (Invitrogen, Carlsbad, CA) and 
electrophoretically fractionated in MES-SDS 
running buffer (Invitrogen). The protein on the 
gel was then transferred to a 0.45-μm 
nitrocellulose membrane, and blocked with 5% 
nonfat dry milk in 10 mM Tris-HCl with 0.1% 
Tween 20, pH 7.5 (TBST). The membrane was 
incubated with 1:1000 dilution of rabbit anti-
PGC-1α polyclonal antibody (H-300, sc-13067, 
Santa Cruz Biotechnology, CA) overnight at 4°C 
followed by incubation in 1:10,000 HRP-linked 
anti-rabbit IgG for 1 h at room temperature. 
Mouse anti-β-actin monoclonal antibody 
(1:20,000; Sigma, Saint Louis, MO) was used 
as the loading control in this experiment. To 
reveal the reaction bands, the membrane was 
reacted with ECL Western blot detection 
system (Amersham, Piscataway, NJ) and 
exposed on X-ray film. Bio-Rad GS-800 
Calibrated Densitometer analysis system (Bio-
Rad, Hercules, CA) was used to quantitate the 
Western blots. This system can select the 
contour of the band, subtract the background 
and calculate the density. 
 
Lactate dehydrogenase (LDH) release assay 
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measured using the 
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Pointe Scientific, Inc. (Lincoln 
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Statistica
 
All data
mean ± SEM. The statistical 
analysis methods are one-way 
ANOVA with Student-Newman-
Keuls test. Student’s t-test was 
also used for two group data 
analysis. Differences in values 
were considered significant if P 
< 0.05. 
 
R
 
PGC-1
inhibited by ethanol trea
in H4-IIE cells 
 
PGC-1
significantly decreased when 
H4-IIE cells were treated with 
500 mM ethanol for 24 h 
(1.041±0.07 vs. 0.725±0.07, 
P=0.003, Figure 1A). At 100 
mM ethanol, PGC-1α gene 
expression was slightly lower 
than the untreated sample, 
however no statistical 
significance was evident. At 4 
and 20 mM ethanol, PGC-1α 
gene expression was similar to 
untreated samples (data not 
shown). In parallel to the 
mRNA expression, at 500 mM 
ethanol, PGC-1α protein levels 
were decreased by 32.7% 
(P=0.015, Figure 1B). At 100 
mM ethanol, PGC-1α protein 
expression was decreased by 
13% but no statistical 
significance was observed. 
PGC-1α protein expression was 
also unchanged at 4 and 20 

mM ethanol from the control (data not shown). 
In addition, MTS cell proliferation assay 
showed no toxic effect up to 500 mM ethanol 
on cells. However, at 1000 mM and above, 
ethanol treatment became toxic to the cells 
(data not shown). 

Figure 1: Alterations in PGC-1α gene and protein expression in ethanol 
treated H4-IIE cells. (A) RNA was extracted from H4-IIE cells treated with 
or without 100 mM or 500 mM ethanol treatment for 24 h. PGC-1α 
mRNA expression was measured by real-time PCR and presented as fold 
change over GAPDH levels. (B) Cells treated as above were lysed and 
subjected to Western blotting using anti-PGC-1α antibody. β-actin 
antibody was used as the internal control. Results are shown as a 
representative autoradiogram and the ratio between PGC-1α and β-actin 
expression (PGC-1α/β-actin). Data are presented as mean ± SE (n=6) 
and compared by one-way ANOVA and Student-Newman-Keuls method: 
* p<0.05 versus Control group. 
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on PGC-1α gene expression in H4-IIE cells 
 
We also investigated the PGC-1α gene 
expression pattern associated with 
endotoxemia by administering LPS to the cells 
or with hypoxia condition by exposing cells to 
very low (1%) oxygen condition (Figure 2). PGC-
1α gene expression was significantly 
decreased by 36.0% when cells were treated 
with 100 ng/ml bacterial LPS (1.033±0.10 vs. 
0.661±0.07, P=0.012) (Figure 2A). Similarly, 
when cells were exposed to hypoxia condition 

for 24h, the PGC-1α gene 
expression decreased by 
56.6
(1.047
±0.12, P=0.002) (Figur
2B). 
 
Changes of 
expression and PGC-1α 
protein in rat liver 
 
We further investigated the 
PGC-1α expression 
response to ethanol in 
vivo. Hepatic tissues 
extracted from ethanol 
treated rats showed 
slightly lower levels of PGC-
1α gene (Figure 3A) and 
protein expression (Figure 
3B
groups. However, the 
changes were 
stati
 
Changes of LDH and AST 
in ethanol treated rats 
 
Serum levels of LDH 
increased by 1.9 fold at 
15h after ethanol 
administration (22.7±2.44 
vs. 61.823±6.81, P= 
0.006) as compared with 
sham-operated animals 
(Figure 4A). Likewise, 
serum levels of AST 
incre
2.7 fold (32
61.438±4.25, P=0.0
the ethanol group (Figur
4B
 
Changes in catalase 

expression in H4-IIE cells 
 
Catalase g

Figure 2: Alterations in PGC-1α gene expression under oxidative stress 
conditions. PGC-1α gene expression in H4-IIE cells exposed to LPS (A) or 
hypoxia (B). Results from multiple experiments are shown as fold change over 
GAPDH levels. Data are presented as mean ± SE (n=6) and compared by 
compared by Student’s t-test. * p<0.05 versus Control group. 

in
in H4-IIE c
P
(Figure 5). 
 
Discussion 
 
In this study, we investigated the effect of 
ethanol on PGC-1α at gene expression and 
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an the catabolism of 
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has been reported that 
hanol can serve as a 
bstrate for catalase and 
at peroxide reacts with 

catalase to form a distinct 
complex termed 
compound I to form 
acetaldehyde and liberate 
catalase [34]. It is unclear 
from our data whether 
catalase contributes to 
the decomposition of 
peroxide to water or 
ethanol oxidation or both. 
It has also been shown 

that exposure to ethanol in brain 
microvascular endothelial cells (BMVEC) 
induced the expression of ethanol-
metabolizing enzymes, cytochrome P450-2E1 
and alcohol dehydrogenase, which paralleled 
enhanced generation of ROS [35]. Other 
oxidative stress conditions such as LPS or 
hypoxia are also known to increase ROS levels. 
Our study showed that PGC-1α gene 
expression was significantly impaired in either 

Figure 3: Alterations in PGC-1α gene and protein expression in ethanol exposed 
hepatic tissues. Hepatic tissues from rats exposed to ethanol (EtOH) or normal 
saline (Sham) were collected and both RNA and protein were isolated. A. RNA 
was used in real-time PCR and results are shown as fold change over GAPDH 
levels. B. Proteins were subjected to Western blotting using anti-PGC-1α 
antibody. Data are presented as mean ± SE (n=4) and compared by Student’s t-
test: no significant differences were observed. 
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LPS or hypoxia conditions. It is plausible that 
LPS or hypoxia can induce mediators distinct 
from ROS which may affect PGC-1α 
expression. Further investigation is warranted 
to identify such mediators. Nevertheless, our 
results show that oxidative stress conditions 
such as acute alcohol consumption, LPS or 
hypoxia suppress PGC-1α expression in the 
liver, thereby presumably downregulate 
pertinent ROS-scavenging enzymes and 
enhance liver injury. 
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The cause and effect of PGC-1α in ROS 
metabolism has not been clearly defined. 
However, there is strong evidence to show that 
the expression of ROS-detoxifying enzymes 
increases with over-expression of PGC-1α in 
10T1/2 cells [20]. Furthermore, cells treated 
with viruses expressing siRNA directed against 
PGC-1α produced significantly reduced level of 

Int J Clin Exp Med (2008) 1, 161-170 167 



Chaung et al/Ethanol attenuates PGC-1α in the liver 
 

ROS-detoxifying enzymes, 1, SOD2 and GPx1 
[20]. Rasbach and colleague showed that 
over-expression of PGC-1α in renal proximal 
tubular cells can promote recovery from 
mitochondrial dysfunction such as lipid 
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