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Abstract
We investigated the hypothesis that a prominent effect of chronic ethanol consumption is
mitochondrial DNA (mtDNA) injury and compared this injury in IL-6 knockout (KO) and wild-
type (WT) mice. Ethanol feeding for 4 weeks resulted in steatosis and oxidative mtDNA damage
(8-OHdG) in both IL-6KO and WT mice. However, the WT mice were able to repair the injury by
increased production of mtDNA repair enzymes (OGG-1, Neil 1) and check point (p21, p53)
proteins and avoid the mtDNA mutations. By contrast the IL-6 KO mice were unable to repair
mtDNA resulting in deletions and diminished transcription of the mtDNA encoded protein
cytochrome c oxidase subunit-I (COI). The mitochondrial injury was reflected by decreased
membrane potential, reduced levels of ATP, and apoptosis-inducing factor (AIF)-induced
apoptosis.

Conclusion—IL-6 plays a critical role in allowing the liver to recover from significant mtDNA
oxidation caused by alcohol. The data suggests that IL-6 activates mtDNA repair enzymes and
induces cell cycle arrest allowing time for mtDNA repair.
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Acute and chronic ethanol intake has been shown to increase the production of reactive
oxygen species (ROS) and lower cellular antioxidant levels in many tissues especially the
liver (1–5). A consequence of increased ROS production is oxidation of mtDNA reflected
by increased amounts of 8-hydroxy-2-deoxyguanosine (8-OHdG) and mutations of
mitochondrial DNA (mtDNA) which have been reported to be involved in the pathogenesis
of many chronic conditions (6–12). After acute administration of toxic dosages of alcohol,
hepatic mtDNA degradation has been found in mice (13,14). Similarly, a 4977-base pair
common deletion has been detected in the hepatic mtDNA of alcoholic patients with
microvesicular steatosis, a lesion ascribed to impaired mitochondrial beta-oxidation (15,16).
Interestingly, clinical studies have shown that moderate drinkers tend to have better health
and live longer than those who are either abstainers or heavy drinkers (17–19). In addition to
having fewer heart attacks and strokes, moderate consumers are generally less likely to
suffer hypertension or high blood pressure, peripheral artery disease, Alzheimer’s disease
(20) and the common cold (21). Moderate alcohol intake has beneficial effects on insulin
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and triglyceride concentrations and insulin sensitivity in non-diabetic postmenopausal
women (22). Chronic alcohol consumption in mice only causes moderate liver injury which
does not progress to cirrhosis. These findings suggest the presence of important defenses
and/or repair systems which compensate for the toxic attributes of moderate alcohol
ingestion.

A major candidate for ameliorating liver injury is interleukin-6 (IL-6). Indeed, it has been
reported that IL-6 reduces fatty changes caused by alcohol feeding in mice, and that the
mechanism is related to improved mitochondrial function (23,24). We have reported that in
vitro IL-6 treatment markedly reduced mortality associated with fatty liver transplants from
alcohol-fed rats (25). We propose that alcohol consumption causes mtDNA damage
manifested by 8-OHdG production which activates the mtDNA repair system consisting of
Neil1 and OGG1. We propose that IL-6 enables these enzymes to accomplish repair by
causing cell cycle arrest. To test this hypothesis, wild-type (WT) mice and IL-6 knockout
(KO) mice were fed Lieber-DeCarli ethanol-containing diets or pair-fed control diets for 4
weeks. First, we measured ethanol induced liver injury chemically, histologically and by
TUNEL reaction. Second, we evaluated mtDNA oxidation by measuring levels of 8-OHdG
in mtDNA. Third, we monitored the effects of mtDNA oxidation by determining the
frequency of common deletions of mtDNA and the consequence of mtDNA deletion.
Finally, we compared the cell cycle protein and DNA repair enzyme levels in ethanol-fed
IL-6 KO mice with wild-type mice.

Materials and Methods
Chronic Ethanol Consumption Model

Male C57BL/6J background IL-6 KO mice and control C57BL/6J (WT) mice weighing 20–
25g were purchased from the Jackson Laboratory (Bar Harbor, Maine). The mice were
divided into 4 groups: 1. IL-6 KO fed alcohol (BioServ, Inc., Frenchtown, NJ), 2. IL-6 KO
pair-fed isocalorically with dextrin maltose (BioServ, Inc.), 3. WT mice fed alcohol as
above, 4. WT mice pair-fed control diet as above. Both diets were dispensed in glass liquid
diet feeding tubes (BioServ, Inc.). The ethanol diet was introduced gradually by increasing
the ethanol content of the diet by 1% (v/v) every 2 days until the mice were consuming diets
containing 5% (v/v) ethanol. All mice were then fed the liquid diet containing 5% ethanol
for 4 weeks. IL-6 KO and WT mice were observed to consume similar volumes of ethanol
or control diets and that the ethanol-fed and pair-fed IL-6 KO and WT mice gained weight
similarly. The protocol for this study was approved by the National Institute on Alcohol
Abuse and Alcoholism Animal Care and Use Committee. Animals were cared for according
to NIH guidelines.

Other Methods—The following methods are described in supplemental supporting
materials: Analysis of alanine and asparate aminotransaminase activity; Caspase-3 activity
and Adenosine Triphosphate assays; Histopathological analysis; Western blot analysis;
Preparation of mitochondria; ELISA assay for measurement of 8-OHdG levels in mtDNA;
ROS release measurements; Determination of mitochondrial membrane potential (MMP);
Detection of mtDNA deletion by polymerase chain reaction; Real-Time PCR Analysis for
DNA repair enzyme mRNA.

Statistics
The results were expressed as mean values ± SEM of n-independent experiments. Analyses
were performed using the paired Student t test and the analysis of variance (ANOVA) with
repeated measures. P less than .05 considered significant difference between KO mice and
WT mice and between alcohol-containing diets and pair-fed control diets.
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Results
More severe liver injuries in IL-6 KO mice fed ethanol compared to WT mice

All animals survived the 4 week feeding period, but serum levels of alanine
aminotransferase (ALT) were significantly increased in mice fed ethanol-containing diet
compared to those pair-fed control diets. Moreover, IL-6 KO mice had significantly higher
levels of serum ALT than wild-type mice after feeding ethanol diet (Fig. 1A). Liver
histological studies showed that significantly greater hepatic steatosis occurred in the IL-6
KO mice compared to the wild-type mice as demonstrated by both H&E staining (Fig. 1B)
and Oil red O staining (Fig. 1C). TUNEL staining of liver tissue sections revealed few
TUNEL positive cells in liver tissue sections from mice pairs fed control diets. In contrast,
TUNEL positivity was increased in both wild-type and IL-6 KO mice fed with ethanol-
containing diets (Fig. 1D). Similar to ALT results, the number of TUNEL positive cells was
significantly higher in the IL-6 KO mice compared to the WT mice after feeding ethanol
diet.

To determine the possible pathway of alcohol induced liver injury, we quantified caspase-3
activity in liver tissue extracts. Caspase-3 activity was increased in wild-type mice fed with
ethanol-containing diets for 4 weeks. Surprisingly, caspase-3 activity was not elevated in
ethanol-fed IL-6 KO mice compared to pair-fed IL-6 KO mice (Fig. 2A). This finding was
confirmed histologically as activated caspase-3 was found in small foci of cells present in
the WT mice fed ethanol, but not in IL-6 KO mice (Fig. 2B). To account for the presence of
apoptosis, we examined the expression of apoptosis-inducing factor (AIF), a mitochondrial
intermembrane protein which translocates to the cytoplasm and nucleus (28), where it binds
to DNA triggering DNA fragmentation and nuclear condensation (29,30). AIF induces
apoptosis in a caspase-independent fashion (30). To determine whether there was
translocation of AIF to the nucleus, we quantified AIF expression in nuclear proteins by
using western blot analysis. Transcription factor IIB (TFIIB) that is localized in the nucleus
was used as a loading control for western blot and protein normalization. After ethanol diet
feeding, AIF expression in the nucleus was slightly decreased in wild-type mice but
markedly increased in IL-6 KO mice (Fig. 2C). The evidence for mitochondria-nuclear
translocation of AIF in liver tissue sections from ethanol-fed IL-6 KO mice was
strengthened using confocal microscopy (Fig. 2D). In contrast, no nuclear AIF redistribution
was observed in wild-type mice fed ethanol or mice fed control diets (Supplemental Fig.
S1). These results suggest that the AIF apoptotic pathway may contribute to ethanol induced
apoptosis in the livers of IL-6 KO mice.

Multiple mtDNA deletions in IL-6 KO mice fed ethanol
Using a competitive ELISA method, levels of 8-OHdG were determined after 4 weeks of
feeding. As illustrated in Fig. 3A, ethanol feeding significantly elevated 8-OHdG levels in
the mtDNA of the livers from both ethanol-fed wild-type and IL-6KO mice. Such elevation
was comparable between WT and KO mice. Immunohistochemical staining confirmed these
findings. As shown in Fig. 3B, pair-fed mice had few 8-OHdG–positive cells in livers, while
ethanol-fed mice had strong 8-OHdG staining in the cytoplasm of hepatocytes especially in
the area immediately around central veins. Although the method for 8-OHdG detection
stains nuclear as well as mtDNA, the staining was primarily localized in the cytoplasm
(Supplemental Fig. S2), indicating that this oxidative adduct was present mainly in the
mitochondria.

Template mtDNA from the livers of ethanol-fed mice was amplified in a condition of 40
cycles using the primer pair between 7,837 and 13,126 bp. PCR amplification showed that
multiple mtDNA deletions of 4,834 bp were found in the livers recovered from IL-6 KO
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mice at 4 weeks after ethanol feeding. In contrast, mtDNA deletions were undetectable at 4
weeks in pair-fed WT or IL-6 KO mice. Although mtDNA deletions were also detected at
low levels in two of three WT mice at 4 weeks after ethanol feeding, the mtDNA recovered
from IL-6 KO mice fed with ethanol exhibited higher levels of deletion products (Fig. 3C).
In addition to the common mtDNA deletion of 4,834 bp, the representative PCR products
were further analyzed by an auto-sequencer. The 239-bp fragment was generated from
mtDNA with the 4,834bp deletion which is located between 8,152bp and 12,986bp (Fig.
3D).

To determine if common deletions in mtDNA influence mtDNA encoded protein
expression, the polypeptide of oxidative phosphorylation enzyme cytochrome C oxidase
subunit-I (COI) was examined by immunofluorescence staining. Nuclear DNA encoded
cytochrome C oxidase subunit-IV (COIV) was used as internal control. Immunofluorescence
staining showed that COI was slightly increased in WT mice after ethanol feeding for 4
weeks. However, a decrease occurred in COI fluorescence around central vein areas in liver
tissue sections recovered from IL-6 KO mice after ethanol feeding for 4 weeks (Fig. 4A).
Western blot analyses of mitochondria fractions (Fig. 4B) confirmed that mtDNA encoded
COI expression relative to nuclear encoded COIV (COI/COIV) was significantly increased
in WT mice fed ethanol, while COI was decreased in IL-6 KO mice fed ethanol.

Decreased ATP production and increased mitochondrial ROS generation in IL-6 KO mice
fed ethanol

To determine if mtDNA deletions influenced primary mitochondrial functions, we measured
ATP content in the liver using the ATP Luciferase Assay Kit. As shown in Fig. 5A, ethanol
feeding for 4 weeks did not affect hepatic ATP levels in WT mice, but significantly
decreased the level of ATP in the livers of IL-6 KO mice compared to pair-fed IL-6 KO
mice. These results suggest that the combination of alcohol feeding and the absence of IL-6
results in depletion of cellular energy reserves.

Sustaining a strong mitochondrial membrane potential (MMP) is essential for the synthesis
of ATP through oxidative phosphorylation. We measured MMP in freshly isolated
mitochondria by using JC-1 MMP detection Kit. After four weeks of feeding there was no
significant difference in MMP between the ethanol-fed and pair-fed WT mice. However, the
MMP was significantly decreased in IL-6 KO mice after ethanol feeding (Fig. 5B).

Further, after 4 weeks of feeding, significantly increased amounts of H2O2 were present in
the mitochondrial fraction of livers recovered from animals fed ethanol compared to control
diets (Fig. 5C). Such elevation was higher in IL-6 KO mice fed ethanol (Fig. 5C).

Cell cycle arrest and activation of DNA repair enzymes occurred in ethanol-fed WT mice
but not in IL-6 KO mice after 4 weeks of ethanol feeding

Using western blot analysis, we found dramatic increases in proteins, p21 and p53, which
are associated with cell cycle inhibition, in wild-type mice fed with ethanol for 4 weeks. By
contrast, no significant increase in p21 or p53 expression occurred in IL-6 KO mice fed
ethanol (Fig. 6A). Using immunohistochemistry, there were more p21 and p53 positive
hepatocytes around central vein areas in the liver tissue sections from ethanol-fed WT mice
compared to ethanol-fed IL-6 KO mice (Fig. 6B). Although proliferating cell nuclear
antigen (PCNA) positive hepatocytes around central vein areas in liver tissue sections were
increased in both WT and IL-6 KO mice fed ethanol compared to pair-fed mice, the number
of Ki67 positive hepatocytes was only increased in IL-6 KO mice fed ethanol (Supplemental
Fig. S3).
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The mRNA expression of Neil1 and OGG1 was determined in WT and IL-6 KO mice fed
ethanol for 4 weeks using quantitative real-time PCR. The mRNA of Neil1 and OGG1 was
significantly increased in ethanol-fed WT mice compared to pair-fed WT mice. In contrast,
there was no increase in mRNA of Neil1 and OGG1 in IL-6 KO mice (Fig. 7A). Neil1 and
OGG1 protein levels were also studied by immunohistochemistry and western blot analyses.
As shown in Fig. 7B, the number of Neil1 or OGG1 positive hepatocytes was significantly
increased in WT mice fed ethanol compared to ethanol-fed IL-6 KO mice. Western blot
analysis confirmed the finding that expression of Neil1 and OGG1 was increased only in
ethanol-fed WT mice (Fig. 7C).

Discussion
Our studies demonstrated that four weeks of alcohol feeding of WT mice resulted in
increased ALT, steatosis, mtDNA oxidation, caspase-3 activation, and cell cycle protein and
mtDNA repair enzyme expression. In these animals, low levels of mtDNA deletions were
detected while the mitochondrial membrane potential and ATP levels remained unchanged
compared to that present in pair-fed mice. By contrast, IL-6 KO mice fed alcohol for 4
weeks had more severe liver injury manifested by higher levels of ALT, greater steatosis,
and more TUNEL positive cells. Ethanol feeding in IL-6 KO mice induced significant
mtDNA deletions that were associated with the loss of the mitochondrial membrane
potential, greatly diminished levels of COI synthesized in the mitochondria, along with
diminished ATP and mtDNA repair enzymes levels. Thus oxidative injury that was fairly
well tolerated in WT mice fed ethanol had highly deleterious effects in IL-6 KO mice.

Elevation of serum IL-6 is generally present in patients with alcoholic liver disease (ALD)
and correlates with the severity of ALD (31). However, the findings from animal models
suggest that IL-6 plays an important role in protecting against early alcoholic liver injury via
multiple mechanisms. IL-6 exerts anti-apoptotic function through the gp130 protein that
associates with and activates Janus kinase-signal transducer and transcription factor-3 (JAK-
STAT3) (32). Lack of IL-6/gp130/STAT3 in hepatocytes predisposes the liver to steatosis in
mice (33). Emerging evidence suggests that the hepatoprotective effect of IL-6 on ALD is
mediated via induction of anti-apoptotic factors including Bcl-2 and Bcl-x(L), and anti-
oxidative genes including metallothionein (23). Here we have shown in these experiments
that IL-6 is necessary to provide cell cycle check-points via induction of p21 and p53, and
stimulate the transcription of DNA repair enzymes.

We observed that p21 and p53 proteins are up-regulated in WT but not IL-6 KO mice fed
ethanol (Fig. 5). The mechanism resulting in the failure of IL-6 KO mice to increase
transcription of p21 may be found in our previous studies (23–25). IL-6 stimulation
significantly increases phosphorylated-STAT3, which was then stimulates p21 transcription
(34,35). Over-expression of p21 resulted in G1 arrest. PCNA expression (G1 phase) was
increased in both WT and IL-6 KO mice fed ethanol, but failed to increase Ki67 (S phase) in
WT mice fed ethanol suggesting cell cycle arrest occurred. Thus, we propose that normal
mice have sufficiently high levels of IL-6 during continuous moderate alcohol exposure to
increase p21 production via activated STAT3 thereby leading to cell cycle (G1/S) arrest.
This hypothesis is supported by the findings that pretreatment of obese animals with rIL-6
normalized proliferating cell nuclear antigen (PCNA) expression in steatotic hepatocytes but
failed to increase DNA synthesis (BrdU, S phase) (36).

While the activation of p53 leads to hepatocyte apoptosis its deficiency results in the
abrogation of hepatocyte apoptosis and the early appearance of liver dysplasia after ethanol
feeding (37). However, the increased TUNEL reactivity in ethanol-fed IL-6 KO mice
occurred in the absence of p53 and caspase-3 activation. This suggests that ethanol-induced
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hepatocyte apoptosis in IL-6 KO mice is independent of p53 and caspase-3. At present, the
underlying mechanisms for this remain largely unknown. The facts that significant
translocation of the mitochondrial intermembrane protein AIF into the nucleus was observed
in the ethanol-fed IL-6 KO mice suggest that AIF translocation may contribute to ethanol-
induced hepatocyte apoptosis in IL-6 KO mice as AIF has been shown to contribute to
caspase-independent apoptosis (29,30). Moreover, significant ATP depletion observed in
ethanol-fed IL-6 KO mice appears to be one mechanisms leading to AIF translocation to the
nucleus in these mice (38).

The OGG1 enzyme is the primary one for the repair of 8-oxoguanine (8-oxoG), a common
product of DNA oxidation, in both the nuclear and mtDNA (39,40). It has been reported that
the OGG1 glycosylase plays a more important role in mitochondria than in nuclear DNA
repair. Under conditions of oxidative stress the accumulation of 8-oxoG in the mitochondrial
DNA from OGG1−/− (knockout) mice was much greater than in nuclear DNA when both
were compared with wild type (41). Nei-like homologs (NEILs) are a recently identified
group of bi-functional DNA glycosylases, which are mammalian orthologs of the
Escherichia coli MutM/Nei. It was initially suggested that NEIL1 (42) and NEIL2 (43)
localize exclusively to the nucleus. However, it has been recently reported that NEIL1 is
also found in mouse liver mitochondria (44). NEIL1 may initiate base excision repair of
ring-fragmented purines and some saturated pyrimidines. Interestingly, NEIL1 knockout
(neil1−/−) and heterozygotic (neil1+/−) mice develop severe obesity, dyslipidemia, and
fatty liver disease and also have a tendency to develop hyperinsulinemia at age of 4 to 6
months (45). Additionally, mtDNA from neil1−/− mice show increased levels of steady-
state DNA damage and deletions relative to wild-type controls. Our results show that NEIL1
and OGG1 were increased in response to ethanol stimulation in wild-type mice and this was
associated with much less mtDNA deletion, fatty changes and hepatocyte injury compared
to IL-6 knock-out mice. IL-6 may play an essential role in the activation of DNA repair
enzymes in response to ethanol stimulation.

We studied the components of cytochrome C oxidase (COI and COIV) for two reasons: first
to determine if the deletions in mtDNA had functional significance resulting in a decreased
level of COI and second, to compare the transcriptional capability of nuclear DNA (COIV)
vs mtDNA (COI). We found that the level of mtDNA encoded COI was significantly
increased in wild-type mice fed ethanol (Fig. 4). The increased oxidative stress may be
responsible for the elevation of mtDNA encoded COI because oxidative stress has been
shown to regulate the expression of COI and COII in hepatocytes (46). The increased
production of COI of the mitochondrial respiratory chain in response to ethanol in WT mice
is likely to represent an adaptive response of compensatory effect of mitochondrial to
oxidative injury and to re-establish ionic balance and to support the synthesis of cellular
repair systems in ethanol injured cells. In contrast, oxidative mtDNA damage without repair
which occurred in the IL-6 KO mice fed ethanol results in common deletions responsible for
the transcription of COI. The finding that nuclear COIV synthesis was relatively unaffected
after four weeks of alcohol feeding in both WT and IL-6 KO mice is the strongest argument
supporting the concept that the principal target of chronic alcohol toxicity is mtDNA.

In summary, IL-6 is required to activate DNA repair enzymes (Neil1 and OGG1) and cell
cycle proteins (p21 and p53) in response to chronic ethanol consumption. These newly
assigned functions for IL-6 are likely to be important in other forms of injury and perhaps in
other organ systems.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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List of Abbreviations

AIF apoptosis-inducing factor

ATP Adenosine-5′-triphosphate

COI cytochrome c oxidase subunit-I

COIV cytochrome C oxidase subunit-IV

IL-6 interleukin 6

KO knockout

MMP mitochondrial membrane potential

mtDNA mitochondrial DNA

NEIL Nei-like homologs

OGG1 8-oxoguanine glycosylase

8-OHdG 8-hydroxy-2 -deoxyguanosine

PCR Polymerase chain reaction

ROS reactive oxygen species

STAT3 Signal transducer and activator of transcription 3

TUNEL terminal deoxynucleotidyltransferase-mediated nick-end labeling

WT wild-type
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Figure 1. Liver injury in IL-6 KO mice fed ethanol compared to WT mice
Liver injuries were evaluated by (A) serum ALT, sections stained with hematoxylin-eosin
(B), oil red O (C), and (D) DNA fragmentation staining (TUNEL) in liver sections was
carried out using dUTP-FITC (green color), whereas nuclei was stained by Daipi (blue
color). *p<0.01
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Figure 2. Caspase-3 activity and AIF translocation in ethanol-fed IL-6 KO mice compared to
WT mice
(A) Caspase-3 activity was measured by Caspase-3 Fluorometric Assay Kit. Data represent
mean ± SEM (n=4 or 6). (B) Immunohistochemical staining for activated caspase-3. (C)
Western blot analyses of AIF expression in nuclear proteins. TFIIB was used as loading
control. (D) Confocal evidence for the mitochondria-nuclear translocation of AIF. Liver
tissue sections were stained for AIF (red fluorescence) and nucleus (Daipi-blue).
Representative data of three individual samples per group.
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Figure 3. Oxidative mtDNA damage and deletion in IL-6 KO mice fed ethanol compared to WT
mice
(A) Levels of 8-OHdG in mtDNA of hepatocytes recovered from pair-fed and ethanol-fed
mice. Data represent mean ± SEM (n= 3). n.s., no significant difference. *p<0.05. (B)
Immunohistochemical staining for 8-OHdG. 8-OHdG-positive cells stained with brown
color. (C) PCR analysis of mtDNA deletion. Each lane represents mtDNA extracted from
one animal in each group. (D) The representative PCR products (239bp) were further
analyzed by auto-sequencer. The 239-bp fragment was generated from mtDNA with the
4,834bp deletion which is located between 8,152bp and 12,986bp.
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Figure 4. mtDNA encoded protein expression in ethanol-fed IL-6 KO mice compared to WT
mice
(A) The polypeptide of oxidative phosphorylation enzyme cytochrome C oxidase subunit-I
(COI) was examined by immunofluorescence staining (green color). Nuclear DNA encoded
cytochrome C oxidase subunit-IV (COIV) was used as internal control (red color). Nuclei
stained with DAPI (blue color). (B) Western blot analyses of COI and COIV expression.
Each lane represents mitochondrial protein from one animal. COI expression relative to
COIV (ratio of COI/COIV) in each group was calculated as mean ± SEM. *p<0.01 vs pair-
fed WT, #p<0.05 vs pair-fed KO.
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Figure 5. ATP content, MMP and mitochondrial ROS generation
(A) ATP content in the liver was measured using the ATP Luciferase Assay Kit. (B) MMP
in fresh isolated mitochondria was measured by using JC-1 MMP detection Kit. (C) H2O2
production in isolated mitochondria was measured using the Amplex Red peroxidase assay
kit. Values are mean ± SEM of 4 or 6 samples. *p<0.05, #p< 0.01.
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Figure 6. Cell cycle inhibitors, p21 and p53 expression in WT mice fed ethanol
(A) Western blot analysis of p21 and p53. Each lane represents hepatic protein extracted
from one animal in each group. There are three animals per group. p21 or p53 expression
relative to β-actin was calculated as mean ± SEM. (B) Immunohistochemical staining for
p21 and p53 in liver sections. Representative data of three individual samples per group.
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Figure 7. Detection of Neil1 and OGG1 in livers recovered from mice fed ethanol containing
diets or control diets
(A) Quantitative real-time PCR analysis for mRNA expression of Neil1 and OGG1 in WT
mice or IL-6 KO mice fed with ethanol. Relative mRNA expression to GAPDH was
calculated and data represent mean ± SEM of n= 4 or 6 animals per group. *p<0.05. (B)
Immunohistochemical staining for Neil1 and OGG1. Positive cells show brown.
Representative data of 4 or 6 individual samples per group. (C) Western blot analysis. Each
lane represents hepatic protein extracted from one animal. OGG1 or Neil1 expression
relative to β-actin was calculated as mean ± SEM.
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