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Background/Aim  We investigated the relationship between ethanol exposure and heme 
oxygenase (HO-1) in human hepatocytes in order to ascertain if induction of HO-1 can prevent 
ethanol induced cellular damage.  Methods  Dose-dependent (25-100 mmol/L) and time-dependent 
(0-24 h) ethanol exposure were used in the present study. HO-1 mRNA and protein expression were 
detected by PT-PCR and Western blot respectively. HO-1 activity was indicated by bilirubin and Fe2+ 
formation. Cytotoxicity was investigated by means of lactate dehydrogenate (LDH) and aspartate 
transaminase (AST) level in culture supernatants, as well as the intracellular formation of 
malondialdehyde (MDA), cellular glutathione (GSH) status and CYP 2E1 activity.  Results  We 
first demonstrated a dose-dependent response between ethanol exposure and HO-1 mRNA and protein 
expression in human hepatocytes. We further observed a time-dependent increase of HO-1 mRNA 
expression using 100 mmol/L ethanol starting 30 minutes after ethanol exposure, reaching its 
maximum between 3 h and 9 h. Being similar to what had been demonstrated with the mRNA level, 
increased protein expression started at 6 h after ethanol exposure, and kept continuous elevated over 
18 h. In addition, we found that ethanol exposure to hepatocytes markedly increased HO-1 enzyme 
activity in a time-dependent manner measured as bilirubin and Fe2+ formation in human hepatocytes. 
Our results clearly showed that ethanol exposure caused a significant increase of LDH, AST, and 
MDA levels, while the antioxidant GSH was time-dependently reduced. Furthermore, we 
demonstrated that pre-administration of cobalt protoporphyrin (CoPP) induced HO-1 in human 
hepatocytes, and prevented an increase of MDA and a decrease of GSH. These effects could be 
partially reversed by zinc protoporphyrin (ZnPP), an antagonist of HO-1 induction.  Conclusion  
HO-1 expression in cells or organs could lead to new strategies for better prevention and treatment of 
ethanol-induced oxidative damage in human liver. 
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INTRODUCTION 

Alcohol abuse and its associated illnesses are among the most common problems 
worldwide, causing serious medical, financial and social losses. Alcohol-induced liver injury 
progresses from fatty infiltration and follows a harmful course of inflammation leading to 
irreversible damage. The most severe disorder is cirrhosis, and liver transplantation at a cost 
of approximately $100 000 each, seems to be the only cure[1]. Although the histophathological 
changes of early alcohol liver disease, namely steatosis, inflammation and necrosis, have 
been well documented, the exact pathogenesis of this devastating disease is still unknown. 
The elucidation of alcohol mechanisms has resulted in a better understanding of the 
pathophysiology of alcohol-induced liver damage and may eventually provide new 
strategies for better prevention and treatment. 

Ethanol is mainly metabolized in the liver by alcohol dehydrogenases to form 
acetaldehyde and further metabolized to form acetate. Ethanol can also be metabolized by 
catalase and more selectively by cytochrome P-450 2E1 (CYP2E1). Acetaldehyde is the first 
oxidation product of ethanol. Due to high reactivity it is responsible for many aspects of 
alcohol related liver injury. It is generally recognized that lipid peroxidation, immune 
damage and antioxidant defenses may play an important role in the pathogenesis of 
ethanol-induced cellular injury[2]. 

The rate-limiting enzyme in heme catabolism, heme oxygenase (HO), is a protein that 
catalyzes the degradation of toxic heme to biliverdin and Fe2+ with the concurrent release of 
carbon monoxide (CO)[3]. Biliverdin is then further converted to bilirubin by the cytosolic 
enzyme, biliverdin reductase. HO exists in form of three isoenzymes[4]. HO-2, which is 
expressed constitutively, is present in high concentrations in tissues such as brain and testis. 
Recently, McCoubrey et al. described a 33-kDa protein encoding for HO-3, however its 
exact function is not clear yet[5]. HO-1, which seems to be ubiquitously distributed in 
mammalian tissues, is strongly and rapidly induced by a variety of stimuli, such as reactive 
oxygen species, heavy metals, irradiation, chemotherapeutic agents, GSH depletion, 
endotoxin, hyperoxia, hormones, various cytokines, or even by heme itself[6]. 

Although the function of this enzyme is still not completely understood, increasing 
evidence strongly suggests that induction of HO-1 provides potent cytoprotective effects on 
various in vitro and in vivo model of oxidative damages and stresses[6]. This evolving 
hypothesis is further supported by observations made in HO-1-deficient mice and 
humans[7,8]. The mechanism by which HO-1 can mediate these cytoprotective functions is 
not clear. However, three major catalytic by-products, CO, ferritin and bilirubin may 
represent potential targets to prevent cellular damage[9,10]. 

Ethanol exposure is considered as an oxidative stress. So far there is only little evidence 
that ethanol exposure induces HO-1 activity in rats and mice[11,12]. According to our 
knowledge there is no proof whether or not ethanol exposure would affect HO-1 enzyme 
activity in humans, especially in ethanol metabolizing liver cells. Therefore, the following 
questions were raised in the present work. Did ethanol exposure increase HO-1 mRNA and 
protein expression as well as HO-1 enzyme activity in human hepatocytes? Did HO-1 
induction protect human hepatocytes from ethanol exposure? 

In our experiments a dose-dependent (25-100 mmol/L) and time-dependent (0-24 h) 
ethanol exposure were used to investigate the relationship between ethanol exposure and 
HO-1 expression. Cytotoxicity was investigated by means of LDH, AST activity, as well as 
MDA formation and changes in cellular GSH status. 
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MATERIALS AND METHODS 

Materials 

Williams’ medium E (with glutamax-1), HEPES, and penicillin/streptomycin were 
obtained from Life Technologies (Karlsruhe, Germany). Insulin and hydrocortisone were 
supplied from Sigma (Deisenhofen, Germany), while calf serum was purchased from PAA 
Ltd. (Linz, Austria). Western blot development kits were purchased from Amersham (ECL, 
Buckinghamshire, UK). Heme oxygenase-1 mouse-monoclonal IgG1 antibody was purchased 
from Transduction Laboratories, Lexington, KY. All other reagents were obtained from Sigma 
unless otherwise indicated. 

Isolation of Human Hepatocytes and Cell Culture 

Human liver tissue was obtained from liver resections of tumor patients with primary or 
secondary liver tumors. The collection of tissue was done according to institutional 
guideline and with patients’ written consent. Immediately after resection, a wedge section of 
the normal tumor-free tissue was transferred under sterile conditions to the laboratory in 
culture media. Human hepatocytes were isolated by a two-step collagenase perfusion 
technique followed by a Percoll centrifugation step as previously described[12]. Hepatocyte 
purity assessed under light microscopy, was over 95% and viability consistently exceeded 
93% by trypan blue exclusion. The freshly harvested human hepatocytes were then seeded 
onto rat-tail collagen-coated Petri dishes or 6-well culture trays. The medium consisted of 
Williams’ E medium supplemented with 1 µmol/L insulin, 15 mmol/L HEPES, 1.4 µmol/L 
hydrocortisone, 10% calf serum, and penicillin/streptomycin (100 U/100 µg/mL). Cells were 
incubated in a humidified incubator in an atmosphere containing 95% air and 5% CO2 at 37℃ 
until cell attachment. On the following day, cells were exposed to various concentrations of 
ethanol (25 to 100 mmol/L) for 9 h. Time-dependent expression studies were undertaken in 
human hepatocytes using 100 mmol/L ethanol between 0.5 to 24 h. At the corresponding 
time intervals cells and supernatants were collected in agreement with the applied technique. 
In additional experiments, cells were incubated with 5 µmol/L CoPP to induce HO-1 or with 
0.5 µmol/L ZnPP to antagonize the effects of HO-1. 

Reverse Transcriptase-polymerase Chain Reaction 

Total RNA was isolated according to the method of Chomczynski and Sacchi[13]. Ten µg 
of total RNA was reversely transcribed into cDNA in 30 µL reaction mixture containing 
Superscript IIRT, dNTP and Oligo (dt)12-18 primers. cDNA was used to detect HO-1 mRNA 
by PCR using specific primers. Primers for HO-1 were designed on the basis of the human 
HO-1 cDNA sequence: 5′-TGC GGT GCA GCT CTT CTG 3′(anti-sense) and 5′-GCA 
ACC CGA CAG CAT GC-3′(sense), amplifying a product of 244 bp at cycles 35[14]. PCR 
reactions were carried out in a thermal cycler (Perkin Elmer Cetus, Norwalk, CT) in a total 
volume of 20 µL reaction mixture containing 10 mmol/L Tris-HCl (pH 8.3) 50 mmol/L KCl, 
1 mmol/L MgCl2, 1 U Taq polymerase, and 200 µmol/L dNTPs each. The amplification 
procedure was as follow: initial denaturation of the template at 96℃ for 3 min; then 35 
amplification cycles were carried out at 96℃ for 30 sec (denature), at 50℃ for 30 sec 
(annealing), and at 72℃ for 90 sec (extension) followed by a final extension at 72℃ for 10 
min. Equal loading was verified by β-actin expression, using specific primers as described 
before: 5′-ACC CAC ACT GTG CCC ATC TA-3′(anti-sense) and 5′-CGG AAC CGC 
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TCA TTG CC-3′(sense) amplifying a 289-bp PCR production[15]. PCR products were 
electrophoresed on 1.5% agarose gels containing 0.1 µg ethidium bromide and photographed 
under UV transillumination. 

Western Blot Analysis 

Cells were washed two times with PBS and homogenized in buffer containing protease 
inhibitors. Protein concentrations were determined by the method of Lowry, using bovine 
serum albumin as the standard. Proteins were separated on a 12.5% SDS polyacrylamid gel, 
and then transferred onto polyvinylidene difluoride membranes[12,16]. Nonspecific binding 
sites were blocked by overnight incubation of membranes in 5% nonfat milk solution solved 
in PBS/Tween-20 at 4℃. After washed with PBS/Tween-20, the membranes were incubated 
with heme oxygenase-1 mouse-monoclonal IgG1 antibody, followed by an incubation with 
horseradish-peroxidase-conjugated anti-mouse antibody at room temperature for 1 h. Then, 
the membranes were washed again with PBS/Tween-20 for 1 h, and the immune complexes 
were developed using a chemiluminescence detection system. Equal loading of total protein 
was verified using commercially available antibody against β-actin[17]. 

HO -1 Enzyme Activity 

HO-1 enzyme activity was assessed by two methods, namely conversion of heme to 
bilirubin[18] and formation of intracellular Fe2+[16]. Formation of bilirubin was measured as 
follows. Briefly, 20 000×g supernatants was prepared from untreated and treated hepatocytes 
incubated either with 5 µmol/L CoPP or various concentrations of ethanol. Then, study 
samples were mixed with 2 mg/mL human liver cytosol (100 000×g supernatant, as a source 
of biliverdin reductase), 1 mmol/L MgCl2, 3 units of glucose-6-phosphate dehydrogenase, 
1 mmol/L glucose-6-phosphate, and 2 mmol/L NADP+ solved in 0.5 mL of 0.1 mol/L 
potassium phosphate buffer, pH 7.4 for 30 min at 37℃ in the dark in a shaking water bath. 
Amounts of generated bilirubin were estimated using a scanning spectrophotometer, and defined 
as the difference between 450 and 530 nm with an extinction coefficient for bilirubin of 40 
mmol/L·cm-1. The wavelength of bilirubin was at a maximum of 467 nm. Results were 
expressed as pmoles bilirubin/mg protein/min. Intracellular Fe2+ levels were determinated 
using a standard analytic procedure as recently described[17]. Absorbency was measured 
spectrophotometrically at 550 nm and results were expressed as µmoles/mg protein. 

Cellular Damage 

Lactate dehydrogenase (LDH) and aspartate transaminase (AST) measurement    The 
increase in LDH activity was seen under many pathologic conditions. Release of the 
intracytoplasmic enzyme LDH into cell culture medium was frequently used as a measure of 
cellular injury. AST was only present in hepatocytes, located in mitochondria and cytoplasm. 
Like LDH, its increase was an early sign of cellular injury. Both enzymes were measured 
using a commercially available test kit from Sigma (Deisenhofen, Germany). Results were 
expressed as units per liter (U/L). 

Glutathione (GSH), malondialdehyde (MDA), and CYP2E1 measurement  Total cellular 
GSH content was assessed according to the method of Akerboom and Sies[19]. Absorbance 
was measured spectrophotometrically at 405 nm. Results were expressed as nmoles/mg of 
protein. MDA, a by-product of lipid peroxidation, was assayed in human hepatocytes using 
the thiobarbituric acid reaction as described by Wright et al.[20]. Absorbance of the resulting 
organic layer was measured spectrophotometrically at 532 nm and calculated according to 
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an external standard (1,1,3,3-tetraethoxypropane) of MDA. Results were expressed as 
nmoles/mg of protein. Cytochrome P450 2E1 was induced by a broad variety of chemicals, 
such as ethanol. The increase of reactive oxygen species by CYP2E1 induction seemed to 
play an important role in ethanol-induced hepatocellular damage[21]. Activity of CYP2E1 
was determined by the rate of hydroxylation of p-nitrophenol, at 546 nm[22]. The extinction 
coefficient for p-nitrophenol was 10.28 mmol/L·cm. Results were expressed as formed 
p-nitrophenol nmoles/min per mg protein.  

Statistical Analysis 

Values were expressed as x±s. Significances were determined by using the ANOVA test. 
Statistical significance was established at P value < 0.05. 

RESULTS 

Dose and Time-dependent HO-1 mRNA Expression by Ethanol 

A dose-dependent response between ethanol exposure and HO-1 mRNA expression was 
observed in human hepatocytes. Fig. 1A shows a sustained dose-dependent increase of 
HO-1 mRNA expression when cells were exposed to various concentrations of ethanol. 
Based on these results, we chose 100 mmol/L ethanol to investigate the time-dependent 
HO-1 mRNA expression. As shown in Fig. 1B, 100 mmol/L ethanol led to a continuous 
increase in HO-1 mRNA expression starting as early as 30 minutes after exposure, reaching 
its maximum between 3 h and 9 h. Thereafter, HO-1 mRNA levels continuously decreased. 

Dose and Time-dependent HO-1 Protein Expression After Ethanol Exposure 

Fig. 2A shows a dose-dependent expression of HO-1 protein in human hepatocytes after 
9 h of ethanol exposure. Being similar to what was demonstrated on the mRNA level, the 
lowest increase in HO-1 protein expression was seen in human hepatocytes at the lowest 
ethanol (25 mmol/L) dose, and continuously increased by enlarging the ethanol dose. Fig. 2B 
demonstrates that the exposure of 100 mmol/L ethanol to human hepatocytes continuously 
increased the HO-1 protein expression starting at 6 h during the investigation period. 

Dose and Time-dependent HO-1 Enzyme Activity by Ethanol  

The above experiments clearly showed that ethanol itself could induce HO-1 mRNA 
and protein expression. In the following set of experiments we addressed the questions if the 
incubation of hepatocytes with ethanol would also stimulate HO-1 enzyme activity. As 
shown in Fig. 3A, we observed a dose-dependent increase in HO-1 enzyme activity reaching 
its maximum at 100 mmol/L ethanol after 9 h exposure as compared to untreated control 
cultures (CT: 7.2±0.32 pmol/mg protein/minute vs. 100 mmol/L ethanol: 12.86±0.63 
pmol/mg protein/minute; P<0.05 vs. CT). As shown in Fig. 3B, we found that the exposure 
of 100 mmol/L ethanol led to a continuous increase in HO-1 enzyme activity in human 
hepatocytes. HO-1 enzyme activity increased rapidly and reached its maximum between 
9-12 h after ethanol exposure. Then, by 24 h we saw a decline of HO-1 enzyme activity. 
HO-1 enzyme activity between 6 and 24 h was significantly higher compared to untreated 
control cultures (*P<0.05 vs. CT). 

HO-1 was known to degrade toxic heme into various products such as biliverdin, 
carbon monoxide and Fe2+. Therefore, we attempted to measure intracellular changes of Fe2+  
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FIG. 1A. Dose-dependent induction of HO-1 mRNA expression in human hepatocytes by ethanol. 

Human hepatocytes were incubated with medium alone or medium containing various 
concentrations of ethanol (25-100 mmol/L) for 9 h. Total RNA was analyzed for HO-1 
mRNA expression by RT-PCR as described. B. Time-dependent induction of HO-1 mRNA 
expression. Hepatocytes were incubated with 100 mmol/L ethanol for various length of time 
(0-24 h). Total RNA was analyzed for HO-1 mRNA expression by RT-PCR as described. 

 
FIG. 2A. Ethanol dose-dependent induction of HO-1 protein expression Western blot analyzes. 

Hepatocytes were incubated with various concentrations of ethanol (0-100 mmol/L) for 9 h. 
20 000 g cytosol was prepared and 100 µg sample was loaded each. B. Time-dependent 
induction of HO-1 protein expression in human hepatocytes after 100 mmol/L of ethanol 
exposure (0-24 h). 20 000 g cytosol was prepared and 100 µg sample was loaded each. 
β-actin is shown for equal loading. 

and questioned if the changes could be indirectly linked to ethanol-induced HO-1 enzyme 
activity in human hepatocytes. As shown in Fig. 4, we found a time-dependent intracellular 
Fe2+ release starting 1h after ethanol exposure which was however insignificant (P＞0.05 vs. 
CT). The iron release continued to increase over the investigation period and reached its 
maximum at 24 h. A significant difference between ethanol-treated and untreated cell 
cultures was observed between 9 h and 24 h (P<0.05 vs. CT). Our results underlined that 
both formation of bilirubin and release of Fe2+ could be used to measure HO-1 enzyme 
activity in human hepatocytes. 
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100 mmol/L ethanol exposure (hours) 

FIG. 3A. Ethanol-dependent HO-1 enzyme activity measured as bilirubin formation. Hepatocytes were 
incubated with cell culture medium in the presence or absence of various ethanol 
concentrations for 9 h. 20 000 g cytosol was prepared and bilirubin formation was measured 
as described. *P<0.05 vs. control cultures. B. Time course of 100 mmol/L ethanol exposure 
on bilirubin formation. Hepatocytes were incubated with 100 mmol/L of ethanol for various 
length of time (0-24 h). 20 000 g cytosol was prepared and bilirubin levels were measured as 
described. Each point represents x ± s of triplicates of six independent experiments. *P<0.05 
vs. CT. 

 
FIG. 4. Time course of iron release after ethanol exposure. Hepatocytes were incubated with 100 mmol/L 

ethanol over 24 h and the intracellular Fe2+ concentrations were measured as described. Each 
point represents x ± s of triplicates of five different experiments. *P<0.05 vs. CT. 
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Hepatocyte Damage Due to Ethanol Exposure 

From Table 1 we observed that human hepatocytes incubated with 100 mmol/L ethanol 
showed a time-dependent CYP 2E1 increase. The highest degree of enzyme activity was 
seen at 9 h of ethanol exposure as compared to untreated control cultures (P<0.01 vs. CT).  
Table 1 also shows that MDA levels increased with time, reaching its significance after 3 h 
(P<0.05 vs. controls) ethanol exposure. On the other hand, we found a time-dependent 
decline of cellular GSH levels 6 h after ethanol exposure. Moreover, the degree of cellular 
injury caused by ethanol could be estimated by the leakage of enzymes from hepatocytes. In 
order to evaluate the hepatocellular damage caused by ethanol, culture supernatants taken 
from hepatocyte cultures were screened for the presence of LDH and AST. In our 
experiments ethanol caused a clear dose-dependent (LDH: CT=16.7±1.96 U/L, 100 mmol/L 
ethanol: 94.8±10.05 U/L, P<0.05; AST: CT=102.11±11.02 U/L, 100 mmol/L ethanol: 
176.71±16.36 U/L, P<0.05 vs. CT) and time-dependent release of LDH and AST (LDH: 
CT=15.6±1.66 U/L, 100 mmol/L ethanol (24 h):=84.5±7.86 U/L, P<0.05; AST: 
CT=94.22±9.52 U/L, 100 mmol/L ethanol (24 h)=168.92±16.86 U/L, P< 0.05 vs. CT). 

TABLE 1 
Hepatocyte Damage Due to Ethanol Exposure 

Time（h） 
CYP2E1 

(pmol/mgpro/min) 

MDA 

(nmol/mg protein) 

GSH 

(nmol/mg protein) 
CT 43.20±4.20 36.37±3.64 7.52±0.29 

0.5 59.45±5.12 40.54±3.87 7.62±0.47 

1 73.84±6.82 44.88±3.52 8.02±0.65 

3 77.36±6.53* 58.88±4.06* 6.87±0.69 

6 78.22±6.56* 61.64±4.23* 4.12±0.86* 

9 103.46±12.52** 69.05±4.41** 2.95±0.45** 

12  83.94±7.36** 71.10±3.68** 3.07±0.35** 

24 74.56±7.16* 72.11±3.26** 2.50±0.51** 
 
Note. *P<0.05, **P<0.01vs. CT untreated control cultures. 

Did HO-1 Induction in Human Hepatocytes Protect Ethanol-induced Oxidative Damage? 

In the following set of experiments we addressed the question whether the induction of 
HO-1 could protect human hepatocytes from ethanol-induced cellular damage. In preliminary 
results we found that the co-induction of ethanol with 5 µmol/L CoPP, a potent inducer of 
HO-1, did not lead to cellular protection of ethanol-induced cytotoxicity (data not shown). 
In contrast, when cells were pre-incubated with CoPP for 8 h and then incubated with 
ethanol, we saw a profound reduction of MDA formation caused by ethanol (Fig. 5A). This 
positive effect of CoPP pre-incubation was also seen with regard to cellular GSH levels 
(Fig. 5B), and a large decrease was seen with regard to the release of LDH and AST (data 
not shown). Most interesting was that ZnPP, which antagonized the effects of CoPP, could 
partially reverse its protecting effects on MDA formation and cellular GSH level. 



HEME OXYGENASE-1 AND ETHANOL IN THE HUMAN LIVER 
 

323

 

 
FIG. 5. The induction of HO-1 in human hepatocytes protects against MDA (A) formation and cellular 

GSH (B) reduction. 1: Control, 2: 100 mmol/L ethanol ; 3: 5 µmol/L CoPP, 4: 100 mmol/L 
ethanol plus 5 µmol/L CoPP, 5: 0.5 µmol/L ZnPP, 6: 100 mmol/L ethanol plus 5 µmol/L CoPP 
+ 0.5 µmol/L ZnPP, 7: 0.5 µmol/L ZnPP + 100 mmol/L ethanol. CT: control; *P<0.05 vs. 100 
mmol/L ethanol. Hepatocytes were pre-incubated with CoPP, and ZnPP for two hours, then, 
100 mmol/L ethanol was added, and cultures were incubated overnight. Next morning, cells 
were harvested for the measurement of cellular MDA and GSH levels as described. Each point 
represents the x ± s of triplicates of five different experiments. 

DISCUSSION 

Ethanol consumption and its effects on human beings have been well studied. However, 
reports on the influence of the stress gene HO-1 and its possible positive effects on 
ethanol-induced toxicity are few. The first evidence that ethanol exposure induced HO-1 
activity in rats and mice was reported[11]. However, no substantial data on humans are 
available, especially the interaction of ethanol on liver cells and HO-1 gene expression. To 
our knowledge, this is the first time that human hepatocytes were used to assess the 
relationship between HO-1 gene expression and the possible protecting effects of HO-1 
induction on cellular damage caused by ethanol. In the present study, 25-100 mmol/L 
ethanol was used to investigate the relationship between ethanol exposure and HO-1 gene 
expression. These dosages could lead to sustained cellular damages such as teratogenesis in 
guinea pigs, ethanol-induced unconsciousness or even death in humans[23]. 

Biological systems are equipped with an array of anti-oxidative defense systems that 
can more or less scavenge and/or convert reactive oxygen intermediates (ROI) into harmless 
species. The anti-oxidative defense system includes enzymes, such as superoxide dismutase, 
catalase, glutathione peroxide, glutathione reductase, tripeptide glutathione, or vitamins A, C, 
and E, all of which can scavenge and/or limit toxic effects of ROI. An imbalance in 
ROI/free radicals and antioxidants would cause oxidative stress within cellular systems. The 
toxic effects of ethanol arise mainly from the formation of acetaldehyde, but ethanol toxicity 
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is also dependent on free radical-mediated toxicity, which is related to the decrease of 
cellular glutathione levels or increase of lipid peroxidation in hepatocytes. In the present 
study CYP 2E1 activity, cellular GSH and MDA levels were chosen to assess hepatocyte 
damage caused by ethanol exposure. 

CYP 2E1 could be induced by a broad variety of chemicals, such as ethanol. The 
production of reactive oxygen species via CYP2E1 induction could contribute to the 
development of alcoholic liver disease or at least increase of its cytotoxic effects[24]. Ethanol 
is an essential CYP 2E1 inducer in human hepatocytes, which was also confirmed in a 
recent study by Ponsoda et al.[25], showing that human hepatocytes incubated with 100 
mmol/L ethanol showed a 2- to 3- fold increase in CYP 2E1 enzyme activity compared with 
untreated control cultures. Using recombinant retroviral expression, in addition to ethanol 
(20-100 mmol/L) exposure, the culture medium of HepG2 cell line resulted in both a large 
increase of CYP 2E1 content and enzyme activity[26]. Our data confirmed these results 
showed a dose-dependent relationship between CYP 2E1 enzyme activity in human 
hepatocytes and ethanol exposure. 

Lipid peroxidation (and associated membrane damage) is a key feature in alcoholic 
liver injury. It could result in increased excretion of malondialdehyde in urine of rats 
following a short- and long-term administration of relatively low doses of ethanol[27]. Lipid 
peroxidation could result not only from the increased oxygen radical production by the 
induction of CYP 2E1, but also from the enhanced generation of acetaldehyde shown to 
cause lipid peroxidation in addition to the hepatic depletion of natural antioxidants such as 
carotenoids and tocopherol[28]. In the present work, we demonstrated that increased MDA 
levels were directly linked to the presence of ethanol and might lead to massive changes in 
cellular GSH levels. 

GSH, the most abundant antioxidant in cells, plays a major role in the defense against 
oxidative stress-induced cellular injury and is essential for the maintenance of intracellular 
redox balance. In the liver, cellular GSH is determined by a balance between the rate of its 
synthesis and its utilization and loss. Endogenous hydrogen peroxide is removed by GSH in 
the presence of glutathione peroxide and could also be removed by catalyzing 
peroxisomes[29]. Our data showed that GSH levels in human hepatocytes decreased in the 
presence of ethanol. A time-dependent GSH depletion was observed when cells were 
incubated with ethanol 6 h after exposure. This time difference was probably linked to the 
high basal cellular GSH levels. Therefore, we conclude that human hepatocytes incubated 
with ethanol can result in an imbalance of the anti-oxidative system, thus leading to 
ethanol-induced cellular injury. 

Heme Oxygenase (HO), a rate-limiting enzyme of bilirubin biosynthesis, is composed 
of three isoenzymes, HO-1, HO-2 and HO-3. HO-1 activity could be highly expressed in the 
spleen and liver, and enhanced by oxidative stress, heavy metals or hormones[30]. HO is an 
enzyme that decomposes intracellular toxic heme into biliverdin via oxygenation. Biliverdin 
is then reduced by biliverdin reductase, resulting in the production of bilirubin, which has 
been demonstrated to have a potent anti-oxidative activity. Carbon monoxide (CO) is also 
produced during biliverdin production and has an additional positive effect on vessels 
during inflammatory events. 

Growing evidence supported a role of HO-1 in protecting cells from oxidative stress[31]. 
The induction of HO-1 has been implicated as an anti-oxidative defense mechanism. This 
protection by HO-1 seems to be related not only by the reduction of toxic heme 
concentrations but also to the production of biliverdin and bilirubin, which have been shown 
to be potent antioxidants. The degradation of heme could also lead to the production of CO, 
which has been suggested to function as a signaling molecule similar to nitric oxide. With 
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regard to the liver, CO is involved in the regulation of hepatobiliary functions as cytochrome 
P450-dependent biotransformation, and in addition, HO-1-derived CO has been shown to 
protect the hepatic microcirculation under stress conditions. Moreover, enzymatic 
degradation of heme by HO produces iron. Iron is an essential cofactor of numerous cellular 
enzymes and redox-dependent proteins, although excess iron has been shown to be cytotoxic 
via the production of ROI by the Fenton chemistry[32]. More recently it has been 
demonstrated that cytoprotection of cell cultures by HO-1 may be attributed to augmented 
cellular iron efflux[33].  

Our experiments showed that pre-incubation of CoPP protected human hepatocytes 
from ethanol-induced cellular injury. The positive HO-1 effect was seen by reducing cellular 
MDA and increasing cellular GSH levels. The HO-1 induced positive effect was partially 
reversed by ZnPP. It is interesting to note that simultaneous incubation of CoPP with ethanol 
did not show any protection. However, we got our results only from human hepatocytes. If 
they could be proved in human and animals, then they will provide a possible tool to 
develop new strategies to overcome ethanol abuse in humans. More research work need to 
be done in the future. 
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