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Abstract
AIM: To study the effect of both acute and chronic 
alcohol exposure on heme oxygenases (HOs) in the 
brain, liver and duodenum.

METHODS: Wild-type C57BL/6 mice, heterozygous 
Sod2 knockout mice, which exhibit attenuated manga-
nese superoxide dismutase activity, and liver-specific 
ARNT knockout mice were used to investigate the role 
of alcohol-induced oxidative stress and hypoxia. For 
acute alcohol exposure, ethanol was administered in the 
drinking water for 1 wk. Mice were pair-fed with regular 
or ethanol-containing Lieber De Carli liquid diets for 
4 wk for chronic alcohol studies. HO expression was 
analyzed by real-time quantitative polymerase chain re-
action and Western blotting. 

RESULTS: Chronic alcohol exposure downregulated 
HO-1 expression in the brain but upregulated it in 
the duodenum of wild-type mice. It did not alter liver 
HO-1 expression, nor HO-2 expression in the brain, 
liver or duodenum. In contrast, acute alcohol exposure 

decreased both liver HO-1 and HO-2 expression, and 
HO-2 expression in the duodenum of wild-type mice. 
The decrease in liver HO-1 expression was abolished in 
ARNT+/- mice. Sod2+/- mice with acute alcohol exposure 
did not exhibit any changes in liver HO-1 and HO-2 ex-
pression or in brain HO-2 expression. However, alcohol 
inhibited brain HO-1 and duodenal HO-2 but increased 
duodenal HO-1 expression in Sod2+/- mice. Collectively, 
these findings indicate that acute and chronic alcohol 
exposure regulates HO expression in a tissue-specific 
manner. Chronic alcohol exposure alters brain and 
duodenal, but not liver HO expression. However, acute 
alcohol exposure inhibits liver HO-1 and HO-2, and also 
duodenal HO-2 expression.

CONCLUSION: The inhibition of liver HO expression 
by acute alcohol-induced hypoxia may play a role in the 
early phases of alcoholic liver disease progression.

© 2011 Baishideng. All rights reserved.

Key words: Alcohol; Brain; Duodenum; Heme oxy-
genase; Hypoxia; Iron; Liver; Mitochondria; Oxidative 
stress; Reactive oxygen species

Peer reviewers: Shile Huang, PhD, Associate Professor, Depart-
ment of Biochemistry and Molecular Biology, Louisiana State 
University Health Sciences Center, Shreveport, LA 71130-3932, 
United States; Andrea Battistoni, Professor, Department of Biolo-
gy, University of Rome Tor Vergata, Via della Ricerca Scientifica, 
00133 Rome, Italy
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INTRODUCTION
Heme (iron protoporphyrin IX) is a tetrapyrole contain-
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ing a central iron. Heme biosynthesis takes place in both 
mitochondria and the cytosol. The synthesis of  5-ami-
nolevulinic acid (ALA) catalyzed by the first enzyme of  
heme synthesis, ALA synthase-1, is the rate-limiting step 
in heme synthesis[1]. On the other hand, heme oxygen-
ases (HOs) catalyze the first and rate-limiting step in the 
oxidative degradation of  heme, which produces ferrous 
iron, CO and biliverdin[2,3]. Biliverdin is subsequently con-
verted to bilirubin by an NAD(P)H-dependent biliverdin 
reductase[2]. Both bilirubin and CO exert cytoprotec-
tive and anti-inflammatory effects[2]. Furthermore, HO-
derived CO has been shown to act as a second messenger 
by increasing cGMP levels in the intestine and brain[4,5].

In mammals, there are two HOs, HO-1 and HO-2, 
which are products of  distinct genes but catalyze the 
same reaction[2,6,7]. HO-1 is the inducible form and is ex-
pressed in several tissues[2,8]. HO-1 expression is regulated 
by inflammation, heme and hypoxia[2]. The enhancer re-
gions in HO-1 promoter mediate its inducer-dependent 
transcriptional regulation via the binding of  NF-E2-
related factor 2 (Nrf2), activator protein 1 (AP-1), nuclear 
factor κ-light-chain-enhancer of  activated B cells (NFκB) 
and E26 transformation-specific (Ets) family of  tran-
scription factors, and the repressor Bach-1[2,9-12]. HO-2 
expression, which is constitutive, occurs at high levels in 
the brain and testes, and at lower levels in the liver and 
myenteric plexus of  the gut[2,7,13]. HO-2 is also expressed 
in the interstitial cells of  Cajal in the intestine and takes 
part in neurotransmission and intestinal peristalsis[14]. 
Glucocorticoids have been shown to modulate HO-2 ex-
pression in the brain[4,15]. 

Both HO-1 and HO-2 exert antioxidant properties, 
and are also regulated by oxidative stress[16-18]. Humans 
and transgenic mice deficient in HO-1 are vulnerable to 
oxidative-stress-mediated injury, and develop chronic in-
flammation and iron accumulation[19-21]. Knockout mouse 
studies have also shown a role for HO-2 in oxidative-
stress-induced tissue injury[22-24]. Alcohol consumption is 
well known to induce inflammation and oxidative stress 
in the brain, liver and duodenum[25-28]. Induction of  HO-1 
has been reported to prevent alcohol-induced inflamma-
tion[29-32]. HO-1 has also been suggested to play a protec-
tive role in fatty liver, which is also observed in patients 
with alcoholic liver disease[33]. 

However, the effect of  alcohol on the expression of  
HOs is not well understood. The studies in the literature 
are inconclusive and have been mainly performed in the 
liver[29,34,35]. The aim of  this study therefore was to under-
stand how acute and chronic alcohol exposure, hypoxia, 
and mitochondrial reactive oxygen species (ROS) accu-
mulation regulate the expression of  HO-1 and HO-2 in 
the brain, liver and duodenum in vivo.

MATERIALS AND METHODS
Animal experiments 
Animal experiments were approved by the Animal Ethics 
Committee at the University of  Nebraska Medical Cen-

ter. C57BL/6 wild-type and transgenic mice were used 
for these studies. Sod2+/- mice, on a C57BL/6 genetic 
background, lack the expression of  mitochondrial man-
ganese superoxide dismutase (Sod2) enzyme on one allele 
and were generated, as described previously[36]. Aryl hy-
drocarbon receptor nuclear translocator (ARNT) floxed 
transgenic mice, on a C57BL/6 genetic background, 
expressing the floxed allele of  ARNT gene were gener-
ated, as described previously[37]. ARNT floxed mice were 
crossed with Albumin-Cre transgenic mice (Jackson Lab-
oratories, Bar Harbor, ME, United States), on a C57BL/6 
genetic background and expressing Cre recombinase 
under the control of  liver-specific albumin promoter, to 
create liver-specific ARNT heterozygous knockout mice 
(ARNT+/-/Alb-Cre+/-).

Alcohol treatment: For acute alcohol studies, wild-type 
and transgenic mice, maintained on a regular chow diet 
(Harland Teklad 7012), were housed in individual cages. 
Mice were then exposed to either 10% (w/v) ethanol in 
the drinking water or plain water (control) for 7 d, as de-
scribed previously[38,39]. For chronic alcohol studies, wild-
type mice, housed individually, were pair-fed with either 
regular or ethanol-containing Lieber De Carli liquids diets 
(Dyets, Bethlehem, PA, United States). The ethanol con-
tent of  the diet was gradually increased over a 9 d period 
to 5% (no ethanol for 3 d, 1% for 2 d, 2% for 2 d and 
3% for 2 d). Mice were exposed to 5% ethanol for 4 wk. 

Mice were sacrificed at the end of  experiments to 
harvest the organs. Before harvesting, the livers were 
perfused via the portal vein with warm (37  ℃) PBS buf-
fer (pH 7.4) to eliminate blood. Duodenums, which were 
rinsed clean with RNAase-free ice-cold PBS, were placed 
in RNAlater (Ambion, Austin, TX, United States) solu-
tion. All the organs isolated from mice were snap frozen 
in liquid nitrogen and stored at -80  ℃ until further use. 

RNA isolation and cDNA synthesis 
For RNA isolation, frozen organs were lysed in TRIzol 
reagent (Invitrogen, Carlsbad, CA, United States) and 
total RNA was isolated according to the manufacturer’s 
specifications. cDNA was synthesized using 2-4 µg isolat-
ed RNA, 2.5 µmol/L random primers (Applied Biosys-
tems, Carlsbad, CA, United States) and 200 U Superscript 
II RNAase H reverse transcriptase enzyme (Invitrogen). 
To exclude possible genomic DNA contamination, con-
trol samples were used, in which the reverse transcriptase 
enzyme was omitted from the cDNA synthesis reaction.

Real-time quantitative polymerase chain reaction
Gene expression was analyzed by real-time quantitative 
polymerase chain reaction (PCR), using an ABI Prism 
7700 Sequence Detection System (Applied Biosystems). 
Specific primers and Taqman fluorescent probes [5’ 
6-(FAM); 3’ (TAMRA-Q)] flanking about 70 base pairs 
of  the open reading frame sequences were designed by 
the Primer Express 1.5 program (Applied Biosystems). 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
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gene probe was used as the endogenous control. Species-
specific sequences of  the Taqman fluorescent probes, 
sense and antisense primers are listed in Table 1. cDNA 
was used as a template in PCRs. Following PCR [50ºC for  
2 min, 95ºC for 10 min (one cycle), 95ºC for 15 s, 60ºC 
for 1 min (40 cycles)], the data were analyzed using 
Sequence Detection Systems software (Applied Biosys-
tems), and the cycle number at the linear amplification 
threshold (Ct) of  the endogenous control (GAPDH) 
gene and the target gene was recorded. Relative gene ex-
pression (the amount of  target, normalized to the endog-
enous control gene) was calculated using the comparative 
Ct method formula 2-∆∆Ct. 

Western blotting and immunohistochemistry
Whole cell or nuclear lysates were prepared, as described 
previously[40]. Proteins resolved by SDS-PAGE were trans-
ferred onto PVDF membranes (Bio-Rad Laboratories, 
Hercules, CA, United States). The membranes were incu-
bated with anti-hypoxia inducible factor (HIF)-1α poly-
clonal antibody (Santa Cruz Biotechnology, Santa Cruz, 
CA, United States), anti-heme oxygenase-1 monoclonal 
antibody (Santa Cruz Biotechnology), anti-TATA-binding 
protein monoclonal antibody (Abcam, Cambridge, MA, 
United States) or GAPDH monoclonal antibody (Chemi-
con International, Temecula, CA, United States), followed 
by alkaline phosphatase (AP)-conjugated anti-rabbit or 
anti-mouse secondary antibodies (Bio-Rad Laboratories). 
Immunoreactive bands were detected by the ImmunStar 
anti-rabbit or anti-mouse-AP kits (Bio-Rad Laboratories).

Immunostaining of  paraffin-embedded liver sections 
was performed by using the Vectastain ABC kit (Vector 
Labs, Burlingame, CA, United States), as described pre-
viously[41]. The sections were incubated with an anti-8-
OHdG antibody (Abcam) overnight at 4  ℃ in an enclosed 
humidified chamber. Peroxidase activity was detected by 
nickel-enhanced diaminobenzidine (DAB) reaction, as de-
scribed previously[42]. The slides were subsequently coun-
terstained with hematoxylin.

Statistical analysis
Statistical analysis of  differences in treatment groups was 
performed by using the Student’s t test. P < 0.01 was con-
sidered statistically significant. Data are presented as mean 
± SD. 

RESULTS
We investigated the effect of  both chronic and acute al-

cohol exposure, hypoxia, and mitochondrial superoxide 
anion (O2

-.) accumulation on the expression of  HO-1 
and HO-2 in the liver, brain and intestine. 

For chronic alcohol studies, mice were pair-fed with 
regular or ethanol-containing Lieber De Carli liquid diets 
for 4 wk. HO-1 expression was significantly (P < 0.01) de-
creased (0.275 ± 0.05) in the brains of  mice with chronic 
alcohol exposure compared to pair-fed controls (1 ± 0) 
(Figure 1A, lanes 1 and 2). In contrast, HO-1 expression 
in the liver was not altered (Figure 1A, lanes 3 and 4). 
However, HO-1 expression in the duodenum was signifi-
cantly (P < 0.01) elevated (2.7 ± 1.2) with chronic alcohol 
exposure (Figure 1A, lanes 5 and 6). Interestingly, the 
expression of  HO-2 was not significantly affected in the 
brains, liver or duodenum of  mice with chronic alcohol 
exposure compared to control mice (Figure 1B, lanes 1-6). 
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Table 1  Mouse-specific sequences of real-time quantitative polymerase chain reaction probe and primers 

Gene Forward primer (5'-3') Reverse primer (5'-3') Taqman probe (5'-3')

HO-1 CCTGGAGCAGGACATGGC AATCATCCCTTGCACGCC TTCTGGTATGGGCCTCACTGGCAGG
HO-2 GAGGCAGCAACTGCCCC TGAGCTGCAGGCTAGGCTTC TCCAGACAACCGTGGCTGTGCTGA
GAPDH TTGACCTCAACTACATGG TCATACCAGGAAATGAGC TTTGGTCGTATTGGGCGCCTGG

HO: Heme oxygenase.

Figure 1  Effect of chronic alcohol exposure on heme oxygenase expres-
sion. Heme oxygenase (HO)-1 (A) and HO-2 (B) mRNA expression in the 
brain (lanes 1 and 2), liver (lanes 3 and 4)  and duodenum (lanes 5 and 6) of 
C57BL/6 wild-type mice pair-fed with regular (control) (lanes 1, 3 and 5) or 
ethanol-containing (lanes 2, 4 and 6) L. De Carli diets for 4 wk was measured 
by real-time polymerase chain reaction. HO expression in alcohol-treated mice 
was expressed as fold expression of that in control mice. bP < 0.01.
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In order to study the effect of  acute alcohol exposure, 
mice were exposed to 10% ethanol in the drinking water 
or plain water (control) for 7 d. Unlike chronic alcohol 
exposure, no significant change was observed in HO-1 ex-
pression in the brains and duodenums of  mice with acute 
alcohol exposure (Figure 2A, lanes 1, 2, 5 and 6). On the 
other hand, the expression of  HO-1 in the liver was signif-
icantly (P < 0.01) decreased (0.48 ± 0.1) by acute alcohol 
exposure compared to control mice fed with plain water 
(1 ± 0) (Figure 2A, lanes 3 and 4). Similar to HO-1, the 
expression of  HO-2 in the liver was also significantly (P < 
0.01) downregulated (0.39 ± 0.1) by acute alcohol exposure 
compared to control mice (1 ± 0) (Figure 2B, lanes 3 and 4). 
The expression of  HO-2 in the duodenum was also signif-
icantly (P < 0.01) attenuated (0.6 ± 0.18) by acute alcohol 
exposure compared to the control mice (1 ± 0) (Figure 2B, 
lanes 5 and 6). Acute alcohol exposure did not affect the 
expression of  HO-2 in the brain (Figure 2B, lanes 1 and 
2). Similar to HO-1 mRNA expression, the level of  HO-1 
protein expression in the liver was downregulated by acute, 
but not chronic, alcohol exposure (Figure 3).

Alcohol also induces changes in mitochondria and 
the level of  ROS, resulting in oxidative stress[43]. HOs are 
induced by oxidative stress. The transgenic mice, Sod2+/- 
were therefore included to study the role of  mitochondria 

and O2
-. accumulation in the regulation of  HOs. Sod2+/- 

mice were fed with 10% ethanol for 7 d. HO-1 expression 
in the brains of  Sod2+/- mice treated with alcohol was 
significantly (P < 0.01) decreased (0.4 ± 0.2) compared 
to Sod2+/- mice fed with plain water, as controls (1 ± 
0) (Figure 4A, lanes 1 and 2). However, no significant 
alcohol-mediated changes were observed in HO-1 expres-
sion in the livers of  Sod2+/- mice (Figure 4A, lanes 3 and 4). 
In contrast, the level of  HO-1 expression in the duode-
num was significantly (P < 0.01) increased (3.2 ± 1.16) in 
alcohol-treated Sod2+/- mice compared to control mice (1 
± 0) (Figure 4A, lanes 5 and 6). Unlike HO-1, alcohol did 
not cause any significant changes in HO-2 expression in 
the brains of  Sod2+/- mice (Figure 4B, lanes 1 and 2). Sim-
ilarly, no significant alcohol-mediated changes in HO-2 
expression in the liver were observed (Figure 4B, lanes 3 
and 4). Interestingly, in contrast to HO-1, the expression 
of  HO-2 in the duodenum was attenuated (0.6 ± 0.3) in 
alcohol-fed Sod2+/- mice compared to control mice (1 ± 0) 
(Figure 4B, lanes 5 and 6). 8-hydroxyl-2’-deoxyguanosine 
(8-OHdG) is a biomarker of  oxidative stress[44]. Immunos-
taining with an antibody that detects 8-OHdG indicated 
a moderate level of  8-OHdG generation in the livers of  
Sod2+/- mice compared to negative littermate control mice 
(Figure 5A and B). 
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Figure 2  Effect of acute alcohol exposure on heme oxygenase expres-
sion. Heme oxygenase (HO)-1 (A) and HO-2 (B) mRNA expression in the brain 
(lanes 1 and 2), liver (lanes 3 and 4) and duodenum (lanes 5 and 6) of C57BL/6 
wild-type mice fed with either plain water, as controls (lanes 1, 3 and 5) or 10% 
ethanol in the drinking water (lanes 2, 4 and 6) for 7 d was measured by real-
time polymerase chain reaction. HO expression in alcohol-treated mice was 
expressed as fold expression of that in control mice. bP < 0.01.
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Figure 3  Effect of chronic and acute alcohol exposure on heme oxy-
genase-1 protein expression. Sixty micrograms of whole cell lysate proteins 
isolated from the livers of C57BL/6 wild-type mice either pair-fed with regular or 
ethanol-containing L. De Carli diets for 4 wk or fed with plain water or 10% etha-
nol (alcohol) for 7 d were resolved by SDS-PAGE. A: Heme oxygenase (HO)-1 
expression was determined by western blotting; B: An anti-GAPDH antibody was 
used to confirm equal protein loading; C: Autoradiographs were scanned by a 
densitometer, and HO-1 expression in each sample was quantified by normal-
izing to GAPDH protein expression. Normalized HO-1 expression in alcohol-
treated mice was expressed as fold expression of that in control mice. bP < 0.01.
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Hypoxia has been reported to alter HO expression[18,45-47]. 
Chronic alcohol consumption is well known to induce hy-
poxia in the liver[48]. We determined the effect of  acute alco-
hol exposure on the expression of  the transcription factor, 
HIF-1α, which is induced by hypoxia[49]. Mice exposed to 
10% ethanol for 3 or 7 d displayed an increase in HIF-1α 
protein expression in the liver compared to control mice 
(Figure 6A-C). This increase was significant in mice treated 
with ethanol for 7 d (Figure 6C). Liver-specific ARNT 
heterozygous knockout mice (ARNT+/-/Alb-Cre+/-) were 
generated (see Methods). They were used to study the role 
of  hypoxia in the regulation of  HO expression by acute 
alcohol exposure in the liver. ARNT floxed mice served as 
the controls. ARNT floxed and ARNT+/-/Alb-Cre+/- mice 
were both fed with water or 10% ethanol for 1 wk. Acute 
alcohol exposure significantly diminished HO-1 expression 
in ARNT floxed control mice (Figure 7A). Conversely, no 
significant difference in HO-1 expression was observed be-
tween water-fed and ethanol-fed ARNT+/-/Alb-Cre+/- mice 
(Figure 7B).

DISCUSSION
HOs play an important role in the protection against in-
flammation, oxidative stress and tissue damage. Alcohol 

has been shown to induce the expression of  ALAS-1, 
the rate limiting enzyme in heme synthesis in mitochon-
dria[34,35,50]. However, the effect of  alcohol on HO-1 and 
HO-2 is still unclear. The reports in the literature are 
inconclusive[34,35]. We therefore studied the effect of  both 
acute and chronic alcohol exposure on HO expression in 
different organs, which are known to be affected by alco-
hol metabolism. Alcohol is also well known to cause hy-
poxia, alter mitochondrial function and induce changes in 
the steady state levels of  ROS[43]. The antioxidant enzyme 
Sod catalyzes the conversion of  O2

-. into H2O2
[51]. There 

are different forms of  Sod and Sod2 (MnSOD) is lo-
cated in the mitochondrial matrix[36]. Homozygous Sod2 

knockout mice display a neonatal lethal phenotype but 
heterozygous mice are viable and fertile[36]. We therefore 
used heterozygous Sod2 mice in these studies. ARNT, 
which is the β subunit (HIF-1β) of  the multimeric HIF-1 
transcriptional complex, is essential for hypoxic gene 
regulation[52,53]. Liver-specific ARNT knockout mice were 
used to study the regulation of  HOs by alcohol-induced 
hypoxia.

We did not observe any changes in the expression of  
either HO-1 or HO-2 in the livers of  mice with chronic 
alcohol exposure. In contrast, Okuno et al[35] have re-
ported an increase in HO-1 expression in rats fed with 
ethanol-containing L. De Carli liquid diets for 5 wk. 
Similar to our findings, Zheng et al[34] did not observe any 
changes in HO-1 expression in rats fed with ethanol-
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Figure 4  MnSOD knockout mice (Sod2+/-) and heme oxygenase expres-
sion. Heme oxygenase (HO)-1 (A) and HO-2 (B) mRNA expression in the 
brain (lanes 1 and 2), liver (lanes 3 and 4)  and duodenum (lanes 5 and 6) of 
Sod2+/- mice fed with plain water as control (lanes 1, 3 and 5) or 10% ethanol in 
drinking water (lanes 2, 4 and 6) for 7 d was measured by real-time polymerase 
chain reaction. HO expression in alcohol-treated Sod2+/- mice was expressed 
as fold expression of that in control Sod2+/- mice fed with plain water. bP < 0.01.
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Figure 5  Oxidative stress in MnSOD knockout mice (Sod2+/-). Immuno-
peroxidase staining of liver sections from negative littermate control (A) and 
Sod2+/- mice (B) by an anti-8-OHdG antibody. The arrows indicate examples of 
8-OHdG-positive staining (original magnification 20 ×). 
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containing Lieber De Carli diets for 10 wk. The reasons 
for these discrepancies are unclear but the differences in 
experimental design may have played a role. Interestingly, 
acute alcohol exposure significantly attenuated the ex-
pression of  both HO-1 and HO-2 in the liver (Figures 1 
and 2). These findings show for the first time that acute, 
but not chronic alcohol exposure can alter the expres-
sion of  HOs in the liver. Chronic alcohol exposure is 
known to induce oxidative stress in the liver[43]. We have 
also reported that acute alcohol exposure can similarly 
elevate ROS levels and induce oxidative stress in the liver 
in vivo[38]. However, the acute alcohol-induced decrease in 
HO-1 and HO-2 expression in the liver is probably not 
due to oxidative stress. This is supported by our find-
ings showing no changes in HO expression in the livers 
of  Sod2+/- mice with acute alcohol exposure. Of  note, 
Sod2+/- mice express only about 50% of  MnSOD activ-
ity and therefore accumulate O2

-. in mitochondria, and 
display oxidative stress in several organs[36]. Accordingly, 
the livers of  Sod2+/- mice exhibited 8-OHdG generation, 
which is indicative of  oxidative stress (Figure 5A)[44]. The 
8-OHdG-positive areas in the liver of  Sod2+/- mice were 
significant because they were not detected in the livers of  
control littermate mice (Figure 5A and B).

Hypoxia has been shown to reduce the expression of  
HOs in human liver cell lines[18]. Chronic alcohol exposure 
is also known to induce hypoxia in the liver[48]. Here, we 
also showed the induction of  the hypoxia-inducible tran-
scription factor HIF-1α in the livers of  mice with acute 
alcohol exposure (Figure 6). Hypoxia could therefore be 
a potential mechanism by which acute alcohol suppresses 
HO expression in the liver. Our findings with liver-specific 
ARNT knockout mice confirm that acute alcohol-induced 
hypoxia is involved in the regulation of  liver HO expres-
sion (Figure 7). Our findings with liver-specific ARNT 
knockout mice also indicated that the absence of  HIF-
1β expression on one allele is sufficient to abolish the 
effect of  alcohol on liver HO expression. These findings 
are significant because ARNT floxed control mice, which 
express HIF-1β on both alleles, displayed a significant de-
crease in liver HO expression following alcohol exposure 
(Figure 7A). 

HO-1 has been shown to be expressed in Kupffer 
cells of  the rat liver[54]. Activation of  Kupffer cells by 
endotoxin and the release of  proinflammatory cytokines, 
particularly tumor necrosis factor (TNF) α, from Kupffer 
cells play a crucial role in the onset of  alcoholic liver in-
jury. Accordingly, HO-1 has been postulated to attenuate 
TNFα production, and the induction of  HO-1 protects 
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Figure 7  Heme oxygenase expression in ARNT (hypoxia inducible factor-
1β) knockout mice. Heme oxygenase (HO)-1 mRNA expression in the livers 
of (A) ARNT floxed control mice and (B) liver-specific ARNT heterozygous 
knockout mice (ARNT+/-/Alb-Cre+/-), fed with plain water or 10% ethanol in drink-
ing water for 7 d was measured by real-time polymerase chain reaction. HO 
expression in alcohol-treated mice was expressed as fold expression of that in 
mice fed with plain water. bP < 0.01.
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Figure 6  Alcohol and hypoxia inducible factor-1α. Twenty micrograms of 
nuclear proteins isolated from the livers of C57BL/6 wild-type mice fed with 
plain water (control) or 10% ethanol for 3 or 7 d were resolved by SDS-PAGE. 
A: Hypoxia inducible factor (HIF)-1α expression was determined by western 
blotting; B: An anti-TATA-binding protein (TBP) antibody was used to confirm 
equal protein loading; C: Autoradiographs were scanned by a densitometer, 
and HIF-1α expression in each sample was quantified by normalizing to TBP 
protein expression. Normalized HIF-1α expression in alcohol-treated mice was 
expressed as fold expression of that in water-fed control mice. bP < 0.01.
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the liver from alcohol-induced inflammatory process-
es[29,30]. HO-2, on the other hand, has been shown to be 
expressed in the parenchymal cells of  the liver[54]. The 
release of  CO, which originates from heme catabolism, 
from parenchymal cells into the extrasinusoidal space 
relaxes the microvascular tone[54]. The decrease in HO-2 
expression may therefore contribute to hypoxia observed 
with acute alcohol exposure (Figure 2B). 

Our findings therefore strongly suggest that the inhi-
bition of  HO-1 and HO-2 expression in the liver by acute 
alcohol may be involved in the activation of  Kupffer cells, 
the release of  proinflammatory cytokines, and hypoxia, 
all of  which are well known to prime the liver for the 
onset of  alcoholic liver injury. Furthermore, our findings 
showing that chronic alcohol exposure does not alter liver 
HO-1 and HO-2 expression also suggest that the changes 
occurring in the later stages of  alcoholic liver disease 
progression may not involve HOs or heme catabolism by-
products. 

Besides the liver, alcohol also induces inflammation 
and oxidative stress in the brain[55,56]. In contrast to the liv-
er, the brains of  wild-type mice with chronic alcohol expo-
sure exhibited a significant decrease in HO-1 expression, 
which was not observed in mice with acute alcohol expo-
sure. Brain expresses high amounts of  HO-2 but acute 
or chronic alcohol exposure did not alter brain HO-2 
expression. However, HO-1 has been reported to protect 
hippocampal neurons from ethanol-induced neurotoxic-
ity[57]. Furthermore, the astrocyte vulnerability in the brain 
induced by the deletion of  HO-2 has been shown to be 
rescued by adenoviral delivery of  HO-1[58]. Our findings 
therefore suggest that the inhibition of  HO-1 expression 
may be one of  the mechanisms by which chronic alcohol 
exposure induces injury in the brain. Interestingly, similar 
to wild-type mice with chronic alcohol exposure, we have 
also observed a significant decrease in brain HO-1, but 
not HO-2 expression in Sod2+/- mice with acute alcohol 
exposure. Based on these correlations, it is possible that 
the increase in ROS originating from mitochondria may 
be responsible for the inhibition of  HO-1 expression in 
the brains of  mice with chronic alcohol exposure.

Alcohol can alter intestinal permeability, releasing 
endotoxins into the circulation and also reduce intestinal 
motility[59,60]. Heme metabolism is also involved in intes-
tinal defense mechanisms and motility[61]. Interestingly, 
wild-type mice with chronic alcohol exposure and Sod2+/- 

mice with acute alcohol exposure displayed a significant 
increase in HO-1 expression in the duodenum. In con-
trast, duodenal HO-2 expression was decreased in both 
wild-type and Sod2+/- mice with acute alcohol exposure. 
These findings therefore suggest that the expression of  
HO-1 and HO-2 in the duodenum is regulated, in an op-
posite manner, by alcohol-induced oxidative stress. The 
increase in HO-1 expression may be part of  the anti-
inflammatory defense mechanisms against alcohol injury. 
HO-2 is expressed mainly in the myenteric plexus of  the 
gut and the interstitial cells of  Cajal, thus, the decrease in 
HO-2 expression may play a role in the alcohol-mediated 
decrease in intestinal motility.

Collectively, our data suggest that acute and chronic 
alcohol exposure regulates HO-1 and HO-2 expression 
differently in the brain, liver and duodenum. Mitochon-
dria and oxidative stress may be involved in chronic alco-
hol-induced changes in HO-1 expression in the brain and 
duodenum, but not in the liver. On the other hand, the 
changes in liver HO expression are mainly regulated by 
acute alcohol exposure. Hypoxia induced by acute alcohol 
exposure might be one of  the underlying mechanisms in 
this process. These findings may further our understand-
ing of  the mechanisms involved in alcohol-induced injury 
in different tissues in vivo.

COMMENTS
Background
Excessive alcohol consumption impairs the function of multiple organs including 
the liver, intestine and brain. The precise mechanisms of alcohol-induced tis-
sue injury are unclear. Endotoxin, inflammatory cytokines and oxidative stress 
have been shown to be involved. Patients with alcoholic liver disease frequently 
display evidence of iron overload. Alcohol also modulates heme metabolism. 
It activates aminolevulinic acid synthase-1, the rate-limiting enzyme in heme 
synthesis in mitochondria. Heme oxygenases (HOs) catalyze the oxidative 
degradation of heme. The effect of alcohol on HOs is not well understood. The 
reports in the literature are contradictory and the studies have been mainly per-
formed on the liver. This study investigated the role of both acute and chronic 
alcohol exposure in the regulation of HOs in the liver, duodenum and brain. The 
involvement of alcohol-mediated oxidative stress and hypoxia was also studied.
Research frontiers
Alcohol causes hypoxia, oxidative stress and inflammation in various organs. 
HOs exert cytoprotective and anti-inflammatory effects. Activation of Kupffer 
cells by endotoxin and the release of proinflammatory cytokines, particularly 
tumor necrosis factor α, from Kupffer cells play a crucial role in the onset of 
alcoholic liver injury. Induction of HOs has been shown to prevent alcohol-
induced inflammation in the liver. They are also believed to play a protective 
role in fatty liver. Alcohol reduces the motility and increases permeability in the 
gastrointestinal tract. The activation of Kupffer cells by alcohol is mainly caused 
by endotoxins derived from the gastrointestinal tract. Heme metabolism is in-
volved in intestinal defense mechanisms and motility. Interestingly, our findings 
demonstrate that acute alcohol exposure inhibits HO expression in the liver and 
duodenum. The impairment of heme metabolism may therefore be involved in 
the crosstalk between the liver and intestine in alcoholic liver disease.
Innovations and breakthroughs
This study is one of the first in the literature to compare the role of both acute 
and chronic alcohol exposure on HO expression in the liver, duodenum and 
brain, which is affected by alcohol. Taken together, our findings demonstrate 
that acute and chronic alcohol exposure regulates HO expression in a tissue-
specific manner. Chronic alcohol exposure altered HO expression in the brain 
and duodenum, but not in the liver. In contrast, acute alcohol exposure inhibited 
HO expression in the liver and duodenum, but not in the brain. Our findings 
also suggest that hypoxia may be involved in the inhibition of HOs by acute 
alcohol exposure in the liver. The inhibition of HOs and their cytoprotective, 
anti-inflammatory action may be one of the initiating factors of alcohol-mediated 
tissue injury.
Applications
Understanding the mechanisms underlying the interaction of heme metabolism 
and alcohol is clinically relevant and may help with the development of new 
therapeutic and diagnostic agents for alcohol-related organ damage.
Peer review
This paper is technically sound and well-written. It is also a well-motivated in-
vestigation.
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The major task of  WJBC is to rapidly report the most recent devel-
opments in the research by the close collaboration of  biologists and 
chemists in area of  biochemistry and molecular biology, including: 
general biochemistry, pathobiochemistry, molecular and cellular 
biology, molecular medicine, experimental methodologies and the 
diagnosis, therapy, and monitoring of  human disease.

Columns
The columns in the issues of  WJBC will include: (1) Editorial: To 
introduce and comment on major advances and developments in the 
field; (2) Frontier: To review representative achievements, comment 
on the state of  current research, and propose directions for future re-
search; (3) Topic Highlight: This column consists of  three formats, in-
cluding (A) 10 invited review articles on a hot topic, (B) a commentary 
on common issues of  this hot topic, and (C) a commentary on the 10 
individual articles; (4) Observation: To update the development of  old 
and new questions, highlight unsolved problems, and provide strate-
gies on how to solve the questions; (5) Guidelines for Basic Research: 
To provide guidelines for basic research; (6) Guidelines for Clinical 
Practice: To provide guidelines for clinical diagnosis and treatment; 
(7) Review: To review systemically progress and unresolved problems 
in the field, comment on the state of  current research, and make sug-
gestions for future work; (8) Original Articles: To report innovative 
and original findings in biochemistry and molecular biology; (9) Brief  
Articles: To briefly report the novel and innovative findings in bio-
chemistry and molecular biology; (10) Case Report: To report a rare 
or typical case; (11) Letters to the Editor: To discuss and make reply to 
the contributions published in WJBC, or to introduce and comment 
on a controversial issue of  general interest; (12) Book Reviews: To 
introduce and comment on quality monographs of  biochemistry and 
molecular biology; and (13) Guidelines: To introduce Consensuses and 
Guidelines reached by international and national academic authorities 
worldwide on the research in biochemistry and molecular biology.
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the paper, including t-test (group or paired comparisons), chi-squared 
test, Ridit, probit, logit, regression (linear, curvilinear, or stepwise), 
correlation, analysis of  variance, analysis of  covariance, etc. The re-
viewing points include: (1) Statistical methods should be described 
when they are used to verify the results; (2) Whether the statistical 
techniques are suitable or correct; (3) Only homogeneous data can be 
averaged. Standard deviations are preferred to standard errors. Give 
the number of  observations and subjects (n). Losses in observations, 
such as drop-outs from the study should be reported; (4) Values such 
as ED50, LD50, IC50 should have their 95% confidence limits cal-
culated and compared by weighted probit analysis (Bliss and Finney); 
and (5) The word ‘significantly’ should be replaced by its synonyms (if  
it indicates extent) or the P value (if  it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any poten-
tial bias, WJBC requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee 
or it should be stated clearly in the text that all persons gave their 
informed consent prior to their inclusion in the study. Details that 
might disclose the identity of  the subjects under study should be 
omitted. Authors should also draw attention to the Code of  Ethics 
of  the World Medical Association (Declaration of  Helsinki, 1964, 
as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 
in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 
clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 

Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting of  
clinical trials, we endorse the policy of  the ICMJE to refuse to pub-
lish papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored 
by the United States National Library of  Medicine and we encour-
age all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photographs 
and illustrations because rejected manuscripts will not be returned 
to the author(s) and the editors will not be responsible for loss or 
damage to photographs and illustrations sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/1949-8454office. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (http://www.wjgnet.com/1949-8454/g_info_ 
20100316155305.htm) before attempting to submit online. For 
assistance, authors encountering problems with the Online Submi-
ssion System may send an email describing the problem to wjbc@
wjgnet.com, or by telephone: +86-10-85381892. If  you submit your 
manuscript online, do not make a postal contribution. Repeated 
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required in-
formation for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 
for important intellectual content; and (3) final approval of  the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece
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Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g. Supported by Na-
tional Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, af-
filiation, the complete name of  institution, city, postcode, province, 
country, and email. All the letters in the email should be in lower 
case. A space interval should be inserted between country name and 
email address. For example, Montgomery Bissell, MD, Professor of  
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of  California, Box 0538, San Francisco, CA 94143, United States. 
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g. 
Telephone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJBC, review-
ers of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shang-
hai, Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 words 
should accompany each manuscript. Abstracts for original contribu-
tions should be structured into the following sections. AIM (no more 
than 20 words): Only the purpose should be included. Please write 
the aim as the form of  “To investigate/study/…; MATERIALS 
AND METHODS (no more than 140 words); RESULTS (no more 
than 294 words): You should present P values where appropriate and 
must provide relevant data to illustrate how they were obtained, e.g. 
6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no more 
than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and DIS-
CUSSION, and should include appropriate Figures and Tables. Data 
should be presented in the main text or in Figures and Tables, but not 

in both. The main text format of  these sections, editorial, topic high-
light, case report, letters to the editors, can be found at: http://www.
wjgnet.com/1949-8454/g_info_20100316160646.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured 
areas. Please use uniform legends for the same subjects. For ex-
ample: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 
to publish high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain se-
quence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining 
written permission to use any copyrighted text and/or illustrations.

REFERENCES
Coding system
The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in 
square brackets in superscript at the end of  citation content or after 
the cited author’s name. For citation content which is part of  the 
narration, the coding number and square brackets should be typeset 
normally. For example, “Crohn’s disease (CD) is associated with 
increased intestinal permeability[1,2]”. If  references are cited directly 
in the text, they should be put together within the text, for example, 
“From references[19,22-24], we know that...”

When the authors write the references, please ensure that the 
order in text is the same as in the references section, and also ensure 
the spelling accuracy of  the first author’s name. Do not list the same 
citation twice. 

PMID and DOI
Pleased provide PubMed citation numbers to the reference list, e.g. 
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PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuery/, respectively. The numbers will be used in E-version 
of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-faced 
letters. The family name of  all authors should be typed with the ini-
tial letter capitalized, followed by their abbreviated first and middle 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of  the cited article and italicized 
journal title (journal title should be in its abbreviated form as shown 
in PubMed), publication date, volume number (in black), start page, 
and end page [PMID: 11819634   DOI: 10.3748/wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-
faced letters. The surname of  all authors should be typed with the 
initial letter capitalized, followed by their abbreviated middle and 
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, 
Bo-Rong Pan as Pan BR) Book title. Publication number. Publica-
tion place: Publication press, Year: start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative con-
trast harmonic imaging to assess malignancy of  liver tumors: 
A prospective controlled two-center study. World J Gastroenterol 
2007; 13: 6356-6364 [PMID: 18081224   DOI: 10.3748/wjg.13. 
6356]

Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 

effect of  Jianpi Yishen decoction in treatment of  Pixu-diar-
rhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature 

of  balancing selection in Arabidopsis. Proc Natl Acad Sci USA 
2006; In press

Organization as author
4 Diabetes Prevention Program Research Group. Hyperten-

sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462   
PMCID:2516377   DOI:10.1161/01.HYP.0000035706.28494. 
09]

Both personal authors and an organization as author 
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 

Alf-One Study Group. Sexual dysfunction in 1, 274 European 
men suffering from lower urinary tract symptoms. J Urol 
2003; 169: 2257-2261 [PMID: 12771764   DOI:10.1097/01.ju. 
0000067940.76090.73]

No author given
6 21st century heart solution may have a sting in the tail. BMJ 

2002; 325: 184 [PMID: 12142303   DOI:10.1136/bmj.325. 
7357.184]

Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and safety 

of  frovatriptan with short- and long-term use for treatment 
of  migraine and in comparison with sumatriptan. Headache 
2002; 42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/
j.1526-4610.42.s2.7.x]

Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin Orthop 
Relat Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.10
97/00003086-200208000-00026]

No volume or issue
9 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of  the liver and billiary system. 

9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: Marcel 
Dekker, 1991: 431-450

Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

2nd ed. Wieczorek RR, editor. White Plains (NY): March of  
Dimes Education Services, 2001: 20-34

Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14 Christensen S, Oppacher F. An analysis of  Koza's computa-

tional effort statistic for genetic programming. In: Foster JA, 
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic 
programming. EuroGP 2002: Proceedings of  the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5; 
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of  infectious diseases. 

Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05; 
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. 

Flexible endoscopic grasping and cutting device and positioning 
tool assembly. United States patent US 20020103498. 2002 Aug 
1

Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/1949-8454/
g_info_20100309232449.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on 
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful 
to the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.
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Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
Editorial: http://www.wjgnet.com/1949-8454/g_info_20100316 
155524.htm

Frontier: http://www.wjgnet.com/1949-8454/g_info_20100312 
091506.htm

Topic highlight: http://www.wjgnet.com/1949-8454/g_info_2010 
0316155725.htm

Observation: http://www.wjgnet.com/1949-8454/g_info_20100316 
155928.htm

Guidelines for basic research: http://www.wjgnet.com/1949-8454/
g_info_20100312092119.htm

Guidelines for clinical practice: http://www.wjgnet.com/1949-84 
54/g_info_20100312092247.htm

Review: http://www.wjgnet.com/1949-8454/g_info_2010031616 
0234.htm

Original articles: http://www.wjgnet.com/1949-8454/g_info_2010 
0316160646.htm

Brief  articles: http://www.wjgnet.com/1949-8454/g_info_201003 
12092528.htm

Case report: http://www.wjgnet.com/1949-8454/g_info_20100316 
161452.htm

Letters to the editor: http://www.wjgnet.com/1949-8454/g_info_ 
20100309232142.htm

Book reviews: http://www.wjgnet.com/1949-8454/g_info_201003 
12092929.htm

Guidelines: http://www.wjgnet.com/1949-8454/g_info_20100312 
093057.htm

SUBMISSION OF THE REVISED MANUSCRIPTS 
AFTER ACCEPTED
Please revise your article according to the revision policies of  
WJBC. The revised version including manuscript and high-resolu-
tion image figures (if  any) should be copied on a floppy or com-
pact disk. The author should send the revised manuscript, along 
with printed high-resolution color or black and white photos, 
copyright transfer letter, and responses to the reviewers by courier 
(such as EMS/DHL).

Editorial Office
World Journal of Biological Chemistry
Editorial Department: Room 903, Building D, 

Ocean International Center,
No. 62 Dongsihuan Zhonglu, 
Chaoyang District, Beijing 100025, China
E-mail: wjbc@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-8538-1892
Fax: +86-10-8538-1893

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/1949-8454/g_info_20100309233100.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/1949-8454/
g_info_20100309232833.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a 
copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJBC will be initiating a platform to promote dynamic interactions 
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