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Abstract
Cholesterol plays several structural and metabolic roles 
that are vital for human biology. It spreads along the 
entire plasma membrane of the cell, modulating fluid-
ity and concentrating in specialized sphingolipid-rich 
domains called rafts and caveolae. Cholesterol is also 
a substrate for steroid hormones. However, too much 
cholesterol can lead to pathological pictures such as 
atherosclerosis, which is a consequence of the accumu-
lation of cholesterol into the cells of the artery wall. The 
liver is considered to be the metabolic power station of 
mammalians, where cholesterol homeostasis relies on 
an intricate network of cellular processes whose dereg-
ulations can lead to several life-threatening pathologies, 
such as familial and age-related hypercholesterolemia. 
Cholesterol homeostasis maintenance is carried out by: 
biosynthesis, via  3-hydroxy-3-methylglutaryl coenzyme 
A reductase (HMGR) activity; uptake, through low den-
sity lipoprotein receptors (LDLr); lipoprotein release in 
the blood; storage by esterification; and degradation 
and conversion into bile acids. Both HMGR and LDLr 

are transcribed as a function of cellular sterol amount 
by a family of transcription factors called sterol regula-
tory element binding proteins that are responsible for 
the maintenance of cholesterol homeostasis through 
an intricate mechanism of regulation. Cholesterol ob-
tained by hepatic de novo  synthesis can be esterified 
and incorporated into apolipoprotein B-100-containing 
very low density lipoproteins, which are then secreted 
into the bloodstream for transport to peripheral tissues. 
Moreover, dietary cholesterol is transferred from the in-
testine to the liver by high density lipoproteins (HDLs); 
all HDL particles are internalized in the liver, interacting 
with the hepatic scavenger receptor (SR-B1). Here we 
provide an updated overview of liver cholesterol me-
tabolism regulation and deregulation and the causes 
of cholesterol metabolism-related diseases. Moreover, 
current pharmacological treatment and novel hypocho-
lesterolemic strategies will also be introduced. 
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INTRODUCTION
Cholesterol plays several structural and metabolic roles 
that are vital for human biology. Although cholesterol 
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spreads along the entire plasma membrane of  the cell 
where it modulates fluidity, it also concentrates in special-
ized sphingolipid-rich domains called rafts and caveolae[1]. 
In addition, cholesterol is a substrate for steroid hor-
mones[2]. Too much cholesterol in cells, however, can lead 
to pathological consequences. This is particularly true 
for cells of  the artery wall, where accumulation of  cho-
lesterol initiates atherosclerotic cardiovascular disease[3]. 
Therefore, the body relies on a complex homeostatic 
network to modulate the availability of  cholesterol for 
tissues. This network operates on both the cellular level, 
mainly in the liver, and within the plasma compartment[4].

This paper reviews the present knowledge of  choles-
terol metabolism, homeostasis, deregulation and related 
pathologies. Moreover, standard and alternative therapeu-
tic targets will also be discussed.

LIVER CHOLESTEROL METABOLISM
Cholesterol is both synthesized by cells and taken in with 
food intake. The liver is the principal site for cholesterol 
homeostasis maintenance carried out in many mecha-
nisms, such as biosynthesis, via 3-hydroxy-3-methylglutaryl 
coenzyme A reductase (HMGR, E.C. 1.1.1.34) activity, 
uptake through low density lipoprotein receptors (LDLr), 
lipoprotein release in the blood, storage by esterifica-
tion and degradation and conversion into bile acids[5]. 
The major precursor of  cholesterol synthesis is acetyl-
CoA which gives rise to hydroxyl methylglutaryl-CoA 
(HMG-CoA). The rate limiting step in the cholesterol 
biosynthetic pathway is the conversion of  HMG-CoA to 
mevalonic acid (MVA) by HMGR[6].

The MVA biosynthetic pathway is a sequel of  com-
plex reactions that, besides cholesterol, produces several 
biomolecules involved in RNA transcription (isopentenyl 
tRNAs), protein N-glycosylation (dolichol), protein pre-
nylation (farnesyl and geranylgeranyl moieties) and mito-
chondrial electron transport (ubiquinone), all indispens-
able for cell survival[7]. 

In addition to being synthesized, cholesterol can 
also be taken up through a classic example of  receptor-
mediated endocytosis by hepatocytes. LDLr plays an 
important role in cholesterol homeostasis since it binds 
plasma LDL particles, thus lowering plasma cholesterol 
levels[8]. This receptor was first discovered in cultured 
human fibroblasts. Later on, genetically and immunologi-
cally identical receptors were also identified in the liver[9].

LDLr and other proteins involved in cholesterol me-
tabolism regulation, such as HMGR, are transcribed as 
a function of  cellular sterol amount by a family of  tran-
scription factors called sterol regulatory element binding 
proteins (SREBPs). Once synthesised, SREBPs are as-
sociated with the endoplasmic reticulum (ER) membrane 
where they remain transcriptionally inactive. In the ER, 
the SREBP C-terminus interacts with the cargo protein 
SCAP (SREBP cleavage activating protein) which func-
tions as a sterol sensor[6]. In sterol-deprived cells, SCAP 
binds SREBPs and escorts them from the ER to the 

Golgi apparatus where SREBPs are proteolytically proc-
essed to yield active fragments that enter the nucleus and 
induce the expression of  their target genes (e.g., LDLr, 
HMGR). On the other hand, when intracellular sterol 
content increases, SCAP binds the insulin induced gene 
protein, which keeps the SCAP/SREBP complex into the 
ER, thus blocking the transcription of  cholesterogenic 
genes[6]. This intricate mechanism of  regulation is at the 
root of  cholesterol homeostasis maintenance.

The cholesterol pool obtained from de novo synthesis 
by hepatocytes can be enzymatically esterified by Acyl-
CoA- cholesterol Acyl transferase and incorporated into 
apolipoprotein B (apoB)-100-containing very low density 
lipoproteins (VLDL), which are then secreted into the 
bloodstream for transport to peripheral tissues[10]. Cho-
lesterol synthesis in the peripheral tissues also contributes 
to the hepatic cholesterol pool through the transfer of  
cholesterol to the liver in a process mediated by high den-
sity lipoprotein (HDL) particles (known as reverse cho-
lesterol transport). Dietary cholesterol is also transferred 
from the intestine to the liver by HDL; all HDL particles 
are internalized in the liver, interacting with the hepatic 
scavenger receptor (SR-B1)[10].

Once in the hepatocyte, cholesterol delivered by HDL 
particles may be utilized for hepatic cholesterol needs, 
converted into bile acids, or excreted into bile and elimi-
nated through the feces[11].

CHOLESTEROL METABOLISM 
DEREGULATIONS
Familial hypercholesterolemia (FH), defined as the heri-
table occurrence of  severe hypercholesterolemia with 
cholesterol deposits in tendons and premature heart dis-
ease, is caused by mutations in at least four genes whose 
products are involved in sterol and lipoprotein pathways: 
the LDLr, apoB, proprotein convertase subtilisin/kexin 9 
(PCSK9) and the autosomal recessive hypercholesterol-
emia (ARH) adaptor protein. All of  these disorders have 
a defective clearance of  LDL in common, principally in 
the liver, within a complex system of  lipid and lipopro-
tein metabolism and regulation[12]. 

Familial hypercholesterolemia
The primary causative defects in approximately 85% of  
FH cases are mutations or deletions in the liver plasma 
membrane LDLr. Over 1000 different mutations in the 
LDLr gene on the distal short arm of  chromosome 19 
(p13.1-p13.3) have been described to date[12], such as large 
rearrangements, premature stop codons, single amino 
acid substitutions, mutations in the promoter region that 
affect gene transcription, and mutations that affect splic-
ing of  the pre-messenger RNA (pre-mRNA)[12]. 

LDLr is a cell-surface glycoprotein that specifically 
binds extra-cellular lipoprotein particles containing 
apoB100 such as LDL with high affinity. The receptor:
lipoprotein complex is then internalized by endocytosis 
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via clathrin-coated pits involving the specific clathrin 
adaptor ARH, and delivered first to early and then to 
late endosomes, where the acidic environment promotes 
dissociation of  the receptor and the lipoprotein. The 
receptor recycles to the cell surface while the lipoprotein 
is degraded in lysosomes to release free cholesterol that 
regulates transcription of  the LDL-receptor gene and 
genes involved in cholesterol biosynthesis[13] . 

Owing to mutations in both alleles of  the LDLr lo-
cus, homozygous LDLr-associated FH patients present 
markedly elevated total serum cholesterol (> 500 mg/dL, 
13 mmol/L) and LDL-cholesterol levels (LDL-C, > 450 
mg/dL, 11.7 mmol/L). The deposition of  insoluble cho-
lesterol causes xanthomata on the tendons of  the hands 
and feet and cutaneous planar and corneal arcus in early 
life. Atheroma of  the aortic root and valve can lead to 
myocardial infarction (MI) and sudden death before the 
age of  30 years.

Heterozygous patients typically have a lower serum 
cholesterol level (250-450 mg/dL or 6.5-11.6 mmol/L) 
and LDL-C (200-400 mg/dL or 5.2-10.4 mmol/L) with 
positive age correlation. They develop the above clinical 
features at a less accelerated rate but if  untreated most 
suffer a severe MI and often sudden death or other car-
diovascular events in the fourth or fifth decade of  life[12].

Autosomal recessive hypercholesterolemia
The recessive rather than dominant pattern of  inheri-
tance of  severe hypercholesterolemia is referred to as 
ARH. In patients suffering from ARH, LDLs cannot be 
taken up into cells, even although the LDL-receptor pro-
tein is produced normally. Instead, recessive null muta-
tions in LDLRAP1 (or ARH) are observed[14].

The LDLRAP1 protein seems to work as an acces-
sory adaptor protein which interacts with LDLr, enabling 
the receptor to engage with clathrin coated pit machinery 
for endocytosis. The phenotype in ARH is similar to that 
of  patients with homozygous FH but is somewhat milder 
in terms of  serum total cholesterol and LDL cholesterol 
levels[13].

Mutation in PCSK9
Mutations in PCSK9, a gene that encodes a putative pro-
tease subtilisin/kexin type 9 (PCSK9), were observed 
to cosegregate with severe hypercholesterolemia in a 
number of  families in several countries. PCSK9 under-
goes intra-cellular autocleavage and the cleaved protein 
is then secreted from the hepatocyte, together with the 
cleaved fragment that remains tightly associated. Once 
in the circulation, PCSK9 binds with high affinity to the 
extracellular region of  the LDLr and is internalized with 
the receptor. With the acidic pH of  the late endosome, 
the affinity of  PCSK9 for the LDLr increases and the 
complex fails to dissociate. This has the apparent result 
of  directing the LDLr to the lysosome for degradation, 
thereby preventing it from recycling normally to the cell 
surface for further rounds of  LDL uptake[14]. 

Some patients suffering from hypercholesterolemia 

show PCSK9 gain of  function mutations: the explanation 
for the gain of  function variants that cause FH seems to 
be simply that they have a much higher binding affinity 
for the LDLr, especially at acid pH[13].

Familial ligand-defective apolipoprotein B
In the 1980s, a reduced LDL turnover in some hyper-
cholesterolemic patients without any mutation in LDLr 
gene was described; a single amino-acid substitution of  
Arg3500 with glutamine in apoB gene in its proposed 
LDLr –binding domain was found to cause FH in those 
patients. The penetrance of  the mutant apoB allele is not 
100%, thus patients with familial ligand-defective apoB 
have less severe phenotypes than FH patients with LDLr 
mutations[15,16]. This mutant apoB allele is common in 
Europe, where 2%-5% of  hypercholesterolemic patients 
are homozygous for the defective allele. 

Despite extensive research, only one other mutation 
of  the apoB gene has been found that affects its receptor-
binding function: a substitution of  Arg3500 with tryp-
tophan. This mutation is rare in Europe but is relatively 
common in the Chinese population[17].

Other candidate genes
Variants in genes involved in cholesterol metabolism, 
such as CYP7A1, SREBP-2 and SCAP, have been found 
in patients with FH[18], even although the evidence that 
these variants cause the phenotype is not strong[14].

AGE-RELATED 
HYPERCHOLESTEROLEMIA
Recent findings have shown that increased plasma choles-
terol levels and hepatic cholesterol synthesis are accompa-
nied by full activation of  HMGR in the liver of  aged rats, 
where the mitochondria produce significantly higher levels 
of  superoxide ions and the ability of  cells to remove the 
deleterious surplus of  free radicals is strongly reduced, 
thus leading to a rise in intracellular ROS content[7]. 

According to the free radical theory of  aging, the 
age-related deregulation of  HMGR is accounted for by 
the increase of  reactive oxygen species (ROS) levels that 
induce the dephosphorylation and the consequent full 
activation of  HMGR[4].

Moreover, while many studies have established that 
susceptibility to coronary artery disease (CAD) increases 
with age, little is known about the mechanisms underly-
ing the increased incidence of  CAD in postmenopausal 
women compared to men of  the same age.

Studies carried out on the liver of  12 mo old estro-
pausal rats whose estrogen levels are decreased, showed 
that the animals have higher levels of  plasma cholesterol, 
increased activation of  HMGR, and decreased LDLr 
membrane exposure than 3 mo old female rats. These 
changes result in a reduction of  cholesterol uptake and an 
increase of  cholesterol synthesis, supporting the correla-
tion between hypercholesterolemia, aging and estropause. 
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Increased activation of  HMGR does not depend on an 
increase in ROS, as seen in aged-matched male rats[19,20].

Different types of  hypercholesterolemia are summa-
rized in Table 1.

PHARMACOLOGICAL TREATMENT OF 
HYPERCHOLESTEROLEMIA
Statins
As described above, the decrease of  intracellular cho-
lesterol leads to a homoeostatic response which induces 
the up-regulation of  cell-surface receptors that bind ath-
erogenic lipoproteins, which are taken up into cells and 
degraded. Thus, the reduction of  hepatic cholesterol syn-
thesis via HMGR inhibition is an attractive approach for 
the treatment of  dyslipidemia. 

Statins, strong HMGR inhibitors, are widely used in 
therapies against hypercholesterolemia and they are avail-
able or in late-stage clinical development. Statin treatment 
strongly reduces MVA production and, as a consequence, 
hepatic cholesterol biosynthesis. Although these drugs 
are generally well tolerated, statins can lead to several side 
effects, the most frequent is myopathy. Statin-associated 
myopathy is characterized by a wide spectrum of  symp-
toms, ranging from myalgia up to life-threatening rhab-
domyolysis[21,22]. These adverse effects could be ascribable 
to the decrease of  some HMGR end-products such as 
prenyls or ubiquinone[23].

Niacin
Nicotinic acid (niacin) has long been used for the treat-
ment of  cholesterol disorders and CAD. Recently, new 
findings have provided new insights into the molecular 
mechanisms by which this compound is able to regulate 
lipid metabolism. For instance, niacin pharmacologi-
cal doses reduce apoB100-containing lipoproteins. The 
liver is the most important organ for the synthesis and 
the secretion of  apoB100, its associated lipids and, 
subsequently, lipoprotein particles[24]. Thus, the hepatic 
apoB100 processing plays a pivotal role in the modulation 
of  apoB100-rich lipoprotein secretion. It has been dem-
onstrated that niacin increases the intracellular apoB100 
degradation and in turn reduces its secretion in HepG2 
cell line[25]. This mechanism of  action is at the root of  the 
lower plasma atherogenic lipoprotein levels observed in 

hyperlipidemic patients who have undergone niacin phar-
macological treatment[26]. 

In addition to the intestine, the liver is the major or-
gan for the synthesis and secretion of  apoAI and HDL 
particles. Studies on plasma HDL turnover showed that 
niacin decreases the fractional catabolic rate of  HDL-
apoA without altering apoA biosynthesis. In particular, 
this effect is due to a niacin-dependent inhibition of  
HDL-apoAI uptake, as demonstrated in HepG2 cells[27]. 
This mechanism, by which niacin reduces HDL-apoAI 
catabolism, is responsible for the increase of  HDL half-
life, thereby enhancing cholesterol efflux and reverse 
cholesterol transport[24]. Although effective in plasma 
cholesterol lowering at pharmacological doses, niacin is 
responsible for a wide range of  side effects. The most 
common is the onset of  cutaneous flushes that result 
from the prostaglandin D2-mediated vasodilatation of  
small subcutaneous blood vessels. Several gastrointestinal 
adverse effects, such as nausea, vomiting, dyspepsia and 
abdominal pain, can also occur. However, the most severe 
niacin-induced toxicity is hepatotoxicity, which is accom-
panied by an increase in hepatic transaminase levels[28].

Fibrates
Several studies have shown that fibrate therapies can lead 
to an overall benefit on plasma cholesterol levels. Fibrates 
exert their primary effects on the regulation of  choles-
terol levels by activating peroxisome proliferator-activated 
receptor alpha (PPARα), which modulates several target 
genes involved in lipid metabolism[29]. Besides triglyc-
erides (TG) reduction by the decrease of  both hepatic 
apoCⅡ and apoCⅢ[30,31], the fundamental hypocholester-
olemic action of  fibrates is the promotion of  apoAI and 
apoAⅡ biosynthesis in the liver, which are the main apo-
lipoproteins present in HDL[32]. Fibrates, modifying HDL 
metabolism, are able to regulate the reverse cholesterol 
transport pathway. Specifically, these PPARα agonists 
increase pre-β1-HDL levels in patients with metabolic 
syndrome, induce the activity of  adenosine triphosphate-
binding cassette transporter (ABCA1) and decrease total 
plasma cholesteryl ester transfer protein activity[33]. Feno-
fibrate also reduces apoB100 levels as a result of  reduced 
hepatic synthesis and secretion of  TG, not by a direct 
influence on apoB100 production. Moreover, fibrates 
have shown the ability to reduce cholesterol biosynthesis 

Table 1  Summary of the different causes of hypercholesterolemia

Disease Cause References
LDL r-related familial hypercholesterolemia Over 1000 different mutations in LDLr gene [12,13]
PCSK9-related hypercholesterolemia Mutations in PCSK9 gene [13,14]
Other mutation-related hypercholesterolemia Mutations in CYP7A1, SREBP-2, SCAP genes [14,18]
Autosomal recessive hypercholesterolemia Recessive null mutations in LDLRAP1 gene [13,14]
Familial ligand-defective apolipoprotein B Mutations in apoB gene [15-17]
Age-related hypercholesterolemia Increased activation of HMGR [4,19,20]

LDLr: Low density lipoprotein receptors; PCSK9: Proprotein convertase subtilisin/kexin 9; HMGR: 3-hydroxy-3-methylglutaryl-CoA reductase.

Trapani L et al . Liver and cholesterol homeostasis



June 27, 2012|Volume 4|Issue 6|WJH|www.wjgnet.com 188

through HMGR inhibition and by increasing cholesterol 
excretion into bile[34]. Despite the efficacy of  the class of  
these compounds in modulating cholesterol metabolism, 
fibrate therapy has at times been discontinued because 
of  adverse effects, such as myopathy, cholelithiasis and 
venous thrombosis[35].

NOVEL HYPOCHOLESTEROLEMIC 
STRATEGIES: FUTURE PERSPECTIVES
Non-statin enzyme inhibitors
Owing to the side effects of  statin treatment, new mol-
ecules for the prevention of  hypercholesterolemia should 
be considered. In particular, the development of  new 
compounds that are able to inhibit cholesterol synthesis 
by blocking enzymes downstream of  HMGR are inter-
esting (Figure 1). Indeed, cholesterol-lowering agents tar-
geting enzymes below the farnesyl pyrophosphate branch 
point of  the cholesterol biosynthetic pathway might offer 
the possibility of  removing the adverse effects of  statins 
and be beneficial to patients suspected to be at risk of  
muscular damage.

Squalene synthase (SQS) is one of  the most known 
enzymes of  the MVA pathway since it catalyzes the first 
committed step of  the de novo cholesterol biosynthesis. 
Inhibitors of  this enzyme could be good candidates to 
be hypocholesterolemic drugs. Indeed, SQS inhibitors 
reduce plasma LDL levels and, as a consequence, in-
crease the hepatic expression and membrane exposure 
of  LDLr, as reported for statins[36]. Furthermore, since 
SQS, unlike HMGR, is not the major regulatory enzyme 
of  the cholesterol biosynthetic pathway, it is less subject 
to feedback regulation. This important feature limits the 
induction of  upstream and downstream enzymes of  the 
MVA pathway that could participate to increase the rate 
of  atherogenic lipoprotein production[37]. The compound 
EP2306 is one of  the most promising SQS inhibitors in 
hypercholesterolemia treatment if  it is considered that 
2 mg/kg EP2306 significantly reduces total cholesterol 
and atherosclerotic lesions in a cholesterol-fed rabbits. 
Moreover, treatment with EP2306 does not affect liver 
transaminases or induce any histopathological change in 
several organs[38], thus indicating that this SQS inhibitor 
could prevent atherosclerosis-related disorders without 
inducing side effects.

Squalene epoxidase (SQLE), is a FAD containing 
enzyme located in the endoplasmatic reticulum catalyz-
ing the epoxidation of  squalene and producing 2,3-oxi-
dosqualene[39,41]. Only recently, SQLE inhibitors have 
received attention as drugs for hypercholesterolemia 
since they have been extensively investigated for their 
antifungal properties over the past decades. FR194738 
appears to be the most promising potent inhibitor of  
SQLE. Indeed, it inhibits hepatic SQLE activity and, as a 
consequence, cholesterol biosynthesis, without increasing 
HMGR activity by feedback regulation[42].

Oxidosqualene cyclase (OSC) is a monotopic integral 

membrane protein associated with ER that catalyzes the 
conversion of  2,3-monoepoxysqualene to lanosterol[43]. 
Several OSC inhibitors have been reported to show in 
vitro and in vivo potency, exerting deep lipid-lowering ef-
fects[44]. Furthermore, OSC downregulation stimulates 
HMGR degradation. OSC inhibition does not induce the 
overexpression of  HMGR because of  an indirect and 
negative feedback regulatory mechanism involving the 
production of  24(S),25-epoxycholesterol. This negative 
feedback potentiates synergistically the primary inhibitory 
effect with an indirect inhibition of  HMGR[45,46]. The 
treatment with OSC inhibitors is not associated with the 
development of  the range of  severe side effects that are 
commonly reported for statins.

Microsomal triglyceride transport protein inhibitors
Microsomal Triglyceride Transport Protein (MTP) is an 
endosomal protein, mainly expressed in gut and liver, 
which catalyzes the assembly of  cholesterol, triglycerides 
and apoB to form VLDL or chylomicrons. Given the 
importance of  this protein in atherogenic lipoprotein 
production, MTP inhibitors are good candidates to lower 
plasma cholesterol levels. Indeed, MTP inhibitors block 
fat intestinal absorption and reduce hepatic secretion of  
VLDL[47]. Phase 2 clinical trials have shown that MTP 
inhibitor AEGR-733 monotherapy led to a significant 
dose-dependent decrease in LDL cholesterol. On the 
other hand, MTP treatment can also cause hepatic steato-
sis, elevated transaminase plasma levels and other gastro-
intestinal side effects[47].

ApoB100 antisense oligonucleotides
Antisense Oligonucleotides (ASOs) are single-stranded 
DNA sequences that correspond to a specific mRNA. 

Acetyl-CoA

Acetoacetyl-CoA

HMGR

HMG-CoA

Mevalonic acid

Farnesyl-PP

SQS

Squalene
SQLE

2,3-monoepoxysqualene
OSC
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Cholesterol

2,3;22,23-diepoxysqualene

SQLE OSC

24(S),25-Epoxylanosterol
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Figure 1 The principal steps of cholesterol biosynthetic pathway. MGR: 
3-hydroxy-3-methylglutaryl-CoA reductase; SQS: Squalene synthase; SQLE: 
Squalene epoxidase; OSC: Oxidosqualene cyclase; GPP: Geranyl pyrophos-
phate.
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ASOs, binding to mRNA by Watson-Crick hybridation, 
are able to induce the degradation of  specific mRNAs. 
ApoB100 appears to be a good target for ASO therapy. 
Moreover, as far as we know, ASO is the only oral small 
molecule able to inhibit this protein production in the 
liver[48]. Phase 2 clinical trials demonstrated that the 
second-generation ASO apoB100 (mipomersen) induces 
a significant dose-response decrease in LDL cholesterol 
and apoB100 levels[49]. A LDL reduction ranging from 
30% to 50% has been also reached in small trials but 
dose limitations have to be taken into account because of  
transaminase elevation and injection site reactions[47].

PCSK9 inhibition
As described above, PCSK9 plays a major regulatory role 
in cholesterol homeostasis. Given the important func-
tion of  PCSK9 in regulating cholesterol plasma levels, 
pharmacological strategies that result in the inhibition of  
PCSK9 biosynthesis or in the inhibition of  the binding 
of  this protein to the LDLr could be useful in hypercho-
lesterolemia treatment. Chan et al demonstrated that infu-
sion of  a humanized murine monoclonal antibody that 
binds to PCSK9, thus preventing LDLr internalization 
and the subsequent degradation, is able to reduce LDL 
levels by 80% at 10 d. Moreover, new studies have dem-
onstrated that the decrease in hepatic PCSK9 production 
through ASOs administration is associated with lower 
circulating LDL levels[50].

Antioxidants
Mevalonate pathway deregulation by ROS clearly sug-
gests that antioxidant compounds could play a significant 
role in restoring HMGR activity. For instance, ω-3 fatty 
acids completely prevented the ROS-induced age-related 
hypercholesterolemia in 24 mo old rats by exerting a 
powerful reduction of  hepatic intracellular ROS[19]. 

Other antioxidants, such as naringenin and tocochro-
manols, have shown the ability, not only to block the 
ROS-induced HMGR activation, but also to modulate 
the hepatic enzyme protein levels independently from 
their antioxidant activity[51].

In addition, it was recently demonstrated in the 
HepG2 hepatocarcinoma cell line that a novel synthetic 
4-methylcoumarin (4-methylesculetin) led to the reduc-
tion of  a ROS-induced HMGR activation state through 
the increase of  the enzyme phosphorylation. More-
over this compound modulates the protein amount of  
HMGR, affecting the enzyme long-term regulation[52]. 

CONCLUSION
Cholesterol homeostasis results from the network of  com-
plex processes mainly occurring in the liver. It is plain that 
even an impairment in one of  the factors involved in cho-
lesterol metabolism can cause deep alterations and, in turn, 
diseases such as FH and age-related hypercholesterolemia.

Considering that plasma cholesterol increase is the 
main cause of  cardiovascular disease, cholesterol biosyn-

thesis via HMGR and uptake via LDLr were the targets of  
hypercholesterolemia treatment: thus statins, able to inhib-
it intracellular cholesterol synthesis and, as a consequence, 
to increase LDLr membrane exposure, have been consid-
ered the golden standard against hypercholesterolemia. 
Nevertheless, since disruption of  cholesterol homeostasis 
can be ascribable to other factors in addition to HMGR 
and LDLr deregulation, the current editorial highlights 
how hypercholesterolemia treatment should be supported 
by a specific diagnosis and, in turn, adapted to the identi-
fied causes of  plasma cholesterol increase.
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Abstract
Glycogen storage disease type Ia (GSD-Ia; also called 
von Gierke disease) is an autosomal recessive disorder 
of carbohydrate metabolism caused by glucose-6-phos-
phatase deficiency. There have been many reports de-
scribing hepatic tumors in GSD patients; however, most 
of these reports were of hepatocellular adenomas, 
whereas there are only few reports describing focal 
nodular hyperplasia (FNH) or hepatocellular carcinoma 
(HCC). We report a case with GSD-Ia who had under-
gone a partial resection of the liver for FNH at 18 years 
of age and in whom moderately differentiated HCC 
had developed. Preoperative imaging studies, including 
ultrasonography, dynamic computer tomography �����(����CT��)� 
and magnetic resonance imaging, revealed benign and 
malignant features. In particular, fluorodeoxyglucose-
positron emission tomography (FDG-PET)/CT revealed 

the atypical findings that FDG accumulated at high 
levels in the non-tumorous hepatic parenchyma and 
low levels in the tumor. Right hemihepatectomy was 
performed. During the perioperative period, high-dose 
glucose and sodium bicarbonate were administered to 
control metabolic acidosis. He had multiple recurrences 
of HCC at 10 mo after surgery and was followed-up 
with transcatheter arterial chemoembolization. The tu-
mor was already highly advanced when it was found by 
chance; therefore, a careful follow-up should be man-
datory for GSD-I patients as they are at a high risk for 
HCC, similar to hepatitis patients.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Glycogen storage disease type Ia (GSD-Ia; also called 
von Gierke disease) is an autosomal recessive disorder 
of  carbohydrate metabolism caused by glucose-6-
phosphatase deficiency[1]. The incidence of  GSD-I is 1 in 
100 000 to 1 in 300 000 live births[2]. Clinical manifesta-
tions of  this disease include abdominal distension due to 
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hepatomegaly, rounded doll-like face, growth retardation, 
hypoglycemia during fasting leading to lactic acidosis, and 
a bleeding tendency due to impaired platelet agglutina-
bility[2]. While it has been reported that hepatic tumors 
develop in GSD-Ia patients, the majority of  these tumors 
are not malignant but are usually benign, e.g., hepatocellu-
lar adenoma (HCA)[3]. Although focal nodular hyperplasia 
(FNH) or hepatocellular carcinoma (HCC) can develop in 
GSD patients, it is a rare event, occurring at a much lower 
rate than HCA[4]. We report herein a case with GSD-Ia in 
whom FNH and HCC developed metachronously.

CASE REPORT
A 39 year old man with GSD-Ia, diagnosed with a liver 
biopsy by laparotomy at 1 year of  age, was referred to 
our institute. He had developed metabolic acidosis after 
he had caught a cold and was transferred to hospital by 
ambulance, where a hepatic tumor was found on com-
puter tomography ������������������������������������     (�����������������������������������     CT���������������������������������     )��������������������������������     . He previously underwent a par-
tial resection of  the liver for a tumor in segment 4, result-
ing in FNH at 18 years of  age (Figure���������������������     ��������������������   1). The patient had 
never smoked and seldom drank. His height was 153 cm 
and his weight was 36.6 kg due to the growth retardation 
of  GSD-Ia. He had a typical doll-like face.

On physical examination, the bulbar conjunctiva 
showed no icterus. The liver was palpable 8 cm below the 
costal arch, while the spleen was not palpable. Labora-
tory workup revealed elevated levels of  serum aspartate 
aminotransferase (65 IU/L; normal, 13�������������������  -������������������  33 IU/L), alanine 
aminotransferase (88 IU/L; normal, 8��������������  -�������������  42 IU/L) and 
gamma-glutamyl transferase (127 IU/L; normal, 0����-���75 
IU/L). Serum total bilirubin, total protein, albumin and 
prothrombin time were within normal limits. The levels 
of  total cholesterol (279 mg/dL; normal, 128�������� -������� 219 mg/
dL), triglyceride (830 mg/dL; normal, 30������������ -����������� 149 mg/dL) 
and uric acid (8.1 mg/dL; normal, 3.6�����������������  -����������������  7.0 mg/dL) were 
elevated. Blood urea nitrogen (28.8 mg/dL; normal, 
8.0�������������������������������������������������      -������������������������������������������������      22.0 mg/dL) and creatinine (1.83 mg/dL; normal, 
0.6�����������������������������������������������������       -����������������������������������������������������       1.1 mg/dL) levels were also elevated. Fasting blood 
glucose was 64 mg/dL (normal, 70�������������������  -������������������  109 mg/dL). Serum 
alpha-fetoprotein was undetectable but protein induced 
by vitamin K absence or antagonist-Ⅱ was elevated at 
139 mAU/mL (normal, 0�����������������������������    -����������������������������    30 mAU/mL). The patient had 
lactic acidosis on blood gas analysis (pH: 7.229; PaCO2: 
25.2 mmHg; HCO3

-: 10.2 mmol/L; Base excess: -15.9 
mmol/L; Lactate: 7.3 mmol/L).

Ultrasonography (US) showed a heterogeneous echo-
ic mass with a capsule of  10 cm in diameter in the right 
lobe. The tumor was accompanied with many daughter 
nodules around the capsule. Contrast-enhanced US with 
perfluorobutane microbubbles showed a highly enhanced 
mass in the early phase, whereas a washout effect was not 
obvious in the Kupffer phase (Figure 2). A dynamic CT 
scan showed a high-density tumor measuring 10 cm in 
diameter in the early phase and an iso-low-density tumor 
in the late phase. It had a capsule and septums, leading 
to the preoperative diagnosis of  HCA. On the other 
hand, it had daughter nodules and the capsule was par-
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tially torn, suggestive of  malignancy (Figure 3). Magnetic 
resonance imaging (MRI) showed a low-intensity tumor 
in T1-weighted images (WI) and a slightly high-intensity 
tumor in T2WI. Superparamagnetic iron oxide-enhanced 
MRI revealed the low uptake of  Resovist, which was sug-
gestive of  HCC (Fig������������������������������������  ure���������������������������������   4). Fluorodeoxyglucose-positron 
emission tomography (FDG-PET)/CT showed a high 
accumulation of  FDG with a maximum standardized up-
take value (SUVmax) of  4.2 in the non-tumorous hepatic 
parenchyma and a relatively low uptake of  FDG with a 
SUVmax of  2.7 in the tumor (Fig�������� ure�����  5). 

The patient underwent a right hemihepatectomy with-
out diagnostic confirmation of  the giant hepatic tumor. 
During the perioperative period, high-dose glucose and 
sodium bicarbonate were administered to control the 
metabolic acidosis, as described previously[5]. The postop-

A

B

C

Figure 1 � �������� �������� ���� ������ �������� ������������ ��� ���� ���� ���� �� ������� �������� �������� ���� ������ �������� ������������ ��� ���� ���� ���� �� �������Initial surgery for focal nodular hyperplasia at the age of 18 years. 
A: Resected specimen; B: A central scar and fibrous partition in the nodule [he-
matoxylin and eosin stain (HE × 4)]; C: Markedly vacuolated cells, without atypi-
cal cells, in the nodule and central vein in the central scar (HE × 400).
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erative course was uneventful and he left the hospital on 
postoperative day 14. 

The weight of  the resected specimen was 1914 g. 
The tumor was 100 mm in diameter with multiple satel-
lite nodules. The main tumor contained septums and 
hemorrhagic regions. It also contained a capsule with 
some extracapsular invasion. Microscopic examination 
revealed that the tumor cells were swollen and polygonal 
with large round or irregular nuclei with rough chromatin 
aggregations, obvious nucleoli and mitoses. Multinucle-
ated tumor cells were also found and many blood lakes 
had formed in the tumor. These findings resulted in the 
diagnosis of  moderately differentiated HCC with intrahe-
patic metastases, whereas no adenomatous components 
were observed in the tumor. In the non-tumorous liver 

Figure 2 � ��������������� ���������������Ultrasonography. A: A heterogeneous echoic mass with a capsule 
of 10 cm in diameter; B: The tumor with many satellite nodules (arrow, star) 
around the capsule (arrow, double star) was highly enhanced in the early phase 
with the perflubutane microbubble contrast agent; C: The wash-out effect was 
not obvious in the Kupffer phase, which was an atypical finding inconsistent 
with hepatocellular carcinoma.

A B

C

Figure 3 � �������� ��������� ������������ �������� ��������� ������������Dynamic computer tomography. A: A highly-enhanced tumor 
measuring 10 cm in the early phase; B: An iso- to low-density tumor in the late 
phase. It had satellite nodules (arrow, star) and a partially torn capsule (arrow, 
double star).

A

B

A

B

C

Figure 4 � ����������� ��������� ������ ����������� ��������� ������Magnetic resonance imaging. A: A low-intensity tumor in a T1WI; B: 
A high-intensity tumor in a T2WI; C: A tumor with low enhancement after reso-
vist administration.
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parenchyma, cells with a clear cytoplasm were positive 
for periodic acid-Schiff  (PAS) staining; this finding was 
consistent with that of  GSD (Fig������� ure����  6).

The present case had multiple recurrences of  HCC 
that were beyond the Milan criteria at approximately 10 
mo after surgery. He was followed-up with transcatheter 
arterial chemoembolization.

DISCUSSION
GSD-Ia is an autosomal recessive disorder caused by 
glucose-6-phosphatase deficiency in the liver, kidneys and 
intestinal mucosa. The disease is characterized by the im-
paired conversion of  glucose from glucose-6-phosphate 
in the liver, resulting in fasting hypoglycemia and lactic 
acidosis[1,2]. In the present case, the development of  hy-
poglycemia and lactic acidosis led to the opportunity to 
use imaging studies for the diagnosis of  a hepatic tumor.

Although US, CT, MRI and CT combined with arte-
rial portography and hepatic arteriography are generally 
considered to be effective for the diagnosis of  HCC, 
preoperative diagnosis was difficult in this case. Each 
imaging study revealed benign and malignant features. 
Moreover, FDG-PET/CT revealed the very interesting 
findings that FDG accumulated at high levels in the non-
tumorous hepatic parenchyma and at low levels in the tu-
mor. As GSD-I is characterized by glucose-6-phosphatase 
deficiency, it was hypothesized that the FDG ingested by 
hepatic cells was phosphorylated by hexokinase to FDG-
6-phosphate, which accumulated in non-tumorous cells 
without dephosphorylation by glucose-6-phosphatase.

Liver tumors are common in GSD-I, the majority of  
which are HCAs[3]. Talente et al[3] described that 27 of  37 
(73%) GSD-Ia patients had HCAs detected by US. Mean-
while, the concomitant occurrence of  other tumor types 
is rare. Sumimoto et al[4] described 22 GSD-I cases with 
liver tumors and reported HCA, HCC, FNH and hepa-
toblastoma in 16, 3, 2 and 1 patients, respectively. To the 
best of  our knowledge, there are no reports describing a 

case of  GSD-I with FNH and HCC.
Some authors have reported malignant formations 

from adenomas in GSD-I patients[6,7]. Bianchi summa-
rized 10 cases of  HCC in GSD-I patients reported in 
the literature and observed that the transition from HCA 
into HCC occurred in 50% of  these cases[6]. The patho-
genesis of  HCC formation in GSD-I is not well under-
stood. Some authors have described hypothetical causes, 
including the accumulation of  abnormal metabolites in 
hepatic cells acting as carcinogens[8] and proliferative or 
neoplastic changes in hepatic cells caused by long-term 
hypoglycemia-induced chronic hormonal stimulation 
(e.g., low insulin and high glucagon levels)[7]. For these 
reasons, once GSD-I is diagnosed, it is necessary to 
maintain normal blood glucose levels to prevent HCC. In 
fact, in some cases of  GSD-I with adenoma, regression 
of  adenoma after nutrition therapy has been reported[6,9]. 
In our case, it was not obvious whether HCC developed 
from an adenoma since the patient was not followed-up 
after his initial surgery for FNH and there were no com-
ponents of  HCA in the resected specimen upon micro-
scopic evaluation.

Figure 5�� ����������������������������� �������� �������������������� ���� �������������������������� �������� �������������������� Fluorodeoxyglucose-positron emission tomography/computer 
tomography. High levels of FDG accumulation with a SUVmax of 4.2 in the 
non-tumorous liver (arrow, star) and relatively low uptake of FDG with a SUV-
max of 2.7 in the tumor (arrow, double star).����������������������������������   FDG: Fluorodeoxyglucose-positron 
emission tomography.

A

B C

D E

Figure 6  Giant tumor in the right lobe. A: Resected specimen showed a 
giant tumor of 10 cm in diameter on the cut surface. The tumor contained sep-
tums and hemorrhagic regions; B: hematoxylin and eosin stain �������������� (������������� HE����������� )����������  staining 
revealed the capsule with some extracapsular invasions �����������������������    (����������������������    HE × 4����������������  )���������������  ; C: Histology 
of the tumor revealed moderately differentiated hepatocellular carcinoma with 
intrahepatic metastases, whereas no adenomatous components were observed 
(HE × 400); D: Cells with enlarged clear endoplasmic reticula were observed in 
the non-tumorous region������������������������   ��������������������     �������������  [����������������������  ��������������������     ������������� periodic acid-Schiff ���������������������     ������������� (��������������������     ������������� PAS�����������������     ������������� )����������������     �������������  stain × 4������  ������������� ]�����  ������������� . E: PAS staining 
revealed a PAS-positive area in accordance with a clear area (PAS × 400).
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With regard to liver tumors in GSD-I patients, sur-
gery might be indicated for HCC or even adenoma if  
it is likely to cause bleeding or complaints of  compres-
sion[10]. When it is difficult to control metabolic acidosis 
in GSD-I patients, a liver transplantation could be per-
formed[11,12]. As the present case had only 1 episode of  
acidosis and the tumor was so large that it did not meet 
the Milan criteria, hepatectomy and not liver transplanta-
tion was indicated.

Concerning perioperative management, hypoglycemia 
and lactic acidosis are common problems for GSD pa-
tients. Although glycogenolysis and glycogenesis are nor-
mal in these patients, the release of  free glucose from the 
liver into the blood is greatly impaired. Since glycolysis 
of  glucose 6-phosphate is intact or even intensified under 
hormonal counter regulation, similar to a fasting state, 
the production of  pyruvate and lactate is increased[13]. 
Therefore, high-dose glucose and sodium bicarbonate 
were administered, as reported previously[5], resulting in 
the prevention of  severe perioperative hypoglycemia and 
acidosis (data not shown).

Unfortunately, this patient was not followed-up well 
and over 20 years had passed since his initial operation 
for FNH. The tumor was already highly advanced when it 
was found by chance; therefore, careful follow-up should 
be mandatory for GSD patients as they are at a high risk 
of  developing HCC, similar to hepatitis patients[14].

In conclusion, we report a very rare case of  FNH and 
HCC that developed metachronously in a patient with 
GSD-Ia.

REFERENCES
1	 Chen YT. Glycogen storage diseases. In: Scriver CR, Beaudet 

AL, Sly WS, Valle D. The metabolic and molecular bases of 
inherited disease, 8th ed., vol. 1. New York: McGraw-Hill, 
2001: 1521-1552

2	 Greene HL. Glycogen storage diseases. In: Goldman L, Ausi-
ello D. Cecil textbook of medicine, 22nd ed. London: WB 
Saunders, 2004: 1270-1272

3	 Talente GM, Coleman RA, Alter C, Baker L, Brown BI, Can-
non RA, Chen YT, Crigler JF, Ferreira P, Haworth JC, Her-
man GE, Issenman RM, Keating JP, Linde R, Roe TF, Senior B, 
Wolfsdorf JI. Glycogen storage disease in adults. Ann Intern 
Med 1994; 120: 218-226

4	 Sumimoto S, Motoi T, Mikawa H, Honde H, Kobayashi N, 
Tanaka K, Ozawa K, Sudo M, Yamamura H. ��������������  Type Ia glyco-
gen storage disease with multiple hepatic adenomas and a 
highly differentiated hepatic carcinoma: a case report and 
review of the literature. Ann Paediatr Jap 1988; 34: 47-55

5	 Oshita A, Itamoto T, Amano H, Ohdan H, Tashiro H, Asa-
hara T. Perioperative management of benign hepatic tumors 
in patients with glycogen storage disease type Ia. J Hepatobi-
liary Pancreat Surg 2008; 15: 200-203

6	 Bianchi L. Glycogen storage disease I and hepatocellular tu-
mours. Eur J Pediatr 1993; 152: Suppl 1: S63-S70

7	 Miller JH, Gates GF, Landing BH, Kogut MD, Roe TF. Scin-
tigraphic abnormalities in glycogen storage disease. J Nucl 
Med 1978; 19: 354-358

8	 Zangeneh F, Limlbeck GA, Brown BI, Emch JR, Arcasoy 
MM, Goldenberg VE, Kelley VC. Hepatorenal glycogenosis 
(type I glycogenosis) and carcinoma of the liver. J Pediatr 
1969; 74: 73-83

9	 Parker P, Burr I, Slonim A, Ghishan FK, Greene H. Regres-
sion of hepatic adenomas in type Ia glycogen storage disease 
with dietary therapy. Gastroenterology 1981; 81: 534-536

10	 Rake JP, Visser G, Labrune P, Leonard JV, Ullrich K, Smit 
GP. Glycogen storage disease type I: diagnosis, manage-
ment, clinical course and outcome. Results of the European 
Study on Glycogen Storage Disease Type I (ESGSD I). Eur J 
Pediatr 2002; 161 Suppl 1: S20-S34

11	 Reddy SK, Austin SL, Spencer-Manzon M, Koeberl DD, 
Clary BM, Desai DM, Smith AD, Kishnani PS. Liver trans-
plantation for glycogen storage disease type Ia. J Hepatol 
2009; 51: 483-490

12	 Davis MK, Weinstein DA. Liver transplantation in children 
with glycogen storage disease: controversies and evaluation 
of the risk/benefit of this procedure. Pediatr Transplant 2008; 
12: 137-145

13	 Nuoffer JM, Mullis PE, Wiesmann UN. Treatment with low-
dose diazoxide in two growth-retarded prepubertal girls 
with glycogen storage disease type Ia resulted in catch-up 
growth. J Inherit Metab Dis 1997; 20: 790-798

14	 Franco LM, Krishnamurthy V, Bali D, Weinstein DA, Arn P, 
Clary B, Boney A, Sullivan J, Frush DP, Chen YT, Kishnani 
PS. Hepatocellular carcinoma in glycogen storage disease 
type Ia: a case series. J Inherit Metab Dis 2005; 28: 153-162

S- Editor  Wu X    L- Editor  Roemmele A    E- Editor  Wu X

Mikuriya Y et al . HCC and FNH in a GSD patient



Mounia Lahbabi, Nouredine Aqodad, Adil Ibrahimi, Mryem Lahlou, Hafid Aqodad

CASE REPORT

Online Submissions: http://www.wjgnet.com/1948-5182office
wjh@wjgnet.com
doi:10.4254/wjh.v4.i6.196

World J Hepatol  2012 June 27; 4(6): 196-198
ISSN 1948-5182 (online)

© 2012 Baishideng. All rights reserved.

Acute hepatitis secondary to parenteral amiodarone does 
not preclude subsequent oral therapy

Mounia Lahbabi, Nouredine Aqodad, Adil Ibrahimi, Depart-
ment of Hepato-Gastroenterology, Hassan II University Hospital, 
Fes 30000, Morocco
Mryem Lahlou, Hafid Aqodad, Department of Cardiology, Has-
san II University Hospital, Fes 30000, Morocco
Author contributions: Lahbabi M, Aqodad N and Ibrahimi A 
analyzed and interpreted the patient data regarding the hepato-
logical disease and wrote the manuscript; Lahlou M and Aqodad 
H were major contributors in writing the manuscript; all authors 
read and approved the final manuscript.
Correspondence to: ���� ���������������� Dr. Mounia Lahbabi, Department of Hep-
ato-Gastroenterology, Hassan II University Hospital, Fes 30000, 
Morocco. m.lahbabi@yahoo.fr
Telephone: +212-67-4225528       Fax: +212-67-4225529
Received: April 6, 2011                 Revised: September 4, 2011
Accepted: June 23, 2012
Published online: June 27, 2012

Abstract
Amiodarone chlorhydrate is a diiodated benzofuran 
derivative used to treat cardiac rhythm abnormalities. 
Hepatotoxicity is a relatively uncommon side effect 
of amiodarone and symptomatic hepatic dysfunction 
occurs in less than 1% to 3% of patients taking amio-
darone. We report here on an unusual case of amio-
darone-induced hepatotoxicity. A 29 year old woman 
with normal liver function was given amiodarone intra-
venously to treat her atrial fibrillation. She developed 
acute toxic hepatitis after 24 h. The intravenous form 
of amiodarone was immediately avoided and re-
placed by the oral form, using conventional loading 
doses as soon as the deranged liver function tests had 
normalized, without recurrence of the hepatitis. These 
observations show that the occurrence of acute hepatic 
impairment with intravenous amiodarone does not nec-
essarily preclude the use of this drug by mouth and the 
necessity of monitoring the hepatic function of patients 
treated with amiodarone. 
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INTRODUCTION
Amiodarone is an iodine-rich drug that is highly effective 
and widely used as an antiarrhythmic agent for the treat-
ment of  symptomatic supraventricular and ventricular 
tachyarrhythmias[1]. Amiodarone is associated with many 
adverse effects that involve different organs. Although 
these side effects are generally mild, 10% to 15% of  pa-
tients require withdrawal of  the drug as a result of  toxic-
ity. The most prominent adverse effects during long-term 
therapy include thyroid dysfunction, corneal microdepos-
its and pulmonary and hepatic toxicity. Transient rises in 
hepatic enzyme activity have been reported in 40% of  
patients who received the antiarrhythmic agent amioda-
rone. Asymptomatic elevation of  serum aminotransfer-
ases occurs in 25% of  those patients who are treated with 
amiodarone. Micronodular cirrhosis that was clearly due 
to amiodarone therapy has been confirmed in 12 cases[2]. 
However, the prevalence of  severe liver injury has been 
estimated at only 1% to 3%[3]. We describe here a case of  
amiodarone-induced acute toxic hepatitis after treatment 
with 400 mg of  intravenous amiodarone for one day.
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CASE REPORT
A 29 year old woman was admitted to our department 
complaining of  palpitations. She had no risk factors for 
cardiovascular disease. She did not consume alcohol or 
tobacco. She was taking no medication. She presented 
with a six day history of  permanent palpitations, without 
chest pain or disturbance of  consciousness. Initial exami-
nation revealed a conscious anicteric patient. The respira-
tory rate was 18 breaths per minute, oxygen saturation 
was 94% (while she was breathing ambient air), pulse was 
irregular with an apical rate of  180 beats/minute, blood 
pressure 95/60 mmHg, temperature 37.5 °C, distal ex-
tremities were hot and her weight was 32 kg. The cardio-
vascular examination found no signs of  right heart fail-
ure. Peripheral pulses were present and symmetrical. The 
initial cardiac auscultation was normal. The pleuropulmo-
nary examination showed no lung crepitations. Biologi-
cally, the full blood count was normal, C-reactive protein 
10.3 mg/dL, creatinine 70 micromol/L, urea 50 mg/dL 
and lactate dehydrogenase 263 IU/L. The liver function, 
including transaminases, gamma-GT, alkaline phospha-
tase and prothrombin level, was normal. Thyroid stimulat-
ing hormone was 4.4 U/mL with a normal free T4. An 
admission electrocardiogram confirmed atrial fibrillation 
with a fast ventricular response rate (200 beats/minute) 
with left ventricular hypertrophy. The chest xray found 
cardiomegaly. Echocardiography showed left ventricular 
dilatation with severe mitral regurgitation and pulmonary 
hypertension. Initial treatment with the ultimate intention 
of  establishing sinus rhythm included 1.5 g of  intrave-
nous amiodarone, heparin and diuretics. One day after 
admission, she had reverted to sinus rhythm but repeat 
liver function tests revealed markedly elevated transami-
nases (ALT = 1050 UI/L). Gamma-glutamyl transferase 
(GGT) and alkaline phosphatase were respectively 56 U/
L and 200 U/L, bilirubin was normal. An ultrasound ex-
amination of  the liver was normal; hepatic echogenicity 
was homogeneous without dysmorphism and there were 
no bile duct abnormalities. The serology of  viral hepatitis 
(A, B and C) and anti-tissue antibodies (antinuclear anti-
bodies, anti-smooth muscle and antimitochondrial anti-
bodies) were negative. Total creatinine kinase was normal. 
A diagnosis of  acute toxic hepatitis secondary to amioda-
rone injection was made. So intravenous amiodarone was 
immediately avoided after 24 h and replaced by the oral 
form, using conventional loading doses (200 mg three 
times daily), without any derangement of  liver function 
(Figure 1). The patient was discharged home on enalapril, 
furosemide, amiodarone and warfarin. Two months later, 
she remained in sinus rhythm on the same medications 
and her liver function, including transaminases, GGT and 
alkaline phosphatase, was normal. The patient was proposed 
for surgical treatment (mitral replacement). 

DISCUSSION
Amiodarone is an iodinated benzofurane derivative 
which is used in a wide variety of  cardiac arrhythmias 

resistant to other treatments. It has a long half  life and 
may be administered either orally or intravenously[4]. The 
drug has many extracardiac side effects. Severe acute 
hepatitis immediately after intravenous amiodarone has 
been reported[5-7]. In order to obtain stable solutions of  
amiodarone for intravenous use, the drug is dissolved in 
a mixture of  polysorbate 80 (polyoxenethylated sorbitan 
ester) and a small amount of  benzyl alcohol. Polysorbate 
80 has been implicated in the E-ferol syndrome which 
has been described in infants. The E-ferol syndrome is 
characterised by hepatomegaly, splenomegaly, cholestatic 
jaundice, renal failure and thrombocytopenia. It is as-
sociated with the use of  an intravenous preparation of  
vitamin E, E-ferol, which contains polysorbate 80 and 
polysorbate 20. The liver histology in this syndrome 
shows kupffer cell exfoliation, centrilobular accumulation 
of  cellular debris and panlobular congestion, especially in 
central areas. The polysorbates are deemed responsible 
for these changes. The clinical features of  the E-ferol 
syndrome show noticeable similarities to those found in 
cases of  liver toxicity due to amiodarone[8,9]. This sug-
gests that the hepatic insult may be a function of  the 
diluent rather than the amiodarone[10,11]. This important 
distinction would not contraindicate oral amiodarone and 
was originally suggested by Rhodes et al[8,12] and others. 
Although this particular adverse reaction of  intravenous 
amiodarone is rare[5], it remains important because of  the 
popularity of  amiodarone for the treatment of  severe life 
threatening cardiac arrhythmias. In the present case, oral 
amiodarone was administered as soon as the deranged 
liver function tests had normalized, without recurrence 
of  the hepatitis. This supports the concept that acute 
hepatitis complicating intravenous amiodarone is related 
mainly to the diluents. On this basis, we suggest amio-
darone can be safely administered by the oral route even 
in patients who develop hepatitis with the intravenous 
loading, provided that liver function and renal parameters 
must be closely monitored.

This observation supports the concept that acute 
hepatitis complicating intravenous amiodarone is related 
to the diluent rather than the drug. Indeed, amiodarone 
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can be safely administered by the oral route, even in pa-
tients who develop hepatitis with the intravenous prepa-
ration, provided hepatic function is closely monitored.
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GENERAL INFORMATION
World Journal of  Hepatology (World J Hepatol, WJH, online ISSN 
1948-5182, DOI: 10.4254), is a monthly, open access (OA), peer-
reviewed journal supported by an editorial board of  573 experts 
in hepatology from 46 countries.

The biggest advantage of  the OA model is that it provides 
free, full-text articles in PDF and other formats for experts and 
the public without registration, which eliminates the obstacle that 
traditional journals possess and usually delays the speed of  the 
propagation and communication of  scientific research results. 

Maximization of personal benefits
The role of  academic journals is to exhibit the scientific levels of  
a country, a university, a center, a department, and even a scientist, 
and build an important bridge for communication between 
scientists and the public. As we all know, the significance of  the 
publication of  scientific articles lies not only in disseminating 
and communicating innovative scientific achievements and 
academic views, as well as promoting the application of  scientific 
achievements, but also in formally recognizing ���� ����������� ����the “priority” and 
“copyright” of  innovative achievements published, �����������  as well as 
evaluating research performance and academic levels. So, to realize 
these desired attributes of  WJH and create a well-recognized 
journal, the following four types of  personal benefits should be 
maximized. The maximization of  personal benefits refers to the 
pursuit of  the maximum personal benefits in a well-considered 
optimal manner without violation of  the laws, ethical rules and the 
benefits of  others. (1) Maximization of  the benefits of  editorial 
board members: The primary task of  editorial board members 
is to give a peer review of  an unpublished scientific article via 
online office system to evaluate its innovativeness, scientific and 
practical values and determine whether it should be published or 
not. During peer review, editorial board members can also obtain 
cutting-edge information in that field at first hand. As leaders 
in their field, they have priority to be invited to write articles 
and publish commentary articles. We will put peer reviewers’ 
names and affiliations along with the article they reviewed in the 
journal to acknowledge their contribution; (2) Maximization of  
the benefits of  authors: Since WJH is an open-access journal, 
readers around the world can immediately download and read, 
free of  charge, high-quality, peer-reviewed articles from WJH 
official website, thereby realizing the goals and significance of  
the communication between authors and peers as well as public 
reading; (3) Maximization of  the benefits of  readers: Readers can 
read or use, free of  charge, high-quality peer-reviewed articles 
without any limits, and cite the arguments, viewpoints, concepts, 
theories, methods, results, conclusion or facts and data of  
pertinent literature so as to validate the innovativeness, scientific 
and practical values of  their own research achievements, thus 
ensuring that their articles have novel arguments or viewpoints, 
solid evidence and correct conclusion; and (4) Maximization 
of  the benefits of  employees: It is an iron law that a first-class 
journal is unable to exist without first-class editors, and only first-
class editors can create a first-class academic journal. We insist on 
strengthening our team cultivation and construction so that every 
employee, in an open, fair and transparent environment, could 
contribute their wisdom to edit and publish high-quality articles, 
thereby realizing the maximization of  the personal benefits of  
editorial board members, authors and readers, and yielding the 
greatest social and economic benefits.

Aims and scope
The major task of  WJH is to rapidly report the most recent 
results in basic and clinical research on hepatology, specifically 
including autoimmune, cholestatic and biliary disease, cirrhosis 
and its complications, liver biology/pathobiology, liver failure, 
growth , liver failure/cirrhosis/portal hypertension, liver fibrosis, 
hepatitis B and C virus infection, hepatocellular carcinoma, biliary 
tract disease, transplantation, genetics, epidemiology, microbiology 
and inflammatory disorders, molecular and cell biology, nutrition, 
geriatric hepatology, pediatric hepatology, steatohepatitis and 
metabolic liver disease, diagnosis and screening, endoscopy, 
imaging and advanced technology.

Columns
The columns in the issues of  WJH 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 research; (3) Topic Highlight: This column consists of  
three formats, including (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 strategies 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 suggestions 
for future work; (8) Original Article: To report innovative and 
original findings in hepatology; (9) Brief  Article: To briefly 
report the novel and innovative findings in hepatology; (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 
WJH, or to introduce and comment on a controversial issue of  
general interest; (12) Book Reviews: To introduce and comment 
on quality monographs of  hepatology; and (13) Guidelines: To 
introduce consensuses and guidelines reached by international and 
national academic authorities worldwide on basic research and 
clinical practice in hepatology.
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Chaoyang District, Beijing 100025, China
Telephone: +86-10-85381892
Fax: +86-10-85381893
E-mail: wjh@wjgnet.com
http://www.wjgnet.com

Indexed and abstracted in 
PubMed Central, PubMed, Digital Object Identifier, and Direc
tory of  Open Access Journals.

Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT
All articles published in this journal represent the viewpoints of  
the authors except where indicated otherwise.

Biostatistical editing
Statisital review is performed after peer review. We invite an 
expert in Biomedical Statistics from to evaluate the statistical 
method used in 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 reviewing 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 calculated 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 potential bias, WJH requires authors of  all papers to 
declare any competing commercial, personal, political, in 
tellectual, or religious interestsin relation to the submitted work. 
Referees are also asked to indicate 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 Con
siderations 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 
serving as a speaker, a consultant and an advisory board mem
ber for [names of  organizations], and has received research fun
ding from [names of  organization]. [Name of  individual] is an 
employee of  [name of  organization]. [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 comform 
to Good Clinical 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  Helsinki. Generally, we 
suggest authors follow the lead investigator’s national 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 accompanied by a statement that the experiments were 
undertaken with the understanding and appropriate informed 
consent of  each. Any personal item or information will not be 
published without explicit consents 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. Bo 
ok Antiqua with ample margins. Number all pages conse
cutively, and start each of  the following sections on a new 
page: Title Page, Abstract, Introduction, Materials and Me
thods, Results, Discussion, Acknowledgements, References, 
Tables, Figures, and Figure Legends. 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 International Committee of  Medical Journal 
Editors to refuse to publish papers on clinical trial results if  
the trial was not recorded in a publicly-accessible registry at its 
outset. The only register now available, to our knowledge, is 
http://www. clinicaltrials.gov sponsored by the United States 
National Library of  Medicine and we encourage 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, ph
otographs 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 Su- 
bmission System at: http://www.wjgnet.com/1948-5182 
office. Authors are highly recommended to consult the ONLINE 
INSTRUCTIONS TO AUTHORS (http://www.wjgnet.
com/1948-5182/g_info_20100316080002.htm) before 
attempting to submit online. For assistance, authors 
encountering problems with the Online Submission System may 
send an email describing the problem to wjh@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 
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ample margins. Style should conform to our house format. 
Required information 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 International Committee of  Me
dical Journal Editors, based on (1) substantial contributions 
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 version 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 author 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

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 
National 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, affiliation, 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, University 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 
WJH, reviewers 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, Shanghai, 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 University, Chengdu, 
Sichuan Province, China.

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

An informative, structured abstracts of  no less than 480 
words should accompany each manuscript. Abstracts for original 
contributions 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 less than 140 
words); RESULTS (no less 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, rapid commu
nication and case reports, the main text should be structured 
into the following sections: INTRODUCTION, MATERIALS 
AND METHODS, RESULTS and DISCUSSION, 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 
highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/1948-5182/g_info_list.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 separate 
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 Illustrator 
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 legend rather than on the bar 
itself. File names should identify the figure and panel. Avoid 
layering type directly over shaded or textured areas. Please use 
uniform legends for the same subjects. For example: Figure 1 
Pathological changes in atrophic gastritis after treatment. 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 
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< 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 sequence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine 
contributions to the manuscript and who endorse the data and 
conclusions 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 
according to the citation order in the text. Put reference nu
mbers 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 per
meability[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. PMID and DOI, which can be found at http://www.
ncbi.nlm.nih.gov/sites/entrez?db=pubmed and http://www.
crossref.org/SimpleTextQuery/, 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 initial 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. 
Publication 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 
contrast 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-
diarrhoea. 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. Hy

pertension, insulin, and proinsulin in participants with 
impaired glucose 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:10.1097/00003086-200208000-00026]

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 tu

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

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

tational 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 European 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 di

seases. 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., ass

ignee. 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.
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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 
pressure, 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 
formaldehyde, 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/1948-5182/
g_info_20100107115140.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and 
on first mention in the text. In general, terms should not be 
abbreviated 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.

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/1948-5182/g_info_201003 
16080004.htm

Frontier: http://www.wjgnet.com/1948-5182/g_info_20100315103 
153.htm

Topic highlight: http://www.wjgnet.com/1948-5182/g_info_2010 
0316080006.htm

Observation: http://www.wjgnet.com/1948-5182/g_info_2010 
0107112630.htm

Guidelines for basic research: http://www.wjgnet.com/1948-5182/
g_info_20100315103748.htm

Guidelines for clinical practice: http://www.wjgnet.com/1948- 
5182/g_info_20100315103829.htm

Review: http://www.wjgnet.com/1948-5182/g_info_20100 
107112834.htm

Original articles: http://www.wjgnet.com/1948-5182/g_info_ 
20100107113351.htm

Brief  articles: http://www.wjgnet.com/1948-5182/g_info_20100 
315104523.htm

Case report: http://www.wjgnet.com/1948-5182/g_info_2010010 
7113649.htm

Letters to the editor: http://www.wjgnet.com/1948-5182/_info_20 
100107114003.htm

Book reviews: http://www.wjgnet.com/1948-5182/g_info_2010 
0315105017.htm

Guidelines: http://www.wjgnet.com/1948-5182/g_info_2010 
0315105107.htm

SUBMISSION OF THE REVISED MANUSCRIPTS 
AFTER ACCEPTED
Please revise your article according to the revision policies 
of  WJH. The revised version including manuscript and high-
resolution image figures (if  any) should be re-submitted online 
(http://www.wjgnet.com/1948-5182office/). The author should 
send the copyright transfer letter, responses to the reviewers, 
English language Grade B certificate (for non-native speakers of  
English) and final manuscript checklist to wjh@wjgnet.com.

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 language 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/1948-5182/g_info_20100107114726.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/1948-5182/g_info_20100107114601.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 
WJH will be initiating a platform to promote dynamic interactions 
between the editors, peer reviewers, readers and authors. After a 
manuscript is published online, links to the PDF version of  the 
submitted manuscript, the peer-reviewers’ report and the revised 
manuscript will be put on-line. Readers can make comments 
on the peer reviewer’s report, authors’ responses to peer re
viewers, and the revised manuscript. We hope that authors will 
benefit from this feedback and be able to revise the manuscript 
accordingly in a timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a 
science news item to promote their articles. The news will be 
released rapidly at EurekAlert/AAAS (http://www.eurekalert.
org). The title for news items should be less than 90 characters; 
the summary should be less than 75 words; and main body less 
than 500 words. Science news items should be lawful, ethical, and 
strictly based on your original content with an attractive title and 
interesting pictures.

Publication fee
WJH is an international, peer-reviewed, Open-Access, online 
journal. Articles published by this journal are distributed under the 
terms of  the Creative Commons Attribution Non-commercial 
License, which permits use, distribution, and reproduction in any 
medium, provided the original work is properly cited, the use is 
non commercial and is otherwise in compliance with the license. 
Authors of  accepted articles must pay a publication fee. The 
related standards are as follows. Publication fee: 1300 USD per 
article. Editorial, topic highlights, original articles, brief  articles, 
book reviews and letters to the editor are published free of  charge.
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