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INTRODUCTION World Journal of  Gastroenterology is an international, open-access, peer-reviewed, and multi-
disciplinary weekly journal that serves gastroenterologists and hepatologists. The biggest 
advantage of  the open access 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. The open access model has been proven to be a true approach that 
may achieve the ultimate goal of  the journals, i.e. the maximization of  the values of  the readers, 
the authors and the society. 

Maximization of  the value of  the readers can be comprehended in two ways. First, the journal 
publishes articles that can be directly read or downloaded free of  charge at any time, which attracts 
more readers. Second, the readers can apply the knowledge in clinical practice without delay after 
reading and understanding the information in their fields. In addition, the readers are encouraged 
to propose new ideas based on those of  the authors, or to provide viewpoints that are different 
from those of  the authors. Such discussions or debates among different schools of  thought will 
definitely boost advancements and developments in the fields. Maximization of  the value of  
the authors refers to the fact that these journals provide a platform that promotes the speed of  
propagation and communication to a maximum extent. This is also what the authors really need. 
Maximization of  the value of  the society refers to the maximal extent of  the social influences and 
impacts produced by the high quality original articles published in the journal. This is also the main 
purpose of  many journals around the world.
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Abstract
The classic view on the pathogenesis of drug-induced 
liver injury is that the so-called parent compounds are 
made hepatotoxic by metabolism (formation of neo-
substances that react abnormally), mainly by cyto-
chromes P-450 (CYP), with further pathways, such as 
mitochondrial dysfunction and apoptosis, also playing 
a role. Risk factors for drug-induced liver injury include 
concomitant hepatic diseases, age and genetic poly-
morphisms of CYP. However, some susceptibility can 
today be predicted before drug administration, working 
on the common substrate, by phenotyping and geno-
typing studies and by taking in consideration patients’ 
health status. Physicians should always think of this 
adverse effect in the absence of other clear hepatic 
disease. Ethical and legal problems towards operators 
in the health care system are always matters to con-
sider.
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INTRODUCTION
Drug metabolism is the major determinant of  drug 
clearance and the factor most frequently responsible for 
inter-individual differences in drug pharmacokinetics. 
Most adverse hepatic reactions require metabolism of  
the drug to form reactive metabolites and free radicals 
(indirect toxicity), that subsequently lead to fatal insults, 
sensitization to the lethal effects of  the innate immune 
system, or haptenization eliciting an immunoallergic re-
sponse of  the adaptive immune system. Besides licensed 
drugs, herbal and natural supplements are recognized as 
causing hepatotoxicity with increasing frequency as pa-
tients turn more and more to alternative medicine[1].

Many environmental and developmental factors can 
interact with each other and with genetic factors to af-
fect drug response and the metabolic activation or inac-
tivation of  drugs generally used in medical practice. 

Oxidation, reduction and hydrolysis are the main 
pathways along drug metabolism before excretion. The 
most important enzyme system of  phase Ⅰ metabolism 
is the cytochrome P-450 (CYP) system, a microsomal 
superfamily of  isozymes that catalyze the oxidation of  
many drugs. The electrons are supplied by NADPH/
CYP reductase, a flavoprotein that transfers electrons 
from NADPH (the reduced form of  nicotinamidead-
enine dinucleotide phosphate) to CYP. Multiple forms 
of  CYP enzymes play important roles in the oxida-
tion of  structurally diverse xenobiotics. CYP3A (about 
30% of  total CYP) and CYP2C (about 20% of  total 
CYP) enzymes are major forms. Human cytochrome 
CYP3A subfamily members (mainly CYP3A4) mediate 
the metabolism of  many marketed drugs (amiodarone, 
amlodipine, clarithromycin, cyclosporine, erythromycin, 
lovastatin, nifedipine, tamoxifen, terfenadine, verapamil, 
R-warfarin) and thus play a critical role in drug metabo-
lism. Furthermore, P-glycoprotein and CYP3A are fre-
quently co-expressed in the same cells and share a large 
number of  substrates and modulators[2]. 

Other important human drug-metabolizing enzymes 
are CYP1A2 (caffeine, estradiol, lidocaine, tacrine, the-
ophylline, verapamil, R-warfarin), CYP2C9 (diclofenac, 
phenytoin, piroxicam, tetrahydrocannabinol, tolbuta-
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mide, S-warfarin), CYP2C19 (diazepam, hexobarbital, 
S-mephenytoin, omeprazole, pentamidine, propranolol, 
R-warfarin), and CYP2D6 (codeine, debrisoquine, dex-
tromethorphan, encainide, haloperidol, metoprolol, mexi-
letine, paroxetine, phenothiazines, propanolol, risperidone, 
sertraline, tricyclic antidepressants, venlafaxine) as high-
lighted by commonly used probe cocktails[3,4]. The expres-
sion of  drug metabolizing enzymes, mainly CYP, shows 
significant interspecies differences and variability among 
human individuals (polymorphic or inducible enzymes) 
which makes the accurate prediction of  the metabolism 
of  various compounds in humans difficult. For example, 
patients who metabolize certain drugs rapidly may require 
higher, more frequent doses to achieve therapeutic con-
centrations; patients who metabolize certain drugs slowly 
may need lower, less frequent doses to avoid toxicity, par-
ticularly for drugs with a narrow interval of  safety. 
 
HEPATOTOXICITY: GENERAL CONCEPTS
Several key issues need to be addressed to study drug 
induced liver injury (DILI), that is, what metabolites will 
be formed (metabolic profile); which enzymes are in-
volved and to what extent; whether drug metabolism will 
be affected directly (drug-drug interactions) or indirectly 
(enzyme induction) by the administered compound. 
Drug metabolism studies are routinely performed in 
laboratory animals, but they are not sufficiently accurate 
to predict the metabolic profiles of  drugs in humans. In 
fact, hepatotoxicity due to idiosyncratic reactions can-
not be detected by conventional animal toxicity studies. 
Furthermore, predisposing factors in humans such as 
ethanol-induced metabolic sensitivity to acetaminophen 
hepatotoxicity do not exist in the animal model. Inter-
species differences in bioavailability, distribution and 
metabolism may also explain a number of  false posi-
tives and false negatives. There is clearly a need to better 
understand the drug metabolism enzyme profile of  the 
most commonly used non-rodent species, i.e. the dog 
and the monkey. Some false negative results may be re-
lated to insufficient (not in the pharmaceutical industry) 
exposure of  the animals either because the doses tested 
were too low or because intestinal absorption was poor. 
Many of  these issues can now be addressed by the use 
of  relevant human in vitro models, which may speed up 
the understanding of  drug toxicity. Human hepatocytes 
are the closest in vitro model to the human liver and 
they are one of  the few models which can produce a 
metabolic profile of  a drug which is very similar to that 
found in vivo. However, the use of  human hepatocytes is 
restricted, because limited access to suitable tissue sam-
ples prevents their use in high-throughput chemical and 
genetic screens[5]. Comparative studies on liver micro-
somes and cells from animal species, including humans, 
are very useful for demonstrating species differences in 
the metabolic profile of  a given drug and are of  great 
value in the selection of  animal species for later pharma-
cokinetic and toxicological studies[6]. 

CYP-engineered cells (or microsomes from CYP- 
engineered cells, for example, Supersomes) have made the 

identification of  CYPs involved in the metabolism of  a 
drug candidate more straightforward and much easier[7]. 
However, the screening of  substances acting as potential 
CYP inducers can be conducted only in cellular systems 
fully capable of  transcribing and translating CYP genes.

EPIDEMIOLOGY AND CLINICAL ASPECTS 
OF DRUG INDUCED LIVER INJURY
Drug hepatotoxicity has been evaluated in case histo-
ries, surveys based on retrospective record reviews, and 
spontaneous adverse drug reactions reported to na-
tional pharmacovigilance systems, but in relatively few 
epidemiologic studies. Approximately 1 in 100 patients 
develops DILI during hospitalisation. DILI is frequently 
missed and, therefore, DILI detection by diagnosis will 
result in misleadingly low incidence rates[8]. Unfortunate-
ly, patients with drug-induced hepatocellular jaundice 
have an 11.7% chance of  progressing to death or trans-
plantation[9]. 

DILI cases have been reported to constitute ap-
proximately 6% of  all out-patients and 3% of  referrals 
and to occur more often in women[10]. The incidence of  
drug-induced hepatitis is higher in patients over 40 years 
of  age[11]. Acute liver failure or injury not clearly attrib-
utable to other known causes occurred in the order of   
1 per 10 000 person -years among diabetic patients treat-
ed with oral hypoglycemic drugs or insulin[12]. 

The long term outcome of  drug-related liver disease 
is unknown. To study the natural history of  histologically 
proved drug-induced hepatotoxicity, 44 patients with liver 
biopsies coded as drug-related liver disease were identi-
fied from hospital records. Initial histology showed acute 
hepatitis in 6, chronic hepatitis in 20, and cholestasis in 18. 
At a median of  5 years follow-up, one third of  patients 
had persistent significant abnormalities in their liver blood 
tests. Factors predicting persistence or development of  
chronic liver disease were fibrosis and continued exposure 
to the drug[13]. To identify and quantify the risk of  acute 
liver injury associated with individual drugs, authors re-
viewed and integrated all the published epidemiologic re-
search on the subject. Participants were selected according 
to their use of  selected agents [nonsteroidal antiinflamma-
tory drugs (NSAIDs), antibiotics, acid-suppressing drugs, 
other drugs suspected of  being hepatotoxic] during the 
study period. Among the agents, authors found a group 
of  important hepatotoxic drugs, including chlorproma-
zine and isoniazid, with an associated incidence rate of  
acute liver injury greater than 100/100 000 users. Agents 
with less risk but greater than 10/100 000 users were 
amoxicillin-clavulanic acid and cimetidine[14]. 

DILI with an incidence rate of  near 1 per 100 000 
encloses a spectrum of  clinical disease ranging from no 
symptoms with mild biochemical abnormalities to fatal, 
fulminant hepatitis. The majority of  adverse liver reac-
tions are idiosyncratic in nature; in fact, about 10% of  
all acute liver failure cases are attributed to this type of  
reaction. They can occur in some instances up to three 
months after the causative medication was last taken. 
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The diagnosis of  DILI is prevalent clinically, and 
based primarily on history, that is, exclusion of  other 
hepatic diseases (hepatitis A, B, C, Epstein-Barr virus, 
cytomegalovirus, ischemia, and biliary tract disease), 
high likelihood of  suspicion based on a strict cause-
effect sequence, the duration of  latency to symptomatic 
presentation, the presence of  immune-mediated hyper-
sensitivity (hypereosinophilia, fever and rush) and the 
response to drug withdrawal. Re-challenge is not advised 
in cases with a hypersensitivity basis, although this is 
the most definitive means of  diagnosis. Some of  the 
hypersensitivity cases are associated with autoantibodies 
to CYP, which can be used to confirm the diagnosis; for 
example, halothane is associated with anti-CYP2E1, an-
ticonvulsants are associated with CYP3A4, dihydralazine 
hepatitis is associated with anti-CYP1A2, and tienilic 
acid (a diuretic drug withdrawn from the market because 
of  hepatic failure) is associated with anti-CYP2C9. In 
the cases of  metabolic idiosyncrasy, careful reintroduc-
tion of  the offending drug may be accomplished without 
recurrence of  the liver disease but should be done only 
when the drug is absolutely necessary and with careful 
monitoring. In some instances, liver biopsy can be of  
help, showing characteristic features, but it usually is not 
necessary and tells more about prognosis than etiology.

DILI can be of  hepatocellular (increase of  both 
the transaminases, alanine-aminotransferase/aspartate-
aminotransferase), cholestatic (predominant rise in se-
rum alkaline phosphatase and/or γ-glutamyl-transferase, 
GGT) or mixed type. Negative prognostic factors are an 
elevated serum bilirubin level and high ammonia levels 
with a mortality of  approximately 10%[15]. A further less 
favourable index is a marked hypoprothrombinemia. 
Overall, chronic liver injury may occur in up to 5%-6% 
of  the patients on some drugs, even though the putative 
offending substance is withdrawn[16]. 

LIVER HISTOLOGY
As previously emphasized, the pathogenesis of  drug- or 
toxin- induced liver injury usually involves the participa-
tion of  “toxic metabolites” that either elicit an immune 
response or directly affect the biochemical processes or 
functions of  the cell[17]. Although the same basic process 
determines the DILI appearance, the histopathological 
liver changes in these cases vary, including: (a) necrosis, 
which commonly occurs in acinar zone 3, (b) abundant 
neutrophil and/or eosinophil infiltration, (c) hepatocytic 
and/or canalicular cholestasis with little or no inflamma-
tion, (d) microvesicular steatosis mixed with macrove-
sicular steatosis, and (e) presentation of  epitheloid cell 
granuloma. There are no significant differences in liver 
histopathology between acute and chronic DILI groups, 
except that the fibrosis and the ductular proliferation are 
different.

DAMAGE MECHANISMS
Drug metabolites can be free radicals or electrophilic 
chemicals that undergo or promote a variety of  chemical 

reactions, such as the depletion of  reduced glutathione; 
covalent binding to proteins, lipids, or nucleic acids; or 
induction of  lipid peroxidation. All of  these have conse-
quent direct effects on cellular organelles such as mito-
chondria, the endoplasmic reticulum, the cytoskeleton, 
microtubules, or on the nucleus. They may also indirectly 
influence cellular structures through the activation and 
inhibition of  signaling kinases, transcription factors, and 
gene-expression profiles. The subsequent intracellular 
stress leads to cell death caused by either cell shrinkage 
and nuclear disassembly (apoptosis) or swelling and lysis 
(necrosis). Liver injury is characterized by hepatocyte 
death; that is the main event, although bile duct epithe-
lium or sinusoidal endothelial cells may also be involved.
 
CYP-mediated Biotransformation: the common 
substrate
While several CYPs are involved in the synthesis of  
bile acids and steroid hormones and the metabolism of  
fatty acids, retinoic acid, prostaglandins and eicosanoids, 
a limited number of  CYPs (15 in humans) are primar-
ily involved in xenobiotic metabolism. The xenobiotic-
metabolizing CYPs are found in families 1-4. Since a 
single CYP can metabolize a large number of  structur-
ally diverse compounds these enzymes can collectively 
metabolize chemicals found in the diet, environment 
and administered as drugs. While metabolism of  xeno-
biotics such as drugs is required to efficiently eliminate 
them from the body, as noted earlier, certain chemicals 
are metabolically activated to reactive derivatives that 
cause cell toxicity and cancer. Among these, the CYPs 
that metabolically activate toxicants and carcinogens are 
limited to some forms including CYP1A1, CYP1A2, 
CYP1B1, CYP2A6, CYP2C9, CYP2E1, and to a limited 
extent the CYP3A subfamily.

ATP depletion
Acetaminophen overdose causes liver injury by mecha-
nisms involving glutathione depletion, oxidative stress 
and mitochondrial dysfunction. Acetaminophen-induced 
decreases in mitochondrial reduced glutathione and ATP 
content, and cytosolic leakage of  cytochrome c are at-
tenuated by cyclosporin A, suggesting that mitochondrial 
oxidative stress and ATP depletion resulting from mito-
chondrial permeability transition (MPT) are the principal 
mechanisms involved in acetaminophen-induced liver 
injury[18]. 

The role of  ATP-depletion-dependent necrosis has 
further been ascertained. Recently, using TUNEL labeling 
and caspase 3 activation, it was observed that acetamino-
phen induced the MPT and ATP-depletion-dependent 
necrosis or caspase-dependent apoptosis as determined, 
in part, by ATP availability from glycolysis[19]. 

Binding to nuclear or cytoplasmatic constituents 
Inducers can increase the bioactivation of  drugs that con-
tribute to hepatotoxicity via reactive intermediates. Nucle-
ar receptors are key mediators of  drug-induced changes 
in the expression of  drug clearance pathways. However, 
species differences in nuclear receptor activation make the 
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prediction of  CYP induction in humans from data derived 
from animal models problematic. Drugs have the capacity 
to alter nuclear receptor expression (modulators) and/or 
serve as ligands for the receptors (agonists or antagonists), 
and thus can have synergistic or antagonistic effects on 
the expression of  drug-metabolizing enzymes and trans-
porters. Co-administration of  drugs that are nuclear re-
ceptor agonists or antagonists can lead to severe toxicity, a 
loss of  therapeutic efficacy or an imbalance in physiologi-
cal substrates, providing a novel molecular mechanism for 
drug-drug interactions[20]. 

RNA interference
Authors suggested that the lack of  p53 response may 
confer a growth advantage on preneoplastic hepatocytes 
and may be an important factor in hepatic tumor pro-
motion by 2-acetylaminofluorene and other genotoxic 
compounds. Inhibition of  RNA polymerase Ⅱ driven 
transcription by DNA lesions may constitute one of  the 
mechanisms leading to accumulation of  the tumor sup-
pressor p53[21]. 

Oxidative stress and lipid peroxidation 
Redox signals are important in the modulation of  cell 
function. Reactive oxygen species (ROS) generation influ-
ences many signaling proteins, interfering with molecular 
and biochemical processes responsible for cell differentia-
tion, proliferation and death. Protein kinase (PKC) is a 
crucial signaling protein which is subject to redox regu-
lation and controls these responses. ROS are products 
of  normal cellular metabolism and are recognized to be 
harmful or beneficial to living systems. The harmful ef-
fect of  ROS is termed oxidative stress and it occurs when 
there is an overproduction of  these species or a deficiency 
of  antioxidants. Enzymatic systems that contribute to 
ROS formation in the liver include CYP monooxygenases 
and NADPH oxidase. In the healthy liver, hepatocytes 
produce low amounts of  ROS and Kupffer cells are 
well equipped to release ROS in response to infection. 
Antioxidants such as superoxide dismutase and catalase 
efficiently remove ROS surplus to maintain the normal 
cell homeostasis. Different stimuli are able to modify the 
redox state of  liver cells modulating signal transduction 
pathways able to trigger many aspects of  liver pathologies. 
In a recent study, evidence of  the central role of  PKC as 
a redox-sensitive molecule implicated in the pathogenesis 
and progression of  toxic liver diseases was provided[22]. 

The free radicals initiate lipid peroxidation by attacking 
polyunsaturated fatty acids in membranes, setting off  a 
free radical chain reaction sequence. Lipid peroxidation is 
known to cause membrane disruption, resulting in the loss 
of  membrane integrity and leakage of  microsomal en-
zymes. By-products of  lipid peroxidation include reactive 
aldehydes that can form protein and DNA adducts and 
may contribute to hepatotoxicity and carcinogenicity, re-
spectively. Natural antioxidants, including glutathione, are 
capable of  quenching the lipid peroxidation reaction[23].

Immune-mediated hypersensitivity
Because liver undergoes continuous exposure to xenobiot-

ics, it possesses a variety of  local immune mechanisms to 
face these challenges. In the liver there are both innate and 
adaptive immune cells, including tissue macrophages (KC), 
natural Killer (NK) cells, and non-NK (NKT) cells, which 
account for nearly 50% of  intrahepatic leukocytes[24]. KC 
produce various cytokines and other mediators, includ-
ing prostanoids, nitric oxide and ROS that play roles in 
promoting and regulating hepatic inflammation. Fur-
thermore, KC represent a major population of  antigen-
presenting cells (APCs) having an important role in the 
balance between the induction of  immunity and tolerance 
within the liver. It has been demonstrated that freshly iso-
lated liver NK cells spontaneously induce the cytotoxicity 
of  various cell lines, whereas NKT cells are cytotoxic in 
the presence of  interleukin (IL)-2[25]. This cytotoxicity 
is further enhanced by IL-12 and IL-18, which are pro-
duced by activated KC. Another function ascribed to NK 
and NKT cells is their ability to produce high levels of  
T helper (Th) 1 and Th2 cytokines upon stimulation[26]. 
NK cells have been shown to represent a major source 
of  interferon (IFN)-γ in many types of  liver disease[27]. 
NKT cells produce either IFN-γ or IL-4, or in some cases 
both cytokines, depending on the differentiation state of  
the cells and the stimuli[25]. It has also been demonstrated 
that IL-4 produced by NKT cells may be associated with 
the initiation and regulation of  Th2 responses. Various 
mechanisms have been suggested to explain this toler-
ance[28], such as immune deviation, active suppression and 
apoptosis of  activated T cells. Regarding immune devia-
tion, it has been shown that Th2 cytokine production is 
preferentially maintained when adoptively transferred Th1 
and Th2 cells are recovered from the liver. It has also been 
reported that liver sinusoidal endothelial cells (LSEC) are 
capable of  selectively suppressing IFN-γ-producing Th1 
cells while concurrently promoting the outgrowth of  IL-
4-expressing Th2 cells[29]. Good evidence suggests that he-
patic dendritic cells are also important in the induction of  
tolerance, rather than the activation of  T-cell responses. 
It has been further demonstrated that although LSEC are 
capable of  presenting antigens to T cells, LSEC-activated 
CD4+ or CD8+ T cells fail to differentiate into Th1 cells 
or cytotoxic effector cells, respectively[30]. Most drugs are 
not chemically reactive but can be activated metabolically 
to reactive species which, after binding to cellular macro-
molecules, become immunogenic and can elicit an effec-
tive immune response. Immune-mediated mechanisms 
have been proposed for idiosyncratic reactions observed 
with sulfonamides, halothane and phenytoins. Presenta-
tion of  drug-protein adducts by professional cells to Th 
lymphocytes, and/or a direct association between the drug 
and major histocompatibility complex (MHC) proteins 
of  hepatocytes could be involved in the activation of  the 
immune system. As a consequence of  this, drug-directed 
antibodies and/or T-lymphocytes able to recognize drug-
derived haptens arise which are responsible for the clini-
cal manifestations of  hepatitis. Drug-directed antibodies 
can be detected in sera of  allergic patients by solid-phase 
immunoassays. Sensitized T-lymphocytes can be shown 
by hapten-induced cell proliferation experiments and 
by the early expression of  CD69 antigen[31]. Despite the 
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possible detection of  drug-specific antibodies, it is dif-
ficult to directly prove the pathogenic role of  the adaptive 
immune system in DILI, partly because of  the lack of  
animal models. A difficulty in developing animal models is 
the fact that the default response of  the liver to antigens 
is immunological tolerance. This could also explain the 
relatively low occurrence of  this type of  DILI in human 
beings. 

Inflammation
A recent paper emphasizes the imbalance between Th1 
cells producing cytokines associated with a cell-mediated 
response and Th2 cells associated with an antibody re-
sponse, leading to a shift in immune response to one that 
may participate in DILI during administration of  certain 
drugs, especially in subjects with genetic polymorphisms 
in drug-metabolizing enzymes. In fact, several cases of  
DILI related to administration of  drugs appear to be 
initiated or intensified by respiratory inflammation states, 
which stimulate sometimes dysregulated production of  
IFN-γ and/or other proinflammatory cytokines/growth 
factors. This ends up in down-regulation of  various in-
duced and constitutive isoforms of  CYPs and other en-
zymes involved in the metabolism of  several drugs, thus 
having an important impact on the alterations in bioacti-
vation and detoxication processes. DILI may eventually be 
prevented by screening methods that can identify genetic 
polymorphisms of  drug-metabolizing enzymes and gene 
polymorphisms or RNA-expression profiles of  some pro-
inflammatory cytokines before patients take any drug[32].

Apoptosis
Although CYP-generated reactive metabolites can cause 
hepatocyte apoptosis, the mechanism of  this effect has 
only recently been elucidated. Male rat hepatocytes were 
incubated with skullcap diterpenoids. This treatment 
decreased cellular glutathione and protein thiols and 
increased cellular Ca2+. This activated Ca2+-dependent 
tissue transglutaminase formed a cross-linked protein 
scaffold, and also opened the mitochondrial permeability 
transition pore, causing outer mitochondrial membrane 
rupture, increased cytosolic cytochrome c, activation of  
procaspase 3, internucleosomal DNA fragmentation, and 
ultrastructural features of  apoptosis. Cell death was in-
creased by a CYP3A inducer (dexamethasone) increasing 
glutathione depletion. In contrast, cell death was prevent-
ed by decreasing CYP3A activity (with troleandomycin), 
preventing glutathione depletion (with cysteine), blocking 
Ca2+-modulated events (with calmidazolium), preventing 
mitochondrial permeability transition (with cyclosporin 
A), or inhibiting caspase 3 (with acetyl-Asp-G u-Va-Asp-a 
dehyde). Both calmidazolium and cyclosporin A also pre-
vented the increase in cytosolic cytochrome c and procas-
pase 3 activation[33]. 

Calcium homeostasis imbalance
When glutathione and other antioxidants are depleted, 
however, opportunities for lipid peroxidation are en-
hanced. Weakened cellular membranes allow sufficient 
leakage of  Ca2+ into the cytosol to disrupt intracellular 

Ca2+ homeostasis. High Ca2+ levels in the cytosol activate 
Ca2+-dependent proteases and phospholipases that further 
increase the breakdown of  the membranes. Similarly, the 
increase in intracellular Ca2+ can activate endonucleases 
that can cause chromosomal damage and also contribute 
to cell death. Sustained cell regeneration and proliferation 
following cell death may increase the likelihood of  unre-
paired spontaneous, lipid peroxidation- or endonuclease-
derived mutations that can lead to cancer.

FACTORS INFLUENCING PATIENT 
SUSCEPTIBILITY TO HEPATOXICITY 
Determination of  DILI also includes an individual sus-
ceptibility. This susceptibility is governed by genetic, 
pre-existing and environmental factors. Predisposing fac-
tors are generally thought to be important to somehow 
explain the unpredictability of  the phenomena through 
which substances turn into hepatotoxins, and consist of  
ethnic and racial factors, CYP polymorphisms, concomi-
tant liver diseases, age, nutritional status and diet, gender 
and pregnancy.

Ethnic and racial factors 
These factors have important implications for sus-
ceptibility to acetaminophen hepatotoxicity following 
overdosage especially in a small subgroup showing 
extensive metabolic activation. An exemplary study 
indicates markedly reduced metabolic activation of  ac-
etaminophen in Africans. These ethnic differences in 
acetaminophen metabolism may be related to genetics 
even though environmental factors, including differences 
in diet and protein intake, should not be excluded. There 
were no ethnic differences in the sulphate conjugation 
of  acetaminophen, but the mean fractional recovery of  
the glucuronide conjugate in Caucasians was less than in 
Africans[34].

Concomitant chronic liver diseases
In liver diseases, pharmacokinetics are generally impaired. 
Pathogenetic factors include alterations in intestinal ab-
sorption, plasma protein binding, hepatic extraction ratio, 
liver blood flow and portal-systemic shunting, biliary 
excretion, enterohepatic circulation, and renal clearance. 
The key point is, however, the reduction of  functional 
hepatic mass that may have complex effects on drug 
clearance, particularly biotransformation. Net results for 
an individual drug are unpredictable and do not correlate 
well with the type of  liver damage, its severity, or liver 
laboratory test results. Thus, no general rules are available 
for modifying drug dosage in patients with liver disease. 
Recently, NonAlcoholic Fatty Liver Disease (NAFLD) 
has been found to be a fertile soil for the development 
of  hepatotoxicity. With NAFLD now linked to obesity 
and metabolic syndrome, the impact of  this observation 
should not be overlooked[35]. 

Oxidative stress has been detected in patients affected 
by alcohol abuse, hepatitis C virus (HCV) infections, iron 
overload and chronic cholestasis[36]. Alcohol-induced liver 
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disease (ALD) has been associated with the synergistic 
induction of  oxidative stress by alcohol metabolites, iron 
accumulation and antioxidant depletion[37]. 

HCV infection may generate oxidative stress by chron-
ic inflammation and by disruption of  glutathione efflux. 
Therefore, oxidative stress is not only a consequence of  
chronic liver injury but it also contributes to fibrogenesis 
and it appears as a key player in the pathogenesis of  he-
patic diseases. Vitamin E could prevent the decrease in O2 
uptake[38]. 

But what is the role of  stress in determining hepa-
totoxicity? Its regulation of  several enzymatic systems 
which are involved in the biotransformation of  xeno-
biotics in the liver was recently investigated in a study 
using restraint stress as a stress model in animals. The 
results demonstrated that stress suppressed total basal 
CYP content of  one third of  animals and basal eth-
oxyresorufin 7-dealkylase activity. On the other hand, 
restraint stress increased total CYP content in 1,4-bis[2-
(3,5-dichloropyridyloxy)]benzene-treated mice, while 
slightly suppressing PROD activity. In addition, CYP2E1 
dependent p-nitrophenol hydroxylation was suppressed 
by stress in the same animals and cytosolic aldehyde de-
hydrogenases were not affected. Although stress had no 
effect on basal CYP2A5 activity, the inducibility of  this 
hepatic activity increased 2-fold after stress exposure. In 
addition, a slight suppression in liver glutathione content 
was found. Northern blot analysis revealed that restraint 
stress had a relatively suppressive effect on control 
CYP1A2 expression in the liver. In conclusion, stress 
was found to significantly interfere with the expression 
processes of  some CYP450s[39].

Age
Increased risk of  DILI may result from age-related chang-
es in pharmacokinetics or pharmacodynamics. Overall 
hepatic metabolism of  many drugs through the CYP 
enzyme system decreases with aging. For drugs with de-
creased hepatic metabolism, clearance typically decreases 
by 30%-40%. Theoretically, maintenance drug doses 
should be decreased by this percentage; however, the rate 
of  drug metabolism varies greatly from person to person, 
and individual titration is required. Risk of  any adverse 
effect and obviously of  DILI increases exponentially with 
the number of  drugs used, partly because multiple drug 
therapy reflects the presence of  many diseases and in-
creases risk of  drug-disease and drug-drug interactions.

Nutritional status and diet 
Increasing evidence implicates dietary factors in the pro-
gression of  diseases, including certain cancers, diabetes 
and obesity. Diet also regulates the expression and func-
tion of  CYP genes which impacts on drug elimination 
and may also significantly affect disease pathogenesis. 
Upregulation of  CYPs 2E1 and 3A4 occurs after feeding 
of  experimental diets that are high in fats or carbohy-
drates; these diets also promote hepatic lipid infiltration, 
which is a component of  the metabolic syndrome that 
characterizes obesity. Increased availability of  lipid sub-
strates for CYPs can enhance free radical production 

and exacerbate tissue injury. Similar processes may also 
occur in other models of  experimental disease states 
that exhibit a component of  altered nutrient utilization. 
Food-derived chemicals, including constituents of  cru-
ciferous vegetables and fruits, modulate CYP expression 
and the expression of  genes that encode cytoprotective 
phase Ⅱ enzymes. Certain dietary indoles and flavonoids 
activate CYP1A expression either by direct ligand inter-
action with the aryl hydrocarbon receptor (AhR) or by 
augmenting the interaction of  the AhR with xenobiotic 
response elements in CYP1A1 and other target genes. 
Other dietary chemicals, including methylenedioxy-
phenyl (MDP) compounds and isothiocyanates also 
modulate CYP gene expression. Apart from altered CYP 
regulation, a number of  dietary agents also inhibit CYP 
enzyme activity, leading to pharmacokinetic interactions 
with coadministered drugs. A well described example 
is that of  grapefruit juice, which contains psoralens 
and possibly other chemicals that inactivate intestinal 
CYP3A4. Decreased presystemic oxidation by this CYP 
increases the systemic bioavailability of  drug substrates 
and the likelihood of  drug toxicity. Dietary interactions 
may complicate drug therapy but inhibition of  certain 
CYP reactions may also protect the individual against 
toxic metabolites and free radicals generated by CYPs. 
Chemicals in teas and cruciferous vegetables may also 
inhibit human CYP enzymes that have been implicated 
in the bioactivation of  chemical carcinogens. Thus, food 
constituents modulate CYP expression and function by a 
range of  mechanisms, with the potential for both delete-
rious and beneficial outcomes[40]. 

As previously emphasised, obesity is considered an 
important risk factor for DILI. Paradoxically, earlier stud-
ies have shown highly exaggerated mechanism-based liver 
injury by thioacetamide (TA) in rats following moderate 
diet restriction (DR). The objective of  this significant 
study was to investigate the mechanism of  higher liver 
injury of  TA in DR rats. When male rats were maintained 
on DR (35% of  ad libitum diet for 21 d), the total hepatic 
CYP was increased 2-fold along and there was a 4.6-fold 
increase in CYP2E1 protein, which corresponded with a 
3-fold increase in CYP2E1 activity as measured by chlor-
zoxazone hydroxylation. To further test the involvement 
of  CYP2E1, 24 and 18 h after pretreatment with pyridine 
(PYR) and isoniazid (INZ), specific inducers of  CYP2E1, 
rats received a single administration of  50 mg of  TA/kg. 
TA liver injury was > 2.5- and > 3-fold higher at 24 h in 
PYR + TA and INZ + TA groups, respectively, compared 
with the rats receiving TA alone. Pyridine pretreatment 
resulted in significantly increased total CYP content ac-
companied by a 2.2-fold increase in CYP2E1 protein 
and 2-fold increase in enzyme activity concordant with 
increased liver injury of  TA, suggesting mechanism-based 
bioactivation of  TA by CYP2E1. Hepatic injury of  TA in 
DR rats pretreated with diallyl sulfide (DAS), a well known 
irreversible in vivo inhibitor of  CYP2E1, was significantly 
decreased (60%) at 24 h. Carbon tetrachloride (CCl4), a 
known substrate of  CYP2E1, caused less liver injury and 
greater animal survival, confirming inhibition of  CYP2E1 
by DAS pretreatment[41]. 
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Gender
Some authors clarified this issue, studying 50 patients 
diagnosed with active tuberculosis infection with normal 
pretreatment liver laboratory tests; they were monitored 
clinically as well as biochemically in a prospective cohort 
analysis. Antitubercular drug-induced hepatotoxicity was 
found more often in females (OR 4.2). Younger patients 
were also at a higher risk (OR 2.75). Nutritional status, 
assessed by body mass index and serum albumin level, 
was the next most common predisposing factor[42]. 

PHENOTYPING AND GENOTYPING 
STUDIES 
The genetic polymorphisms of  human drug metaboliz-
ing enzymes have been firmly established. Based on the 
metabolic handling of  certain probe drugs, the popula-
tion can be divided into two phenotypes: the rapid acety-
lator/extensive metabolizer (EM) and slow acetylator/
poor metabolizer (PM). For some authors, a quadri-
modal behaviour is possible, that is, poor, intermediate, 
extensive and ultrarapid.

These polymorphisms have provided useful tools to 
study the relationship between genetically determined 
differences in the activity of  drug metabolizing enzymes 
and the risk for adverse drug reactions and certain types 
of  chemically-induced diseases. 

With regard to the susceptibility of  the two phe-
notypes, DILI can be anticipated for the following 
scenarios: (1) the drug toxicity is caused by the parent 
compound and the elimination of  the drug proceeds 
exclusively via the polymorphic enzyme, there being no 
alternate pathways of  biotransformation available. Thus 
the poor metabolizer phenotype will be more prone to 
such a type of  toxicity since, at the same level of  expo-
sure, this phenotype will accumulate the drug as a result 
of  impaired metabolism; (2) the polymorphic pathway 
is a major route of  detoxification, so impairment of  this 
pathway shifts the metabolism to an alternate pathway 
via which a reactive intermediate is formed. In such a 
situation the PM phenotype constitutes a major risk fac-
tor for toxicity (i.e. INZ hepatotoxicity); the toxicity is 
mediated by a reactive intermediate generated by a poly-
morphic enzyme. Hence EMs are at a much higher risk 
than PMs of  developing toxicity or cancer (for example, 
smokers)[43]. 

A further problem with PMs that the same dose of  
drug could yield a sustained plasma concentration. Poor 
metabolism is especially problematic with drugs that 
have a narrow therapeutic index like debrisoquine, phen-
formin or captopril. It has been estimated that psychi-
atric patients with CYP2D6 deficiency encounter more 
adverse drug incidents than those who are EMs[44]. 

With estimates of  the percentage of  pharmaceuticals 
that are subject to metabolism by the CYP in excess of  
80%, the relative activities of  these enzymes in various 
subpopulations and even in individual patients can have 
important ramifications in matters ranging from dose 
selection to prediction of  toxicity to suitability of  a new 

chemical entity for continued drug development. 
As previously emphasized, CYP1A2, 2C9, 2C19, 

2D6 and 3A are the major isoforms responsible for the 
metabolism of  more than 90% of  marketed drugs. Poly-
morphism of  drug metabolism represents an important 
source of  interindividual and interethnic variation in 
drug response. 

CYP2D6, CYP2C9 and CYP2C19 are three poly-
morphic CYP enzymes. The EM phenotype occurs 
when there is at least one wild type allele at the relevant 
gene locus. The PM phenotype occurs when both alleles 
of  either CYP2D6 or CYP2C19 carry inactivating muta-
tions and give rise to synthesis of  enzyme with impaired 
activity or no synthesis of  enzyme at all. 

Phenotyping is often based on high-performance liq-
uid chromatography (HPLC) such as the determination 
of  the dextromethorphan/total dextrorphan molar ratios 
as metabolic ratios (MRs) in plasma samples collected 
at 3 h after oral administration of  30 mg dextrometho-
rphan hydrobromide. In this situation PMs and extensive 
EMs can be identified distinctly. To determine the real-
time activity of  the CYP isozymes, specific probe drugs 
can be employed. Recently, the use of  multiple probe 
drugs, that is, a cocktail  approach, has become popu-
lar in pharmacogenetic studies as this provides a high-
throughput approach in evaluating CYP isozyme activi-
ties. A number of  cocktails (from five to six drugs) have 
been described in the literature. 

These include the Pittsburgh cocktail, GW cocktail, 
Cooperstown cocktail and Karolinska cocktail. So far 
most of  the analytical methods for these cocktails usu-
ally require a separate HPLC, gas chromatography (GC) 
or liquid chromatography/mass spectrometry (LC/MS) 
technique for each probe drug and its metabolite.

Recently, a fast gradient LC/MS method for the 
simultaneous determination of  CYP substrates and me-
tabolites in the GW cocktail was reported[45]. However, 
this cocktail has several practical limitations. First of  all, 
the use of  diclofenac as a CYP2C9 marker is undesir-
able due to its variable absorption in humans. Secondly, 
the use of  mephenytoin is inconvenient as this drug is 
no longer commercially available in many parts of  the 
world; besides, its sedative side effect is prominent, es-
pecially in PMs. Thirdly, chlorzoxazone, a probe drug 
in the cocktail, can significantly inhibit the CYP3A-
mediated first-pass metabolism of  midazolam in the gut 
and its use for the present purpose is not recommended. 

A rapid LC/tandem MS method has been developed 
for the determination of  six CYP probe substrate me-
tabolites including acetaminophen for CYP1A2, 4-hy-
droxytolbutamide for CYP2C9, 5-hydroxyomeprazole 
for CYP2C19, dextrorphan for CYP2D6, 6-hydroxy-
chlorzoxazone for CYP2E1 and dehydronifedipine for 
CYP3A4[46].

What is the clinical importance of  studying the CYP 
polymorphisms? It has been shown that the cholesterol-
lowering effect as well as the efficacy and tolerability of  
simvastatin is influenced by CYP2D6 genetic polymor-
phism[47]. Because the different HMG-CoA reductase in-
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hibitors differ with respect to the degree of  metabolism 
by the different CYP enzymes, genotyping may help to 
select the appropriate HMG-CoA reductase inhibitor 
and the optimal dosage during the start of  the treat-
ment and will allow for more efficient individual therapy, 
also taking in account the eventual DILI. To clarify this 
point, CYP polymorphisms of  fluvastatin were studied.

More than the hepatotoxicity, the pharmacokinetics 
of  both enantiomers of  fluvastatin depended on the CY-
P2C9 genotype with a 3-fold mean difference in the active 
enantiomer and even greater differences in the inactive en-
antiomer. Differences in plasma concentrations were not 
reflected in cholesterol lowering after 14 d of  fluvastatin 
intake in healthy volunteers[48]. In fact, the authors did not 
find any evidence to support CYP2C9 and CYP2C19 ge-
netic polymorphisms as predictable potential risk factors 
for DILI[49]. 

PREDICTING VARIABILITY IN 
PHARMACOKINETICS 
Obviously, it is impossible to genotype all individuals 
due to the cost, even though for some drugs it should 
be taken into serious consideration because a single seri-
ous incident (hepatic failure) could lead to an excessive 
health care involvement (liver transplantation). Several 
examples have been reported. 

CYP2C19 is highly polymorphic, with variations in 
both the expression of  mRNA and enzyme, plus actual 
differences in the protein coding region that give rise 
to differing rates of  catalysis. As with most polymor-
phisms, there appear to be differences in expression in 
different ethnic groups. For example, the frequency of  
PMs among Asians is nearly 20% of  Caucasians[50]. The 
proton pump inhibitor omeprazole and related ulcer 
drugs are oxidized by CYP2C19, and PMs show a better 
response to these drugs[51]. 

Not all drug interactions are genetically determined. 
In some cases, an inhibitor can block metabolism of  a 
drug and produce the same effect as would poor me-
tabolism. In retrospect, every marketed drug is a rela-
tively successful drug in terms of  the limited problems 
associated with widespread use, the deaths of  some 
individuals notwithstanding-as in the case of  “ultra” 
rapid metabolizers-or, more commonly, arising from 
enzyme induction. A classic example involves CYP3A4 
and 17α-ethynylestradiol, the estrogenic component 
of  oral contraceptives. Similarly, hyperforin, a potent 
CYP inducer found in the herbal medicine St. John’s  
wort, greatly increases the expression of  CYPs that 
metabolize drugs used for AIDS treatment and organ 
transplantation. Cases for enhanced drug toxicity due to 
elevated levels of  CYPs are probably less clear; however, 
CYP3A4 converts the antidiabetic drug troglitazone into 
toxic products, although the mechanism of  toxicity is still 
unclear. Troglitazone has since been removed from the 
market. In any event, the drug development process now 
incorporates a variety of  in vitro studies designed to predict 
bioavailability, inhibition of  CYP reaction, and the effects 

of  any induction prior to consideration of  clinical trials. 
Conclusively, genotyping can provide useful information 
about the expected behavior of  a drug. 
 
HAS CYP A ROLE IN THE “DIRECT” 
HEPATOTOXICITY?
CCl4 is a well-known model compound for producing 
chemical hepatic injury. CYP is an important mono-
oxygenase in biology. Recent research investigated CYP 
protein expression in the in vivo hepatotoxicity of  rats 
induced by CCl4. In this experiment, CCl4 was admin-
istered to male rats, and their livers at 24 h post-dosing 
were studied using proteomic analysis. Blood biochem-
istry and histopathology were examined to identify spe-
cific changes. At the same time, a novel acetylation stable 
isotopic labeling method coupled with LTQ-FTICR 
MS was applied to disclose the changes in CYP expres-
sion amounts. The quantitative proteomics method 
demonstrated its correlation coefficient was 0.9998 in 
a 100-fold dynamic range and the average ratio of  the 
labeled peptides was 1.04, which was very close to the 
theoretical ratio of  1.00 and the standard deviation (SD) 
of  0.21. With this approach, 17 CYP proteins were iden-
tified and quantified with high confidence. Among them, 
the expression amounts of  2C11, 3A2, and 2 E1 were 
down-regulated, while those of  2C6, 2B2, and 2B1 were 
up-regulated[52].

AN EXAMPLE OF DAMAGE 
MECHANISMS
CCl4 continues to provide an important service today as 
a model substance to elucidate the mechanisms of  ac-
tion of  hepatotoxic effects such as fatty degeneration, 
fibrosis, hepatocellular death, and carcinogenicity. CCl4 
is activated by CYP2E1, CYP2B1 or CYP2B2, and pos-
sibly CYP3A, to form the trichloromethyl radical, CCl3*. 
This radical can bind to cellular molecules (protein, lipid, 
nucleic acids), impairing crucial cellular processes such as 
lipid metabolism, leading to fatty degeneration (hepatic 
steatosis). Adduct formation between CCl3* and DNA is 
thought to possibly induce hepatic cancer. This radical can 
also react with O2 to form the trichloromethylperoxy radi-
cal CCl3OO*, a highly reactive species, also called ROS. 
CCl3OO* initiates the chain reaction of  lipid peroxidation, 
which attacks and destroys polyunsaturated fatty acids, in 
particular those associated with phospholipids. This af-
fects the permeabilities of  mitochondrial, endoplasmic 
reticulum, and plasma membranes, resulting in the loss 
of  cellular Ca2+ sequestration and homeostasis, which can 
contribute heavily to subsequent cell damage. Among the 
degradation products of  fatty acids are reactive aldehydes, 
especially 4-hydroxynonenal, which bind easily to func-
tional groups of  proteins and inhibit important enzyme 
activities. CCl4 intoxication also leads to hypomethylation 
of  cellular components; in the case of  RNA the outcome 
is thought to be inhibition of  protein synthesis, and in the 
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case of  phospholipids it plays a role in the inhibition of  
lipoprotein secretion. None of  these processes per se is 
considered the ultimate cause of  CCl4-induced cell death; 
it is by cooperation that they achieve a fatal outcome, 
provided the toxicant acts in a high single dose, or over 
longer periods of  time at low doses. At the molecular 
level CCl4 activates tumor necrosis factor (TNF)-α, nitric 
oxide, and transforming growth factor (TGF)-α and -β in 
the cell, processes that appear to direct the cell primarily 
toward (self-)destruction or fibrosis. TNF-α pushes to-
ward apoptosis, whereas TGF-β appears to direct toward 
fibrosis. IL-6, although induced by TNF-α, has a clearly 
antiapoptotic effect, and IL-10 also counteracts TNF-α 
action. Thus, both interleukins have the potential to initi-
ate recovery of  the CCl4-damaged hepatocyte. Several 
of  the above-mentioned toxicological processes can be 
specifically interrupted with the use of  antioxidants and 
mitogens, respectively, by restoring cellular methylation, 
or by preserving calcium sequestration. Chemicals that 
induce CYPs that metabolize CCl4, or delay tissue regen-
eration when co-administered with CCl4 will potentiate its 
toxicity thoroughly, while appropriate CYP inhibitors will 
alleviate much of  the toxicity. O2 partial pressure can also 
direct the course of  CCl4 hepatotoxicity. Pressures be-
tween 5 and 35 mmHg favor lipid peroxidation, whereas 
the absence of  O2, as well as a partial pressure above  
100 mmHg, both prevent lipid peroxidation entirely. Con-
sequently, the location of  CCl4-induced damage mirrors 
the O2 gradient across the liver lobule. Mixed halogenated 
methanes and ethanes, found as so-called disinfectant by-
products at low concentrations in drinking water, elicit 
symptoms of  toxicity very similar to CCl4, including carci-
nogenicity[23].

TOTAL DOSE OF DRUG
Among drugs that are feared of  inducing hepatoxicity, 
mainly when taken for a very long period, statins are 
largely under-dosed, but they do in rare cases cause sig-
nificant liver injury whereas antiretroviral therapy is asso-
ciated with hepatotoxicity in 10% of  treated patients[16].

In a previous study, liver morphology was examined 
in 41 patients with vitamin A hepatoxicity. Cirrhosis 
was found in 17, mild chronic hepatitis in 10, noncir-
rhotic portal hypertension in 5, and “increased storage” 
alone in nine cases. During a mean follow-up period of  
4.6 years, six patients died of  causes related to the liver 
disease. A precise appraisal of  drug consumption was 
obtained in 29 cases. Among them the total cumulative 
intake was highest in patients with cirrhosis (423 ± 103 
× 106 IU) and significantly lower in those with noncir-
rhotic liver disease (88.5 ± 41; P < 0.02). The smallest 
continuous daily consumption leading to cirrhosis was 
25 000 IU during 6 years, whereas higher daily doses (≥ 
100 000 IU) taken over 2.5 years resulted in similar histo-
logical lesions. It was concluded that prolonged and con-
tinuous consumption of  doses in the low “therapeutic” 
range can result in life-threatening liver damage[53].

Recently, an interesting paper, reporting data from 
both USA and Sweden, showed a clear relationship be-

tween daily doses of  oral prescription medications and 
idiosyncratic DILI, particularly as regards daily doses > 
50 mg/d[54]. 

INDUCTION AND INHIBITION OF CYP 
ACTIVITY
The possible pharmacokinetic consequences of  enzyme 
induction depend on the localization of  the enzyme. 
They include decreased or absent bioavailability for 
orally administered drugs, increased hepatic clearance or 
accelerated formation of  reactive metabolites, which is 
usually related to local toxicity. The toxicological conse-
quences of  enzyme induction in humans are fortunately 
rare, and appear to be mainly limited to hepatoxicity in 
ethanol-type induction[55]. 

Diclofenac sodium (DF-Na) is an NSAID used in 
various aspects of  inflammatory disease. The effects 
of  phenobarbital (PB) on metabolism and toxicity of  
DF-Na in vitro and the potential mechanism of  DF-Na 
induced hepatotoxicity have been examined. The decline 
of  CYP 3A was partially reversed by CYP inducer PB, 
and the maximum induction of  CYP 3A was 2.2-fold 
over control after continuous exposure of  hepatocytes 
to 2 mmol/L PB for 48 h. These findings suggest that 
the hepatotoxicity and metabolism of  DF-Na in rat he-
patocytes are increased when hepatic CYP 3A activity is 
increased[56]. Itraconazole and fluconazole, two antifun-
gal drugs with potent inhibitory effect on CYP, induce 
hepatotoxicity clinically, but the mechanism underly-
ing the hepatotoxicity is unknown. Pretreatment with 
SKF 525A, an inhibitor of  CYPs, induced more severe 
hepatotoxicity with both itraconazole and fluconazole  
in vivo[57]. 

THE IMPACT OF DILI ON DRUG 
DEVELOPMENT 
The inability to predict if  a metabolically bioactivated 
compound will cause toxicity in later stages of  drug 
development or post-marketing is of  great importance. 
One approach for improving the predictive success of  
compound toxicity could be to compare the gene ex-
pression profile in preclinical models dosed with novel 
compounds to a gene expression database generated 
from compounds with known toxicity. 

A current study[58] in mice utilized a known hepa-
totoxic compound N-methylformamide and its two 
analogs labeled with deuterium at different positions 
to block metabolic oxidation at the formyl [d (1)] and 
methyl [d (3)] moieties. The data set generated from the 
different groups of  animals enabled authors to deter-
mine which gene expression changes were attributed 
to the bioactivating pathway. The metabolic pathway 
leading to the production of  reactive methyl isocyanate 
resulted in distinct expression patterns that correlated 
with histopathologic findings. There was a clear correla-
tion between the expression of  certain genes involved in 
the cell cycle/apoptosis and inflammatory pathways and 
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the presence of  reactive metabolite. These genes may 
serve as potential genomic biomarkers of  hepatotoxic-
ity induced by soft-electrophile-producing compounds. 
However, the robustness of  these potential genomic bio-
markers will need to be validated before being adopted 
into the drug discovery screening process.
 
AN OPINION ABOUT WIDELY USED 
DRUGS
Although liver injury has been associated with the 
“statins”, the frequency of  such toxicity is lower than 
that of  the control population and the value of  bio-
chemical monitoring remains unproved[59]. Clinicians 
may be concerned about prescribing statins to patients 
with chronic liver disease, but there is little evidence 
to suggest that DILI from statins is increased in these 
patients. Thus, we should prescribe statins for the same 
indications in patients with chronic liver disease as in pa-
tients without, but with closer monitoring[60]. 

HERBAL REMEDIES AND OTHER 
DIETARY SUPPLEMENTS
A dietary supplement is defined as any product in pill 
or liquid form containing a herb, vitamin, amino acid or 
mineral that complements the normal diet. Indeed, every 
agency regulates dietary supplements differently from 
drugs, i.e. only ensuring quality control and good manu-
facturing processes but not standardization of  the active 
ingredients. Dietary supplements are commonly used 
primarily because they are widely available and can be 
bought without consulting a physisician. However, a few 
supplements are now proven to be safe and useful com-
plements to standard drugs. The supplement may have 
unlisted ingredients, which may be inert or harmful, or it 
may contain variable amounts of  active ingredients, espe-
cially when whole herbs are ground or made into extracts. 
Most herbal products are mixtures of  several substances, 
and which ingredients are active is not always known. Ad-
ditional areas of  concern include stability of  supplements 
(especially herbal products) once manufactured, use of  
dietary supplements instead of  conventional drugs, toxic-
ity in children and the elderly, and interactions between 
supplements and drugs. Patients may not think to disclose 
or may wish to conceal their use of  dietary supplements. 
For this reason, the patient’s history should periodically 
include explicit questions about past and recent consump-
tion of  dietary supplements. Recently the use of  herbal 
preparations as remedies for various medical conditions 
has been increasing rapidly. In one study, 38.9% of  pa-
tients with chronic liver disease were found to use some 
sort of  herbal preparation[61]. 

Efficacy and safety of  medicinal plants naturally rep-
resent the object of  interest for pharmacologists, and 
it is surely this aspect which gives the most important 
information on herbal medicine use[62]. 

Many plants have been studied and results published 

showing variable degrees of  efficacy. Toxicity aspects of  
some of  the most frequently used plants are now well 
known[63]. 

Among others, a recent report emphasizes the poten-
tially severe hepatotoxicity of  Kava which has recently led 
to the retraction of  Kava-containing drugs by the phar-
macovigilance authorities in Germany[64]. Authors report-
ed two cases of  acute liver injury along with the intake of  
greater celandine (Chelidonium majus), a well-known herbal 
remedy frequently used for irritable bowel syndrome. All 
other possible causes of  acute liver damage were excluded 
in both patients. In one patient, cholestatic hepatitis re-
curred rapidly after involuntary re-exposure. Both patients 
fully recovered after the withdrawal of  greater celandine. 
The two cases add to the existing database about the 
potential hepatotoxicity of  drugs containing greater cel-
andine and raise the question whether the approval of  
this drug should be re-evaluated in the light of  a lack of  
evidence for a therapeutic benefit[65]. 

SOME CONSIDERATIONS ON 
CAUSALITY ASSESSMENT
Many methods have been proposed to assess the indi-
vidual causality between a drug treatment and the occur-
rence of  adverse drug events (ADRs), including hepa-
toxicity. Briefly, these methods may be classified into the 
following approaches, i.e. expert judgement, probabilistic 
methods and algorithms.

In expert judgement or global introspection (GI), an 
expert expresses a judgement about possible drug causa-
tion after having taken into account all the available and 
relevant information on the considered case. 

Theoretically, it is possible to apply pre-existing Cau-
sality Assessment Methods (CAMs) to the assessment of  
causality in cases with diagnostic difficulties.

We have historical scales such as Naranjo probabil-
ity scale[66], Danan’s international consensus criteria[67], 
Maria’s and Victorino’s scales[68] or Beers criteria for 
ADRs[69] to make such events predictable and often 
preventable. Still, on the basis of  a global score, four cat-
egories of  preventability of  ADRs (“preventable”, “po-
tentially preventable”, “unclassable”, “not preventable”) 
were proposed by other researchers[70]. 

Standards are lacking for validation of  drug CAMs. 
An original model has been proposed using a positive 
rechallenge as an external standard[71]. The GI approach 
suffers from marked subjectivity leading to poor repro-
ducibility and intra- and inter-rater disagreements. A 
study confirms that experts express marked disagree-
ments when assessing drug causality independently. The 
agreement rate was lower for intermediate levels of  
causality, especially when strong evidence was lacking for 
confirming or ruling out drug causality[72]. Probabilistic 
methods are usually regarded as the most rigorous[73]. 
The probabilistic approach is based on the Bayes theo-
rem and makes it possible to directly assess the odds 
of  drug causation. However, these methods are rather 
troublesome to routinely use because information for 

www.wjgnet.com

2826     ISSN 1007-9327      CN 14-1219/R     World J Gastroenterol      June 21, 2009     Volume 15     Number 23



assessing the probability of  drug causation is rarely avail-
able. Unlike the Bayesian approach, algorithms have ap-
pealing simplicity and are much more widely used for the 
operational assessment of  ADRs. The main reason for 
their use is to increase inter- and intra-rater agreement. 
The overall observed agreement between algorithm and 
GI was moderate although poorly different from chance, 
confounding variables being a shortcoming of  algo-
rithms ability in assessing causality[74]. 

Drawbacks of animal models
The doubtful assumption that animal models are rea-
sonably predictive of  human outcomes has provided 
the basis for their widespread use in toxicity testing and 
in biomedical research aimed at developing cures for 
human diseases. To investigate the validity of  this as-
sumption, comprehensive bibliographic databases were 
searched for published systematic reviews of  the human 
clinical or toxicological utility of  animal experiments. 
In 20 reviews in which clinical utility was examined, the 
authors concluded that animal models were either sig-
nificantly useful in contributing to the development of  
clinical interventions, or were substantially consistent 
with clinical outcomes, in only two cases, one of  which 
was contentious. These reviews failed to clearly demon-
strate utility in predicting human toxicological outcomes; 
consequently, animal data may not generally be assumed 
to be substantially useful for these purposes. Possible 
causes include interspecies differences, the distortion of  
outcomes arising from experimental environments and 
protocols, and the poor methodological quality of  many 
animal experiments. What is more, very few reviews ex-
isted in which the majority of  animal experiments were 
of  good methodological quality. The poor human clini-
cal and toxicological utility of  most animal models for 
which data exists, in conjunction with economic costs, 
justify a perplexity on animal models[75]. 

In numerous cases, researchers are simply not aware 
of  the limitations of  the animal experiment as such. 
For example, many animal experiments are dramatically 
“under-powered”, that is, carried out with groups that 
are too small to allow conclusions to be drawn from the 
outcome. This stands in marked contrast to in vitro ex-
periments where replicate experiments usually represent 
no major problem. Since in vitro models are generally 
more prone to artefacts due to the numerous variables, 
for example, of  cell culture, the key requirement for 
their application is their validation and quality control. 
Sadly, many methods, even if  published in the scientific 
literature, are little standardised and reproducible. Due 
to limitations in space, many scientific journals cannot 
publish detailed methodological descriptions. However, 
nowadays a supplementary central deposit of  methods 
could easily be linked to the respective article[76].

ETHICAL AND LEGAL PROBLEMS ABOUT 
DRUG-INDUCED LIVER INJURY
Patients should be especially cautious about combining 

multiple drugs, and tell their doctor about any drugs or 
other substances they are taking, including prescription 
and over-the-counter medications, recreational drugs, 
herbal remedies, and nutritional supplements. Health 
care professionals are encouraged to report all ADRs, 
mainly hepatoxicity, and to pay much more attention in 
prescribing and administering drugs.

Pharmacovigilance is a key step in discovering DILI. 
But, it is also concerned with pharmacological, patholog-
ical, epidemiological and legal respects, other ADRs and 
interactions as well as problems relating to ineffective-
ness, inappropriate use, dependence or poisoning. Physi-
cians should always think of  this ADR in the absence of  
other clear hepatic disease. 

LIVER DISEASES POTENTIALLY CAUSED 
BY DRUGS
Acute hepatitis
Dose-dependent: Acetaminophen[77,78], salicylates[79], 
(high doses i.e. > 2 g/d). 

Dose-independent: Acebutolol[80], allopurinol[81], car-
bamazepine[82], cimetidine[83], dantrolene[84], diclofenac[79], 
ethambutol[85], ethionamide[86], enflurane[87], phenelzine[88], 
phenindione[89], phenobarbital[90], phenytoin[91], phenyl-
butazone[79], halothane[92], ibuprofen[79], indomethacin[79], 
isoniazid[85], ketoconazole[93], labetalol[94], maprotiline[95], 
metoprolol[96], mianserin[97], naproxen[79], para-aminosal-
icylic acid[98], piroxicam[79], pyrazinamide[85], quinidine[99], 
penicillins[100], ranitidine[101], sulfonamides[102], sulindac[79], 
tricyclic antidepressants[103], trimethoprim-sulfamethoxa-
zole[104], valproic acid[105], verapamil[106].

Acute fatty liver
Adrenocortical steroids[107], phenytoin[108], salicylates[79].

Fatty liver 
Amiodarone[109], asparaginase[110], ibuprofen[79], indometa-
cin[79], ketoconazole[111], methyldopa[112], naproxen[79], nife-
dipine[113], acetaminophen[77], perhexeline[114], rifampicin[85], 
sulindac[79], tetracyclin[115], valproic acid[116], zidovulin[117].

Cholestatic syndrome
Amoxicillin/clavulanate[118], azathioprine[119], captopril[120], 
carbamazepine[121], carbimazole[122], cephalosporins[123], 
chlordiazepoxide[124], chlorpropamide[125], cloxacillin[126], 
cyclosporine[127], danazol[128], disopyramide[129], enala-
pril[130], erythromycin[131], flecainide, flucoxacillin[132], flu-
razepam[133], flutamide[134], gold[135], griseofulvin[136], glybu-
ride[137], imipramine[138], haloperidol[139], ketoconazole[140], 
megestrol[141], mercaptopurine[119], methimazole[142], 
methyltestosterone[143], nifedipine[144], nitrofurantoin[145], 
norethandrolone[146], nonsteroidal anti-inflammatory 
drugs[79], oral contraceptives[147], phenothiazines[148], 
phenytoin[149], penicillamine[150], propoxyphene[151], sul-
fonamides[152], tamoxifen[153], thiabendazole[154], tolbuta-
mide[155], tricyclic antidepressants[156], troleandomycin[157], 
verapamil[158].
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Liver granulomas 
Allopurinol[159], aspirin[79], carbamazepine[160], chlorproma-
zine[161], diltiazem[162], gold[163], hydralazine[164], nitrofuran-
toin[165], penicillin[166], phenylbutazone[79], phenytoin[167], 
pyrazinamide[168], quinidine[169], sulfasalazine[170].

Chronic liver disease 
Acetaminophen (in chronic use or at high doses)[79], dan-
trolene[171], isoniazid[172], methyldopa[173], phenytoin[174]. 

Liver cirrhosis/fibrosis
Methotrexate[175], nitrofurantoin[176], terbinafine[177].

Liver tumors 
Anabolic steroids[178], danazol[179], oral contraceptives[178], 
testosterone[178], thorotrast[180]. 

Vascular reactions
Anabolic steroids[181], azathioprine[182], cyclophospha-
mide/cyclophosphamide combination[183], dacarba-
zine[184], oral contraceptives[185], thioquanine[186], vincris-
tine[187].

Fulminant hepatitis and hepatic failure
Lamotrigine[188], nimesulide[189], carbamzepine and leveti-
racetam[190], isoniazid[191], clarithromycin[192], ecstasy[193].

LIVER DISEASES EVENTUALLY CAUSED 

BY DIETARY SUPPLEMENT (MAINLY IN 

OBESE PATIENTS)
Germander (Teucrium chamaedrys) extracts, widely 
used in Europe in the last decades as a weight loss agent, 
cause DILI probably mediated by furano neoclerodane 
diterpenoids[194]. Chaparral (creosote bush, greasewood, 
or Larrea tridentata) is a desert shrub traditionally used 
by Native Americans for treatment of  several ailments. 
More recently, preparations of  chaparral leaves have been 
marketed for use as weight loss agents. Reports of  chap-
arral hepatotoxicity were first seen in 1992. The mecha-
nism of  chaparral toxicity is unclear but may involve 
its active ingredient, nordihydroguaiaretic acid[195]. Kava 
(kava kava, awa, or kew), derived from the dried root 
and rhizome of  Piper methysticum, has recently been 
marketed as an anxiolytic and mood enhancer. Recent se-
ries from Europe have described more than 30 cases of  
kava-associated hepatic injury, including five cases lead-
ing to OLT. The mechanism of  hepatic injury appears to 
be immune-mediated, with CYP2D6 deficiency perhaps 
being a risk factor[196]. Ma huang (from Ephedra sinica and 
other Ephedra species) is a traditional Chinese extract 
used for treatment of  asthma, nasal congestion, and fe-
ver. Recent Western marketing has focused on the stimu-
latory effects of  Ma huang, which contains 0.15%-2% 
of  ephedrine-like alkaloids by weight. Although most 

adverse effects of  Ma huang are cardiovascular or neuro-
logical (e.g. hypertension, stroke, myocardial infarction, 
seizures, and psychosis), 4% of  reports mentioned acute 

hepatitis. Ma huang contains phytochemicals which are 
thought to modify its toxic activity[197]. In addition to the 
above supplements, liver injury has been attributed to 
other botanical agents. The pyrrolizidine alkaloids found 
in comfrey leaves and Heliotropium, Senecio, and Cro-
talaria species are known to cause veno-occlusive disease 
of  the liver via a toxic effect[198]. Mixtures of  valerian and 
skullcap (Valeriana officinalis and Scutellaria lateriflora) 
have induced hepatitis via alkylating agents. LipoKinetix, 
was marketed as a dietary supplement for weight loss. 
Following reports of  seven cases of  severe hepatotoxic-
ity associated with its use, the FDA moved to remove 
it from the market in November 2001. Hepatic injury 
appears to be due to an idiosyncratic reaction, perhaps 

related to phenylpropanolamine[199]. Among other weight 
loss agents, usnic acid should be suspected in cases of  
severe hepatotoxicity[200]. 

For further details about the topics of  this report, 
we advise the readers to consider the review by Bleibel  
et al[201] and/or to connect to: http://www.fda.gov/cder/
guidance/7507dft.htm. 
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Abstract
Thyroid hormones define basal metabolism throughout 
the body, particularly in the intestine and viscera. 
Gastrointestinal manifestations of dysthyroidism are 
numerous and involve all portions of the tract. Thyroid 
hormone action on motility has been widely studied, but 
more complex pathophysiologic mechanisms have been 
indicated by some studies although these are not fully 
understood. Both thyroid hormone excess and deficiency 
can have similar digestive manifestations, such as 
diarrhea, although the mechanism is different in each 
situation. The liver is the most affected organ in both 
hypo- and hyperthyroidism. Specific digestive diseases 
may be associated with autoimmune thyroid processes, 
such as Hashimoto’s thyroiditis and Grave’s disease. 
Among them, celiac sprue and primary biliary cirrhosis 
are the most frequent although a clear common 
mechanism has never been proven. Overall, thyroid-
related digestive manifestations were described decades 
ago but studies are still needed in order to confirm old 
concepts or elucidate undiscovered mechanisms. All 
practitioners must be aware of digestive symptoms due 
to dysthyroidism in order to avoid misdiagnosis of rare 
but potentially lethal situations.
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INTRODUCTION
Thyroid hormones act on almost all organs throughout 
the body and regulate the basal metabolism of  the 
organism[1]. The gut and viscera are not spared, and 
disturbances in thyroid function have numerous 
gastrointestinal manifestations, the true incidence of  
which is unknown[2]. Digestive symptoms or signs may 
also reveal clues to thyroid disease and, when ignored or 
underestimated, diagnosis may be delayed and serious 
consequences may occur[3-5]. Additionally, patients with 
dysthyroidism are at an increased risk of  developing 
specific pathologies in the digestive system, whether due 
to thyroid hormone disturbances or associated with a 
particular thyroid disease[6-17].

Thyroid interactions with the gastrointestinal system 
have been widely reported but the literature lacks 
an exhaustive report on different consequences of  
dysthyroidism. Gastrointestinal motor dysfunction has 
been widely accepted as the main cause of  symptoms but 
many complex phenomena have not yet been completely 
elucidated[4,11,18-21]. This review aims to gather up-to-date 
knowledge about the effects of  dysthyroidism on the gut 
and viscera.

HYPERTHYROIDISM
As thyroid hormones act on almost all organs within the 
gastrointestinal tract (gut and viscera), hyperthyroidism 
induces several symptoms and signs, and causes different 
biologic and metabolic derangements. Digestive 
symptoms may represent the only manifestations of  
hyperthyroidism. A lack of  cardinal features of  the 
disease and the presence of  persistent abdominal pain, 
intractable vomiting, weight loss and altered bowel habits 
are designated as apathetic hyperthyroidism[22].
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Esophagus and stomach
Dysphagia is a rare manifestation of  hyperthyroidism 
and can have an acute or chronic pattern[3]. It may be 
related to direct compression from goiter or to altered 
neurohormonal regulation[23,24]. Excess thyroid hormone 
may cause myopathy which involves striated muscles of  
the pharynx and the upper third of  the esophagus[23]. 
Subsequently, the oropharyngeal phase of  deglutition is 
predominantly impaired and patients are predisposed to 
nasal regurgitation and aspiration pneumonia. Correction of  
the endocrine disorder is believed to reverse dysphagia[3,23,24].

In the esophagus, thyroid hormone excess increases 
the propagation velocity of  contractions[25]. Thyrotoxic 
patients may frequently complain of  chronic dyspeptic 
symptoms such as epigastric pain, fullness and 
eructation[2]. Tachygastria has been incriminated in upper 
gastrointestinal symptoms but the true mechanism 
is not yet fully understood[19,20]. Vomiting is rarely 
intractable and may involve neurohormonal mediators 
along with direct action[26]. Studies have yielded variable, 
even contradictory results concerning gastric emptying 
in thyrotoxicosis[18,19,27,28]. A significant increase in the 
dominant electrical frequency and dysrhythmia was 
shown through a myoelectrical activity study[19,20] but 
lack of  correlation between electrogastrography (EGG) 
findings and gastric emptying by scintigraphy may be the 
result of  intervening factors such as a smooth muscle 
disorder, electro-mechanical dissociation, pylorospasm 
or incoordination of  the antrum and duodenum[20,29]. 
Hypergastrinemia found in hyperthyroidism may also 
influence gastric and intestinal motility[30].

Intestine and colon
Appetite increase is common but may not be adequate 
to maintain weight in severe disease[31]. Up to 25% of  
patients with hyperthyroidism have mild-to-moderate 
diarrhea with frequent bowel movements[22,32]. Some 
degree of  fat malabsorption is usually present and may 
reach 35 g/d[33]. Intestinal hypermotility in thyrotoxicosis 
reduces small bowel transit time, especially when diarrhea 
is present[18]. Increased appetite and excessive fat-rich food 
intake may contribute to excessive fecal fat[34]. Moreover, 
diarrhea may be related to a hypersecretory state within 
the intestinal mucosa[22,35]. The adrenergic system may 
contribute to diarrhea as suggested by correction of  transit 
in hyperthyroid patients treated with the b-adrenergic 
antagonist propranolol[36]. A reduction in mixing of  food 
with digestive secretions may also contribute to decreased 
fat absorption. Alterations in intestinal absorptive function 
are still a matter of  debate, as absorption may be increased 
for glucose[34,37] but decreased for calcium[38]. Anorectal 
physiology is impaired in hyperthyroidism; when compared 
to controls, mean anal resting and squeeze pressures are 
lower as is the rectal threshold of  sensation[39].

Liver
Increases in aspartate aminotransferase and alanine 
aminotransferase in 27% and 37%, respectively, of  
hyperthyroid patients have been reported[40]. These 
disturbances are attributed to a hypoxic state with 

disproportionately increased liver activity compared to blood 
flow[41]. Mild elevation of  alkaline phosphatase is encountered 
in up to 64% of  patients with hyperthyroidism[42-44]. This 
elevation is not specific to the liver since a high turnover in 
bones may contribute. Elevations of  g-glutamyl transferase 
and bilirubin do not exceed 20% of  normal values[44]. 
Increases in liver enzymes and hepatic injury related to anti-
thyroid therapy is well documented[45]. Mild histological 
changes are common[46], but cases of  fulminant hepatic 
failure with centrizonal necrosis have been described[46,47]. 
Long term untreated hyperthyroidism can ultimately lead to 
cirrhosis[48]. Quantitative 99mTc-HIDA cholescintigraphy in 
hyperthyroid rats without a gallbladder showed accelerated 
bile flow to the duodenum[21].

Hyperthyroidism and associated gastrointestinal 
diseases
Ch’ng et al[6] found that patients with Grave’s disease 
were at a 5-fold added risk of  developing celiac disease 
when compared to sex- and age-matched controls. In 
such cases, celiac disease may contribute to diarrhea 
and malabsorption. Thyrotoxicosis has been reported 
in 3.8% of  patients with ulcerative colitis while the 
incidence of  ulcerative colitis in hyperthyroid patients 
varies around 1%[17]. Thyroid disease may exacerbate 
ulcerative colitis symptoms or alter the response to 
therapy. Moreover, a positive correlation between Grave’s  
disease and ulcerative colitis has been reported[12], but 
a common autoimmune origin could not be proven[11]. 
Isolated instances of  an association between Grave’s 
disease and Crohn’s disease have been reported, but a 
common pathogenesis is still to be identified[16]. Primary 
biliary cirrhosis in association with hyperthyroidism is 
extremely rare and has only described as isolated case 
reports[8]. One study showed a prevalence of  pernicious 
anemia of  5% in thyrotoxic patients, mainly resulting 
from Grave’s disease[49], but parietal cell antibodies have 
been found in up to 30% of  patients[50].

HYPOTHYROIDISM
Hypothyroidism occurs mostly secondary to an 
autoimmune disease or as a consequence of  therapy 
for hyperthyroidism. It manifests throughout the 
body with decreased metabolic functions. It is 
biochemically characterized by the accumulation of  
glycosaminoglycans, mainly hyaluronic acid, in soft 
tissues[51]. Interstitial edema predominating in the skin 
and muscles (including the heart and intestinal muscular 
layer) will follow. Clinical presentation of  the disease 
is related to the severity of  the disease (biochemical 
derangement) but harbors significant individual 
variation[52]. Gastrointestinal manifestations are not rare 
and involve different digestive organs.

Esophagus and stomach
Severe hypothyroidism may lead to disturbances in 
esophageal peristalsis. When the proximal portion is 
involved, myxedema causes oropharyngeal dysphagia[53] 
while esophagitis and hiatal hernia occur when the 
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distal esophagus is altered[22,54]. Esophageal motility 
disorders, reduced velocity and amplitude of  esophageal 
peristalsis and a decrease in lower sphincter pressure 
all contribute to dysphagia[55]. Although it represents 
an extremely rare cause of  dyspepsia, hypothyroidism 
should be investigated when all exploratory methods 
are negative[56]. A gastric myoelectrical study led by 
Gunsar et al[19] showed a positive correlation between 
dyspepsia and hypothyroid scores. Additionally, gastric 
dysmotility is significantly more frequent in hypothyroid 
patients and is a result of  muscle edema and altered 
myoelectrical activity[57]. Despite a few contradictory 
results[58], the hypothyroid state seems to delay gastric 
emptying[19,59]. Phytobezoar due to hypothyroidism has 
also been reported[60]. Achlorhydria in hypothyroidism 
may be related to subnormal serum gastrin[61]. Finally, 
hypothyroidism is associated with a decrease in duodenal 
basal electrical rhythm[62].

Intestine and colon
Appetite is usually reduced, but weight gain may 
reach 10% because of  f luid retention[31].  Vague 
abdominal discomfort and bloating may be erroneously 
attributed to functional bowel disease[2]. The effect 
of  hypothyroidism on the gastrointestinal tract 
seems to be multifactorial with possible alterations 
in hormone receptors, neuromuscular disorders and 
myopathy caused by infiltration of  the intestinal wall. 
Reduction of  peristalsis in hypothyroidism is the main 
pathophysiologic process[62], and constipation remains 
the most frequent gastrointestinal complaint[22]. Up to 
15% of  patients have fewer than 3 bowel movements 
weekly[2]. Moreover, thyroid hormone deficiency may 
influence transepithelial flux transport by inhibiting 
Cl-/HCO3- anion exchange with a subsequent effect 
on intestinal motility[35]. Although rare, severe cases 
of  hypothyroidism lead to ileus and colonic pseudo-
obstruction with fecal impaction and megacolon[63,64]. 
Inadvertent surgery in these situations is harmful and 
may be lethal[5]. Absorption of  specific substances may 
be decreased but the total quantity absorbed is usually 
normal or increased due to an extended time in bowel 
transit[31,65]. Diarrhea in the hypothyroid state is mainly 
the result of  increased bacterial growth secondary to 
bowel hypomotility[66,67]. Exceptionally, hypothyroidism 
may be the cause of  gastrointestinal bleeding refractory 
to usual treatments[68], most probably by means of  
acquired coagulopathy[69]. Deen et al[39] found that the 
anorectal physiology is altered in hypothyroid states. 
While maximal anal resting and squeeze pressures are 
normal, the threshold for rectal sensation is higher 
and the maximal tolerable volume is diminished when 
compared to controls.

Liver
Liver function tests are mildly disturbed in almost 
50% of  patients with hypothyroidism despite normal 
histological findings[22]. Decreased hepatic metabolism 
in hypothyroidism is reflected by reduced oxygen 
consumption[70] and causes a significant decrease in 

gluconeogenesis[71] and urea nitrogen production[72]. 
Myxedema ascites in hypothyroidism is rare and 
may be a long-standing overlooked and/or isolated 
sign of  the disease[73]. The serum-to-ascites albumin 
gradient is usually > 1.1 g/dL with a high protein 
content[4,73]. Although considered to be the  result of  
hypothyroidism-related chronic right-heart failure[74,75], it 
is mainly attributed to increased permeability of  vascular 
endothelium[4,76]. Patients with a common bile duct stone 
and gallbladder stone have, respectively, 7-fold and 
3-fold increases in the frequency of  hypothyroidism[77]. 
This may be related to the triad: hypercholesterolemia, 
hypotonia of  the gallbladder and reduced bilirubin 
excretion. Experiments in rats confirmed a thyroxine 
effect on bile composition[78,79], decreased hepatocytic 
bile salt excretion in hypothyroid state[80] and relaxation 
of  the sphincter of  Oddi[81]. Moreover, Laukkarinen 
et al[21] confirmed that bile flow to the duodenum was 
reduced in hypothyroid rats.

Hypothyroidism and associated gastrointestinal 
diseases
Compared to the general population, patients with 
autoimmune thyroiditis have an almost 5-fold increased 
risk of  developing celiac disease[14,15,82,83]. Valentino 
et al[7] showed that as many as 43% of  patients with 
Hashimoto’s thyroiditis carry cellular markers for 
celiac disease. The prevalence  of  thyroid antibodies 
is extremely high in patients with pernicious anemia 
(57%)[13], and the prevalence of  overt pernicious anemia 
among patients with primary hypothyroidism is 12%[31]. 
An association between hypothyroidism and primary 
biliary cirrhosis is well documented and ranges from 
5% to 20%[9,10,84]. Among patients with primary biliary 
cirrhosis, antithyroid antibodies were present in 20%[10]. 
The coexistence of  Hashimoto’s thyroiditis and Crohn’s 
disease is rare and the etiological background remains to 
be elucidated[16,85].

CONCLUSION
Dysthyroidism, whether in excess or deficiency, has 
clinical manifestations within different portions of  the 
digestive tract and viscera. Whether these are related to 
hormone level disturbances alone or are associated with 
a specific thyroid disease, the underlying pathophysiology 
is often complex and not yet fully elucidated in current 
studies. Although most frequent manifestations are well 
known, some situations are often underdiagnosed, leading 
to serious illness and death.

Digestive diseases related to thyroid hormone 
abnormalities or associated with particular thyroid 
diseases must be recognized by most, if  not all 
practitioners. Much research requires to be performed 
in order to add to our understanding of  the scientific 
background of  the older empirical works.

REFERENCES
1	 Guyton A. The thyroid metabolic hormones. In: Textbook 

2836     ISSN 1007-9327      CN 14-1219/R     World J Gastroenterol      June 21, 2009     Volume 15     Number 23



www.wjgnet.com

of Medical Physiology. 8th edition. Philadelphia: Saunders, 
1991: 831-841

2	 Maser C, Toset A, Roman S. Gastrointestinal manifestations 
of endocrine disease. World J Gastroenterol 2006; 12 : 
3174-3179

3	 N o t o H ,  M i t s u h a s h i T ,  I s h i b a s h i S ,  K i m u r a S . 
Hyperthyroidism presenting as dysphagia. Intern Med 2000; 
39: 472-473

4	 Desramé J, Mathurin P, Rozov R, Sabaté JM, Poynard 
T, Opolon P, Denis J . [ Isolated ascites revealing a 
hypothyroidism. Study of 2 cases] Gastroenterol Clin Biol 
1998; 22: 732-735

5	 Abboud B, Sayegh R, Medlej R, Halaby G, Saade C, Farah 
P. [A rare manifestation of hypothyroidism: intestinal 
obstruction. Report of 2 cases and review of the literature] J 
Med Liban 1999; 47: 364-366

6	 Ch'ng CL, Biswas M, Benton A, Jones MK, Kingham JG. 
Prospective screening for coeliac disease in patients with 
Graves' hyperthyroidism using anti-gliadin and tissue 
transglutaminase antibodies. Clin Endocrinol (Oxf) 2005; 62: 
303-306

7	 Valentino R, Savastano S, Maglio M, Paparo F, Ferrara F, 
Dorato M, Lombardi G, Troncone R. Markers of potential 
coeliac disease in patients with Hashimoto's thyroiditis. Eur 
J Endocrinol 2002; 146: 479-483

8	 Yaşar DG, Ozenirler S, Doğan M. A patient with primary 
biliary cirrhosis accompanied by Graves disease and 
Hurthle cell adenoma. Turk J Gastroenterol 2007; 18: 198-200

9	 Valera M JM, Smok S G, Poniachik T J, Oksenberg R D, 
Silva P G, Ferrario B M, Buckel G E, Brahm B J. [Primary 
biliary cirrhosis: a thirteen years experience] Rev Med Chil 
2006; 134: 469-474

10	 Elta GH, Sepersky RA, Goldberg MJ, Connors CM, Miller 
KB, Kaplan MM. Increased incidence of hypothyroidism in 
primary biliary cirrhosis. Dig Dis Sci 1983; 28: 971-975

11	 Bonapace ES, Srinivasan R. Simultaneous occurrence of 
inflammatory bowel disease and thyroid disease. Am J 
Gastroenterol 2001; 96: 1925-1926

12	 Triantafillidis JK, Cherakakis P, Zervakakis A, Theodorou 
M. Coexistence of hyperthyroidism and ulcerative colitis: 
report of 4 cases and a review of the literature. Ital J 
Gastroenterol 1992; 24: 494-497

13	 Krassas G, McHardy-Young S, Ramsay I, Florin-Christensen 
A. Thyroid function and antibody studies in pernicious 
anaemia. Clin Endocrinol (Oxf) 1977; 6: 145-151

14	 Valentino R, Savastano S, Tommaselli AP, Dorato M, 
Scarpitta MT, Gigante M, Micillo M, Paparo F, Petrone E, 
Lombardi G, Troncone R. Prevalence of coeliac disease in 
patients with thyroid autoimmunity. Horm Res 1999; 51: 
124-127

15	 Volta U, Ravaglia G, Granito A, Forti P, Maioli F, Petrolini 
N, Zoli M, Bianchi FB. Coeliac disease in patients with 
autoimmune thyroiditis. Digestion 2001; 64: 61-65

16	 Inokuchi T, Moriwaki Y, Takahashi S, Tsutsumi Z, KA T, 
Yamamoto T. Autoimmune thyroid disease (Graves' disease 
and hashimoto's thyroiditis) in two patients with Crohn's 
disease: case reports and literature review. Intern Med 2005; 
44: 303-306

17	 Nishimura M , Yamamoto T, Ii j ima H, Moriwaki Y, 
Takahashi S, Hada T. Basedow's disease and chronic 
ulcerative colitis: a case report and review of the Japanese 
literature. Intern Med 2001; 40: 44-47

18	 Wegener M , Wedmann B, Langhoff T, Schaffstein J, 
Adamek R. Effect of hyperthyroidism on the transit of a 
caloric solid-liquid meal through the stomach, the small 
intestine, and the colon in man. J Clin Endocrinol Metab 1992; 
75: 745-749

19	 Gunsar F, Yilmaz S, Bor S, Kumanlioğlu K, Cetinkalp 
S , Kabalak T , Ozutemiz OA. Ef fec t o f hypo- and 
hyperthyroidism on gastric myoelectrical activity. Dig Dis 
Sci 2003; 48: 706-712

20	 Pfaffenbach B, Adamek RJ, Hagelmann D, Schaffstein 

J , Wegener M. Effect of hyperthyroidism on antral 
myoelectrical activity, gastric emptying and dyspepsia in 
man. Hepatogastroenterology 1997; 44: 1500-1508

21	 Laukkarinen J, Koobi P, Kalliovalkama J, Sand J, Mattila 
J, Turjanmaa V, Porsti I, Nordback I. Bile flow to the 
duodenum is reduced in hypothyreosis and enhanced in 
hyperthyreosis. Neurogastroenterol Motil 2002; 14: 183-188

22	 Kim D, Ryan J. Gastrointestinal manifestations of systemic 
diseases. In: Feldman M, Friedman L, Sleisenger M, eds. 
Gastrointestinal and Liver Disease: Pathophysiology/
Diagnosis/Management. 7th edition. Philadelphia: Saunders, 
2002

23	 Chiu WY, Yang CC, Huang IC, Huang TS. Dysphagia as a 
manifestation of thyrotoxicosis: report of three cases and 
literature review. Dysphagia 2004; 19: 120-124

24	 Branski D, Levy J, Globus M, Aviad I, Keren A, Chowers I. 
Dysphagia as a primary manifestation of hyperthyroidism. J 
Clin Gastroenterol 1984; 6: 437-440

25	 Meshkinpour H, Afrasiabi MA, Valenta LJ. Esophageal 
motor function in Graves' disease. Dig Dis Sci 1979; 24: 
159-161

26	 Hoogendoorn EH, Cools BM. Hyperthyroidism as a cause 
of persistent vomiting. Neth J Med 2004; 62: 293-296

27	 Miller LJ, Owyang C, Malagelada JR, Gorman CA, Go 
VL. Gastric, pancreatic, and biliary responses to meals in 
hyperthyroidism. Gut 1980; 21: 695-700

28	 Jonderko K, Jonderko G, Marcisz C, Gołab T. Gastric 
emptying in hyperthyroidism. Am J Gastroenterol 1997; 92: 
835-838

29	 Rothstein RD, Alavi A, Reynolds JC. Electrogastrography 
in patients with gastroparesis and effect of long-term 
cisapride. Dig Dis Sci 1993; 38: 1518-1524

30	 Kaise M, Sumitomo H, Hashimoto K, Takahashi Y, Matsui 
J, Tanaka S, Kobayashi Y, Nishimura M. [Hypergastrinemia 
and type A gastritis in Basedow's disease] Nippon Shokakibyo 
Gakkai Zasshi 1992; 89: 1990-1995

31	 Larsen PR, Davies TF, Hay ID. The thyroid gland. In: 
Wilson J, Foster D, Kronenberg H, Larsen PR, eds. Williams 
textbook of endocrinology. 9th edition. Philadelphia: WB 
Saunders, 1998: 389-515

32	 Karaus M, Wienbeck M, Grussendorf M, Erckenbrecht JF, 
Strohmeyer G. Intestinal motor activity in experimental 
hyperthyroidism in conscious dogs. Gastroenterology 1989; 
97: 911-999

33	 Hellesen C, Friis T, Larsen E, Pock-Steen C. Small intestinal 
histology, radiology and absorption in hyperthyroidism. 
Scand J Gastroenterol 1969; 4: 169-175

34	 Thomas FB, Caldwell JH, Greenberger NJ. Steatorrhea in 
thyrotoxicosis. Relation to hypermotility and excessive 
dietary fat. Ann Intern Med 1973; 78: 669-675

35	 Tenore A, Fasano A, Gasparini N, Sandomenico ML, 
Ferrara A, Di Carlo A, Guandalini S. Thyroxine effect on 
intestinal Cl-/HCO3- exchange in hypo- and hyperthyroid 
rats. J Endocrinol 1996; 151: 431-437

36	 Thomas FB, Caldwell JH, Greenberger NJ. Steatorrhea in 
thyrotoxicosis. Relation to hypermotility and excessive 
dietary fat. Ann Intern Med 1973; 78: 669-675

37	 Debiec H, Cross HS, Peterlik M. D-glucose uptake is 
increased in jejunal brush-border membrane vesicles from 
hyperthyroid chicks. Acta Endocrinol (Copenh) 1989; 120: 
435-441

38	 Noble HM , Matty AJ. The effect of thyroxine on the 
movement of calcium and inorganic phosphate through the 
small intestine of the rat. J Endocrinol 1967; 37: 111-117

39	 Deen KI, Seneviratne SL, de Silva HJ. Anorectal physiology 
and transit in patients with disorders of thyroid metabolism. 
J Gastroenterol Hepatol 1999; 14: 384-387

40	 Thompson P Jr , S trum D, Boehm T, Wartofsky L. 
Abnormalities of liver function tests in tyrotoxicosis. Mil 
Med 1978; 143: 548-551

41	 Myers JD, Brannon ES, Holland BC. A correlative study 
of the cardiac output and the hepatic circulation in 

    Daher R et al . Digestive manifestations of dysthyroidism                                                                               2837



www.wjgnet.com

hyperthyroidism. J Clin Invest 1950; 29: 1069-1077
42	 Biscoveanu M, Hasinski S. Abnormal results of liver 

function tests in patients with Graves' disease. Endocr Pract 
2000; 6: 367-369

43	 Gürlek A , Cobankara V, Bayraktar M. Liver tests in 
hyperthyroidism: effect of antithyroid therapy. J Clin 
Gastroenterol 1997; 24: 180-183

44	 Doran GR. Serum enzyme disturbances in thyrotoxicosis 
and myxoedema. J R Soc Med 1978; 71: 189-194

45	 Malik R, Hodgson H. The relationship between the thyroid 
gland and the liver. QJM 2002; 95: 559-569

46	 Huang MJ, Liaw YF. Clinical associations between thyroid 
and liver diseases. J Gastroenterol Hepatol 1995; 10: 344-350

47	 Choudhary AM, Roberts I. Thyroid storm presenting with 
liver failure. J Clin Gastroenterol 1999; 29: 318-321

48	 Sola J, Pardo-Mindán FJ, Zozaya J, Quiroga J, Sangro B, 
Prieto J. Liver changes in patients with hyperthyroidism. 
Liver 1991; 11: 193-197

49	 Furszyfer J, McConahey WM, Kurland LT, Maldonado 
JE. On the increased association of Graves' disease with 
pernicious anemia. Mayo Clin Proc 1971; 46: 37-39

50	 Burman P, Kämpe O, Kraaz W, Lööf L, Smolka A, Karlsson 
A, Karlsson-Parra A. A study of autoimmune gastritis 
in the postpartum period and at a 5-year follow-up. 
Gastroenterology 1992; 103: 934-942

51	 Smith TJ , Bahn RS, Gorman CA. Connective tissue, 
glycosaminoglycans, and diseases of the thyroid. Endocr Rev 
1989; 10: 366-391

52	 Devdhar M, Ousman YH, Burman KD. Hypothyroidism. 
Endocrinol Metab Clin North Am 2007; 36: 595-615, v

53	 Wright RA, Penner DB. Myxedema and upper esophageal 
dysmotility. Dig Dis Sci 1981; 26: 376-377

54	 Savina LV , Semenikhina TM, Korochanskaia NV, 
Kl i t inskaia IS , Iakovenko MS. [Hiatus hernia and 
gastroesophageal reflux disease as a manifestation of a 
newly revealed hypothyroidism] Klin Med (Mosk) 2006; 84: 
71-74

55	 Eastwood GL, Braverman LE, White EM, Vander Salm TJ. 
Reversal of lower esophageal sphincter hypotension and 
esophageal aperistalsis after treatment for hypothyroidism. 
J Clin Gastroenterol 1982; 4: 307-310

56	 Heikkinen M , Pikkarainen P, Takala J, Räsänen H, 
Julkunen R. Etiology of dyspepsia: four hundred unselected 
consecutive patients in general practice. Scand J Gastroenterol 
1995; 30: 519-523

57	 Greenspan FS, Rapaport B. Thyroid gland. In: Greenspan 
FS, Baxter JD, eds. Basic and Clinical Endocrinology. New 
York: Saunders, 1992: 188-246

58	 Dubois A, Goldman JM. Gastric secretion and emptying in 
hypothyroidism. Dig Dis Sci 1984; 29: 407-410

59	 Kahraman H, Kaya N, Demirçali A, Bernay I, Tanyeri 
F. Gastric emptying time in patients with primary 
hypothyroidism. Eur J Gastroenterol Hepatol 1997; 9: 901-904

60	 Kaplan LR . Hypothyroidism presenting as a gastric 
phytobezoar. Am J Gastroenterol 1980; 74: 168-169

61	 Seino Y, Matsukura S, Inoue Y, Kadowaki S, Mori K, Imura 
H. Hypogastrinemia in hypothyroidism. Am J Dig Dis 1978; 
23: 189-191

62	 Shafer RB, Prentiss RA, Bond JH. Gastrointestinal transit in 
thyroid disease. Gastroenterology 1984; 86: 852-855

63	 Bassotti G, Pagliacci MC, Nicoletti I, Pelli MA, Morelli A. 
Intestinal pseudoobstruction secondary to hypothyroidism. 
Importance of small bowel manometry. J Clin Gastroenterol 
1992; 14: 56-58

64	 Batke M, Cappell MS. Adynamic ileus and acute colonic 
pseudo-obstruction. Med Clin North Am 2008; 92: 649-670, ix

65	 Misra GC, Bose SL, Samal AK. Malabsorption in thyroid 
dysfunctions. J Indian Med Assoc 1991; 89: 195-197

66	 Goldin E, Wengrower D. Diarrhea in hypothyroidism: 
bacterial overgrowth as a possible etiology. J Clin 

Gastroenterol 1990; 12: 98-99
67	 Lauritano EC, Bilotta AL, Gabrielli M, Scarpellini E, 

Lupascu A, Laginestra A, Novi M, Sottili S, Serricchio M, 
Cammarota G, Gasbarrini G, Pontecorvi A, Gasbarrini A. 
Association between hypothyroidism and small intestinal 
bacterial overgrowth. J Clin Endocrinol Metab 2007; 92: 
4180-4184

68	 Fukunaga K. Refractory gastrointestinal bleeding treated 
with thyroid hormone replacement. J Clin Gastroenterol 2001; 
33: 145-147

69	 Dalton RG, Dewar MS, Savidge GF, Kernoff PB, Matthews 
KB, Greaves M, Preston FE. Hypothyroidism as a cause of 
acquired von Willebrand's disease. Lancet 1987; 1: 1007-1009

70	 Liverini G, Iossa S, Barletta A. Relationship between 
resting metabolism and hepatic metabolism: effect of 
hypothyroidism and 24 hours fasting. Horm Res 1992; 38: 
154-159

71	 Comte B , Vidal H, Laville M, Riou JP. Influence of 
thyroid hormones on gluconeogenesis from glycerol in rat 
hepatocytes: a dose-response study. Metabolism 1990; 39: 
259-263

72	 Marchesini G, Fabbri A, Bianchi GP, Motta E, Bugianesi E, 
Urbini D, Pascoli A, Lodi A. Hepatic conversion of amino 
nitrogen to urea nitrogen in hypothyroid patients and upon 
L-thyroxine therapy. Metabolism 1993; 42: 1263-1269

73	 Ji JS, Chae HS, Cho YS, Kim HK, Kim SS, Kim CW, Lee 
CD, Lee BI, Choi H, Lee KM, Lee HK, Choi KY. Myxedema 
ascites: case report and literature review. J Korean Med Sci 
2006; 21: 761-764

74	 Kinney EL, Wright RJ, Caldwell JW. Value of clinical 
features for distinguishing myxedema ascites from other 
forms of ascites. Comput Biol Med 1989; 19: 55-59

75	 K l e i n I ,  L e v e y G S . U n u s u a l m a n i f e s t a t i o n s o f 
hypothyroidism. Arch Intern Med 1984; 144: 123-128

76	 Baker A, Kaplan M, Wolfe H. Central congestive fibrosis 
of the liver in myxedema ascites. Ann Intern Med 1972; 77: 
927-929

77	 Inkinen J , Sand J, Nordback I. Association between 
common bile duct stones and treated hypothyroidism. 
Hepatogastroenterology 2000; 47: 919-921

78	 Andreini JP, Prigge WF, Ma C, Gebbard RL. Vesicles and 
mixed micelles in hypothyroid rat bile before and after 
thyroid hormone treatment: evidence for a vesicle transport 
system for biliary cholesterol secretion. J Lipid Res 1994; 35: 
1405-1412

79	 Vlahcevic ZR, Eggertsen G, Björkhem I, Hylemon PB, 
Redford K, Pandak WM. Regulation of sterol 12alpha-
hydroxylase and cholic acid biosynthesis in the rat. 
Gastroenterology 2000; 118: 599-607

80	 Van Steenbergen W, Fevery J, De Vos R, Leyten R, Heirwegh 
KP, De Groote J. Thyroid hormones and the hepatic 
handling of bilirubin. I. Effects of hypothyroidism and 
hyperthyroidism on the hepatic transport of bilirubin mono- 
and diconjugates in the Wistar rat. Hepatology 1989; 9: 314-321

81	 Inkinen J, Sand J, Arvola P, Pörsti I, Nordback I. Direct 
effect of thyroxine on pig sphincter of Oddi contractility. 
Dig Dis Sci 2001; 46: 182-186

82	 Guliter S, Yakaryilmaz F, Ozkurt Z, Ersoy R, Ucardag 
D, Caglayan O, Atasoy P. Prevalence of coeliac disease 
in patients with autoimmune thyroiditis in a Turkish 
population. World J Gastroenterol 2007; 13: 1599-1601

83	 Berti I, Trevisiol C, Tommasini A, Città A, Neri E, Geatti O, 
Giammarini A, Ventura A, Not T. Usefulness of screening 
program for celiac disease in autoimmune thyroiditis. Dig 
Dis Sci 2000; 45: 403-406

84	 Zeniya M. [Thyroid disease in autoimmune liver diseases] 
Nippon Rinsho 1999; 57: 1882-1887

85	 Shah SA, Peppercorn MA, Pallotta JA. Autoimmune 
(Hashimoto's) thyroiditis associated with Crohn's disease. J 
Clin Gastroenterol 1998; 26: 117-120

S- Editor  Tian L    L- Editor  Cant MR    E- Editor  Yin DH

2838     ISSN 1007-9327      CN 14-1219/R     World J Gastroenterol      June 21, 2009     Volume 15     Number 23



www.wjgnet.com

 ORIGINAL ARTICLES

Online Submissions: wjg.wjgnet.com                   			                     World J Gastroenterol  2009 June 21; 15(23): 2839-2854
wjg@wjgnet.com                                                                                               World Journal of Gastroenterology  ISSN 1007-9327
doi:10.3748/wjg.15.2839                                                                                          © 2009 The WJG Press and Baishideng. All rights reserved.

 TOPIC HIGHLIGHT

Gastroenterology in developing countries: Issues and 
advances

Kate L Mandeville, Justus Krabshuis, Nimzing Gwamzhi Ladep, Chris JJ Mulder, Eamonn MM Quigley, 
Shahid A Khan

Kate L Mandev i l l e , Centre for Infect ious Diseases 
Epidemiology, Department of Primary Care and Population 
Sciences, University College London, Hampstead Campus, 
Royal Free Hospital, London NW3 2PF, United Kingdom
Justus Krabshuis, Highland Data, Les Charleix, 24390 
Tourtoirac, Dordogne, France
Nimzing Gwamzhi Ladep, Department of Medicine, University 
of Jos and Jos University Teaching Hospital, Jos, Plateau State, 
P.M.B. 2076, Nigeria 
Chris JJ Mulder, Department of Gastroenterology, VU 
University Medical Center, Amsterdam 1081 HV, Holland
Eamonn MM Quigley, World Gastroenterology Organisation 
and Department of Medicine, National University of Ireland, 
Cork University Hospital Clinical Sciences Building Wilton, 
Cork, Ireland
Shahid A Khan, Department of Hepatology and Gastro-
enterology, Faculty of Medicine, Imperial College London, St 
Mary’s Campus, London W2 1NY, United Kingdom
Author contributions: Mandeville KL and Khan SA developed 
the structure of the paper; Mandeville KL wrote the manuscript; 
Quigley EMM, Mulder CJJ, Krabshuis J, Ladep NG and 
Khan SA contributed sections to the paper and reviewed the 
manuscript. 
Supported by The NIHR Biomedical Research Centre funding 
scheme, the Higher Education Funding Council for England 
(HEFCE), the British Liver Trust and the Alan Morement 
Memorial Fund AMMF, Essex, UK
Correspondence to: Kate L Mandeville, MBBS, Centre for 
Infectious Diseases Epidemiology, Department of Primary Care 
and Population Sciences, University College London, Hampstead 
Campus, Royal Free Hospital, Rowland Hill Street, London NW3 
2PF, United Kingdom. kate.mandeville@doctors.org.uk
Telephone: +44-20-78302239  Fax: +44-20-77941224
Received: February 3, 2009      Revised: April 21, 2009
Accepted: April 28, 2009
Published online: June 21, 2009

Abstract
Developing countries shoulder a considerable burden 
of gastroenterological disease. Infectious diseases in 
particular cause enormous morbidity and mortality. 
Diseases which afflict both western and developing 
countries are often seen in more florid forms in poorer 
countries. Innovative techniques continuously improve 
and update gastroenterological practice. However, 
advances in diagnosis and treatment which are 
commonplace in the West, have yet to reach many 
developing countries. Clinical guidelines, based on these 
advances and collated in resource-rich environments, 

lose their relevance outside these settings. In this 
two-part review, we first highlight the global burden 
of gastroenterological disease in three major areas: 
diarrhoeal diseases, hepatitis B, and Helicobacter 
pylori . Recent progress in their management is 
explored, with consideration of future solutions. The 
second part of the review focuses on the delivery of 
clinical services in developing countries. Inadequate 
numbers of healthcare workers hamper efforts to 
combat gastroenterological disease. Reasons for this 
shortage are examined, along with possibilities for 
increased specialist training. Endoscopy services, the 
mainstay of gastroenterology in the West, are in their 
infancy in many developing countries. The challenges 
faced by those setting up a service are illustrated by 
the example of a Nigerian endoscopy unit. Finally, we 
highlight the limited scope of many clinical guidelines 
produced in western countries. Guidelines which take 
account of resource limitations in the form of “cascades” 
are advocated in order to make these guidelines truly 
global. Recognition of the different working conditions 
facing practitioners worldwide is an important step 
towards narrowing the gap between gastroenterology 
in rich and poor countries. 
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INTRODUCTION
Despite political rhetoric, foreign aid, and increased 
global wealth, the disparity between the developing 
and developed world is more evident than ever before. 
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Recently, the economic successes of  China and 
India have lessened poverty for millions of  people. 
Nevertheless, these countries aside, international 
inequality in income has continued to rise over the past 
two decades[1]. 

Nowhere is this inequality clearer than in the arena 
of  health. A child born in Angola in 2006 has a 26% 
chance of  dying before its fifth birthday. In the UK, that 
risk is 0.6%. In 2006, the life expectancy for a woman 
from the United States of  America was 80 years. If  she 
was instead living in Zambia, her life expectancy declines 
to just 43 years[2]. 

In this review, we examine some of  the main 
challenges in developing countries, and discuss potential 
and existing solutions. Our definition of  developing 
countries is that set out by the International Monetary 
Fund; “countries with low levels of  output, living 
standards, and technology; per capita GDPs are generally 
below $5000 and often less than $1500”[3]. The converse, 
developed countries, will be referred to as “western 
countries” for clarity. In common practice, these include 
most of  Europe, North America, Japan and Australasia[3] 
(Figure 1).

The focus of  the review will be on gastroenterological 
problems which head the global disease burden. 
Although challenges such as war, inadequate water and 
sanitation, and economic failure all undoubtedly impact 
on global health, it is beyond the scope of  this article to 
discuss these factors in detail. Moreover, whilst problems 
such as unstable governments, sectarian violence, and 
environmental catastrophe undeniably compound health 
issues, they are by no means confined to developing 
countries.

In the first part of  this review, we will focus on three 
significant areas of  gastroenterological disease which 
highlight particular problems in developing countries: 
diarrhoea, hepatitis B and Helicobacter pylori (H pylori).

The second part of  the review will consider the 
implementation of  clinical services in developing 
nations, encompassing the health workforce, endoscopy 
services, and the relevance of  resource-blind guidelines. 

GASTROENTEROLOGICAL DISEASE 
BURDEN OF DEVELOPING COUNTRIES
Diarrhoeal diseases
The global burden of  diarrhoeal diseases outweighs any 
of  the more complex diseases seen in gastroenterology 
clinics. Every year, there are an estimated 1.5 billion 
episodes of  diarrhoea worldwide[4]. These episodes 
result in the deaths of  approximately 2.2 million people, 
mostly children in developing countries[4]. This mortality 
rate has improved from the early 1980s, when diarrhoea 
is estimated to have caused 4.5 million deaths in children 
alone[5]. However, it is still the third leading cause of  
death in under-5 years old, after neonatal causes and 
pneumonias[6].

Developing countries bear the brunt of  this burden. 
Diarrhoea causes 17.9% of  deaths in low-income 

countries compared to 1.6% in high income countries[6]. 
Most of  these cases are due to the lack of  safe water, 
sanitation and hygiene. Only 34% of  people in low-
income countries have access to adequate sanitation[6]. 
As mortality rates from diarrhoea are now so low in 
western countries, the scale of  disease is often expressed 
in terms of  financial costs instead: hospitalisation rates 
and doctors’ consultation time[7]. However, these can 
be overused resources in the West, and are thus poor 
comparison measures between countries.

Diarrhoeal diseases are caused by a wide variety of  
pathogens. In 1991, the World Health Organization 
(WHO) performed a case-control study of  the aetiology 
of  diarrhoea in children under 36 mo of  age, in five 
countries: China, India, Mexico, Myanmar and Pakistan. 
The pathogens most strongly associated with disease 
were rotavirus, Shigella species and enterotoxigenic 
Escherichia coli[8]. These enteric pathogens, with cholera 
and typhoid fever, have been identified as the highest 
priorities for vaccination development by WHO[9].

Diarrhoeal episodes are usually acute and self-limiting. 
However, they can cause fluid and electrolyte loss from 
the small intestine so severe that it results in death from 
dehydration. In some cases, diarrhoea can become 
persistent: usually defined as lasting at least 14 d[10]. There 
is evidence that persistent diarrhoea in children can lead 
to malnutrition[11,12], growth stunting[13,14], and effects 
on cognitive function[15,16]. A Brazilian study found that 
children with persistent diarrhoea in the first 2 years of  
life scored significantly lower on intelligence tests at age 
6-10 years, even when controlling for maternal education 
and helminthic infection[16]. 

In the late 1980s, oral rehydration therapy (ORT) 
transformed the management of  acute diarrhoea. 
Physiological studies conducted during the 1950s and 
1960s identified the co-transport of  sodium and glucose 
in the small intestine[17-19], which were then harnessed 
into the oral rehydration solution (ORS) developed at the 
International Centre for Diarrhoeal Diseases Research 
in Bangladesh in 1968[20]. WHO adopted and started 
distribution of  a standard ORS in 1975, and set up the 
WHO Programme for Diarrhoeal Control in 1979[21].

ORT has been hera lded as one of  the most 
important therapeutic advances of  the past century and 
has undoubtedly contributed towards the reduction 
in global child mortality rates described above[22,23] 
(Figure 2). However it has not reduced the morbidity 
associated with diarrhoea. Neither stool volume nor 

Advanced economies

In transition

Less developed

Least developed

Figure 1  Distribution of countries as per International Monetary Fund 
(IMF) definitions of economic development (IMF statistical database[3]: 
reproduced with kind permission of IMF).
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duration of  illness are significantly reduced with ORT 
use, and there may even be a paradoxical increase in 
stool volume. Therefore, further research has been 
performed on modifying ORT formulations, including 
the development of  amino acid-containing, starch-based, 
and reduced sodium solutions. Glutamine, an amino 
acid, stimulates sodium absorption in experimental 
models of  cholera and rotavirus diar rhoea [24-27]. 
However, there is conflicting evidence on the efficacy 
of  glutamine containing ORT [20,28], and it is not 
recommended over WHO ORS at present. The rationale 
for starch-based solutions (either rice or cereals) is that 
the polysaccharides would provide more glucose at the 
intestinal mucosa without the large osmotic load of  
glucose-based formulations. In addition, they provide 
nutrition early in the illness. Cereal-based formulations 
have been shown to reduce total fluid requirements and 
duration of  illness, and are recommended over standard 
ORS in patients with cholera (but not for non-cholera 
diarrhoea)[28]. Although cereal-based ORT should be 
more accessible in rural locations, one study showed 
that mothers found it more time-consuming to prepare 
and used standard ORT in preference[29]. In 2003, WHO 
modified its ORS formulation to contain a reduced 
amount of  sodium and glucose. This hypotonic solution 
has been associated with less vomiting, decreased stool 
volume, and reduced need for intravenous fluids[30], and 
has been recommended for patients with non-cholera 
diarrhoea. However, concerns have been raised that 
exclusion of  cholera can be difficult in under-resourced 
areas and use of  this formula will lead to hyponatremia 
in these patients[31]. Clearly, there is still research to be 
done into the definitive formulation of  ORT.

Despite the efficacy of  ORT, uptake in developing 
countries can be variable[32,33]. Difficulties include 
remembering the correct quantities of  ingredients involved 
in preparing an ORT and high levels of  illiteracy[34-36]. 
Continued effort is required to provide ongoing education 
at a community level in order to bring about long-term 
changes[37-40].

More recently, it has been shown that zinc deficiency 
complicates a significant proportion of  diarrhoeal 

cases[41]. Zinc is not stored in the body, and may be 
lost from the intestine during diarrhoea[42]. It has a 
role in immune function[43], however the physiological 
mechanism linking zinc deficiency with diarrhoea has not 
yet been elucidated. Several meta-analyses have shown 
that zinc replacement in acute and persistent diarrhoea 
reduces both the duration and severity of  diarrhoea[43,44], 
and short (14 d) courses prevent further diarrhoea for 
2-3 mo[45]. The WHO has recently recommended that 
zinc supplementation should be given to all children 
with acute diarrhoea persisting for at least 14 d[29]. Zinc 
supplementation has also been shown to significantly 
reduce the duration of  lower respiratory infections[46], 
the second largest cause of  child mortality worldwide.

Universal clean water, hygiene, and sanitation 
would be the ultimate solution to the global burden 
of  diarrhoea, however in their continued absence, 
considerable interest has been shown in a more 
immediate intervention to prevent diarrhoea: vaccination. 
Of  all the pathogens mentioned above, rotavirus 
is the leading cause of  severe diarrhoea in children 
worldwide. By age 5 years, virtually all children will have 
been infected by rotavirus, and one in 293 children 
will have died from it. More than 80% of  deaths from 
rotavirus infection occur in developing countries[47,48]. 
It also causes a significant financial burden in western 
countries. Each year in the United States, there are more 
than 400 000 consultations and up to 70 000 hospital 
admissions due to rotavirus[49]. Therefore, there has been 
substantial investment in the development of  vaccines 
against rotavirus infections, both for western and 
developing countries.

In 2000 and 2001, China introduced a monovalent 
lamb-derived live attenuated oral vaccine[50]. However, 
the efficacy of  this vaccine is not known, as it was not 
tested against placebo in the final stages. The focus of  
research in other countries has been on developing a 
vaccine against multiple rotavirus serotypes, in order to 
provide heterotypic protection[48]. The first multivalent 
live oral reassortant vaccine developed was RotaShield, 
which was highly effective in field trials in the United 
States, Finland and Venezuela[51-54]. It was included in 
the USA immunisation programme in 1998[55], however 
several cases of  intussusception were reported, and the 
vaccine was subsequently withdrawn[56]. This risk was 
estimated to be only one per 10 000 vaccinated infants[57], 
however trials in Ghana, Bangladesh, and India were 
also stopped at that time, and it was thus not possible 
to do a risk-benefit analysis for developing countries[48]. 
Two further rotavirus vaccines have since come onto 
the market; Rotateq, a human-bovine live-attenuated 
oral vaccine, and Rotarix, a human live-attenuated oral 
vaccine. Trials in medium and high-income countries 
have produced good efficacy results for both these 
vaccines [58,59], however more trials are needed in 
developing countries. A large commitment to funding 
from donor countries will also be required to further 
reduce global child mortality from diarrhoea. 
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Hepatitis B virus (HBV)
Hepatitis B is the foremost hepatological health 
problem in the developing world. Up to two billion 
people worldwide have serological evidence of  past or 
present HBV infection, and 360 million have chronic 
infection[60,61]. Through its long-term sequelae of  liver 
cirrhosis and hepatocellular carcinoma (HCC), HBV 
causes 500 000-700 000 deaths each year[60] and is an 
accessible target for cancer prevention on a massive 
scale. Although hepatitis C virus (HCV) is increasing 
in importance, particularly in the western world, HBV 
is still estimated to account for 50%-55% of  HCC 
worldwide compared to 25%-30% for HCV[62-64].

HBV varies in its prevalence worldwide. Countries 
can be divided by their level of  endemicity, which is 
based on the percentage of  the general population that 
is seropositive for HBsAg (chronic carriers). Countries 
with high endemicity have more than 7% seropositivity 
levels, intermediate 2%-7%, low 0.5%-2% and very low 
endemicity countries have < 0.5% seropositivity[65,66] 
(Figure 3[67]). Developing nations make up the bulk 
of  high endemicity countries, including much of  sub-
Saharan Africa and South East Asia. Notable pre-
vaccination examples include the Gambia, where 36% 
of  children were chronic carriers[68], and Taiwan, with 
15%-20% chronic carriage in the general population[69-71].

Of  particular relevance to developing countries, the 
likelihood of  acquiring chronic HBV infection depends 
on the age of  acquisition of  the virus[60,72,73]. For children 
under 1 year, the risk of  chronic infection is 90%. For 
1-5 years old, the risk is 30% and for children older than 
5 years and adults, the risk decreases to only 6%. This 
feature accounts for most of  the disparity in prevalence 
outlined above.

The main modes of  transmission also vary between 
countries of  high and low endemicity. In high endemicity 
countries, and in stark contrast to the West, perinatal 
and horizontal transmission (exposure from close 
household contacts or play with other children) are the 
dominant modes[66,74]. In these countries, 70%-90% of  
the population show serological evidence of  previous or 
current HBV infection. In lower endemicity countries, 
HBV transmission is mainly l imited to high risk 

groups, such as intravenous drug users and healthcare 
workers, or is acquired sexually. Although not the main 
transmission mode, healthcare-acquired infections can 
assume greater importance in developing countries 
due to lack of  resources for disposable equipment and 
sterilisation, or lack of  awareness of  infection control 
practices[65,75]. However, blood products in most parts of  
the world are now screened for HBsAg[76].

Chronic infection is responsible for the main burden 
of  disease associated with HBV. Approximately 20% 
of  chronic carriers will die prematurely from cirrhosis 
leading to liver failure or HCC[77]. Although therapies 
are available which can suppress HBV replication or 
modulate the immune reaction, these are expensive and 
not widely available in much of  the developing world. 
There is currently no therapy which results in virus 
eradication. 

Therefore, the emergence of  a plasma-derived vaccine 
against HBV in the early 1980s was a significant event. 
This was the world’s first cancer prevention vaccine and 
the first vaccine to prevent a sexually transmitted disease, 
both functions now echoed by the recently licensed 
human papillomavirus vaccines. Most current vaccines are 
produced by recombinant technology[65], and the vaccine 
prevents HBV infection in 90%-100% of  people who 
produce sufficient antibody responses[78]. It is also highly 
effective as post-exposure prophylaxis in cases of  possible 
perinatal transmission, even where HBV immunoglobulin 
co-administration is not possible[79]. Current consensus 
is that booster doses are not necessary to maintain 
immunity[60]. Finally, although susceptible to freezing, 
present vaccines are heat stable, a great advantage in 
developing countries where access to cold storage facilities 
is often difficult[60]. 

In 1992, WHO’s Global Advisory Group of  the 
Expanded Programme on Immunization recommended 
that all highly endemic countries included hepatitis B 
vaccination into their national childhood immunisation 
programs by 1995, and all other countries by 1997[80,81]. 
As of  2006, more than 160 countries had implemented 
universal hepatitis B vaccination[82]. Several western 
countries with very low endemicity, such as the United 
Kingdom, have chosen to pursue a policy of  targeted 
vaccination of  high-risk groups rather than universal 
vaccination[83].

In countries which implemented universal childhood 
vaccination early on, such as Taiwan, the Gambia, 
and Malaysia, HBV vaccination was found to be very 
effective, both in terms of  disease prevention and health 
costs[66,84]. The ultimate goal of  these programmes is 
to prevent the long-term consequences of  cirrhosis 
and HCC, therefore it will be some years before a 
complete evaluation can be carried out on the first 
vaccinated cohorts. However, indicators such as HBV 
seroprevalence and hospital records of  acute HBV 
infections, provide early evidence of  their successful 
impact.

In Malaysia, where universal vaccination was 
introduced in 1990, HBsAg seroprevalence among 
children aged 7-12 years decreased from 1.6% in 1997 to 

Hepatitis B surface antigen prevalence
≥ 8% high 2%-7% intermediate < 2% low

Figure 3  Geographical distribution of the prevalence of chronic hepatitis 
B virus infection, 2002 (from Mast et al[67], 2004. Reproduced with kind 
permission of Elsevier).
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0.3% in 2003[85]. In the Gambia, where HCC is the most 
common tumour in men[86], vaccination was introduced 
progressively between 1986 and 1990. Childhood HBsAg 
seroprevalence has since decreased from 10% in 1986 to 
0.6% in 1991[87-89]. Similar declines have been shown in 
Senegal, China, Indonesia, and Thailand[90].

The best example of  the effectiveness of  a HBV 
vaccination programme is probably Taiwan, which had 
very high levels of  chronic carriage in the pre-vaccination 
era[91]. Over 90% of  the population under the age of  
40 years had been infected by HBV[92]. Universal infant 
vaccination was introduced in Taiwan in 1984, one of  the 
first regions to do so[91,93]. 15 years after implementation, 
HBsAg seroprevalence amongst children 1-15 years 
decreased from 9.8% in 1984 to 0.7%[94]. In addition, the 
incidence of  fulminant hepatitis amongst infants also 
decreased. The average mortality from fulminant hepatitis 
in infants between 1975 and 1984 (pre-vaccination) and 
from 1985-1998 (post-vaccination) was 5.36 and 1.71 per 
100 000 infants, respectively[95].

These evaluations show that HBV can be effectively 
prevented through a universal vaccination programme. 
As humans are the only known natural host of  the virus, 
it is feasible that vaccination could eradicate HBV from 
the world. The major obstacle to global coverage of  HBV 
vaccination is funding. Although the cost of  monovalent 
HBV vaccines had decreased from approximately US 
$3.00 per dose in 1990 to US $0.30 per dose in 2001[96].
the cost is still higher than the other vaccines included in 
the extended programme on immunization (e.g. measles, 
oral polio) which cost between US $0.06 to 0.10 per 
dose. Several manufacturers have produced combination 
vaccines containing hepatitis B antigen which allow the 
addition of  hepatitis B vaccine into existing childhood 
immunisation programmes, however again these are 
expensive and beyond the capacity of  many developing 
countries. 

The Global Alliance for Vaccines and Immunization 
(GAVI) was founded in 1999 to address this funding 
gap. GAVI is a consortium between WHO, the World 
Bank, UNICEF, the Bill and Melinda Gates Foundation, 
governments of  both developing and developed 
nations, and the vaccine industry[97]. By 2007, it had 
provided funding for 67 countries out of  69 eligible for 
support towards the introduction of  HBV vaccination 
programmes[98]. As a result, global three dose vaccine 
coverage has nearly doubled since 1999 (Figure 4[82]). 
However, the millions currently infected with HBV in 
the developing world carry an impending disease burden 
that will be substantial in the near future.

H pylori infection
It is estimated that 50% of  the world’s population is 
infected by H pylori[99]. Although most infections are not 
associated with clinical disease, a significant proportion 
will go on to develop some of  the commonest problems 
in gastroenterology: gastritis, peptic ulcer disease, and 
gastric cancer[100-103]. Although less than one percent of  
infected persons will develop gastric cancer, this is the 
fourth most common malignancy in the world[104]. It is 

these strong disease associations which establish H pylori 
infection as a leading gastroenterological public health 
problem. 

There are distinct differences in the pattern of  
H pylori infection between developing and western 
countries. The prevalence of  infection in the West has 
been declining for some years, however it is still very 
high in developing countries[99], with the majority of  the 
global burden of  infection found here (Table 1[105]). This 
is not surprising, given that risk factors for the infection 
include low socio-economic status, crowded living 
conditions, several children sleeping in one bed, large 
number of  siblings and unclean water-all conditions 
common in the developing world[106-110]. Low education 
levels have also been positively associated with H pylori 
infection in several studies[111-113]. Prevalence levels in 
developing countries are therefore associated with the 
circumstances induced by poverty-and are unlikely 
to follow the decreasing trend of  the western world 
without alleviation of  this factor. 

Another marked difference between H pylor i 
infection in developing and western countries is the 
age at acquisition of  the infection. Individuals tend to 
be infected much younger in developing countries than 
in western countries. In many developing countries, 
the prevalence of  infection exceeds 50% by 5 years 
of  age[114]. In a study of  Bangladeshi children, the 
prevalence of  H pylori infection was 42% by 2 years 
of  age. Another study of  Gambian children using the 
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Figure 4  Graph showing number of countries who have introduced 
hepatitis B vaccination programme and global infant three dose vaccine 
coverage (“HepB3”) (reproduced with kind permission of World Health 
Organisation).

Table 1  Estimated H pylori  infection prevalence globally 
(reproduced with kind permission of World Gastroenterology 
Organisation)

Country/region Estimated prevalence of 
H pylori  infection (%)

Mexico, Central/South America 70-90
Africa 70-90
Asia 50-80
Eastern Europe 70
Western Europe 50-30
United States and Canada 30
Australia 20
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diagnostic 13C-urea breath test (UBT) found prevalence 
levels of  over 75% in the second year of  life[115] (although 
very young ages may produce false positive results in the 
UBT[116]). Comparative studies in western countries show 
prevalences ranging from 6% in Finland[117], 11% in 
Scotland[118], 13% in Germany[119], and 23% in Italy[120,121].

Epidemiological studies support person-to-person 
transmission, which is likely to be via faecal-oral and 
oral-oral routes[122]. The oral-oral route is supported by 
the finding that pre-mastication of  food (the chewing of  
food by mothers before feeding their babies) is associated 
with increased prevalence of  H pylori in infants[106,123,124]. 
Pre-mastication of  food is a common practice in both 
South-East Asia and Africa. Water sources have also 
been implicated as a potential mode of  transmission, 
possibly through faecal contamination. An early 
Peruvian study showed that children living in households 
with a municipal water supply had a markedly higher risk 
of  H pylori infection compared to those who had access 
to well water[125]. This was supported by findings from 
a study in Bolivia which found that children living in 
families using containers which prevented direct contact 
with this drinking water were significantly less likely to 
have H pylori infection compared to families without 
this container[126]. Iatrogenic transmission through 
contaminated endoscopes has been documented both 
in western and developing countries[127-129], and may be 
a particular problem in those countries where lack of  
resources hinders full disinfection procedures[130]. 

Worldwide, 90% of  duodenal ulcers and up to 70% 
of  gastric ulcers are associated with H pylori infection[100]. 
However, peptic ulcer disease is more likely to be 
reported in western countries, whereas gastric carcinoma 
is the more common disease association in developing 
countries[131] In 1994, the International Agency for 
Research into Cancer designated H pylori as a Class Ⅰ  
Carcinogen[132]. 

It is hypothesized that the global variance in disease 
presentation is related to the age of  acquisition of  H pylori 
infection[101,122,133]. Infections acquired early in childhood, 
as in most developing countries, may cause persistent 
chronic low-grade inflammation which is linked with 
gastric cancer. Conversely, infections acquired later in 
life or in adulthood are associated with a more acute 
inflammatory response and thus ulcer disease.

However, differing incidence rates of  gastric cancer 
globally has led to the description of  the “African 
enigma”: that despite a high prevalence of  H pylori 
infection, this region has a relatively low incidence of  
gastric cancer[114,134]. However, this description has been 
disputed as the average life expectancy on the continent is 
low (51 years in 2006)[6]. Therefore, individuals may die of  
other causes before an age at which gastric cancer would 
become apparent. Indeed, a recent review by Agha et al[135] 
of  endoscopy studies carried out on the continent found 
that H pylori-associated peptic ulcers and gastric cancer 
occurred at similar rates to Western levels.

H pylori infection can have significant sequelae in 
children in developing countries in addition to the long-
term effects of  chronic inflammation. Acute H pylori 

infection induces hypochlorhydria, which can be 
persistent[136-138]. Hypochlorhydria is associated with an 
increased risk of  diarrhoeal diseases, as the gastric acid 
barrier is effective against many enteric pathogens[139,140]. 
Therefore, children infected with H pylori may be more 
likely to suffer from diarrhoeal diseases, both acute and 
persistent[140-143]. In fact, similar findings of  malnutrition 
and decreased growth to those described above for 
diarrhoeal diseases have been shown in children infected 
with H pylori[142,144-146].

Spontaneous remission of  H pylori is rare. For 
symptomatic infections, eradication is usually achieved 
by a course of  antibiotics (typically clarithromycin, 
amoxicillin or metronidazole) combined with a proton-
pump inhibitor[147]. There are other regional guidelines 
which recommend specific combinations, some of  
which are directed towards cost issues[148,149]. However, 
low-cost options may not be as effective as more 
expensive regimes and may necessitate repeat treatment, 
leading to higher costs overall[105]. In addition, although 
eradication may be achievable in western countries 
with a 7 d regime, treatments of  14 d may be required 
in developing countries. A study from Brazil showed 
eradication rates of  only 50% if  therapy was less than  
10 d[150]. Subsequently, a meta-analysis showed a 12% 
higher eradication rate for 14 d versus 7 d regimes[151]. 
This must be balanced against the likelihood of  patient 
compliance to a complex regime of  drugs for 2 wk.

Unfortunately, eradication has been increasingly 
affected by antibiotic resistance levels worldwide. Many 
antibiotics are available “over the counter” in developing 
countries, i.e. not subject to prescription from a doctor. 
Metronidazole is also used to treat common enteric 
infections such as amoebiasis and giardiasis: often 
empirically. Metronidazole resistance is an increasing 
problem worldwide, although may not affect eradication 
as much as clarithromycin resistance[114,147]. Antibiotic 
resistance is the main reason for treatment failure. If  
sensitivity testing is available, this should guide choices 
for local first-choice and rescue therapy[105,147]. 

Re-infection rates after eradication can be as low 
as 1% in western countries[114]. Given the much greater 
prevalence of  H pylori infection in developing countries, 
it is not surprising that re-infection rates there are also 
markedly higher. Studies from Chile and Bangladesh 
have found re-infection rates of  around 13%[152,153]. It 
was difficult, however, to distinguish re-infection from 
recrudescence in these studies[114].

These issues highlight the need for a vaccine against 
H pylori. As for HBV, there is a need for both preventative 
and therapeutic vaccines, with the preventative vaccine 
used primarily on young children in high prevalence 
areas. Rupnow et al[154] modelled the population impact 
of  a prophylactic vaccine. For a typical developing 
country, they found that with continuous vaccination, 
H pylori-attributable gastric cancer would decrease 
from 31.8 per 100 000 to 5.8 per 100 000 by 2100. 
Unfortunately, the current status of  H pylori vaccines is 
disappointing. A number of  trials have been conducted 
examining the safety and immunogenicity of  various 
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formulations including recombinant urease, killed whole 
cells, and live vectors expressing H pylori antigens[155]. 
However, the vast majority of  these showed low 
immunogenicity. Further research is needed to elucidate 
the mechanism of  immune protection and the role of  
adjuvants. 

In conclusion, H pylori infection is recognised 
as a significant public health problem in developing 
countries. Both antibiotic resistance and re-infection 
rates threaten the efficacy of  existing eradication therapy. 
Definitive treatment in the form of  both prophylactic 
and therapeutic vaccines is urgently needed in order 
to alleviate the burden of  disease associated with this 
bacterium. 

DELIVERY OF CLINICAL SERVICES IN 
DEVELOPING COUNTRIES
The first part of  this review described three major 
gastroenterological diseases in the developing world: 
diarrhoeal disease, hepatitis B, and H pylori. Given 
this burden of  gastroenterological disease, specialists 
in gastroenterology and hepatology are particularly 
important in developing countries. However, as in most 
specialities, there is a shortage of  trainees. 

Mass education and vaccination programmes against 
diarrhoeal infections, HBV, and potentially H pylori, all 
require immense resources for delivery. Dissemination 
of  the ORT message requires health workers trained 
in education and prepared to work in remote areas. 
The consequences of  HBV and H pylori infection are 
optimally treated by specialist referral and endoscopy 
services. However, one of  the most limiting factors in 
the delivery of  clinical services in developing countries is 
the severe lack of  trained healthcare personnel. 

Health workers
WHO estimates that there is a global shortage of  
4.3 million healthcare workers. Africa alone needs an 
estimated 1.5 million more health workers in order to 
provide just basic health services[156]. For many years, 
the strengthening of  national health systems and 
training of  personnel have not been included as part of  
international aid programmes[157]. Staff  have been mainly 
trained intensively for a particular programme’s focus, 
with little integration into a comprehensive national 
system of  health workers.

The result is an uneven distribution of  health workers, 
inverse to the world’s health needs. The Americas, 
including Canada and the United States, have 10% of  
the global burden of  disease, yet almost 37% of  the 
world’s health workers. Sub-Saharan Africa, conversely, 
has more than 24% of  the disease burden, yet has only 
3% of  health workers and less than 1% of  the world’s  
financial resources[156]. Ethiopia, for example, has two 
doctors per 100 000 population. The UK has more than 
230 per 100 000[2] (Figure 5[156]). Fifty-seven countries are 
estimated to have critical shortages of  health workers: 36 
in sub-Saharan Africa[156].

There is also a great imbalance within countries. 
Many hospitals and medical centres are centred in urban 
areas, whilst populations of  many developing countries 
are still predominantly rural. In both developing and 
western countries, highly skilled workers can resist 
rural postings, as there is a higher quality of  life and 
opportunity for money in the urban areas [157,158]. In 
Malawi, 85% of  the population live in rural areas[2]. 
However, out of  Malawi’s 156 public sector doctors, 81 
are working in central hospitals[159,160]. This leaves many 
districts without any doctors at all. 

There is a general perception that economic 
migration by skilled health professionals is the main 
cause of  the global shortage. There has been debate 
in western countries over the ethics of  wealthy, more 
developed countries with a relative density of  health 
workers accepting highly skilled medical migrants from 
countries with a severe need and valuable investment in 
their initial training[161]. It is estimated that the UK has 
saved some £65 million in training costs between 1998 
and 2002 by recruiting Ghanaian doctors[162], whilst 
Ghana has lost £35 million of  its training investment 
to the UK. However, although migration certainly 
plays a part, it is not the major factor. If  Ethiopia had 
all the doctors it had trained over the last 30 years, 
there would still only be approximately ten doctors per 
100 000 population[157]. The total number of  African-
born doctors and nurses working in Organisation for 
Economic Co-operative and Development countries 
account for less than 12% of  the estimated shortages in 
Africa[163]. (While migration may not account for overall 
shortages in medical manpower its effects appear to be 
especially felt among highly trained specialists. In some 
developing countries almost 100% of  specialists leave 
the country; most never to return).

There are not enough healthcare professionals being 
trained in developing countries to sustain the needs of  
the population. Ethiopia produces about 200 doctors 
per year for 75 million population[164]. The UK produces 
6000 per year for 60 million people. Two thirds of  
Sub-Saharan African countries have only one medical 
school, whilst some still have none[165]. This inadequate 
production of  health professionals, combined with 
the accumulative effects of  migration and losses due 

Figure 5  Geographical distribution of countries with a critical shortage of 
health service providers (doctors, nurses and midwives) (reproduced with 
kind permission of World Health Organisation).

Countries with critical shortage              Countries without critical shortage

Data source: (3)
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to the HIV/AIDS epidemic (44 Malawian nurses died 
in 1999-44% of  the annual number trained)[166] have 
resulted in the severe shortages seen today.

There are several reasons for this low production 
rate of  health workers. Foremost of  these, inevitably, 
is funding. WHO estimates that it would cost $26.4 
billion dollars to train the extra 1.5 million health 
workers needed for the African region, not including 
provision for future salary costs[156]. Any extra training 
or production of  healthcare workers would require 
great motivation by donor agencies and governments to 
provide sustainable funding. Firstly, there is a high rate 
of  student and teacher attrition. Students often find it 
difficult to find sufficient funding for tuition fees, even 
with government subsidies. Students who have received 
poorer quality secondary education may struggle with a 
medical course, and there is often little support available. 
Health worker shortages inevitably affect teacher 
numbers, with remaining lecturers shouldering an 
increased workload[157].

Once qualified, new graduates are faced with difficult 
working conditions. Lack of  resources can lead to poor 
job satisfaction and high levels of  HIV seropositivity 
make practical procedures hazardous[156,158]. There has 
also been a tendency to focus on pre-service training 
to produce health workers, compared to postgraduate 
education. Opportunities for specialisation and career 
progression are few[167]. For example, in Malawi, only 
5% of  medical specialists and 8% of  paediatric posts 
are filled[159,160]. Salaries which are not adequate to 
cover living costs make posts in western countries very 
appealing. In 2004, a junior doctor in Malawi earned 
approximately £1900 per annum[160]. Basic annual pay for 
a pre-registration house officer in the UK is £21 000[168]. 
Indeed, there may be strong family pressures to take a 
job overseas and provide valuable remittances for those 
who remain in the country. Some countries have actively 
embraced health worker migration as a source of  
revenue. The Philippines operates a managed migration 
policy and is now the largest provider of  registered 
nurses working overseas[158]. However, 30 000 nurse posts 
are currently unfilled in the Philippines[158].

The consequences of  all these factors on a medical 
specialty are amply illustrated by the situation in 
gastroenterology. The world-wide burden of  digestive 
illness is tremendous; for example, digestive cancers, 
collectively, are the most common malignant diseases. 
Furthermore, while infectious diseases, as illustrated 
in the first section, represent a major and persisting 
chal lenge for developing nat ions, urbanizat ion 
and westernizat ion now threaten to inf l ic t the 
gastroenterological problems of  the West, such as 
those related to obesity[169] on these already underserved 
populations. In addition, in certain developing countries 
prevalence rates for gastroenterological disorders which 
are very rare in the West, such as gall bladder and biliary 
cancer, are high and a public health issue. Yet many 
African countries possess not a single gastroenterologist. 
Though some would argue that more basic medical 
care should be the priority in these countries, the 

World Gastroenterology Organisation (WGO) would 
counter that to deprive these countries of  the expertise 
that specialists and sub-specialists can provide is 
condescending, to say the least. If  nothing else, such 
expertise is needed to assist in health care provision 
planning. It should come as no surprise, therefore, that 
the many advances in the field of  gastroenterology which 
have so dramatically advanced patient care and improved 
mortality and morbidity in the West, have not been 
evenly bestowed on the world’s population; some areas 
of  our planet have barely felt the impact of  advances 
in diagnostics and therapeutics. A very striking example 
is provided by the failure of  the laparoscopic era which 
has so revolutionized digestive surgery elsewhere to even 
dawn in many African countries. Lack of  resources is 
certainly a factor but lack of  skilled personnel is also 
contributory. Similarly, in many African countries none 
save for the most privileged have access to diagnostic 
services, such as endoscopy and ultrasound, that would 
be deemed routine elsewhere.

More global attention has been paid to the issue of  
health worker shortages over the last few years. The 
World Health Report in 2006[156] was dedicated to the 
health worker crisis. The Global Workforce Alliance, 
which is hosted by WHO, was set up later in 2006 in 
order to collate and implement effective strategies to 
tackle the shortages. In 2008, the first Global Forum on 
Human Resources for Health was held in Uganda.

Given the urgency of  the problem, there is a 
consensus that innovative solutions are needed rather 
than simply increasing the number of  medical training 
places. One approach, which has been successful in 
several developing countries, has been to shift away 
from a western-style distribution of  health workers. 
Low- and medium-level workers, such as community 
workers and nursing auxiliaries, can be more appropriate 
for the needs of  the population rather than dependence 
on high-level workers such as doctors and nurses[157]. 
Not only is there a greatly reduced training time for 
these lower-level workers, but more workers can be 
produced for the same training investment and salary 
costs are lower. In addition, these workers do not have 
internationally recognised qualifications, and therefore 
are less likely to emigrate[157,158]. Although high-level 
workers are still needed for supervision, some countries 
have had great success in achieving basic health coverage 
with community workers. 

In 1994, Pakistan created the Lady Health Worker 
(LHW) cadre , a im ing to t r a in 100  000 f ema le 
community health workers by 2005[157]. These workers 
are recommended by their community, usually in rural 
and urban slum areas, and are trained for 15 mo in 
the prevention and treatment of  common illnesses. 
An evaluation of  the scheme in 2002 found that 
populations served by a LHW are more likely to adopt 
antenatal care, receive medical assistance at birth, and 
use family planning services[170]. In Malawi, there is a 
high rate of  trauma associated with farming and road 
traffic accidents, but only nine orthopaedic surgeons[171]. 
Orthopaedic clinical officers (OCO) are specifically 
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trained over 18 mo to be able to fulfil most of  the 
orthopaedic roles required in rural district hospitals, 
including the conservative management of  fractures and 
dislocations, and some external fixation methods. Since 
the programme began in 1985, it has trained 117 OCOs, 
who now manage an estimated 80% to 90% of  the 
orthopaedic workload in Malawi[171]. Indeed, a reliance 
on western-style models of  health workforces has meant 
that in sub-Saharan Africa low and mid-level workers 
make up only 7% of  the workforce, compared to around 
20% in Brazil and Iran[172].

It has also been commented that western models of  
medical curricula may not be appropriate for countries 
with an urgent need for health workers. A 5-year 
course with a strong focus on basic sciences may be 
a luxury in developing countries with high levels of  
communicable diseases and limited resources. The St 
Paul’s Millennium Medical School in Ethiopia was set 
up by the government as part of  its aim to increase the 
national production of  doctors to 1000 per year[157]. 
Here, the curriculum has been cut down from 5.5 to  
3.5 years, with an emphasis on practical skills, in order to 
better prepare graduates for their 5 years service in rural 
hospitals (Professor Gordon Williams, Dean of  St Paul’s, 
personal communication).

Internationally, there have been several bilateral 
agreements which aim to promote ethical recruitment 
in response to criticism of  western countries’ active 
recruitment of  foreign health workers. The UK-South 
Africa Memorandum of  Understanding was signed in 
2003 and aims to decrease the efflux of  South African 
health workers through efforts to offer time-limited 
placements as alternatives and to promote UK self-
sufficiency[173]. Norway is also developing a policy which 
will invest in health worker development projects, whilst 
increasing the number of  national training places to 
encourage self-sufficiency[173]. Changes under the new 
UK career progression scheme Modernising Medical 
Careers is also likely to have an effect on international 
recruitment. For all training posts, UK graduates and 
those from the European Economic Area are prioritised 
over international medical graduates[174]. Although 
prompted by efforts to improve NHS stability and 
secure training places for all UK graduates rather than 
ethical concerns, this policy is likely to decrease the 
attractiveness of  the UK medical job market abroad.

If  health workers increasingly remain in their home 
country, further training must be made available in 
order to provide adequate numbers of  specialists and 
promote more advanced skills. For gastroenterology 
specialist training, the main advocate is the WGO. The 
current objectives of  WGO are enshrined in its mission 
statement: “to promote, to the general public and health 
care professionals alike, an awareness of  the world 
wide prevalence and optimal care of  digestive disorders 
through the provision of  high quality, accessible and 
independent education and training”, which signals the 
commitment of  WGO to address two challenges: firstly, 
providing the gastroenterologist of  the future with an 
optimal training and, secondly, and most pertinent to this 

review, bringing the benefits of  digestive health care to 
those who currently struggle or, indeed, fail to achieve 
access to it. The primary emphasis of  WGO, therefore, is 
on education and training; these objectives are achieved 
through three distinctive, though closely inter-related, 
programmes: Training Centres, Train-the-Trainers, and 
Global Guidelines (described later in review). 

Training Centres most directly address the issue of  
training specialists in gastroenterology or individuals 
with additional expertise in gastroenterology to serve 
previously underserved areas. Each centre represents a 
direct collaboration between local experts, international 
faculty and several national and regional societies from 
Europe and North America to deliver regionally relevant 
training to those who have limited, or in some cases, no 
access to such opportunities. Our centres in South Africa, 
Morocco, Egypt, Bolivia, Pakistan, Thailand, Mexico City 
and Fiji (Figure 6) provide training of  variable duration 
to several hundred young and aspiring gastroenterologists 
and digestive surgeons from underserved nations in their 
region. In some of  these instances, such as in the centres 
in Soweto and Suva, the focus is on providing training 
opportunities to young doctors from areas where little 
or no gastroenterological expertise exists (in these cases 
Sub-Saharan Africa and Oceania, respectively). More 
recently, WGO has established partnerships with centres 
in Italy, Chile, Argentina, and Brazil to provide more 
advanced training opportunities to the young doctor who 
has already completed basic training. 

Activities at these training centres are supported 
by other linked WGO programmes. Train-the-Trainers 
courses are uniquely devoted to bringing the very latest 
in educational techniques to those who will train the 
gastroenterologists of  the future, including those who 
teach and train at our Training Centres. These networks 
should be accessible to all who seek to train in our 
specialty, thereby, ensuring the highest standards of  care 
for those who suffer from digestive disorders through 
the world. 

Clinical services
The limiting effect of  the shortage of  trained health 
workers and specialists can be seen in the central clinical 
service of  gastroenterology: endoscopy. 

In western countries, endoscopy services have 

Mexico City, Mexico

Bogota, Colombia

La Paz, Bolivia

Santiago, Chile La Plata, Argentina
Soweto, South Africa

Suva, Fiji

Bangkok, Thailand

Karachi, Pakistan
Cairo, Egypt

Roma, Italy
Rabat, Morocco

Figure 6  Map showing location of World Gastroenterology Training 
Centres worldwide (reproduced with kind permission of World 
Gastroenterology Organisation).
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become such a routine procedure that facilities are 
readily available, even in some primary care centers. 
However, in developing countries, services are only 
available in so-called “centers of  excellence” and are 
rudimentary in most circumstances. They often comprise 
of  direct viewing fibre-optic endoscopes only and are 
mostly restricted to diagnostic gastroscopies. 

This difference is not surprising due to the numerous 
challenges posed by establishing endoscopy units, 
including training needs, adequate disinfection facilities 
and equipment. There is also a lack of  awareness 
amongst most healthcare professionals of  the usefulness 
of  therapeutic endoscopy.

While the overall picture looks bleak, there have been 
some attempts by developing country gastroenterologists 
to establish endoscopy services. Variceal haemorrhage 
from portal hypertension is associated with high 
mortality in most West African countries, due to the lack 
of  endoscopic banding facilities[175]. The Endoscopy 
Unit at Jos University Teaching Hospital in Nigeria has 
recently started to perform oesophageal variceal banding 
and injection sclerotherapy. It costs approximately 
$300 USD for a single use variceal band ligator, which 
is vastly prohibitive for most developing country 
workers. Therefore, the gastroenterologists working at 
the Endoscopy Unit have modified the normal variceal 
banding technique by cutting size 14 Foley urethral 
catheters to size and reloading these on previously used 
Opti-vu caps (Figure 7). Although not optimal practice, 
this has reduced the cost to only $30 per session. The 
modified technique has allowed much greater uptake 
of  the procedure, with improved clinical outcomes. If  
such interventions become widespread nationally, it 
has the potential to markedly improve the prognosis in 
complications of  end-stage liver disease, which currently 
carries a significantly burden in Nigeria.

The training programme for Nigerian gastroenter-
ologists in endoscopic therapies has been bolstered by 
Royal College of  Physicians educational bursaries, which 
have allowed visits to the UK and reciprocal visits to 
Nigeria. The Tropical Health and Education Trust also 
provides training for frontline health workers in the 

poorest settings, and develops the institutional capacity 
of  local health institutions. This is achieved by focusing 
on the goals of  local health care specialists in individual 
hospitals, clinics and primary health care projects and 
offering specialist support and training from UK-based 
health professionals on a one-to-one basis. Finally, the 
World Organization of  Digestive Endoscopy has set 
up training centres in Cairo, Egypt and Soweto, South 
Africa with the aim of  improving the management of  
gastrointestinal disorders in sub Saharan Africa.

It is evident that effective clinical services can exist in 
developing countries despite being tailored to available 
resources. Difficulty in adhering to western-defined 
standards should not necessarily inhibit medical action 
with benefit to the population.

Guidelines and cascades
Numerous guidel ines are produced annual ly by 
prestigious medical bodies. The vast majority of  these 
outline “gold standard” practice and are aimed at 
physicians in resource-rich environments. As such, they 
are inaccessible and irrelevant for many clinicians in 
developing countries. As in the case of  endoscopy above, 
many clinicians in developing countries have to “make 
do” with available resources: in full knowledge that 
this falls below the gold standard. However, by failing 
to acknowledge this situation and providing the “next-
best option”, western guidelines may be preventing the 
dissemination of  knowledge and evidence to its full 
global audience[176-179].

In order to make guidelines more applicable to 
differing resource environments, the concept of  
“cascades” have been developed[177,180]. A cascade is a 
collection of  related diagnostic and treatment options 
arranged hierarchically in terms of  conditions and 
available resources. Whilst guidelines should continue to 
summarise best known practice, they could also include 
alternatives for clinicians with limited funding. These 
alternatives are usually on the basis of  cost, but could 
also take account of  local availability, technology, and 
infrastructure. Cascades can range from a simple list of  
options (Table 2) to more complex parallel diagnostic 
and treatment pathways (Figure 8). In this way, they 
transform guidelines from being “resource-blind” to 
“resource-sensitive”. Inevitably, cascades are more heavily 
based on empirical evidence than gold standard options. 
Research funding is usually spent on trying to improve on 
best practice-rather than the practicalities of  delivery in 
developing countries. However, with strong involvement 
from experienced clinicians in developing countries, a 
consensus is usually reached. More widespread use of  
cascades in guidelines may also motivate research into the 
best options for resource-limited services. 

Several organizations are now using cascades regularly 
in their work. The WGO is aiming to include cascades 
in all of  its new guidelines, and has so far published 
on H pylori, acute diarrhoea, treatment of  oesophageal 
varices, colorectal cancer, and hepatitis B[105,181-184]. To aid 
dissemination, most WGO guidelines are available in at 

Figure 7  Cut Foley urethral catheter reloaded unto the Opti-vu cap for 
variceal band ligation at the Endoscopy Unit of Jos University Teaching 
Hospital, Nigeria.
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least four languages; downloads of  non-English versions 
now account for more than 50% of  website traffic. The 
Asian Pacific Consensus on the msanagement of  H pylori  
was an early piece of  work produced in response to 
the need for regional guidelines which took account 
of  resource limitations[149]. A programme which uses 
cascades in response to the urgent need for improved 
early detection and basic treatment of  breast cancer 
in developing countries is the Breast Health Global 
Initiative [185,186]. This is an international alliance of  
health organizations, government agencies, and leading 
clinicians, which recognises the inflexibility of  western-
developed screening programmes and aims to produce 
evidence-based and economically feasible guidelines for 
medium and low resource regions. 

CONCLUSION
The first part of  this review has described the disparity 
between developing and developed countries for three 
prominent public health problems: diarrhoeal diseases, 
hepatitis B, and H pylori. In this second section, we have 
considered some of  the major obstacles developing 
countries face in the delivery of  gastroenterological 
services. Increased investment into health workers 
worldwide is long overdue. Using endoscopy as an 

example, some of  the current difficulties in clinical 
services implementation in developing countries were 
highlighted. Finally, guidelines which acknowledge and 
adapt to the reality of  resource limitations would greatly 
improve information delivery worldwide.

Ultimately, however, perhaps the most important 
factor needed to improve healthcare in developing 
countries is the alleviation of  poverty. A report in 
2001 from the Commission on Macroeconomics and 
Health[187] showed a negative correlation between the 
infant mortality rate of  a country and the rate of  growth 
of  their gross domestic product-the lower the mortality 
rate, the faster the growth of  the economy. An improved 
economy would allow more investment in sanitation, 
housing, water quality: all factors which would effectively 
reduce the prevalence of  the diseases discussed above. 
Until then, however, we must increase recognition of  the 
varying situations facing gastroenterological colleagues 
worldwide.
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Abstract
CD74 is a protein whose init ial role in antigen 
presentation was recognized two decades ago. Recent 
studies have revealed that it has additional functions 
as a receptor for macrophage migration inhibitory 
factor and as a receptor for an important human 
pathogen, Helicobacter pylori  (H pylori ). The role of 
CD74 as a receptor is important because after binding 
of migration inhibitory factor or H pylori , NF-kB and 
Erk1/2 activation occurs, along with the induction 
of proinflammatory cytokine secretion. This review 
provides an up-to-date account of the functions of 
CD74 and how it might be involved in inflammation 
and cancer within the gastrointestinal tract. 
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INTRODUCTION
CD74, also known as the invariant chain or Ii, is 
a non-polymorphic glycoprotein that has diverse 
immunological functions. The most well-known function 
of  CD74 is regulating the trafficking of  class Ⅱ major 
histocompatibility complex (MHC) proteins in antigen 
presenting cells. More recently, CD74 expression has 
been examined in cell types other than antigen presenting 
cells (APCs), such as epithelial cells[1]. Some studies also 
suggest that CD74 might be expressed independently 
of  class Ⅱ MHC, indicating additional functions[2]. 
Various studies have indicated that CD74 is highly 
expressed in inflammatory disorders and cancers. It also 
acts as a receptor for macrophage migration inhibitory 
factor (MIF) and facilitates adhesion of  Helicobacter 
pylori (H pylori) to gastric epithelial cells (GECs)[3,4]. 
CD74 expression is increased during H pylori infection, 
chronic inflammatory conditions of  the gastrointestinal 
(GI) tract, and gastric and colon cancers. One critical 
function it has in carcinogenesis is to act as an accessory 
signaling molecule for cell proliferation. This molecule 
is particularly important in the complex immunological 
mechanisms of  the gastrointestinal tract and in the link 
between chronic inflammation and carcinogenesis in the 
GI tract.

THE ROLE OF CD74 IN ANTIGEN 
PRESENTATION 
CD74 was initially characterized for its role in regulating 
class Ⅱ MHC folding and intracellular sorting and has 
been studied in most detail in APCs. Newly  synthesized 
CD74 self-assembles as a trimer and this trimer serves as 
a scaffold onto which class Ⅱ MHC molecules assemble. 
CD74 blocks the peptide binding cleft of  class Ⅱ MHC 
and prevents premature binding of  antigenic peptides. 
Upon endocytosis of  antigens, CD74 directs the class 
Ⅱ MHC complex to the endosomal pathway using 
two di-leucine-based signals[5]. Within an endosomal 
compartment CD74 is digested, leaving just one residual 
peptide, CLIP (amino acids 91-99), blocking the peptide 
binding cleft of  class Ⅱ MHC. A class Ⅱ MHC-like 
molecule, HLA-DM, then binds to the class Ⅱ MHC and 
CLIP is released leaving the peptide binding cleft open for 
antigenic peptide binding. Class Ⅱ MHC molecules with 
bound peptides are then exported to the surface of  the 
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antigen presenting cell (APC) for presentation of  foreign 
peptides to T cells. CD74 plays a crucial role in antigen 
presentation, as class Ⅱ MHC processing and regulation 
cannot properly occur in the absence of  CD74.

In addition to APCs, other cells of  the gastrointestinal 
tract, such as epithelial cells, express class Ⅱ MHC 
proteins and CD74 and act as APCs, which is an unusual 
trait of  the GI tract. We have previously shown that 
gastric epithelial cells express class Ⅱ MHC proteins and 
are capable of  processing antigens for presentation to T 
cells[6,7]. Expression of  class Ⅱ MHC and the potential for 
antigen presentation have also been shown in intestinal 
epithelial cells. In one elaborate study by Hershberg et al, 
the trafficking of  these molecules in epithelial cells was 
followed in a polarized manner outlining a functional 
system for antigen presentation[8]. Another important 
group of  cells that express class Ⅱ MHC proteins are 
the subepithelial intestinal myofibroblasts (IMF)[9,10]. 
These cells are α-smooth actin positive stromal cells that 
exist in the lamina propria of  the gut[11]. They also act 
as antigen presenting cells and play an important role in 
inflammatory diseases and carcinogenesis by releasing 
cytokines and growth factors and interacting with the 
immune cells of  the lamina propria.

In conventional APCs, CD74 surface expression is 
low as CD74 is proteolytically removed in endosomes, 
as we and others[12,13] have shown. However, gastric 
epithelial cells express readily detectable levels of  CD74 
on the surface. When we examined human gastric 
biopsy sections by immunohistochemistry for epithelial 
expression of  CD74, gastric biopsy samples from 44 
random patients stained with anti-CD74 monoclonal 
antibodies (mAb) showed the expression of  CD74 in the 
epithelium. In the samples that were positive for H pylori 
or had gastritis, CD74 staining was heavily increased[14]. 
This was corroborated by confocal microscopy studies 
of  gastric epithelial cells grown as a polarized monolayer 
where expression was higher on the apical side of  the 
cells[1]. 

CD74 ISOFORMS
CD74 is post-translationally glycosylated and exists in 
different isoforms. As evidence for this, our previous 
studies showed proteins with different mobilities when 
immunoprecipitated and subjected to gel electrophoresis[1]. 
After chemical deglycosylation, only the isoforms that 
result from alternative translation initiation or splicing 
were observed. The most common isoform is 33 kDa 
(p33), but p35, p41 and p43 isoforms also exist[15]. The 
p35 isoform contains a longer cytoplasmic tail due to 
the use of  an alternative translation initiation site, while 
the p41 isoform results from alternative splicing, and 
p43 has both. Both the p33 and p35 isoforms appear to 
function in regulating class Ⅱ MHC antigen presentation. 
However, the p41 isoform might also play an important 
role in T cell selection in the thymus[16]. An important 
posttranslational modification of  CD74 commonly 
seen is the addition of  a glycosaminoglycan side chain, 
chondroitin sulfate. This isoform has been reported to act 

as an accessory protein during T cell activation through 
interaction with CD44 on T cells[17].

CD74 AS A RECEPTOR
CD74 has begun to emerge as a more versatile molecule 
beyond its well-known function of  regulating class Ⅱ 
MHC trafficking. Multiple studies have revealed that cell 
surface expression of  CD74 is not always dependent on 
class Ⅱ MHC[2,18]. This was found to be true in studies 
of  colorectal mucosa and different types of  lymphocytes 
by immunohistochemistry, immunoprecipitation, and 
a mutant cell line that did not express class Ⅱ MHC 
products. The expression of  cell surface CD74 in the 
absence of  class Ⅱ MHC suggests alternative functions 
for CD74 apart from antigen presentation.

CD74 as a cytokine receptor
Recently, CD74 has emerged as an integral component 
of  a receptor complex for macrophage MIF[3]. MIF is 
a versatile cytokine-like molecule that mediates both 
innate and adaptive immunity, plays a role in chronic 
inflammation, and has also been linked to carcinogenesis. 
MIF is expressed by the GI tract during inflammatory 
conditions, H pylori infection, and cancers, suggesting 
the importance of  this interaction[19-21]. H pylori utilizes a 
type Ⅳ secretion system to inject the CagA protein into 
GECs, which we have shown induces MIF production[19] 
(Figure 1). CagA has also been shown to induce NF-
κB activation and IL-8 production[22]. This protein 
is not only important in inflammation by increasing 
proinflammatory cytokine production, such as IL-8, 
but is also associated with gastric cancer[23]. The current 
model of  this receptor complex suggests that CD44 is 
required in order for MIF to induce signaling events[24]. 
This model might require the chondroitin sulfate 
modified isoform of  CD74, since CD44 has been shown 
to bind only to this isoform thus far.

Another study has suggested that CD74 complexes 
with CXCR2, an interleukin-8 (IL-8) receptor, which is 
commonly expressed on macrophages and functions 
to recruit leukocytes to sites of  infection[25]. CXCR2 is 
also expressed by the gastric epithelium[26]. Since gastric 
epithelial cells are central players in the inflammatory re-
sponse, IL-8 may act via the gastric epithelium in various 
processes associated with gastric inflammation linked 
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Figure 1  H pylori induces 
MIF and IL-8 production by 
injecting CagA into GECs via 
a type Ⅳ secretion system.

2856     ISSN 1007-9327      CN 14-1219/R     World J Gastroenterol      June 21, 2009     Volume 15     Number 23



to H pylori infection. The role of  CXCR2 on the CD74 
receptor complex has only recently been suggested and 
should be further investigated.

CD74 as a bacterial receptor
CD74 is an interesting example of  a host cell receptor 
usurped by a pathogen because H pylori uses it to adhere to 
gastric epithelial cells (GECs). H pylori is a gram-negative 
spiral bacterium that colonizes the human gastroduodenal 
mucosa. Infection with H pylori usually begins in 
childhood and persists for decades if  untreated. H pylori 
is recognized as a major contributor to chronic gastritis 
and peptic ulcer formation and is strongly associated with 
gastric carcinoma and lymphoma[27,28]. Due to the strength 
of  the evidence supporting an association between 
adenocarcinomas of  the gastric mucosa and H pylori 
infection, H pylori was classified as a class Ⅰ carcinogen 
by the International Agency for Research on Cancer 
in affiliation with the World Health Organization[29]. 
Gastric cancer remains among the most common forms 
of  cancer and is the second deadliest cancer worldwide. 
Gastric cancer accounts for approximately 700 000 deaths 
annually worldwide and in the US there are 24 000 new 
cases and 14 000 deaths annually[30]. The prevalence rates 
of  H pylori seropositivity and the incidence of  gastric 
cancer are highly associated within several populations 
from various countries. For instance, seropositivity can 
be as high as 80%-100% in some age groups in some 
countries or in minorities with lower incomes in the 
United States[31]. These groups have the highest risk of  
developing gastric cancer and/or gastric ulcers. Thus,  
H pylori-associated diseases represent a significant 
global and domestic problem and result in considerable 
morbidity, mortality, and societal costs.

H pylori adhesion to the gastric epithelium is important 
in successful colonization of  the gastric mucosa. Adherent 
strains survive in the gastric mucosa, reach high bacterial 
densities, and can re-colonize, whereas non-adherent 
strains are cleared[32]. These observations support the 
notion that adhesion is essential in H pylori persistence 
and disease induction. An assortment of  molecules 
on epithelial cells have been proposed as receptors for  
H pylori adherence including carbohydrate moieties [such 
as Lewisb (Leb) blood group antigen and sialyl-dimeric-
Lewisx (Lex)], lysophospholipid, and other structures[33-35]. 
Our studies have indicated that H pylori also utilizes CD74 
to attach to gastric epithelial cells (GEC)[4]. The binding of   
H pylori to CD74 on gastric epithelial cells was confirmed 
by a series of  independent approaches. For instance, 
blocking of  CD74 with antibodies significantly reduced 
the binding of  H pylori to gastric epithelial cells. 
Immunoprecipitation revealed that H pylori predominantly 
binds to the 33 kDa isoform of  CD74, but further 
investigation is needed to test for attachment to the CS 
modified isoform. As H pylori has been reported to bind to 
various glycoconjugates, including glycosaminoglycans[36], 
this isoform of  CD74 might contribute to the overall 
interaction of  H pylori with the host gastric epithelium. 
We also revealed that urease is the protein on H pylori 
that binds to CD74[37]. This interaction is particularly 

interesting because many bacteria express urease, so the 
possibility exists that there might be wider applications of  
this type of  interaction with CD74 depending on urease 
sequence variation between bacteria.

After adhesion of  H pylori to GEC, the expression 
of  cell surface CD74 is increased[14]. We further showed 
that CD74 expression increases in gastric epithelial 
cells of  infected humans and a recent study confirmed 
that this increase in CD74 expression also occurred in 
a mouse model of  H pylori infection[38]. Upon H pylori 
binding to CD74, NF-κB activation occurs resulting in 
the production of  proinflammatory cytokines, including 
IL-8. IL-8 plays a major role in the proinflammatory 
immune response to H pylori infection, therefore, the 
interaction of  H pylori with the gastric epithelial cells 
might be of  critical importance in the immune response 
to infection.

THE ROLE OF CD74 IN SIGNALING 
EVENTS
The role of  CD74 in signal transduction was initially 
hypothesized when it was found to be phosphorylated 
and associated with proteins that coordinate various 
signal transduction pathways[39-41]. Interestingly, the 
observation that CD74 deficient mice have a defect in 
B cell development that results in decreased levels of  
follicular B cells provided insights into the important 
role of  signals delivered through CD74 in B cell 
development. The cytosolic domain of  CD74 alone 
was noted to induce B cell maturation by activation of  
NF-κB[42]. CD74 appears to promote B cell survival; 
therefore, it has been implicated in B cell neoplasms 
such as gastric mucosa-associated lymphoid tissue 
(MALT) lymphomas associated with H pylori infection. 

Our studies have shown that the interaction of  H pylori  
with CD74 on GECs induces NF-κB activation and IL-8 
production, as shown in Figure 2. MIF has also been 
shown to bind to CD74[3]. One study outlines a role for 
CD44 in CD74 signaling. CD44 was required to initiate 
ERK1 and ERK2 signaling after MIF binding to CD74. 
Cells deficient in CD44 or transfected with truncated 
CD44 were not able to induce ERK signaling[24]. In B 
cells, MIF binding to CD74 led to AKT, Syk, and NF-κB  
activation, and proliferation in a CD44-dependant 
manner[43]. CXCR2 has also been shown to complex with 
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CD74 on monocytes[25]. This study also illustrated that 
MIF bound directly to CXCR2 and induced monocyte 
arrest. This study further showed that MIF might interact 
with CXCR4 on T cells and induce effector T cell arrest. 
However, it is not yet clear how CD44 is involved in the 
complexing of  CD74 with CXCR2 and what signaling 
may be induced through CXCR4 since CXCR2 and 
CXCR4 are G protein-coupled receptors.

Other studies suggest that MIF signaling may 
also occur by non-receptor mediated endocytosis in 
addition to the above described receptors[44]. In this 
proposed mechanism, endocytosed or endogenous MIF 
interacts with the Jun activation domain-binding protein 
(Jab1), which is a transcriptional activator for AP-1[45]. 
Activation of  AP-1 might affect cell cycle events by 
inducing degradation of  the cyclin dependent kinase 
inhibitor, which is a tumor suppresser gene. 

THE ROLE OF CD74 IN GI INFLAMMATION
CD74 is highly expressed in inflammatory disorders. We 
have shown it to be expressed on the gastric epithelium 
and up-regulated during H pylori infection[14]. Others 
have shown expression to be increased in ulcerative 
colitis, where overexpression was shown in DNA 
microarray profiles[46]. Additionally, CD74 is increased 
during inflammation associated cancers, such as gastric 
and colon[47,48]. Concurrently, MIF is highly expressed 
during many inflammatory conditions of  the GI tract. 
We and others have shown that production is increased 
during H pylori infection[19,49]. MIF is also highly expressed 
during inflammatory bowel disorders (IBD), such as 
ulcerative colitis and Crohn’s disease, where it is induced 
by intestinal bacteria[50]. In one study, elevated MIF levels 
were found in Crohn’s disease patients at approximately 
six times higher levels than in healthy controls. Crohn’s  
disease is an inflammatory bowel disorder where the 
immune system attacks part of  the GI tract, and is 
accompanied by chronic inflammation. Also, this group 
went on to study MIF in murine colitis where they found 
colitis to be dependent on continuous MIF production, as 
evidenced by the protection from colitis by MIF-deficient 
mice or blocking MIF with monoclonal antibodies in mice 
with established colitis leading to reduced inflammation. 

MIF or H pylori binding to CD74 induces NF-κB 
and subsequent cellular responses, such as the secretion 
of  proinflammatory cytokines. MIF also increases 
inflammatory responses by overriding glucocortocoid 
suppression of  inflammatory immune responses, including 
cytokines such as IL-1, IL-6, IL-8, and TNF-α[51]. One 
of  the major proinflammatory cytokines produced after 
engagement of  CD74 and receptor complexing is IL-8. 
IL-8 is a chemoattractant for neutrophils to a site of  
inflammation or infection. Upon arrival, they endocytose 
the antigen and form a phagosome in which reactive 
oxygen species and hydrolytic enzymes are released. 
While this process is crucial in fighting infections, it might 
also exacerbate inflammation in H pylori infection and 
inflammatory bowel disease[52-54]. In another study of  
glucocortocoid resistant ulcerative colitis, MIF was found 

to increase IL-8 production through the p38 MAPK 
pathway with isolated lamina propria mononuclear cells 
from patient biopsies[55]. When MIF was blocked with 
monoclonal antibodies after prednisolone treatment, 
activation of  the p38 pathway and IL-8 decreased. 

MIF might also contribute to inflammation by 
regulating Toll Like Receptor 4 (TLR4) expression 
on immune cells. TLR4 engagement by ligands such 
as bacterial LPS leads to proinflammatory cytokine 
production. This mechanism might be especially 
important in IBD, in which intestinal bacteria are a major 
contributor to the induction of  the strong inflammatory 
response. In an in vivo study in mice, TLR4 expression 
in colonic t issue was not seen in MIF knockout 
mice, although it was in wild-type mice[56]. When the 
MIF knockout mice were administered rMIF, TLR4 
expression was restored and further increased in colonic 
mice. In a human study of  macrophages, neutralizing 
MIF or deleting the MIF gene resulted in decreased 
expression of  TLR4 and a decreased response to LPS 
and gram negative bacteria; in broader experiments a 
decreased response to staphylococcal toxic shock and 
septic shock was demonstrated[57]. In addition, these cells 
did not respond well to LPS or gram negative bacteria 
and had a decreased expression of  TLR4. The role of  
this receptor in the inflammation seen during H pylori 
infection is not clear because although H pylori LPS has 
been suggested to induce only weak responses, there 
are some studies suggesting it might contribute to the 
overall immune response to H pylori[58,59].

In addition to the role IL-8 plays in inflammation, we 
have previously shown that IL-8 increases expression of  
CD74 by gastric epithelial cells, both at the cell surface 
and mRNA levels[14] (Figure 3). Similarly, we found 
increased CD74 expression in vivo. Most of  the H pylori 
infected samples and the samples with gastritis for reasons 
other than H pylori infection had much higher expression 
of  CD74 than uninfected samples not exhibiting signs of  
gastritis. Other studies have further shown the expression 
of  CD74 increased in ulcerative colitis and Crohn’s 
Disease[46]. Increased CD74 expression could then go 
on to intensify inflammation by providing more free 
receptors for MIF or H pylori attachment. 

THE ROLE OF CD74 IN GI CANCERS
CD74 has a strong link to carcinogenesis, as does MIF. 
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This ligand/receptor combination might be an important 
link between chronic inflammation and carcinogenesis. 
CD74 expression and MIF production have been shown 
to be increased during H pylori infection and gastric 
cancer[14,47]. High expression has also been noted in colon 
cancer along with highly increased serum concentrations 
of  MIF in patients with colorectal cancers[60,61]. The 
contribution of  CD74 to carcinogenesis is multifaceted. 
High levels of  CD74 expression associated with class 
Ⅱ MHC expression might prevent tumor antigen 
presentation by blocking the peptide binding cleft and 
preventing antigenic peptide binding for presentation to 
T cells, rendering tumors less immunogenic. One study 
suggested this to be the case with colon neoplasms where 
expression was even increased from low to high grade 
neoplasms[48]. Chronic inflammation and IL-8 production 
leads to a prolonged increase in CD74 expression, which 
might not only decrease antigen presentation, but also 
exacerbate IL-8 production upon engagement by MIF or 
H pylori. MIF binding to the CD74 receptor complex also  
promotes proliferation of  epithelial cells[19,62]. Long term 
increased proliferation overtakes natural cell cycle events 
and sets the stage for carcinogenesis.

MIF b ind ing to CD74 might cont r ibu te to 
carcinogenesis in chronic conditions through the up-
regulation of  proinflammatory cytokines, including IL-8, 
which up-regulates CD74 and has its own mechanisms 
leading to increased proliferation, tumor growth, and 
angiogenesis. MIF or IL-8 binding to their receptors on 
epithelial cell surfaces induces the shedding of  EGFR 
ligands in a mellatoprotease-dependent manner, and 
activation of  EGFR through engagement of  these 
ligands[63]. We and others have shown that this pathway is 
activated during H pylori infection[62,64,65]. Additionally, we 
found that EGFR expression is up-regulated in gastric 
epithelial cells during H pylori infection by MIF and IL-8" 
after the word infection. The EGFR is highly expressed 
in various cancers and is involved in pro-inflammatory 
responses and pro-carcinogenic events, including cell 
proliferation, migration, and invasion. Expression 
and activation of  this receptor is well-documented in 
gastric and intestinal cancers[66,67]. One study suggests a 
correlation between EGFR expression on tumor cells, 
proliferation, and prognosis in gastric cancer[68]. Another 
study showed that treatment with antisense RNA for 
EGFR inhibited gastric tumor growth in a mouse 
model[69]. Blocking EGFR or its ligands is being studied in 
order to develop more effective treatments for GI cancers. 

MIF also increases epithelial cell proliferation after 
binding to CD74. One way MIF might affect proliferation 
and cell cycle events is by regulating p53 tumor suppressor. 
Numerous cell cycle and apoptosis genes are controlled 
by p53. We have shown that phosphorylation of  the p53 
is decreased after MIF binding to CD74[19]. Others have 
shown that MIF can interact directly with p53 and prevent 
translocation to the nucleus where it becomes activated 
and acts as a transcription factor for apoptotic genes[70]. 
When p53 is blocked from transport to the nucleus, 
apoptotic pathways are decreased and proliferation 
increases. Suppression of  p53 in macrophages results in 

a more robust inflammatory response, implying a further 
link between p53 and inflammation[71]. 

CONCLUSION
CD74 is a much more versatile molecule than originally 
thought, playing many important roles in the immune 
system. Of  crucial importance is the role it plays in 
class Ⅱ MHC processing and the regulation of  antigen 
presentation. This is important in the GI tract because 
epithelial cells and subepithelial myofibroblasts express 
CD74 and act as antigen presenting cells. Furthermore, 
the expression of  CD74 on the cell surface might in-
crease chronic inflammatory responses important in 
both H pylori infection and IBD. As a receptor for MIF, 
CD74 also plays and crucial role in chronic inflamma-
tion and might represent a major link between chronic 
inflammation and carcinogenesis in gastric and intestinal 
cancers. Development of  therapeutics for cancer involv-
ing blocking CD74 might provide effective treatments 
for GI cancers.
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Abstract
AIM: To observe the protective effect of Radix Astragali  
injection on immune organs (lymph nodes, spleen and 
thymus) of rats with obstructive jaundice (OJ) and its 
mechanism.

METHODS: SD rats were randomly divided into 
sham-operation group, model control group and Radix 
Astragali  treatment group. On days 7, 14, 21 and 28 
after operation, mortality rate of rats, pathological 
changes in immune organs, expression levels of Bax 
and nuclear factor (NF)-κB p65 proteins, apoptosis 
indexes and serum tumor necrosis factor (TNF)-α level 
in spleen and thymus were observed, respectively.

RESULTS: Compared to model control group, the 
number of dead OJ rats in Radix Astragali  treatment 
group decreased (P  > 0.05). The TNF-α level (27.62 
± 12.61 vs  29.55 ± 18.02, 24.61 ± 9.09 vs  31.52 ± 
10.95) on days 7 and 21, the pathological severity 
score for spleen [0.0 (0.0) vs  0.0 (2.0) on days 7 and 
14 and for lymph nodes [0.0 (1.0) vs  1.0 (2.0), 1.0 (0.0) 
vs  2.0 (1.0)] on days 21 and 28, the product staining 
intensity and positive rate of Bax protein in spleen [0.0 
(0.0) vs  1.0 (2.0), 0.0 (1.0) vs  2.0 (1.5) and thymus [0.0 
(0.0) vs  1.0 (2.0), 0.0 (1.0) vs  2.0 (1.5)] on days 14 
and 28, the apoptotic indexes [0.0 (0.0) vs  0.0 (0.01)] 
in spleen and thymus [0.0 (0.0) vs  0.0 (0.01) on days 
14 and 21 were significantly lower in Radix Astragali  
treatment group than in model control group (P  < 
0.05). 

CONCLUSION: Radix Astragal i  has protect ive 
effects on immune organs of OJ rats by relieving the 
pathological changes in immune organs, reducing 
TNF-α level and inhibit ing Bax expression and 
apoptosis in spleen and thymus. 

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Obstructive jaundice (OJ) is a kind of  common clinical 
manifestation. The pathogenesis and treatment of  OJ have 
been a hot topic in medical field for a long time[1-3]. Since 
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systemic inflammatory response syndrome and multiple 
organ dysfunction syndrome were studied in recent years, 
immune function impairment concomitant with OJ has 
gradually attracted wide attention and is considered as a 
cause of  death in OJ patients[4-7]. Therefore, one of  the 
important approaches to treatment of  OJ is to restore the 
functions of  immune organs[8-10]. 

Development and utilization of  traditional Chinese 
medicine have good prospects in therapy for OJ since 
it has a lower cost, more extensive pharmacological 
effects and fewer side effects. Radix Astragali, dried 
root of  Astragalus membranaceus, is sweet in taste with a 
warm property and mainly produced in Inner Mongolia 
Autonomous Region, Shanxi, Gansu and Heilongjiang 
Provinces of  China. The raw Radix Astragali can be 
used to consolidate the exterior of  body. Radix Astragali 
can regulate sweating, warm muscles, strengthen striae, 
invigorate Qi (vital energy), and alleviate heat in muscles 
due to Qi deficiency. Radix Astragali can also be used 
in treatment of  chicken pox or other diseases with 
vesicular-papules due to inadequate “dispersing of  the 
evils”. Radix Astragali invigorates Qi, ascends the Yang-
Qi, protects Qi and consolidates the exterior of  body, 
promotes diuresis, relieves edema (generalized swelling 
of  the body), supports Qi to promote skin wound/
ulcer healing and tissue/muscle regeneration. Astragalus 
injection is made of  extraction from Radix Astragali. 
Since Astragalus injection contains polysaccharide, 
saponin, flavone and trace elements, it has a variety of  
pharmacological effects and increases the immunity 
and protects the liver and kidneys[11-15]. It has been 
shown that cellular immune function decreases in OJ 
rats[16], which can be successfully treated with Astragalus 
injection.

At present, studies about the effects of  Astragalus 
injection on immune organs during OJ are not available. 
This study was to investigate the protective effect of  
Astragalus injection on immune organs of  OJ rats and 
its mechanism. The results may provide an experimental 
basis for its application in clinical practice.

MATERIALS AND METHODS
Materials
Healthy male SD rats of  clean grade, weighing 270-330 g,  
were provided by Laboratory Animal Research Center, 
Zhejiang University of  Traditional Chinese Medicine 
(China). Sodium pentobarbital was purchased from Sigma 
Corporation (USA). Radix Astragali injection (10 mL  
vial contains active components equivalent to 20 g 
of  the original medicine) was purchased from Chiatai 
Qingchunbao Pharmaceutical Co, Ltd (China). Serum 
tumor necrosis factor (TNF)-α ELISA kits were 
purchased from Shanghai Senxiong Technological 
Company (China). Anti-nuclear factor (NF)-κB P65 and 
anti-Bax antibodies were purchased from Santa Cruz 
Biotechnology, Inc (USA). TUNEL assay kits were 
purchased from Takara Bio Inc (Jingdu, Japan).

Animal grouping and preparation of OJ models
One hundred and eighty OJ rats, enrolled in this 

study, were randomly divided into sham-operation 
group, model control group, and treatment group 
(n = 60), which were further subdivided into 7, 14, 
21 and 28 d groups (n = 15) according to the time 
after operation. After the rats were anesthetized with 
intraperitoneal injection of  2.5% sodium pentobarbital 
(0.2 mL/100 g), their abdominal cavity was opened 
to identify and dissociate the common bile duct along 
the hepatoduodenal ligament. The proximal end of  
the common bile duct of  rats in the model control 
and treatment groups was double-ligated with surgical 
threads, the common bile duct was cut off, and a layered 
suture of  the abdominal wall was performed to close 
the abdominal cavity. The common bile duct of  rats 
in the sham-operation group was dissociated but not 
ligated, and a layered suture of  the abdominal wall was 
also performed to close the abdominal cavity. Rats in the 
treatment group received intraperitoneal Radix Astragali 
injection at a dose of  0.75 mL/100 g per day, while 
those in the sham-operation and model control groups 
received an equal volume of  physiological saline solution 
until the end of  7-, 14-, 21- and 28-d observation 
periods in the corresponding groups.

Determination of experimental parameters
Mortal ity rates of  rats in different g roups were 
recorded. Rats were killed after anesthesia with sodium 
pentobarbital in batches, serum was collected to measure 
TNF-α level by ELISA, and pathological changes in 
immune organs (lymph nodes, spleen and thymus) were 
observed. Pathological severity of  immune organs was 
scored according to related standards. Tissues of  spleen, 
thymus and lymph nodes were cut into sections, but 
the sections of  lymph node were not stained. Changes 
in expression levels of  Bax and NF-κB P65 proteins, 
as well as apoptosis index of  spleen and thymus were 
observed, respectively.

Immunohistochemical staining of Bax and NF-κB P65 
proteins in intestinal mucosa
Envision two-step method was used to detect the 
expression levels of  Bax and NF-κB P65 proteins in 
intestinal mucosa. The staining intensity was evaluated 
according to the extent of  cell coloration: “-” represents 
negative staining; “+” represents mild staining with 
positively stained cells showing a yellow pigment; “++” 
represents moderate staining with positively stained 
cells showing a brown pigment; “+++” represents 
intense staining with positively stained cells showing a 
dark brown pigment; (-) indicates no positive cells; (+) 
indicates less than 25% of  positive cells; (++) indicates 
26%-50% of  positive cells; and (+++) indicates over 
50% of  positive cells, each of  which was scored as 0, 1, 
2 and 3 points, respectively.

Detection of apoptotic index in intestinal mucosa with 
TUNEL staining 
DNA nicking in tissue sections was observed with in situ 
end-labeling (TUNEL) staining. In brief, sections were 
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baked at 60℃ for 30 min, deparaffinaged, and washed 
with Milli-Q for 5 min. Tissue was processed with 
protease K (10 μg/μL) at room temperature for 15 min 
and washed with phosphate-buffered saline (PBS) for  
5 min. A 3% H2O2 solution was used to block endogenous 
peroxydase for 5 min, washed twice with PBS, 5 min each 
time. Thirty microliters of  reaction solution at freezing 
condition (TdT enzyme : labeling safe buffer = 1:10) was 
added, incubated at 37℃ for 90 min, and washed twice 
with PBS, 5 min each time. Fifty microliters of  anti-
FITC HRP conjugate was added, incubated at 37℃ for  
30 min, and washed twice with PBS, 5 min each time. 
DAB was colored, washed with Milli-Q, counterstained 
with hematoxyl in, and washed with water after 
differentiation till it became blue. The DAB was routinely 
dehydrated and mounted onto neutral gum. Apoptotic 
index was calculated following the equation: Apoptotic 
index = apoptotic cell count/total cell count × 100%.

Statistical analysis
Data were input into the Excel sheet and read into SPSS 
15.0 for further analysis. Normal data were expressed 
as mean ± SD while abnormal data were expressed as 
median (interquartile range). Analysis of  variance and 
pairwise comparison were used for normal data, whereas 
abnormal data were subjected to non-parametric tests, 
of  which Kruskal-Wallis H test was used for pairwise 
comparison and Mann-Whitney U test was used for 
multiple comparisons. Yates’ χ2 test was used for inter-
group comparisons of  mortality rates.

RESULTS
Comparison of mortality rates
All rats in the sham-operation group were alive after 
operation. Two rats in the model control group and one 
rat in the treatment group died on day 7 after operation. 
Four rats in the model control group and three rats in 
the treatment group died on day 14 after operation. 
Four rats in the model control group and four rats in 
the treatment group died on day 21 after operation. 
Seven rats in the model control group and six rats in 
the treatment group died on day 28 after operation. The 
total mortality rate of  rats in the model control and 
treatment groups on day 28 was significantly higher than 
that of  rats in the sham-operation group (P < 0.001). 
No significant difference was found in mortality rate 
between the model control and treatment groups.

Comparison of serum TNF-α levels
The serum TNF-α level was significantly lower in sham-

operation group than in model control and treatment 
groups at different time points after operation (P < 0.01), 
and was significantly lower in treatment group than in 
model control group on days 7 and 21 after operation 
(P < 0.05, Table 1).

Pathological changes in spleen
In the sham-operation group, the morphology of  spleen 
was normal with no gross pathological changes under 
light microscope.

In the model control group, the size of  spleen 
increased by 1.2-1.5 folds and the texture of  spleen 
became fragile with no change in color on day 7 after 
operation. The spleen became enlarged with a thickness 
of  above 0.6 cm and a deeper color and its texture 
became fragile on day 14 after operation. The spleen 
was 4 cm × 1 cm × 1 cm in size and its texture became 
fragile with a purple black color on days 21 and 28 after 
operation. Under light microscope, the spleen of  all rats 
was grossly normal on day 7 after operation. Fusion, 
enlargement or spotty necrosis of  follicular germinal 
center in the white pulp of  spleen, hyperplasia of  fibrous 
tissue in sinus, and arteriolar sclerosis in spleen of  most 
rats were observed on day 14 after operation. The spleen 
of  few rats was grossly normal. Fusion, enlargement 
or spotty necrosis of  follicular germinal centers in the 
white pulp of  spleen, hyperplasia of  fibrous tissue in 
sinus, and arteriolar sclerosis in spleen of  few rats were 
seen on days 21 and 28 after operation. The spleen of  
some rats was grossly normal (Figure 1A).

In the treatment group, no significant difference was 
found in pathological changes at all time points after 
operation compared to the model control group. Under 
light microscope, no significant difference in pathological 
changes was noted at each time point after operation. 
The spleen of  most rats was grossly normal. Arteriolar 
sclerosis in spleen of  few rats was seen (Figure 1B).

The pathological scoring standards for spleen are 
listed in Table 2. The pathological scores were significantly 
lower for sham-operation group than for model control 
group on day 14 after operation (P < 0.05), and were 
significantly lower for treatment group than for model 
control group on days 7 and 14 after operation (P < 0.05, 
Table 3).

No significant difference was found in product 
staining intensity and in positive rate of  NF-κB protein 
in spleens of  all groups (Table 3).

The product staining intensity and positive rate of  
Bax protein were significantly lower in sham-operation 
and treatment groups than in model control group on 
day 28 after operation (P < 0.05, Table 3).

The apoptosis index was significantly lower in sham-

Table 1  Comparison of serum TNF-α levels in different groups (ng/L, mean ± SD)

Group 7 d 14 d 21 d 28 d

Sham-operation group 12.89 ± 1.63 12.25 ± 3.37 14.21 ± 3.24 15.61 ± 4.84
Model control group    29.55 ± 18.02b  34.10 ± 8.94b    31.52 ± 10.95b    57.66 ± 12.99b

Treatment group      27.62 ± 12.61a,b  27.20 ± 9.34b    24.61 ± 9.09a,b  39.01 ± 9.62b

aP < 0.05 vs model control group; bP < 0.01 vs sham-operation group.
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operation group than in model control group on days 7, 
14 and 28 after operation (P < 0.05), and was significantly 
lower in treatment group than in model control group on 
day 14 after operation (P < 0.05, Table 3). 

Pathological changes in lymph nodes
In sham-operation group, the gross morphology of  
lymph nodes was normal. Under light microscope, 
no significant difference was observed in pathological 
changes at different time points after operation. The 
morphology and structure of  lymph nodes were grossly 
normal. Enlargement of  follicular germinal centers 
and hyperplasia of  sinus cells were seen in few rats  
(Figure 2A).

In model control group, lymph nodes became yellow 
in 50% of  the rats on day 7 after operation, but no 

Figure 1  Pathological changes 
in spleen of model control 
group (A) and treatment group 
(B). A1: 21 d. Spleen (++) (Bax, 
× 200); A2: 28 d. Thickening of 
the wall of small spleen arteries 
as  we l l  as  expans ion  and 
congestion of the red pulp (HE, 
× 200); A3: 28 d. Enlargement of 
spleen sinusoid, hyperplasia of 
cells in the spleen sinus as well 
as inflammatory cell infiltration 
and hemorrhage (HE, × 200); 
A4: 28 d. Enlargement of spleen 
sinusoid and hyperplasia of 
fibrous tissue (HE, × 100); B1: 
21 d. Spleen (+) (Bax, × 200); 
B2: 28 d. Focal necrosis in spleen 
lymphoid follicles (HE, × 100).

A1 A2

A3 A4

B1 B2

Table 2  Pathological severity scoring standards for spleen

Score standards Observation indexes
0 Normal
1 Necrosis of follicle center
2 Blood sinus dilation or arteriolar sclerosis
3 Necrosis of follicle center, blood sinus dilation and 

arteriolar sclerosis

Table 3  Comparison of different pathological indexes for 
spleen,  M (QR)

Index Time (d) Sham-operation 
group

Model control 
group

Treatment 
group

Pathological 
severity score

  7 0.0 (0.0) 0.0 (0.0)  0.0 (0.0)c

14  0.0 (1.0)c 0.0 (2.0)  0.0 (0.0)c

21 0.0 (0.0) 1.0 (2.0) 0.0 (0.0)
28 0.0 (0.0) 0.0 (1.0) 0.0 (0.0)

Product staining 
intensity and 
positive rate 
of Bax

  7  0.0 (0.0)c 1.0 (2.0)  0.5 (1.0)a

14 0.0 (1.0) 1.0 (2.0)  0.0 (0.0)c

21  0.0 (0.0)c 1.0 (2.0) 0.0 (2.0)
28  0.0 (0.0)c 2.0 (1.5)  0.0 (1.0)c

Apoptosis index   7 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
14 0.0 (0.0)   0.0 (0.01)  0.0 (0.0)c

21  0.0 (0.0)c   0.0 (0.01) 0.0 (0.0)
28  0.0 (0.0)c 0.01 (0.02) 0.0 (0.0)

Product staining 
intensity and 
positive rate 
of NF-κB

  7 0.0 (0.0) 0.0 (1.0) 0.0 (0.0)
14 0.0 (1.0) 0.0 (2.0) 0.0 (0.0)
21 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
28 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

aP < 0.05 vs sham-operation group; cP < 0.05 vs model control group.
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changes were found in the texture of  lymph nodes at 
all time points after operation. Under light microscope, 
no significant difference in pathological changes was 
observed at all time points after operation. Enlargement 
of  follicular germinal centers and hyperplasia of  sinus 
cells were seen in most rats and few rats showed no 
obvious pathological changes in lymph nodes with 
spotty necrosis in the mantle zone and germinal centers 
on days 7, 14, 21 and 28 after operation (Figure 2B).

In the treatment group, no significant difference in 
pathological changes was observed at all time points 
after operation compared to the model control group. 
Under light microscope, no obvious difference was 
found in lymph node pathological changes at all time 
points after operation. In most rats, enlargement of  
lymph nodes in germinal centers and hyperplasia of  cells 
in lymph sinus were observed with spotty necrosis of  
lymph nodes in the mantle zone and germinal centers of  
(Figure 2C).

The pathological scoring standards for lymph nodes 
have been described elsewhere[17]. The pathological 
score was significantly lower for sham-operation group 

than for model control group on days 7, 14 and 21 
after operation (P < 0.05). The pathological score was 
significantly lower for sham-operation group than for 
treatment group on day 7 after operation (P < 0.05) and 
was significantly lower for treatment group than for 
model control group on days 21 and 28 after operation 
(P < 0.05, Table 4).

Pathological changes in thymus
In sham-operation group, no significant difference was 
found in thymus pathological changes at all time points 
after operation compared to model control group, 
and the thymus tissue of  all rats was grossly normal  
(Figure 3A).

In model control group, the thymus of  rats was 
mildly shrunken on day 7 after operation, moderately 
shrunken and jaundiced on day 14 after operation, and 
severely shrunken and jaundiced on days 21 and 28 
after operation. Under light microscope, no significant 
difference was noted in thymus pathological changes 
at all time points after operation. The thymus tissue of  
most rats was grossly normal. An obscure boundary 
between thymus cortex and medulla was occasionally 
seen. The thymus tissue was grossly normal on day 14 
after operation. The thymus pathological changes were 
similar on days 14, 21 and 28 after operation (Figure 3B).

In treatment group, no significant difference in 
thymus pathological changes was observed on days 7 and 
14 after operation compared with model control group. 
The thymus became mildly jaundiced with no obvious 
shrinkage on days 21 and 28 after operation. Under light 
microscope, the thymus tissue of  most rats was grossly 

B1

B2 B3 C

A2

Figure 2  Pathological changes in lymph nodes of sham-operating group (A), model control group (B), and treatment group (C). A1: 28 d. Mainly normal lymph 
nodes (HE, × 200); A2: 28 d. No apoptotic cells in lymph node (TUNEL, × 200); B1: 21 d. Focal necrosis in lymphoid follicles and formation of germinal centers (HE, × 
200); B2: 21 d. Expansion of lymph sinus, sinus cell hyperplasia and inflammatory cell infiltration (HE, × 200); B3: 28 d. Enlargement and spotty necrosis in germinal 
centers of lymph nodes, expansion of lymph sinus, hyperplasia of sinus cells and infiltration of neutrophils in lymph sinus (HE, × 200); C: 28 d. Clear follicular structure 
and fewer necrotic spots in lymph nodes (HE, × 100).

A1
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Table 4  Comparison of pathological severity scores for 
lymph nodes

Groups 7 d 14 d 21 d 28 d

Sham-operation group  0.0 (2.0)c  0.0 (1.0)c  0.0 (1.0)c 0.0 (1.0)
Model control group 1.0 (2.0) 1.0 (1.0) 1.0 (2.0) 2.0 (1.0)
Treatment group  0.0 (0.0)a 0.0 (1.0)  0.0 (1.0)c  1.0 (0.0)c

aP < 0.05 vs sham-operation group; cP < 0.05 vs model control group.
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normal. An obscure boundary between thymus cortex 
and medulla was seen in few rats (Figure 3C).

The pathological scoring standards for thymus have 
been described elsewhere [18]. No significant difference 

was observed in pathological scores for different groups 
(Table 5).

No significant difference was found in product 
staining intensity and positive rate of  NF-κB protein in 
thymus of  different groups (Table 5).

The product staining intensity and positive rate of  
Bax protein were significantly lower in sham-operation 
group than in model control group on days 7, 21 and 28 
after operation (P < 0.05), in sham-operation group than 
in treatment group on day 7 after operation (P < 0.05), 
and in treatment group than in model control group on 
days 14 and 28 after operation (P < 0.05).

The apoptosis index for thymus was significantly 
lower in sham-operation group than in model control 
group on days 21 and 28 after operation (P < 0.05), and 
in treatment group than in model control group on days 
14 and 21 after operation (P < 0.05).

DISCUSSION
It has been shown that the incidence rate of  endotoxemia 
in OJ patients is as high as 39.3%[19], which is mainly 

Table 5  Comparison of different pathological indexes for 
thymus,  M (QR)

Index Time 
(d)

Sham-operation 
group

Model control 
group

Treatment 
group

Product staining 
intensity and 
positive rate 
of Bax

  7  0.0 (0.0)c 1.0 (2.0)       0.5 (1.0)a

14 0.0 (1.0) 1.0 (2.0)       0.0 (0.0)c

21  0.0 (0.0)c 1.0 (2.0)      0.0 (2.0)
28  0.0 (0.0)c 2.0 (1.5)       0.0 (1.0)c

Apoptosis index   7 0.0 (0.0) 0.0 (0.0)      0.0 (0.0)
14 0.0 (0.0)   0.0 (0.01)       0.0 (0.0)c

21  0.0 (0.0)c   0.0 (0.01)       0.0 (0.0)c

28  0.0 (0.0)c 0.01 (0.02)      0.0 (0.0)
Product of the 
staining intensity 
and positive rate 
of NF-κB

  7 0.0 (0.0) 0.0 (2.0)      0.0 (0.0)
14 0.0 (4.0) 2.0 (4.0)      0.0 (2.0)
21 0.0 (2.0) 0.0 (2.0)      0.0 (0.0)
28 0.0 (1.0) 0.0 (3.0)      0.0 (2.0)

Figure 3  Pathological changes in thymus of sham-operated group (A), model control group (B), and treatment group (C). A1: 28 d. Clear structure of thymus 
lobules and a clear boundary between thymus cortex and medulla (HE, × 100); B1: 7 d. Sporadic apoptotic cells in thymus (TUNEL, × 400); B2: 21 d. Thymus (++) 
(NF-κB p65, × 200); B3: 28 d. An obscure boundary between the thymus cortex and medulla with hemorrhage in the medulla (HE, × 200); B4: 28 d. Thymus (++) (Bax, 
× 200); B5: 28 d. Sporadic apoptotic cells in thymus (TUNEL, × 400); C1: 21 d. Thymus (not shown) (NF-κB p65, × 200); C2: 28 d. Normal thymus (HE, × 200); C3: 28 d. 
Sporadic apoptotic cells in thymus (TUNEL, × 400).

B1 B2

B3 B4 B5

C1 C2 C3

A
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due to insufficient intestinal bile salt that leads to 
excessive multiplication of  intestinal bacteria and 
decreased inactivation of  endotoxins. Since the function 
of  reticuloendothelial system is inhibited, gut-derived 
endotoxins are not effectively eliminated. As a result, 
large amounts of  endotoxin enter into the blood resulting 
in endotoxemia. Endotoxin is a main factor for immune 
function impairment during OJ since it can directly 
stimulate Kupffer cells to release inflammatory mediators, 
including oxygen free radicals, TNF-α, IL-6 and IL-8, 
and thereby aggravates the inflammatory response of  
body[19-24]. TNF-α is the most important factor for 
mediating toxic effects of  endotoxin. Excessive release of  
TNF-α can induce multiple organ injuries. We speculate 
that immune function impairment results from the 
damage to immune organs. The results of  this study show 
that the serum TNF-α level and pathological scores for 
spleen and lymph nodes were significantly lower in sham-
operation and treatment groups than in model control 
group, suggesting that TNF-α is involved in OJ-induced 
damage to immune organs, and Astragalus injection can 
significantly lessen the toxic effects of  TNF-α on and 
improve the pathological changes in immune organs. We 
think that Astragalus injection exerts, to a certain degree, 
its protective effects on immune organs by suppressing 
the production of  TNF-α. Although no statistically 
significant difference was observed in pathological 
scores for thymus, the pathological changes in thymus 
of  Astragalus treatment group showed varying degrees 
of  improvement compared with model control group. 
In model control group, the thymus showed varying 
degrees of  jaundice and atrophy at all time points after 
operation, and an obscure boundary between the thymus 
cortex and medulla in parts of  thymus tissue under light 
microscope. In contrast, the thymus in treatment group 
became jaundiced with no atrophy on days 21 and 28 
after operation, and the boundary between the thymus 
cortex and medulla was obscure in few parts of  thymus 
tissue under light microscope, suggesting that Astragalus 
has protective effects on immune organs.

NF-κB p65, a protein that is extensively distributed in 
cytoplasm of  many cells, can regulate gene transcription 
in nuclei. It is a member of  Rel family of  transcriptional 
regulatory proteins and is involved in gene expression 
regulation of  many inflammatory factors. When the 
body is under stress, NF-κB p65 is activated and binds to 
specific κB gene sequences, and thereby promotes gene 
transcription and protein synthesis of  pro-inflammatory 
molecules, causes strong expression of  inflammatory 
cytokines such as TNF-α and IL-6mRNA, accelerates 
toxic effect on cells in multiple organs, eventually leading 
to multiple organ dysfunction. Based on the expression 
levels of  NF-κB p65 protein in spleen and thymus, we 
speculate that Astragalus has no inhibitory effects on the 
expression of  NF-κB p65 protein in spleen and thymus 
of  OJ rats.

Apoptosis is a self-protective strategy employed by 
the body for removal of  the destroyed cells through 
initiating programmed gene expression under certain 
pathophysiological conditions[25]. In contrast to cell 

necrosis, apoptosis is an active and spontaneous process 
and does not induce dramatic inflammatory reaction. 
However, apoptosis as a mode of  cell loss can also 
induce functional impairment of  immune organs. Bax, 
a soluble protein encoded by a recently discovered 
apoptosis-promoting gene, shares the same protein 
family as Bcl-2 and is able to promote cell apoptosis[26,27]. 
In this study, the expression level of  Bax protein was 
higher in spleen and thymus of  model group than 
in those of  sham-operation group. As a result, the 
apoptosis index was increased and pathological injury 
was aggravated, suggesting that Bax protein is involved 
in physiological or pathological cellular apoptosis of  
spleen and thymus. After treatment with Astragalus 
injection, the pathological changes in immune organs 
were improved and the expression level of  Bax protein 
in spleen and thymus, apoptosis index and pathological 
scores for spleen and thymus were significantly lower 
in treatment group than in model control group, 
indicating that Astragalus injection can down-regulate the 
expression of  Bax protein, suppress cell apoptosis and 
exert protective effects on immune organs.

In summary, Astragalus injection can improve 
pathological changes in immune organs, reduce serum 
TNF-α level, down-regulate expression of  Bax protein 
in spleen and thymus, and suppress cell apoptosis, 
thereby exerting its protective effects on immune organs 
of  OJ rats. Since Astragalus has diverse pharmacological 
actions, low cost and few side effects, it has a better 
application prospect and economic value.

COMMENTS
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Obstructive jaundice (OJ) is a kind of common clinical manifestation. The 
pathogenesis and treatment of OJ have been a hot topic in medical field 
for a long time. As systemic inflammatory response syndrome and multiple 
organ dysfunction syndrome were studied in recent years, immune function 
impairment concomitant with OJ has gradually attracted wide attention and 
is considered as a cause of death in OJ patients. Therefore, one of the 
important approaches to treatment of OJ is to restore the functions of immune 
organs. 
Research frontiers
Development and utilization of traditional Chinese medicine have good prospects 
in therapy for OJ since it has lower cost, more extensive pharmacological effects 
and fewer side effects. Since Astragalus injection contains polysaccharide, 
saponin, flavone and trace elements, it has a variety of pharmacological effects 
and plays an important role in increasing the immunity of body and protecting 
the liver and kidney. This study demonstrated that Radix Astragali could exert 
its protective effects on immune organs of OJ rats by relieving the pathological 
changes in immune organs, reducing tumor necrosis factor (TNF)-a level, and 
inhibiting Bax expression and apoptosis in spleen and thymus.
Innovations and breakthroughs
At present, no studies about the effects of Astragalus on immune organs during 
OJ are available. In the present study, we investigated the protective effect of 
Astragalus injection on immune organs of OJ rats and its mechanism, which 
may provide an experimental basis for its application in clinical practice.
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Astragalus has diverse pharmacological actions, low cost and few side effects, 
and thus can be applied in clinical practice.
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is a most important factor for mediating the toxic effects of endotoxins. Bax, a 
soluble protein encoded by a recently discovered apoptosis-promoting gene, 
shares the same protein family as Bcl-2 and is able to promote cell apoptosis.
Peer review
The manuscript describes the protective effects of Radix astragali injection on 
immune organs of rats with OJ. Radix astragali injection could reverse elevated 
TNF-α level, and spleen, thymus and lymph node lesions. Bax immunoreactivity 
and apoptosis could be observed after obstructive jaundice. This manuscript is 
largely descriptive by providing novel insights into the mechanism underlying 
the beneficial effect of Radix astragali on obstructive jaundice.
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Abstract
AIM: To examine the effect of alisol B acetate on the 
growth of human gastric cancer cell line SGC7901 and 
its possible mechanism of action.

METHODS: The cytotoxic effect of alisol B acetate on 
SGC7901 cells was measured by 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. 
Phase-contrast and electron microscopy were used 
to observe the morphological changes. Cell cycle and 
mitochondrial transmembrane potential (ΔΨm) were 
determined by flow cytometry. Western blotting was 
used to detect the expression of apoptosis-regulated 
gene Bcl-2, Bax, Apaf-1, caspase-3, caspase-9, Akt, 
P-Akt and phosphatidylinositol 3-kinases (PI3K).

RESULTS: Alisol B acetate inhibited the proliferation 
of SGC7901 cell line in a time- and dose-dependent 
manner. PI staining showed that alisol B acetate can 
change the cell cycle distribution of SGC7901, increase 
the proportion of cells in G0-G1 phase and decrease 
the proportion of S phase cells and G2-M phase 
cells. Alisol B acetate at a concentration of 30 μmol/L 
induced apoptosis after 24, 48 and 72 h incubation, 
with occurrence rates of apoptotic cells of 4.36%, 
14.42% and 21.16%, respectively. Phase-contrast 
and electron microscopy revealed that the nuclear 
fragmentation and chromosomal condensed, cells 
shrank and attachment loss appeared in the SGC7901 
treated with alisol B acetate. Apoptosis of SGC7901 

cells was associated with cell cycle arrest, caspase-3 
and caspase-9 activation, loss of mitochondrial 
membrane potential and up-regulation of the ratio of 
Bax/Bcl-2 and inhibition of the PI3K/Akt.

CONCLUSION: Alisol B acetate exhibits an anti-
proliferative effect in SGC7901 cells by inducing 
apoptosis. Apoptosis of SGC7901 cells involves 
mitochondria-caspase and PI3K/Akt dependent 
pathways. 

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer is one of  the most common malignancies 
in mankind and its incidence and mortality rank first in 
China[1]. Recent data indicate that the mortality of  gastric 
cancer in China is tending to increase and it severely 
threatens the health and life of  people[2]. At present, the 
management of  gastric cancer mainly includes surgery 
and chemotherapy, but the curative effect of  the existing 
chemotherapeutic drugs is not good enough and they 
have numerous side effects. Therefore, it has become 
a focus to search the drugs capable of  preventing and 
treating gastric cancer and other malignancies.

Herbal medicines are an important source of  novel 
agents with pharmaceutical potential. Alisol B acetate 
is a major ingredient isolated from Alismatis rhizoma 
and has been used for urological diseases in traditional 
Chinese medicine. In recent years, the pharmacological 
characterization of  alisol B acetate has been identified 
and several biological activities have been defined, such 
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as the inhibitory effects on lipopolysaccharide[3], the 
inhibition of  complementary activity[4,5] and antibody-
mediated allergic reaction[6]. Furthermore, it has been 
demonstrated that alisol B acetate induces cell death 
in hepatoma and leukemia cells [7,8]. Later studies 
have shown that alisol B acetate induces Bax nuclear 
translocation and apoptosis in human hormone-resistant 
prostate cancer PC-3 cells[9].

However, no detailed data are available about the role 
and mechanisms of  alisol B acetate in gastric carcinoma. 
In order to understand the role and mechanisms of  
alisol B acetate in the treatment of  gastric carcinoma, we 
investigated the effect of  alisol B acetate on the growth 
of  human SGC7901 cells and the underlying intracellular 
signal transduction pathways involved in regulating 
apoptosis. We found that alisol B acetate-induced 
apoptosis is accompanied by the modulation of  the 
Bcl-2 family, mitochondrial dysfunction and activation 
of  caspases; in SGC7901 cells, alisol B acetate induced 
apoptosis via the mitochondrial death pathway; and the 
apoptosis induced by alisol B acetate was sensitized 
through inhibition of  the PI3K/Akt signaling pathway.

MATERIALS AND METHODS
Materials
Gastric adenocarcinoma cell line (SGC7901) was 
obtained from our laboratory. Alisol B acetate was 
purchased from Wako Pure Chemical Industries (Osaka, 
Japan). Methyl thiazolyl tetrazolium (MTT), propidium 
iodide (PI), Tris-HCl, and Triton X-100 were obtained 
from Sigma Chemical Company (St. Louis, USA). 
Monoclonal antibodies to Bax, Bcl-2, Apaf-1 caspase-3 
and caspase-9 were purchased from Santa Cruz 
Biotechnology Incorporation (Santa Cruz, CA, USA). 
PVDF membrane was obtained from Bio-Rad (CA, 
USA). Phospho-Akt (Thr308), Akt, PI3K antibodies 
were procured from Cell Signaling Technology (Beverly, 
MA, USA).

Cell culture and treatment with alisol B acetate 
Cells were cultured in RPMI-1640 medium supplemented 
with 10% fetal bovine serum, 100 U/mL penicillin and 
100 μg/mL streptomycin at 37℃ humidified atmosphere 
containing 5% CO2. The chemical compounds (alisol B 
acetate) were dissolved in dimethyl sulfoxide (DMSO), 
and diluted to appropriate concentrations with culture 
medium. The final concentration of  DMSO in the 
culture medium did not exceed 0.1%. 

MTT assay 
Cells were plated at a density of  2 × 103/well in 96-well 
plates. Twenty-four hours later, cells were treated with 
alisol B acetate at different final concentrations from 10 
to 80 μmol/L for 24 h or at 30 μmol/L concentration 
for the indicated time courses. Control cell cultures were 
treated with DMSO. After addition of  test compounds, 
20 μL MTT was added to each well. Four hours later, 
100 μL of  DMSO was added to each well after the 

medium was removed. Finally, absorbance was detected 
with an enzyme calibrator at 570 nm and cell viability= 
(A of  study group/A of  control group) × 100%. 
Experiments were done in triplicate. There were six wells 
for each concentration.

Morphological changes examined by phase-contrast 
and electron microscopy
Phase-contrast microscopic studies: SGC7901 
cells were grown in 35 mm sterile petri plates and 
treated with various doses of  alisol B acetate for 24 h. 
Morphological changes were observed under phase-
contrast microscope.

Electron microscopy: Cells were cultured with alisol 
B acetate at a concentration of  30 μmol/L for 24, 48 
and 72 h, then fixed with 2% paraformaldehyde/2% 
glutaraldehyde in 0.1 mol/L phosphate buffer (pH 7.4), 
followed by 1% osmium tetroxide. After dehydration, 
thin sections were stained with uranyl acetate and lead 
citrate for observation under a JEM 100 CX electron 
microscope (JEOL, Peabody, NY, USA).

Flow cytometric analysis of cell cycle
Cells were seeded in 6-well plates and treated with alisol B 
acetate at 30 μmol/L concentration for 24, 48 and 72 h.  
DMSO (0.1%)-treated cells served as control. After 
treatment, media were discarded. The adherent cells were 
washed with PBS, and 300 μL trypsin was added for  
5 min at room temperature to detach the cells. Then, the 
cell suspension was centrifuged at 1500 r/min for 5 min 
at room temperature. Decanting of  all the supernatant 
was followed by adding 1 mL of  70% methanol to the 
pellet. After incubation at 4℃ for at least 12 h, prior to 
the samples being analyzed by the flow cytometry (FCM) 
(Becton Dickinson), 1 mL of  cold PI stain solution  
(20 g/mL PI, 20 g/mL RNase A, and 0.1% Triton 
X-100) was added to the mixture and it was incubated 
for 15 min in darkness at room temperature. The 
samples were analyzed by FCM (BD FACS CantoTM). 
The results were analyzed by Mod Fit LT 3.0 software.

Analysis of mitochondrial membrane potential
Changes of  mitochondrial membrane potential were 
monitored by determination of  the fluorescence of  
Rhodamine (Rh)-123. Cells were treated with or without 
alisol B acetate for the indicated time courses. At the 
end of  treatment, the cells were finally harvested. 
Rh-123 was added to 1× 106 cells in 5 mL complete 
growth medium to a final concentration of  5 g/L and 
cells were incubated at 37℃ in the dark for 30 min to 
allow Rh-123 uptake. Rh-123 loaded cells were washed 
with ice cold PBS and re-suspended in PBS. Changes in 
mitochondrial transmembrane potential as a result of  
mitochondrial perturbation were measured after staining 
with Rh-123[10]. Ten thousand events were examined by a 
FACSCAN flow cytometer and data were analyzed with 
the Macintosh Cell Quest software.
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Western blotting analysis 
After being treated with alisol B acetate for the indicated 
periods, the cells were washed with PBS and lysed in a 
buffer containing 20 mmol/L Tris-HCl, 150 mmol/L 
NaCl, 1% Triton X-100, 1.5 mmol/L MgCl2, 1 mmol/L 
NaVO3, 100 mmol/L NaF, 10% glycerol, 1mmol/L 
EGTA, 10 mmol/L sodium pyrophosphate, and 1 mmol/L  
phenylmethylsulfonyl fluoride, pH 7.5. Cell lysates 
were centrifuged at 12 000 × g for 60 min at 4℃. The 
protein concentrations were determined using Bio-Rad 
protein assay (Bio-Rad Laboratories, USA). After SDS-
PAGE, proteins were transferred to PVDF membranes 
for 2 h at 80 mA. The PVDF membrane was treated 
with TBST containing 50 g/L skimmed milk at room 
temperature for 2 h, followed by incubation with the 
first antibodies caspase-3, caspase-9, Apaf-1, Bcl-2, Bax, 
Akt, P-Akt, PI3K, respectively, at 4℃ overnight. After 
being washed with TBST for 30 min, the corresponding 
secondary antibody was added and incubated at room 
temperature for 1 h. The membrane was then washed 
three times for 15 min each with TBST and visualized 
with diaminobenzidine. Quantification of  protein was 
detected with a Lumivision IMAGER (Aisin Seiki, Aichi). 
Each value represents the mean of  triple experiments, 
and is presented as the relative density of  protein bands 
normalized to β-actin.

Statistical analysis
Data were expressed as mean ± SD. Statistical correlation 
of  data was checked for significance by ANOVA 
and Student’s t test. Differences with P < 0.05 were 
considered significant. These analyses were performed 
using SPSS 11.0 software. 

RESULTS
Alisol B acetate inhibited SGC7901 cell proliferation
To investigate the growth inhibition effects of  alisol B 
acetate, the cells were treated with various concentrations 
of  alisol B acetate for 24 h and 30 μmol/L for 8, 16, 24, 
48 and 72 h. As shown in Figure 1A, cell viability was 
decreased remarkably after the cells were treated with 30, 
50, 70 and 80 μmol/L alisol B acetate for 24 h. Only a 
minor inhibition of  SGC7901 cell growth was observed 
in the presence of  20 μmol/L alisol B acetate. Growth 
was inhibited by more than 40% in cells exposed to 
30 μmol/L alisol B acetate after 24, 48 and 72 h. Alisol 
B acetate had significant growth inhibitory effects on 
SGC7901 cells in a dose- and time-dependent manner. A 
concentration of  30 μmol/L alisol B acetate was used in 
all further experiments. 

Alisol B acetate induces apoptosis 
SGC7901 cells were treated with alisol B acetate (0, 
30, 50 and 70 μmol/L) for 24 h, and phase-contrast 
microscopy revealed that some cells became round, blunt 
and smaller in size; light refraction was increased; and 
cells became detached and suspended in the medium, 
especially with 50 and 70 μmol/L alisol B acetate. In 

the control group, cells were regular in morphology and 
grew fully in patches and confluently, rarely sloughing 
off  (Figure 2).

The ultrastructural and morphological changes were also 
observed under electron microscope. As shown in Figure 3B 
and C, nuclear fragmentation, chromosome condensation 
and cell shrinkage were visible. Subsequent formation of  
apoptotic bodies were also observed (Figure 3D).

FCM with only PI staining showed (Figure 4) that 
treatment of  SGC7901 cells with 30 μmol/L alisol B 
acetate for 72 h resulted in a higher number of  cells in 
the G0/G1 phase (79.61%) compared with the control 
(40.46%). This increase was coupled with the decreased 
percentage of  cells in S phase. After 72 h treatment, 
the percentage of  S phase in alisol B acetate -treated 
cells was 16.55%, whereas 48.45% in the control cells. 
In addition, flow cytometric analysis also revealed the 
effect of  alisol B acetate on the induction of  apoptosis. 
As shown in Figure 4, the percentage of  the sub/G1 
fraction in alisol B acetate-treated cells was increased in 
a time-dependent manner, indicative of  apoptotic cell 
death.

Alisol B-induced apoptosis is associated with 
mitochondrial pathways
Mitochondria played a major role in apoptosis triggered 
by many stimuli. The early loss of  mitochondrial 
membrane potential is a hallmark of  apoptosis[11]. We 
examined the effect of  alisol B acetate on mitochondrial 
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Figure 1  Effect of alisol B acetate on survival of SGC7901 cells. Cells 
were incubated in the absence or presence of various concentrations of alisol B 
acetate for 24 h (A), or at 30 μmol/L for different incubation times (B). aP < 0.05, 
bP < 0.01 vs control group (unpaired Student’s t test).
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membrane potential by means of  the potential sensitive 
Rh-123. After treatment of  SGC7901 cells with 30 μmol/L 
alisol B acetate for 12, 24, 48 and 72 h, flow cytometric 
data revealed that disruption of  mitochondrial membrane 
potential was 17.75%, 29.87%, 43.32% and 70.00%, 
respectively, while it was only 4.05% in the control group. 
The data demonstrated that alisol B acetate induced a 
time-dependent decrease in mitochondrial membrane 
potential, indicating the participation of  mitochondria-
related mechanism (Figure 5).

Up-regulation of Apaf-1 and Bax, activation of caspase-3 
and caspase-9 
To investigate the mechanism underlying apoptosis 
induced by alisol B acetate, we tested the effect of  
this compound on Bcl-2, Bax levels, two important 
regulators of  apoptotic signaling pathways[12]. As 
shown in Figure 6, Western blotting analysis revealed 
that alisol B acetate -induced apoptosis did not alter 
Bcl-2 expression, but resulted in a time-dependent 
up-regulation of  Bax expression, with a maximal up-

DC

BA

Figure 2  Morphology of SGC7901 cells exposed to alisol B acetate for different concentrations observed under phase-contrast microscope. A: Controls; B-D: 
SGC7901 cells were treated with 30, 50 and 70 μmol/L alisol B acetate for 24 h.

Figure 3  Morphological changes observed 
under electronic microscope. A: Control; 
B-D: Cells were incubated with 30 μmol/L 
alisol B acetate for 24, 48 and 72 h.
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regulation at 72 h after treatment that was associated 
with increased levels of  Apaf-1, and activated caspases-3 
and caspase-9. These results suggest that alisol B acetate 
induces SGC7901 apoptosis, at least partly, through 
up-regulation of  pro-apoptotic Bax, resulting in up-
regulation of  the Bax/Bcl-2 ratio and activation of  
caspase-3 and caspase-9.

Effects of alisol B acetate on PI3K/Akt pathway
Akt, a major downstream target of  PI3K, may be the 
best-characterized kinase known to promote cellular 
survival[13] and is dysregulated (mainly overexpressed) in 
a wide spectrum of  human cancers, including gastric, 
hepatoma, and ovarian cancers[14-16]. To determine 
whether regulation of  the Akt signal pathway is 
necessary for alisol B acetate-induced apoptosis, we 
investigated the expression of  PI3K and Akt after 
treatment with 30 μmol/L Alisol B acetate. As shown 
in Figure 7, the levels of  PI3K and phosphorylated Akt 
are time-dependently decreased in response to alisol 
B acetate. PI3K and phosphorylated Akt were rapidly 
decreased at 24 h, while the total Akt protein levels 
remained constant during alisol B acetate treatment. 
Therefore, these results suggested that Akt/PKB is 
associated with the survival of  SGC7901 gastric cancer 
cells and inhibition of  the PI3K/Akt signaling pathway 
increased the apoptosis induced by the alisol B acetate.

DISCUSSION
Apoptosis plays an important role in developmental 
processes, maintenance of  homeostasis, and elimination 
of  the damaged cells. Accumulated data indicate that 

many anticancer drugs can cause the death of  tumor 
cells through the induction of  apoptosis[15,17]. Alisol B 
acetate induces cell apoptosis in hepatoma and leukemia 
cells[7,8]. However, the effects of  alisol B acetate on 
human gastric cells are still unclear. Therefore, the 
purpose of  the present study was to find out the 
molecular mechanism of  alisol B acetate underlying 
human gastric cancer cell line SGC7901.

In the present study, we first demonstrated that 
SGC7901 cells treated with alisol B acetate showed a 
dose- and time-dependent inhibition of  the proliferation. 
Nuclear fragmentation, chromosome condensation, cell 
shrinkage and formation of  apoptotic bodies were also 
observed. Flow cytometric analysis revealed that alisol 
B acetate treatment results in an increase of  apoptotic 
cells. These results suggest that alisol B acetate-induced 
apoptosis contributes to the growth inhibition of  
SGC7901 cells.

Mitochondrion plays a critical role in apoptosis 
induced by some drugs[11]. The mitochondrial death 
pathway is associated with changes in the permeability 
of  the outer mitochondrial membrane, the collapse 
of  membrane potential[18,19]. Mitochondrial membrane 
permeability is mainly controlled by the Bcl-2 family 
of  proteins, through regulation of  the formation 
of  apoptotic protein-conducting pores in the outer 
mitochondrial membrane[20-22]. Members of  the Bcl-2 
family proteins can be divided into two subfamilies; 
one is anti-apoptotic protein such as Bcl-2 and Bcl-
XL, the other is pro-apoptotic protein such as Bax, 
Bad, and Bid[23]. The expression of  Bcl-2 and Bax is 
significantly involved in the balance of  pro-apoptotic 
and anti-apoptotic signals at the mitochondrial level[24]. 
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BA Figure 4  Effect of alisol B  
a c e t a t e  o n  c e l l  c y c l e 
distr ibution of  SGC7901 
cells. SGC7901 cells were 
treated with 0.1% DMSO (A) or 
with 30 μmol/L alisol B acetate 
for 24 h (B), 48 h (C), or 72 h 
(D). The cells were collected 
sequentially and stained with 
PI and analyzed by FCM.
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The ratio of  Bax/Bcl-2 is critical for the induction 
of  apoptosis and this ratio determines whether cells 
will undergo apoptosis[25,26]. An increase in the ratio 
of  Bax/Bcl-2 stimulates the release of  cytochrome 
c from mitochondria into the cytosol. The cytosolic 
cytochrome c then binds to Apaf-1, leading to the 
activation of  caspase-9, caspase-3 and poly (ADP-ribose) 
polymerase[27,28]. Thus, we examined the effect of  alisol 
B acetate on Bax, Bcl-2 and mitochondrial membrane 
potential. In our experiments, alisol B acetate increased 
pro-apoptotic Bax expression without affecting Bcl-2 

expression, leading to up-regulation of  the ratio between 
pro-apoptotic (Bax) and anti-apoptotic (Bcl-2). This may 
be responsible for the concomitant execution phase of  
apoptosis that we observed, which included disruption 
of  mitochondrial membrane potential. 

Caspases, a family of  cysteine proteases, are integral 
parts of  the apoptotic pathway. Caspase-9 is the apical 
caspase in the intrinsic or mitochondria-initiated 
apoptosis pathway and requires the release of  cytochrome 
C from the mitochondria as well as interactions with 
Apaf-1[18]. Activation of  caspase-3 correlated with 
activation of  caspase-9. Caspase-3 in particular, when 
activated, has many cellular targets[29]. During apoptosis, 
caspase-3 is one of  the key executioners of  apoptosis 
in response to various stimuli[30]. In many studies, it has 
been determined that a variety of  chemotherapeutic 
agents induce apoptosis through the activation of  
caspases[15]. Previous studies have observed that alisol B 
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Figure 6  Effect of Alisol B acetate on the expression of Bcl-2, Bax, Apaf-1, 
cleaved caspase-3 and caspase-9. SGC7901 cells were treated with 30 μmol/L 
alisol B acetate for 12, 24, 48 and 72 h. The cells were collected and lysed. 
Western blotting analysis was conducted and probed with antibodies to Bcl-2, 
Bax, Apaf-1, caspase-3 and caspase-9. Lanes (from left to right): Control cells;  
12 h; 24 h; 48 h; 72 h.
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Figure 5  FCM analysis of mitochondrial membrane potential in human SGC7901 cells with 30 μmol/L alisol B acetate for various time periods. The zero 
concentration was defined as control. The percentage of cells stained with Rh-123 was determined by FCM as described in the Materials and Methods. A: Control; B-E: 
12, 24, 48 and 72 h.
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Figure 7  Effect of alisol B acetate on PI3K/Akt activation in SGC7901 
cells. SGC7901 cells were treated with 0.1% DMSO (A) or 30 μmol/L alisol B 
acetate for 12, 24, 48 and 72 h. Western blotting analysis for PI3K, t-Akt and 
P-Akt was performed using specific antibodies with β-actin as a loading control.
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acetate induces apoptosis in human hepatoma Hep3B 
cells and human hormone-resistant prostate cancer PC-3 
cells through an increase of  caspase-3 and caspase-9 
activity[7,9]. Consistent with an increase in the ratio of  
Bax/Bcl-2 and disruption of  mitochondrial membrane 
potential, this study showed that alisol B acetate resulted 
in a time dependent up-regulation of  Apaf-1, and 
activation of  caspase-9 and caspase-3.

According to the present data, alisol B acetate may 
first increased the ratio of  Bax/Bcl-2, which leads to 
disruption of  mitochondrial membrane potential, and 
then activates mitochondria-mediated downstream 
molecular events including cytochrome c release and 
sequential activation of  caspase-9 and caspase-3. These 
results demonstrated that a mitochondrial damage-
mediated caspase pathway might be involved in alisol B 
acetate -induced apoptosis of  SGC7901 cells. 

The PI3K pathway regulates several cel lular 
processes, including proliferation, growth[31], apoptosis[32] 
and cytoskeletal rearrangement. Akt, a major downstream 
target of  PI3K, was originally reported as the cellular 
counterpart of  the viral oncogene, which was amplified 
in gastric adenocarcinoma[14]. Overexpression of  Akt 
isoforms has now been reported in ovarian, breast, 
prostate, and pancreatic cancers[16,33-35]. In addition, Akt 
activity is increased in cancers where the PTEN tumor 
suppressor is mutated[36]. In recent years, a number 
of  cancer researchers have focused on the central 
importance of  the PI3K/Akt pathway, and therapeutic 
strategies that target the PI3K/Akt pathway are now 
being developed[15,37]. PI3K consists of  p85 regulatory 
subunit and a p110 catalytic subunit. Akt is activated 
by recruitment to the plasma membrane though direct 
contact of  its Plecpstrinhomology domain with PIP3, 
and phosphorylation at Thr308 and Ser473. Thr308 is 
phosphorylated by the 3-phosphoinositide-dependent 
protein kinase PDKI[38]. Through its interaction with 
proteins in the Bcl-2 family such as BAD, Bax, Bcl-XL 
and their downstream effectors, Akt provides a survival 
signal to the cell[39]. Additionally, Akt blocks cytochrome 
C release from the mitochondria through regulation of  
Bcl-2[40] and inhibits the catalytic activity of  a pro-death 
protease, caspase 9 through phosphorylation[41].

In our study, we evaluated the effect of  alisol B acetate 
on the PI3K/Akt pathways by measuring the PI3K and 
total Akt protein and sequential expression levels of  
phospho-Akt. We observed that alisol B acetate markedly 
inhibited PI3K and phospho-Akt after 24 h of  treatment. 
No additional reduction in PI3K and phospho-Akt levels 
was seen when treatment was prolonged to 72 h and the 
total Akt protein levels remained constant throughout 
the course of  the experiment. Meanwhile, our data 
showed that alisol B acetate treatment up-regulates Bax 
protein and down-regulates mitochondrial membrane 
potential. Furthermore, our data also showed activation 
of  caspase-9 and caspase-3 in alisol B acetate-treated 
groups. Inhibition of  PI3K/Akt signaling pathway is 
possibly preceded by modulations in Bax protein, leading 
to mitochondrial damage and activation of  caspase-9, 
caspase-3 in favor of  apoptosis.

In conclusion, we have demonstrated that alisol B 
acetate significantly induces apoptosis. This apoptotic 
response is associated with the up-regulation of  the 
ratio of  Bax/Bcl-2, loss of  mitochondrial membrane 
and caspase activation. Moreover, the inhibition of  
PI3K/Akt pathway may play an important role in alisol 
B acetate-induced apoptosis. Therefore, we believe that 
alisol B acetate might be a promising molecule in cancer 
chemoprevention or chemotherapy; and further efforts 
to explore this therapeutic strategy are necessary.
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Abstract
AIM: To determine the effect of ethnicity on the sever-
ity of reflux esophagitis (RE) and its complications. 

METHODS: A retrospective search of the endoscopy 
database at the University of Florida Health Science 
Center/Jacksonville for all cases of reflux esophagitis 
and its complications from January 1 to March 31, 2001 
was performed. Inclusion criteria were endoscopic evi-
dence of esophagitis using the LA classification, reflux 
related complications and self-reported ethnicity. The 
data obtained included esophagitis grade, presence of 
a hiatal hernia, esophageal ulcer, stricture and Barrett’s  
esophagus, and endoscopy indication. 

RESULTS: The search identified 259 patients with RE 
or its complications, of which 171 were non-Hispanic 
whites and 88 were African Americans. The mean ages 
and male/female ratios were similar in the two groups. 
RE grade, esophageal ulcer, stricture and hiatal hernia 
frequency were likewise similar in the groups. Barrett’s  
esophagus was present more often in non-Hispanic 
whites than in African Americans (15.8% vs  4.5%; P < 
0.01). Heartburn was a more frequent indication for en-
doscopy in non-Hispanic whites with erosive esophagitis 
than in African Americans (28.1% vs  7.9%; P  < 0.001). 

CONCLUSION: Distribution of RE grade and fre-
quency of reflux-related esophageal ulcer, stricture and 

hiatal hernia are similar in non-Hispanic whites and 
African Americans. Heartburn was more frequently 
and nausea/vomiting less frequently reported as the 
primary endoscopic indication in non-Hispanic whites 
compared with African Americans with erosive esopha-
gitis or its complications. African Americans have a 
decreased prevalence of Barrett’s esophagus compared 
with non-Hispanic whites.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Multiple studies suggest that the frequency of  gastroesoph-
ageal reflux disease (GERD) complications such as erosive 
esophagitis, stricture and Barrett’s esophagus (BE) is sig-
nificantly lower in the US minority populations compared 
with non-Hispanic whites (nHw)[1-6]. Two studies from Vet-
erans Affairs Medical Centers observed that severe GERD 
affected older nHw more commonly than non-whites[2,3]. 
Both of  these investigations used the Department of  Vet-
erans Affairs patient treatment file as the data source. 

Two groups of  investigators have attempted to de-
termine the frequency of  GERD complications between 
ethnic groups seen at their institutions[7,8]. In one study[7], 
African Americans (AA), nHw and Asians significantly 
differed in heartburn prevalence, while the other[8] indi-
cated that AA and nHw had equivalent heartburn preva-
lence rates. Both studies revealed that AA had decreased 
rates of  erosive esophagitis compared with nHw. The 
prevalence of  BE was only assessed in one investigation 
with the overwhelming majority seen in nHw. 
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Regarding BE, limited data exists about the preva-
lence of  this entity in the United States minority popu-
lations. Initial studies compared non-Hispanic whites 
with African Americans. These revealed a predominant 
presence of  BE in nHw when compared with AA[7-9]. 
In contrast, a report from the National Cancer Institute 
indicated that the incidence of  esophageal adenocarci-
noma is increasing in AA[10]. BE is considered the pre-
cursor lesion of  esophageal adenocarcinoma, therefore 
one could speculate that the incidence of  BE might also 
be increasing within the AA population. 

There is minimal data evaluating the prevalence of  
GERD complications in any defined general population 
other than non-Hispanic whites[11,12]. The goal of  this 
study is to compare the severity of  reflux esophagitis 
and its complications in AA and nHw patients who un-
derwent endoscopy at our institution. 

MATERIALS AND METHODS
Patient population
A retrospective search of  the endoscopy laboratory 
report database was performed to determine the total 
number of  patients having upper gastrointestinal 
endoscopy (EGD) at the University of  Florida Health 
Science Center/Jacksonville from 1 January to 31 March 
2001. Inclusion criteria were endoscopic evidence of  
reflux esophagitis, esophageal stricture and/or ulcer, 
BE, and self  reported ethnicity. Exclusion criteria 
were previous diagnostic EGD, history of  non-GERD 
esophageal condition with the potential to cause 
esophageal injury (acquired immunodeficiency syndrome, 
esophageal infections, caustic ingestion, and thoracic 
radiation), and absence of  demographic information 
within the patient record. The study was approved by the 
Institutional Review Board of  the University of  Florida 
Health Science Center/Jacksonville.

Symptom evaluation 
Indication for EGD was recorded on the individual 
reports by all endoscopists. If  multiple indications were 
listed, the first indication listed was used at the primary 
reason for performing the procedure. Patients with an 
indication such as follow-up of  any previously noted 
esophageal lesion were not included in the analysis. 

Classification of endoscopic findings
Esophagitis was graded using the Los Angeles sys-
tem[13,14]. This scheme categorizes mucosal injury as fol-
lows: grade A defined as one or more mucosal breaks no 
longer than 5 mm which do not extend between the tops 
of  two mucosal folds; grade B defined as one or more 
mucosal breaks more than 5 mm long that do not extend 
between the tops of  two mucosal folds; grade C defined 
as one or more breaks that are continuous between the 
tops of  two or more mucosal folds but involve < 75% 
of  the esophageal circumference; and grade D defined 
as one or more mucosal breaks that involve at least 75% 
of  the esophageal circumference. Four-quadrant biopsy 
specimens were taken at 2 cm intervals from any visible 

length of  columnar lined esophagus to assess the pres-
ence of  histologic BE. Biopsy sections were then stained 
with Alcian blue to detect the presence of  specialized 
intestinal metaplasia, the characteristic feature of  BE.

Esophageal stricture was defined as a narrowing 
of  the esophageal lumen, which either did not allow 
passage of  a 9 mm endoscope or allowed distal passage 
of  the endoscope with difficulty. The length of  the 
narrowing was measured using the 5 cm endoscope 
length markings as a reference. Hiatal hernia was defined 
as the presence of  gastric mucosa above the level of  the 
esophageal hiatus. The hernia length was measured using 
the 5 cm markings as a reference. Hiatal hernia length 
was considered small if  < 2 cm, medium from 2 to 5 cm, 
and large if  greater than 5 cm. The hernia was defined 
as sliding if  the stomach re-entered the abdominal cavity 
during the endoscopy. Esophageal ulcer was defined 
as an excavation of  the esophageal mucosa of  at least  
3 mm wide. The ulcer margin had to be raised from the 
base by at least 1 mm. Location of  the ulcer was noted 
as distal, mid or proximal esophagus.

Statistical analysis
All values of  esophagitis distribution frequency, presence 
of  stricture, esophageal ulcer, hiatal hernia, BE and pro-
cedure indication were reported as percentage present 
for each group. Student’s t-test was used for compari-
sons between groups. Differences between groups will 
be considered significant if  P < 0.05. Data analysis was 
performed using JMP 5.0 for Windows (SAS Institute 
Inc., Cary, NC). 

RESULTS
Demographics of the study population
During the study period, 716 patients had an EGD 
and 259 of  the 716 patients met the criteria for study 
inclusion. Of  the study group, 171 (66%) were nHw and 
88 (34%) were AA. Males comprised 48% of  the nHw 
and 38% of  the AA groups, respectively. The groups 
were similar in age and gender distribution (Table 1). 

Indication for endoscopy
Table 2 illustrates the indication for EGD between 
ethnic groups. Heartburn was noted as the primary 
indication significantly more frequently in nHw than 
in AA patients (nHw 28.1% and AA 8%; P < 001). 
Nausea and/or vomiting were noted significantly more 
frequently in AA than nHw patients (nHw 2.9% and AA 
9%; P < 0.04). Other indications for the procedure were 
similar between ethnic groups. 
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Table 1  Demographic data of the study population

AA (n  = 88) nHw (n  = 171)

Male/female (%) 38/62  48/52
Age range (yr)  26-101 18-90
Mean age (mean ± SD) 58.5 ± 16.9 55.8 ± 14.5

P = NS for all, NS represents not significant.



Reflux esophagitis grade distribution
Of  the 259 patients, 204 had evidence of  reflux esopha-
gitis on EGD. Of  those with esophagitis, 76 were AA 
and 128 were nHw. The distribution of  esophagitis grade 
among those with esophagitis in both ethnic groups is 
illustrated in Table 3. There was no difference observed 
between the two groups regarding the severity of  erosive 
esophagitis seen. 

Prevalence of other esophageal findings
Table 4 demonstrates the prevalence of  hiatal hernia 
and endoscopic complications of  GERD observed be-
tween ethnic groups. With regard to presence of  hiatal 
hernia, esophageal stricture and ulcer, no difference was 
observed between the groups. However, endoscopic and 
histologic BE were present significantly more frequently 
in nHw than AA patients (endoscopic BE: nHw 15.8% 
and AA 4.5%, P < 0.01; histologic BE: nHw 5.8% and 
AA 0%, P < 0.04).

DISCUSSION
The current study comparing the spectrum of  reflux 
esophagitis between nHw and AA patients was designed 
to test the hypothesis that reflux esophagitis severity and 
its complications vary between nHw and AA at EGD. The 
results indicate that the distribution of  severity and reflux 
related complications, other than BE, are similar between 
AA and nHw patients. This similarity in reflux esophagi-
tis severity, presence of  hiatal hernia and complications 
of  reflux esophagitis (except for BE) observed between 
ethnic groups has not been previously described[2,7,8]. Also, 
the primary indication for the diagnostic procedure (heart-
burn in nHw and upper GI bleeding in AA) revealed 
differences between AA and nHw patients not noted pre-
viously. Both of  these factors provide insight into reflux 
disease within the Unites States as a whole and specifically 
in the African American community. 

Similarities and differences in reported GERD symp-
toms between ethnicities have been reported previously[7,8]. 
Spechler and colleagues noted that AA complained, under-
stood and met predefined criteria for heartburn more fre-
quently than was observed in either nHw or Asian patients 
in the metropolitan Boston area. However, El Serag and 
associates observed that the occurrence of  weekly heart-
burn and/or regurgitation was no different between AA, 
nHw and a multiethnic group who were all employees at 

the Houston VA Medical Center. Complicating this further 
was the use of  a survey (GERQ) in the investigation of   
El Serag et al to assess GERD symptoms, which had only 
been previously validated in nHw or Spaniards[15,16]. It is 
well recognized that medical communication differs between 
AA and nHw[17]. Using a tool not validated in African Amer-
icans might have led to underestimation of  the prevalence 
of  reflux symptoms in that group. This is also suggested by 
the difference in clinical indication for EGD observed be-
tween AA and nHw in the present investigation.

The difference observed in the prevalence of  endo-
scopic BE between AA and nHw in the present inves-
tigation corresponds with previous reports in the litera-
ture[7,18,19]. The prevalence of  histologically confirmed BE 
among nHw patients is also consistent with the single pub-
lication that specifically addressed that issue[19]. The finding 
that endoscopic BE was only confirmed in 1/3 of  cases 
strongly supports the need for histology in assessing BE. 

There are limitations of  this investigation that should 
be recognized. Only those who were referred and present-
ed for EGD were eligible for inclusion in this study. As 
suggested by previous reports[7,8], AA patients may have 
not been referred for endoscopy as frequently. This could 
have led to an underestimation of  reflux-related endo-
scopic disease in that group. The effect of  obesity was not 
accounted for in our study. Multiple studies have indicated 
an association linking increasing body mass index and 
presence of  reflux symptoms in women, in addition to 
existence of  obesity as a likely risk factor in males[20,21]. A 
negative association between H pylori presence and GERD 
symptoms is well established[22]. Unfortunately, biopsies 
of  the antrum were not routinely taken in our study, 
therefore the presence and impact of  H pylori colonization 
could not be adequately assessed. 

In summary, the results of  this study indicate 
that AA have a similar distribution of  esophagitis 
severity and complications from GERD when com-
pared with nHw. However, the presence of  Barrett’s  
esophagus is more common in nHw than AA. Also, it ap-
pears that AA and nHw patients with reflux esophagitis 
and its complications on endoscopy have different indica-

www.wjgnet.com

Table 2  Indication for endoscopy by ethnicity  n  (%)

Indication 88 AA patients 171 nHw patients P  value

Heartburn 7 (8)   48 (28.1) < 0.001
Dysphagia    14 (15.9)   37 (21.6) NS
Upper GI bleeding 22 (25)   25 (14.6) NS
Nausea/vomiting    8 (9.1)   5 (2.9) < 0.040
Abdominal pain 15 (17)   31 (18.1) NS
Abnormal X-ray    3 (3.4)   4 (2.3) NS
Anemia    8 (9.1) 10 (5.9) NS
Weight loss    4 (4.5)   2 (1.2) NS
Other 7 (8)   9 (5.3) NS Table 4  Prevalence of other endoscopic findings by ethnicity  

n (%)

  AA patients nHw patients P  value

Hiatal hernia    18 (20.4)      39 (22.8) NS
Stricture    2 (2.2)    10 (5.8) NS
Ulcer    7 (7.9) 12 (7) NS
Endoscopic Barrett's esophagus    4 (4.5)      27 (15.8) < 0.01
Histological Barrett’s esophagus 0 (0)      9 (5.3)     0.03
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Table 3  Distribution of reflux esophagitis grade by ethnicity

Ethnicity LA classification grade

A B C D

AA (%) (n = 76) 63.2 18.4 7.9 10.5
nHw (%) (n = 128) 71.1 12.5 7.0   9.4

P = NS.



tions for EGD. The reasons for the observed difference 
in procedure indication and the development of  histologic 
Barrett’s esophagus between racial groups are not currently  
known. However, our data suggests that ethnicity may 
influence both symptoms leading to endoscopy and the 
development of  BE, a premalignant change in the esoph-
agus due to GERD. Further ethnic-specific investigations 
are needed to completely understand the lower prevalence 
of  Barrett’s esophagus between African Americans and 
non-Hispanic whites. 

COMMENTS
Background
There is minimal data evaluating the prevalence of gastroesophageal reflux 
disease (GERD) complications in any United States general population other 
than non-Hispanic whites (nHw). Presently, it is thought that such complications 
occur less frequently in African Americans (AA) than non-Hispanic whites. 
Research frontiers
Barrett’s esophagus is a well-recognized complication of GERD and is the 
principal risk factor for esophageal adenocarcinoma. It is well known that Barrett’s  
esophagus is more frequently discovered in nHw than in other United States 
ethnic groups. However, differences in other GERD associated conditions 
between ethnic groups have not been well evaluated. In this study, the authors 
demonstrate reflux esophagitis and its complications, except for Barrett’s 
esophagus, occur in an equal distribution between AA and nHw patients. 
Innovations and breakthroughs
Recent reports have highlighted discrepancies in the prevalence of Barrett’s  
esophagus. However, minimal data exists on the frequency of reflux esophagitis 
and its complications in communities with a significant component of African 
Americans. This is the first study to report that reflux esophagitis and its 
complications, other than Barrett’s esophagus, occur at a similar frequency 
in nHw and AA. In addition, indication for the index endoscopy appears to be 
different in the above ethnic groups. 
Applications 
By understanding GERD and its complications among ethnic groups in the United 
States, this study might indicate future avenues for investigation to prevent the 
development of Barrett’s esophagus and esophageal adenocarcinoma.
Terminology
Barrett’s esophagus is the antecedent neoplastic lesion associated with 
the development of esophageal adenocarcinoma. Incidence of esophageal 
adenocarcinoma is 3-4 times more frequent in non-Hispanic whites than African 
Americans. 
Peer review
In this paper the authors evaluated the effect of ethnicity on the severity 
of reflux esophagitis. It deals with an important subject. However, as an 
endoscopic study, it is limited by lack of information regarding body mass index, 
access to medication, type of medication used for GERD and socioeconomic 
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Abstract
AIM: To identify risk factors to help predict which 
patients are likely to fail to appear for an endoscopic 
procedure.

METHODS: This was a retrospective, chart review, 
cohort study in a Canadian, tertiary care, academic, 
hospital-based endoscopy clinic. Patients included 
were: those undergoing esophagogastroduodenoscopy, 
colonoscopy or flexible sigmoidoscopy and patients 
who failed to appear were compared to a control 
group. The main outcome measure was a multivariate 
analysis of factors associated with truancy from 
scheduled endoscopic procedures. Factors analyzed 
included gender, age, waiting time, type of procedure, 
referring physician, distance to hospital, first or 
subsequent endoscopic procedure or encounter with 
gastroenterologist, and urgency of the procedure.

RESULTS: Two hundred and thirty-four patients did not 
show up for their scheduled appointment. Compared 
to a control group, factors statistically significantly 
associated with truancy in the multivariate analysis 
were: non-urgent vs  urgent procedure (OR 1.62, 95% 
CI 1.06, 2.450), referred by a specialist vs  a family 
doctor (OR 2.76, 95% CI 1.31, 5.52) and office-based 
consult prior to endoscopy vs  consult and endoscopic 
procedure during the same appointment (OR 2.24, 95% 
CI 1.33, 3.78). 

CONCLUSION: Identifying patients who are not 

scheduled for same-day consult and endoscopy, those 
referred by a specialist, and those with non-urgent 
referrals may help reduce patient truancy.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Patient absenteeism from scheduled outpatient 
appointments is a major problem for all ambulatory 
clinics. Failure to attend an appointment results in 
inefficiency because the vacant appointment interval 
is often not used by another patient. This typically 
results in ongoing expenditures without concomitant 
reimbursement thereby decreasing appropriate resource 
utilization. This is particularly important for endoscopic 
procedures where a specific interval is scheduled and 
appropriate preparation is required for each patient. If  a 
patient does not attend the prearranged endoscopy time, 
often the time is simply absorbed into the rest of  the day 
without an appropriate substitute being found. 

There are a number of  maneuvers that various 
clinics have used in an attempt to decrease truancy from 
endoscopic appointments. Some sites notify all patients 
within a few days of  their scheduled time, others will 
insist that the patient themselves confirm their appoint-
ment, other sites even “over-book” the endoscopy 
unit to account for a small percentage that will not 
appear on their scheduled day. Various methods such 
as telephone[1] or text message[2] reminders and mailed 
pre-procedural pamphlets[3] have been used successfully 
to decrease truancy from endoscopic appointments. 
Very little research has been devoted to enhancing our 
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understanding of  why patients do not appear at their 
scheduled appointments, and that which has been done 
has demonstrated conflicting results[4-8].

Research based in adolescent outpatient clinics 
have found that telephone reminders the day before 
the scheduled appointment help to reduce “no-show” 
rates[9]. Other studies have shown that such reminder 
systems do not improve patient attendance rates[10,11]. 
One prospective study found that previous non-
attendance for an outpatient appointment was the 
strongest predictor of  future non-attendance behavior[8]. 
There has been limited research into the explanations 
or reasons for patient absenteeism for scheduled 
gastroenterology appointments[12]. If  patients could be 
identified as “high-risk” for absenteeism, then specific 
targeted efforts could be developed to ensure their 
appropriate appearance at their procedure. The objective 
of  this study is to identify risk factors that may help 
predict which patients are the most likely to be truant 
for a scheduled elective endoscopic procedure.

MATERIALS AND METHODS
This study involved all consecutive patients scheduled 
to undergo an elective esophagoduodenoscopy (EGD), 
flexible sigmoidoscopy or colonoscopy in a single 
Canadian tertiary care, gastroenterology clinic (hospital 
based) in the year 2003. A retrospective chart review was 
performed to identify all patients who did not appear 
for their scheduled outpatient endoscopic procedure 
and they were compared to a control group (randomly 
selected patients from the same time period who did 
show at their appointment) to generate predictors of  
patient absenteeism. It was felt that it was unnecessary, 
and in fact not practical, to assess all patients during 
the entire year that did appear for their examination. 
By using a random sample (selected from a similar time 
period as the truant group) comparison between the two 
groups was deemed statistically appropriate. Patients 
referred from other hospitals and those undergoing 
endoscopic retrograde cholangiopancreatography 
(ERCP) or endoscopic ultrasound (EUS) were excluded. 

The factors analyzed included gender, age, duration 
of  time on a waiting list, time of  day of  procedure 
(07:30-10:00, 10:00-12:30, 12:30-15:00), day of  the 
week, type of  procedure, referring physician (family 
physician vs other specialist), distance to hospital (divided 
into regional areas), whether the patient went direct 
to the endoscopy suite for a consult and endoscopy 
during the same appointment without consulting the 
gastroenterologist in his/her outpatient clinic prior to the 
procedure, urgency of  the procedure (urgent procedures 
were defined as patients who were bleeding or who had 
radiological abnormalities warranting an endoscopic 
procedure) and whether the patient was undergoing 
a repeat procedure by the previous gastroenterologist 
or surgeon. Univariate analysis was then performed to 
determine independent associations of  each factor to 
patient “no-shows”. Odds ratios (OR), 95% confidence 
interval (95% CI) and their respective P-values were 

generated. Following this, multivariate analysis was 
performed using logistic regression analysis. Only 
factors that were statistically significant in multivariate 
analysis were reported in the model. The SPSS software 
package for Windows (Release 15.0.0-6 Sept 2006; SPSS 
Inc., Chicago, IL, USA) was used for statistical analysis. 
Ethics approval was obtained through St Paul’s Hospital, 
University of  British Columbia to conduct the study. 

RESULTS
Table 1 shows the prevalence of  patient characteristics 
that were analyzed as potential predictive factors for 
truancy for scheduled endoscopic procedure. The 
absenteeism rate was 3.6% (n = 234) overall, 2.6% for 
colonoscopy, 2.9% for EGD and 4.3% for flexible 
sigmoidoscopy. Of  the 234 patients, 50% were scheduled 
for colonoscopy, 35% for EGD and 15% for flexible 
sigmoidoscopy. 

Univariate analysis was performed on each factor to 
determine the possibility of  independent associations 
with patient “no shows” (Table 2, Figure 1) In the 
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Table 1  Prevalence of patient characteristics among patient’s  
who were and were not truant for scheduled endoscopic 
procedure

Factor Number of patients (n )

Control 
group1

No-show Total patients 
evaluated

Urgent 
procedure

No 219 198 417
Yes   99   50 149

Direct to 
endoscopy

No 235 187 422
Yes   81   75 156

Referring 
doctor

No referral     9   17   26
GP 293 235 528

Specialist   19   33   52
Sex Female 176 152 328

Male 150 133 283
Time of 
procedure

7:30-10:00 125   87 212
10:00-12:30 115 106 221
12:30-15:00   86   92 178

Type of 
procedure

Colonoscopy 177 129 306
EGD 109 107 216

Flex-sig   40   49   89
Weekday Monday   53   61 114

Tuesday   58   65 123
Wednesday   72   56 128
Thursday   73   61 134

Friday   70   42 112
Distance 
living from 
hospital

Within 10 
miles

201 194 395

Within 60 
miles

106   74 180

Beyond 60 
miles

  18   13   31

Previous 
endoscopy

No 132 104 236
Yes 184 144 328

New patient No 153 135 288
Yes 161 133 294

1Control group refers to a random sample of patients during the same 
interval who appeared at their appointment as scheduled; GP: General 
practitioner; Flex-sig: Flexible sigmoidoscopy.



univariate analysis, a significant trend was determined 
towards truancy in those non-urgently referred (OR 1.79, 
95% CI 1.2-2.6) and those referred from specialists (as 
opposed to family physicians) (OR 2.1, 95% CI 1.2-3.9). 
Interestingly, in the univariate analysis, having their 
procedure performed on Friday (as opposed to Monday 
to Thursday) was protective against truancy (OR 0.493, 
95% CI 0.28-0.87).

Mult ivar iate analys is was then perfor med to 
determine which factors were most associated with a 
positive outcome (Table 3, Figure 1). In the multivariate 
analysis three factors were statistically significant deter-
minants in predicting “no shows”: (1) patients referred 
to the clinic for a non-urgent compared to urgent 

procedures (OR 1.624, 95% CI 1.06, 2.45); (2) patients 
referred by a specialist compared to those referred 
by a family doctor (OR 2.76, 95% CI 1.31, 5.524); (3) 
patients who had an office-based consult prior to the 
endoscopy as compared to those who went direct to the 
endoscopy suite for a consult and procedure during the 
same appointment (OR 2.244, 95% CI 1.33, 3.78). In 
the multivariate analysis, day of  the week the procedure 
was performed was no longer significant. Figure 1 
summarizes the findings of  the univariate analysis and 
the significant factors on the multivariate analysis.

DISCUSSION
There are many factors that are critical in maintaining 
the efficiency of  an endoscopy unit. Many of  these 
factors, such as emergency procedures, equipment 
failures and sedation difficulties are virtually impossible 
to predict. The multitasking, late physician is another 
major cause of  an inefficient endoscopy unit and 
likewise, he/she is admittedly difficult to modify. On the 
other hand, truancy among patients who fail to attend 
their scheduled appointment is something that, in theory 
at least, has the capacity to be controlled. 

We have determined the absenteeism rate in our 
endoscopy unit to be 3.6%, which encompassed 4.3% 
of  flexible sigmoidoscopies, 2.6% of  colonoscopies 
and 2.9% of  upper endoscopies. This study was not 
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Table 2  Univariate analysis of patient characteristics and their predictive value for patient 
absenteeism from scheduled endoscopic procedure

Comparison OR 95% CI P -value

Urgency Non-urgent vs urgent 1.790 1.211, 2.645 0.0035
Direct to endoscopy Not direct vs direct 0.859 0.595, 1.242 0.4199
Referring physician Specialist vs GP 2.165 1.200, 3.906 0.0063

No referral vs GP 2.355 1.031, 5.379
Age Increments of 10 years 0.912 0.823, 1.010 0.0757
Sex Female vs male 0.974 0.708, 1.340 0.8714
Time of procedure 7:30-10:00 vs 12:30-15:00 0.651 0.423, 1.001 0.0835

10-12:30 vs 12:30-15:00 0.967 0.637, 1.468
Type of procedure Colonoscopy vs flex-sig 0.741 0.439, 1.250 0.2757

EGD vs flex-sig 0.964 0.558, 1.667
Weekday Tues vs Mon 1.000 0.580, 1.723 0.9570

Wed vs Mon 0.754 0.439, 1.293
Thurs vs Mon 0.809 0.476, 1.373

Fri vs Mon 0.493 0.278, 0.873
Region < 10 mile radius vs < 60 mile radius 1.537 0.685, 3.448 0.1110

< 60 mile radius vs > 60 mile radius 1.054 0.454, 2.449
Previous endoscopy Yes vs no 1.039 0.738, 1.464 0.8252
Waiting time 3 mo increments 0.835 0.675, 1.034 0.0980
New patient No vs yes 1.293 0.921, 1.815 0.1369

Table 3  Multivariate analysis of patient characteristics and 
their predictive value for patient absenteeism from scheduled 
endoscopic procedure

Comparison OR 95% CI P -value

Urgency Non-urgent vs urgent 1.624 1.056, 2.497 0.027
Direct to endoscopy Not direct vs direct 2.244 1.331, 3.783 0.002
Referring physician Specialist vs GP 2.763 1.383, 5.519 0.058

No referral vs GP 1.228 0.321, 4.706 0.666

Figure 1  Predictive value for patient absenteeism of variables assessed 
in univariate (black lines) and multivariate (white lines) analyses. Three 
factors were statistically associated with patient absenteeism in the multivariate 
analysis: (1) patients referred for non-urgent vs urgent procedures (OR 1.62, 
95% CI 1.06, 2.50); (2) patients referred by a specialist vs a family doctor (OR 
2.76, 95% CI 1.38, 5.52); and (3) patients undergoing office-based consult 
prior to endoscopy vs consult and endoscopic procedure during the same 
appointment (OR 2.24, 95% CI 1.33, 3.78). In the univariate analysis, patients 
were more likely to show up for their scheduled appointment on Fridays, 
however, this was not significant in the multivariate analysis. GP: General 
practitioner; Flex-sig: Flexible sigmoidoscopy.
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Direct vs  not direct
No ref vs  GP
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10-year increments
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7:30-10:00 vs  12:30-15:00
10:00-12:30 vs  12:30-15:00
Colonoscopy vs  flex-sig
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Wed vs  Mon
Thurs vs  Mon
Fri vs  Mon
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Yes vs  no
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designed to compare the absenteeism rates between the 
different procedures; however, when compared, these 
rates are not statistically different. We determined three 
factors that resulted in a patient being considered “high 
risk” for truancy. It has become common for patients 
to have a consultation and endoscopy at the same time, 
just prior to the endoscopy (particularly for screening 
colonoscopies), and we have found that these patients 
are more likely to attend their appointment than those 
who have been previously seen in an office setting by 
the physician. At present, in our setting, we do not use 
physician assistants, however, all patients scheduled for a 
consult and endoscopic procedure at the same time are 
called by a secretary with subsequent explanation of  the 
preparation and procedure. Those patients who continue 
to have additional questions that cannot be answered 
by the secretary are scheduled for an office visit prior to 
the procedure. The practice of  “direct to endoscopy” 
has become commonplace and we note that this 
practice has indeed apparently minimized our truancy 
rates. It should also be recognized that in our Canadian 
system, many patients are booked for their endoscopic 
procedures weeks to months in advance and yet, despite 
this, we still have improved attendance rates for those 
patients that are booked directly to endoscopy, possibly 
demonstrating a more motivated patient group. It does 
confirm that this practice at least results in appropriate 
attendance to endoscopy and that these patients are 
compliant with their appointment. 

The second factor found to be associated with 
absenteeism from endoscopy was referral from a specialist 
rather than a family physician. This is logical in that family 
physicians are very accustomed to referring patients to a 
specialist and have an organized system to arrange it. On 
the other hand, many specialists’ offices are very adept 
at accepting referrals but not nearly as organized when 
it comes to referring a patient to another specialist. In 
addition, patients referred from other specialists often 
tend to have multiple health issues and more likely to 
be at a more acute state of  illness. Just the fact that 
they have multiple health problems may put them at 
risk for absenteeism from their scheduled endoscopic 
appointment. This is another group of  patients that 
can relatively easily be targeted as “high risk” for 
absenteeism and steps taken to ensure confirmation of  
their appointment.

The last group of  patients who are more likely not 
to attend their appointments are those with non-urgent 
reasons for endoscopy. We defined urgent as those 
patients with bleeding or radiological abnormalities 
requiring endoscopic assessment. These patients are 
more likely to attend their procedure as opposed to the 
truly elective patient. This is logical in that typically, these 
patients have been told that there is a high likelihood 
that an abnormality is present and tissue confirmation 
is critical. These patients are therefore concerned 
enough to ensure their attendance at their endoscopic 
examination. 

An Australian study demonstrated that patients with 
previous history of  non-attendance were more likely not 

to attend[8], we have not found that in this study. This 
may be because if  a patient doesn’t attend the endoscopy 
clinic at a scheduled time, typically, the physician will 
not arrange another endoscopy until another office visit 
has been completed and an explanation for truancy 
extracted. A pediatric study demonstrated that social 
factors (social class, unmarried parents, poorer housing) 
played a larger role in increasing truancy than other 
factors such as severity of  disease[13]. Due to the nature 
of  this study, assessment of  social factors was not 
performed. 

There are several limitations of  our study. It is 
retrospective and contains the usual limitations inherent 
within this study design. On the other hand, there is 
presently very limited data available from the literature 
to determine who is at high risk for truancy from 
endoscopy units. Many endoscopic sites have instituted 
measures to limit truancy such as calling all patients by 
phone or mailing reminders prior to the endoscopic 
examination to ensure their attendance[1-3,7,14]. Some 
of  these measures are labor intensive with associated 
cost expenditures. Additionally, most patients attend 
their clinic appointment and in theory, don’t require a 
reminder. If  a select group of  patients could be targeted 
then a limited reminder protocol might be considered. 
Before we embarked upon any campaign to decrease 
truancy rates, we felt it was critical to determine what 
factors were important in this area. Ideally, if  we could 
isolate several factors, steps could be undertaken to 
improve the system and then re-evaluate after institution 
of  an improved management strategy.

Another limitation of  our study is the fact that it 
applies only to the dataset of  our institution and our 
patients. Its general, applicability may be questioned; 
however, our site is very similar to many tertiary care 
centers. Many patients come directly to the endoscopy 
unit without prior consultat ion, procedures are 
performed in large numbers with rapid turnover, the 
endoscopic rooms and time are the critical elements to 
the efficiency of  any unit. As a tertiary care center with a 
wide base of  referrals, it would appear that our unit is, in 
fact, similar to many other endoscopic units throughout 
the world and therefore, our results could likely be 
replicated elsewhere. 

A final limitation of  the study is the fact that we 
have excluded patients who were transferred from other 
hospitals as well as those scheduled for ERCP and EUS. 
These patients are more complex with a myriad of  other 
issues (including the acuity of  illness) and we felt that the 
group we needed to concentrate on was those in whom 
we perform most of  the standard, elective endoscopic 
examinations. 

In summary, we found that patients with a non-
urgent condition, those referred from a specialist and 
those who do not have a consult and procedure at 
the same time are more likely to be absent from their 
scheduled endoscopic procedure than those without 
these characteristics. With this information, endoscopy 
units can hopefully modify their clinical practices to 
reduce patient truancy. Studies aimed at improving 
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efficiency in endoscopy units should be aware of  these 
“high-risk” patients to enhance appropriate resource 
utilization by decreasing absenteeism. 
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Abstract
AIM: To determine the composition of both fecal and 
duodenal mucosa-associated microbiota in irritable 
bowel syndrome (IBS) patients and healthy subjects 
using molecular-based techniques.

METHODS: Fecal and duodenal mucosa brush 
samples were obtained from 41 IBS patients and 26 
healthy subjects. Fecal samples were analyzed for the 
composition of the total microbiota using fluorescent  
in situ  hybridization (FISH) and both fecal and duodenal 
brush samples were analyzed for the composition of 
bifidobacteria using real-time polymerase chain reaction.

RESULTS: The FISH analysis of fecal samples revealed 
a 2-fold decrease in the level of bifidobacteria (4.2 ± 
1.3 vs  8.3 ± 1.9, P  < 0.01) in IBS patients compared 
to healthy subjects, whereas no major differences 
in other bacterial groups were observed. At the 
species level, Bifidobacterium catenulatum  levels were 
significantly lower (6 ± 0.6 vs  19 ± 2.5, P  < 0.001) 
in the IBS patients in both fecal and duodenal brush 
samples than in healthy subjects.

CONCLUSION: Decreased bifidobacteria levels in 
both fecal and duodenal brush samples of IBS patients 
compared to healthy subjects indicate a role for 
microbiotic composition in IBS pathophysiology. 
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INTRODUCTION
Irritable bowel syndrome (IBS) is a common gastro­
intestinal disorder characterized by abdominal pain or 
discomfort and altered bowel function. Alterations in 
psychosomatic factors, gastrointestinal motility, visceral 
hypersensitivity and microbiotic composition have been 
suggested to play a role in the pathophysiology of  IBS[1]. 
Alterations in fecal and small intestinal microbiotic 
composition in IBS patients have been reported and 
studies revealed a somewhat higher bacterial count in 
jejunal juice of  IBS patients and lower numbers of  fecal 
coliforms, lactobacilli and bifidobacteria than in healthy 
subjects[2,3]. More specifically, molecular-based methods 
showed that in IBS patients levels of  members of  the 
Clostridium coccoides subgroup, Lactobacillus, Collinsella  
and Bifidobacterium catenulatum groups are different 
from that of  healthy subjects[4,5]. These differences 
in the fecal microbiotic composition may underlie 
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symptom generation by promoting abnormal colonic 
fermentation[6]. However, mucosa-associated bacteria 
might be more relevant in the symptom generation 
of  IBS, since fecal and jejunal juice samples are only 
representing the composition of  luminal microbiota. 
Alterations in luminal bacteria composition may change 
the commensal microbiota and affect the microbiota 
adhering to the mucosa. Microorganisms adhering to 
the intestinal wall are more likely to affect the host’s 
immune, physiological or neuronal system or vice versa. 
The composition of  luminal and mucosa-associated 
bacteria are not the same since the micro-environments 
are different at the surface of  the intestinal epithelium 
and the lumen[7,8]. Therefore, we aimed to determine the 
composition of  fecal luminal and mucosa-associated 
microbiota in IBS patients using molecular identification 
and quantification techniques.

MATERIALS AND METHODS
Subjects
Twelve male and 29 female IBS patients included in 
this study fulfilled the Rome Ⅱ criteria for IBS and 
were categorized as diarrhea predominant (IBS-D), 
constipation predominant (IBS-C) or alternating IBS 
subgroup (IBS-A)[9]. The IBS population consisted of  
14 IBS-D subjects, 11 IBS-C subjects and 16 IBS-A 
subjects. The control group consisted of  8 male and 18 
female healthy subjects from the general population, 
devoid of  GI symptoms or major abdominal surgery. 
The healthy subjects were significantly (P < 0.001) 
younger (31 ± 2.06 years) than the group of  IBS patients 
(42 ± 2.12 years). Subjects taking medication known 
to influence bacterial composition and gastrointestinal 
motility, especially antimicrobial medications and/or 
probiotics were excluded from the study. The Human 
Ethics Committee of  the University Medical Centre 
Utrecht approved the study and all subjects gave written 
informed consent.

Sampling
To obtain small intestinal mucosa-associated material 
a sterile cytology brush (Uno-Brush, Prince Médical, 
Ercuis, France) sheathed in a sterile catheter was placed 
through the endoscope biopsy channel and advanced 
under direct vision out beyond the endoscope tip[10]. 
The duodenal mucosa was brushed three times and 
then pulled back into the sheath of  the catheter. The 
catheter was removed and the brush was immediately cut 
off  the catheter and placed into a sterile tube in liquid 
nitrogen and stored at -80℃ until analysis. Fecal samples, 
obtained before endoscopy, were collected and stored at 
-80℃ until further handling. 

Fluorescent in situ hybridization (FISH) analysis of fecal 
samples
The total number of  bacteria present in the fecal 
samples was determined with the EUB 338 probe which 
targets all bacteria[11]. FISH analysis was essentially 

performed as described previously with the genus-
specific probes listed in Table 1[12]. Approximately 
0.5 g of  homogenized feces was suspended in 4 mL 
of  0.2 mm-pore-size-filtered PBS and 0.5 mL 37% 
formaldehyde and thoroughly mixed by vortexing for 
3 min. After incubation for 4 h at 4℃ the suspension 
was vortexed again for 2 min. Debris was removed by 
a short spin at 80 g for 1 min. In an eppendorf  tube, 
300 μL of  the supernatant was collected and the fixed 
cells were washed twice with PBS. For FISH analysis 
of  the Lactobacillus-Enterococcus group the cells were first 
permeabilized by resuspending the pellet in 100 μL  
Proteinase-K solution (180 kU/L) (Sigma-Aldrich, 
Zwijndrecht, The Netherlands) and incubated for 10 min 
at 37℃. The cells were washed as described above and 
resuspended in 300 μL PBS/ethanol (1:1 v/v). After one 
hour of  storage at -20℃, the cell suspension was diluted 
1:10 in hybridization buffer at the required temperature 
for hybridization, and 5 ng labeled probe was added. 
Cells were hybridized for 16 h at the prescribed 
hybridization temperature. After resuspension in 4 mL 
washing buffer, cells were filtered on a 0.2 mm pore 
size Isopore polycarbonate membrane filter (Millipore 
Corporation) and washed with 5 mL of  50℃ washing 
buffer. Filters were mounted on microscope slides with 
Vectashield (Vector Laboratories, Burlingame, CA, 
USA), and hybridized cells were counted visually using 
an Olympus BX60 epifluorescence microscope using a 
FITC or Cy3-specific filter. All microscopic counts were 
determined in duplicate, with a minimum of  300 cells 
counted per assay. 

DNA extraction and polymerase chain reaction (PCR) 
amplification of fecal and duodenal brush samples
Brush and fecal samples were thawed on ice cooled 
water. DNA was extracted using the DNeasy Tissue 
kit (Qiagen, Venlo, The Netherlands) or the Fast DNA 
Spin kit (Qbiogene, Irvine, USA) from the brush and 
fecal samples respectively. The eluted DNA samples 
were stored at -20℃. The integrity of  the isolated DNA 
was determined visually after electrophoresis on a 1.0% 
agarose gel containing ethidium bromide.

Real-time PCR
Quantification of  Lactobaci l l i genera and species 

Table 1  Genus-specific probes used for FISH analysis

Probe Target group Ref.

EUB 338 Total bacteria [44]

Bac 303 Bacteroides-Prevotella group [45,46]

Bif 164 Bifidobacterium [12]

Erec 482 Clostridium coccoides-Eubacterium 
rectale group

[47]

Chis 150 Clostridium histolyticum group [47]

Clit 135 Clostridium lituseburense group [47]

Cld 73 Clostridium difficile This study: CGCCGC 
TCTTTACCGAAGT

Fprau 645 Faecalibacterium prausnitzii [46,48]

Lab 158 Lactobacillus-Enterococcus group [49]
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specifically belonging to bifidobacteria was performed 
using a 5’nuclease (TaqMan) assay as described 
previously[13,14]. Briefly, a 20 μL PCR amplification 
mixture containing 10 μL TaqMan Fast Universal Master 
Mix (Applied Biosystems, Nieuwerkerk a/d IJssel, The 
Netherlands), optimized concentrations of  primers and 
probes and 2.0 μL isolated DNA was prepared. The 
temperature profile for the amplification consisted of  20 s 
at 95℃ and 45 cycles of  1 s at 95℃ and 20 s at 60℃ (ABI 
7900 HT Fast; Applied Biosystems, Nieuwerkerk a/d 
IJssel, The Netherlands). The percentages of  the different 
bacteria were subsequently calculated as described by  
Liu et al[15,16].

Statistical analysis
FISH results with microbial numbers below the detection 
limit (8.3 × 105/g) were excluded from statistical analysis. 
Nonparametric FISH microbiota data were compared 
using Mann-Whitney tests or Kruskal-Wallis test for 
subgroup analysis. Independent samples t-test was used 
to compare differences in real-time PCR microbiota 
data between IBS patients and healthy subjects. One-
way ANOVA with Bonferroni correction was used for 
analysis of  microbiota in the IBS subgroups. 

P-values less than 0.05 were considered statistically 
significant. All statistical analysis was performed using 
commercially available software (SPSS 12.0.1 for 
Microsoft Windows). Data are expressed as mean ± SE.

RESULTS
Characterization of the fecal microbiota of IBS patients 
and healthy subjects
The mean percentages of  all bacterial groups measured are 
presented in Table 2. The results show that F. prausnitzii,  
E. rectale/C. coccoides and bifidobacteria are the most 
abundant groups in both IBS patients and healthy 
subjects. The levels of  bifidobacteria were significantly 
lower (P < 0.05) in IBS patients (4.2% ± 1.3%) than 
in healthy subjects (8.3% ± 1.9%). No significant 
differences were observed between IBS-D, IBS-C and 
IBS-A subgroups. The C. lituseburense group was detected 
in significantly lower levels (P < 0.01) in IBS patients 
compared to healthy subjects; however, C. lituseburense 
reached the detection limit only in 14 healthy subjects 
and 18 IBS patients. The proportions of  Lactobacillus spp,  
C. coccoides, C. histolyticum, C. dif ficile, Bacteroides and  
F. prausnitzii showed no differences between IBS patients 
and healthy subjects. This set of  probes covered 44% 
and 32% of  the total fecal microbiota in the healthy 
subjects and IBS patients, respectively. The low coverage 
is predominantly due to low counts in Bacteroides. 

Characterization of the fecal bifidobacteria microbiota of 
IBS patients and healthy subjects
In healthy subjects, the proportion of  bifidobacteria 
identified as Bifidobacterium catenulatum (19.31% ± 2.5%) 
was significantly (P < 0.001) higher compared to IBS 
patients (6.24% ± 0.6%). The low proportion of   
B. catenulatum was consistent in all IBS subgroups (Table 3,  

Figure 1A). The proportions of  the other species 
(Bifidobacterium adolescentis, Bifidobacterium bifidum and 
Bifidobacterium longum) were not significantly different 
between healthy subjects, IBS patients and IBS subgroups. 
Low levels of  B. bifidum were detected in fecal samples of  
all subjects as compared to the other Bifidobacterium species 
and as compared to the B. bifidum level in duodenal 
samples (Tables 3 and 4). The bifidobacterial species 
covered by these Q-PCR assays were only 43% and 29.5% 
of  the total bifidobacteria population for healthy subjects 
and IBS patients, respectively.

Characterization of the duodenal microbiota of IBS 
patients and healthy subjects 
In healthy subjects, B. catenulatum level as percentage of  
total bifidobacterial load (17.04% ± 2.3%) was significantly 
(P < 0.001) higher when compared to IBS patients 
(4.85% ± 0.5%). The significantly lower proportion of   
B. catenulatum was observed in all IBS subgroups (Table 4,  
Figure 1B). The levels of  B. adolescentis, B. bifidum and  
B. longum as percentage of  total bifidobacterial load were 
comparable between healthy subjects, IBS patients and 
IBS subgroups (Table 4). With the set of  probes used, the 
total percentage of  bifidobacteria of  the bifidobacterial 
load which could be detected is 46% for healthy subjects 
and 31% for IBS patients.

Characterization of B. catenulatum in age-matched IBS 
patients and healthy subjects 
Since the patients and healthy subjects were not matched, 
the age difference between the healthy subjects and IBS 
patients may be a confounding factor. In a subset of  
the subjects, 19 IBS patients (33 ± 2.8) matched for age 

Table 2  FISH analysis of the composition of the fecal 
microbiota of HS, IBS patients and IBS subgroups

Probe HS IBS IBS-A IBS-D IBS-C 

Fprau 645 12.0 ± 2.1   9.2 ± 0.80 10.6 ± 1.6   8.2 ± 1.4   8.6 ± 1.2
Erec 482 16.6 ± 5.4 11.7 ± 2.5   6.4 ± 1.3   7.1 ± 1.2 20.5 ± 5.8
Bif 164   8.3 ± 1.9   4.2 ± 1.3a   1.7 ± 0.63   7.9 ± 5.2   4.5 ± 0.94
Lab 158   4.7 ± 0.88   4.0 ± 0.78   2.0 ± 0.38   4.0 ± 1.7   6.0 ± 1.5
Chis 150   2.4 ± 0.43   2.1 ± 0.57   2.0 ± 0.61   1.6 ± 0.37   2.4 ± 1.4
Bac 303   1.5 ± 0.89   3.6 ± 1.5 0.41 ± 0.21   4.4 ± 3.3   5.7 ± 2.8
Cld73 0.88 ± 0.28 0.43 ± 0.09 0.61 ± 0.16 0.32 ± 0.15 0.21 ± 0.08
Clit 135 0.39 ± 0.10 0.09 ± 0.03a 0.06 ± 0.03 0.09 ± 0.04 0.11 ± 0.06
Sum 44.4 ± 6.85 32.1 ± 3.27 22.7 ± 2.30 28.3 ± 5.90 43.5 ± 5.89

aP < 0.05 vs HS. Data are expressed as percentage, mean ± SE.

Table 3  Real time PCR analysis of fecal bifidobacteria in HS, 
IBS patients and IBS subgroups

HS IBS IBS-A IBS-D IBS-C

B. catenulatum 19.31 ± 2.5 6.24 ± 0.6b  6.57 ± 1.1b  5.67 ± 0.8b 6.49 ± 1.2b

B. adolescentis 17.05 ± 2.5 15.96 ± 1.6 16.86 ± 3.4 16.73 ± 1.8 14.06 ± 3.05
B. bifidum 2.1 × 10-4 

± 
1.4 × 10-4

9.1 × 10-4

 ± 
6.3 × 10-4

3.3 × 10-4 
  ± 

2.2 × 10-4

1.9 × 10-3 
  ± 

1.8 × 10-3

4.5 × 10-4 
± 

3.1 × 10-4

B. longum   7.11 ± 1.4  7.30 ± 0.8 6.68 ± 1.4 8.71 ± 1.7  6.45 ± 1.33

bP < 0.001 vs HS. Data are expressed as percentage, mean ± SE.
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with 19 healthy subjects (33 ± 2.7), decreased levels of  
B. catenulatum were also shown in duodenal as well as in 
fecal samples of  the IBS patients. The mean percentage 
of  B. catenulatum of  total bifidobacterial load in duodenal 
samples was significantly (P < 0.001) lower in IBS 
patients (5.48% ± 0.60%) compared to healthy subjects 
(17.19% ± 2.43%). Percentage of  B. catenulatum of  total 
bifidobacterial load in the fecal samples was significantly 
(P < 0.001) lower in IBS patients (6.98% ± 0.69%) 
compared to healthy subjects (19.50% ± 2.67%). 

DISCUSSION
Composition of  gastrointestinal microbiota is known 
to be relatively stable and composed of  permanent, 
the so-called core phyla, and transient species which 
contribute to gastrointestinal health and disease[17-19]. The 
presence of  beneficial microbes in the intestine prevents 
colonization by potentially pathogenic microbes, referred 
to as colonization resistance[20,21]. Imbalances in the 
microbiota are characterized by a decrease in beneficial 
anaerobic bacteria and increases in aerobic bacteria, 

fungi and harmful anaerobic bacteria[20]. 
In this study, we showed, using FISH analysis, that 

IBS patients have significantly lower fecal levels of  
bifidobacteria but no differences in the other major 
bacterial groups. Previous studies have also shown 
microbial alterations in fecal samples of  IBS patients 
using both culturing and molecular-based techniques[2,4]. 
Using culturing techniques, Balsari et al[2] have already 
shown in 1982 a decrease in bifidobacteria, coliforms 
and lactobacilli in IBS patients. Using molecular-based 
techniques decreased B. catenulatum, C. coccoides, Lactobacillus 
and Collinsella  counts in the fecal samples of  IBS patients 
were found[4,5]. These studies were limited to the fecal 
flora. We broadened the study by examining bifidobacteria 
levels in duodenal mucosa-associated samples.

Differences in microbiotic composition between 
luminal and mucosa-associated bacteria have been 
shown[7,22-25]. The different micro-environment of  
the epithelium compared to the lumen might lead 
to a different microbiotic composition[7,26]. Bacteria 
that attach to the mucosa may exert greater influence 
on innate immune processes in the intestine[24,27]. In 
addition, the adhesion of  non-pathogenic bacteria to 
the epithelial surface may contribute to the barrier that 
effects host resistance to pathogenic bacteria[24]. 

In this study, we showed that the percentages of   
B. bifidum of  the total bifidobacterial counts were lower 
in the fecal samples than in the duodenal mucosa-
associated samples in both IBS patients and controls. 
This might be due to high hydrophobicity of  B. bifidum 
which is related to its ability to adhere to surfaces[28,29]. 
Furthermore, B. catenulatum counts were decreased 
in duodenal mucosa-associated samples as well as in 
fecal samples of  IBS patients compared to controls. 
The effect of  B. catenulatum on the health of  the host 
is unknown. However as a group, bifidobacteria are 
considered beneficial for the host, as they produce lactic 
and acetic acids that decrease pH and inhibit the growth 
of  potential pathogenic bacteria[30-32].

Moreover, Bifidobacterium spp prevent diarrhea and 
intestinal infections, alleviate constipation and stimulate 
the immune system[31]. The lower levels of  bifidobacteria 
might be epiphenomenal or develop as a consequence of  
altered gastrointestinal motility or genetic makeup of  IBS 
patients rather than being the cause of  IBS symptoms[31].

Since the patients and healthy subjects were not 
matched, the age difference between the healthy subjects 
and IBS patients might have been a confounding factor. 
It was reported that elderly (> 65 years old) have lower 
fecal levels of  B. catenulatum[33,34]. The elderly were not 
included in our study. The effect of  the age difference 
between healthy subjects (mean age 32 years) and IBS 
patients (mean age 42 years) on B. catenulatum levels is 
not known. However, in age-matched IBS patients and 
healthy subjects statistically significantly decreased levels 
of  B. catenulatum were also seen in duodenal as well as in 
fecal samples of  the IBS patients.

An imbalanced microbiotic composition may lead 
to a different fermentation pattern, especially with an 
increased hydrogen production resulting in bloating[6,35]. 

Table 4  Duodenal mucosa-associated bifidobacteria in HS, 
IBS patients and IBS subgroups

HS IBS IBS-A IBS-D IBS-C

B. catenulatum 17.04 ± 2.3   4.85 ± 0.5b  5.26 ± 0.9b 4.26 ± 0.7b   5.04 ± 1.0b

B. adolescentis 15.68 ± 2.3 13.90 ± 1.4 14.66 ± 2.7 14.58 ± 1.7 12.21 ± 3.0
B. bifidum   6.09 ± 0.9  5.13 ± 0.8 5.36 ± 1.7 4.43 ± 1.1   5.68 ± 1.3
B. longum   6.88 ± 1.3  7.27 ± 0.8 5.84 ± 1.3 9.01 ± 1.6   6.88 ± 1.40

bP < 0.001 vs HS. Data are expressed as percentage, mean ± SE.
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Figure 1  Percentage of Bifidobacterium catenulatum as percentage 
of total bifidobacterial load in fecal samples and duodenal samples of 
healthy subjects, IBS patients and IBS subgroups (mean ± SE). A: Fecal 
samples; B: Duodenal samples.
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Both antibiotics and probiotics have been shown to 
reduce IBS symptoms, which further suggests that 
microbial imbalance may underlie symptom generation in 
IBS patients[36-40]. Previously, a therapeutic trial suggested 
that particular B. infantis species were efficacious in the 
treatment of  IBS symptoms[41]. No effects of  B. infantis 
on stool consistency or frequency could be observed 
which implies that this therapeutic approach may be 
applicable to all IBS patients irrespective of  their stool 
pattern[41]. B. breve in combination with L. plantarum 
has been shown to decrease pain and the severity of  
symptoms in IBS patients[42]. Prebiotics, oligofructose 
and inulin might reduce symptoms in IBS-C patients as 
they selectively stimulate bifidobacteria which results in 
increased stool frequency[43].

In conclusion, lower bifidobacteria levels were found 
both in duodenal mucosa-associated samples as well 
as in fecal samples of  IBS patients when compared to 
healthy subjects. Specifically, B. catenulatum was found 
to be reduced in duodenal mucosa-associated bacteria 
as well as in the feces of  IBS patients. The relevance of  
specific Bifidobacterium spp in relation to IBS symptoms 
is unknown; however modulation of  the gut microbiota 
by means of  prebiotics or bifidobacteria-containing 
probiotics to restore a balanced microbiotic composition 
may have a therapeutic role.
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Abstract
AIM: To study glutamine synthetase (GS) activity and 
glutamate uptake in the hippocampus and frontal cortex 
(FC) from rats with prehepatic portal vein hypertension.

METHODS: Male Wistar rats were divided into sham-
operated group and a portal hypertension (PH) group 
with a regulated stricture of the portal vein. Animals 
were sacrificed by decapitation 14 d after portal vein 
stricture. GS activity was determined in the hippocampus 
and FC. Specific uptake of radiolabeled L-glutamate was 
studied using synaptosome-enriched fractions that were 
freshly prepared from both brain areas.

RESULTS: We observed that the activity of GS increased 
in the hippocampus of PH rats, as compared to control 
animals, and decreased in the FC. A significant decrease 

in glutamate uptake was found in both brain areas, and 
was more marked in the hippocampus. The decrease 
in glutamate uptake might have been caused by a 
deficient transport function, significantly and persistent 
increase in this excitatory neurotransmitter activity.

CONCLUSION: The presence of moderate ammonia 
blood levels may add to the toxicity of excitotoxic 
glutamate in the brain, which causes alterations in 
brain function. Portal vein stricture that causes portal 
hypertension modifies the normal function in some brain 
regions.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Two major complications appear in severe liver failure: 
hepatic encephalopathy (HE) and portal hypertension 
(PH), but the mechanism involved in the production of  
brain damage is still unclear.

PH is found in patients with cirrhosis, and in portal 
vein thrombosis, it is characterized by an increase in 
splanchnic blood flow and pressure, caused by abdominal 
blood flow resistance, secondary to important liver 
parenchyma alterations (fibrosis or cirrhosis). Normally, 
the liver splanchnic blood must reach, through the liver, 
the hepatic veins and finally the vena cava[1]. As a result 
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of  increased splanchnic blood flow, collateral vein shunts 
appear and abdominal circulation avoids the damaged 
liver parenchyma to reach the systemic circulation[2].

HE in acute and chronic liver disease is a complex 
syndrome, associated frequently with hyperammonemia. 
Increases in blood brain barrier (BBB) permeability 
present in PH, allow ammonia ions and other neurotoxic 
substances to penetrate brain tissue[3-6]. Hyperammonemia 
is caused by a defect in the liver parenchyma that forms 
urea from intestinal nitrogenic substances, and vein shunts 
from the splanchnic circulation carry it into the general 
circulation[7].

According to Erceg et al[8], chronic hyperammonemia, 
with or without liver failure, impairs the glutamate-nitric 
oxide-cGMP pathway in the brain and reduces extracellular 
cGMP in the brain. This function is associated with a 
decreased ability of  rats to learn a Y maze conditional 
discrimination task. It has been suggested that a decrease 
in extracellular cGMP is involved in impaired learning 
ability and intellectual function.

Ammonia is a well-known toxic substance for the 
central nervous system (CNS), especially when levels 
exceed the antitoxic capacity of  the brain cells. Glutamate 
plays an important role in cellular metabolism, and 
contributes to normal excitatory neurotransmission in the 
brain. When this function is not accomplished effectively, 
and either ammonia or glutamate are not sufficiently 
detoxified, their concentrations increase pathologically, 
neuron and astrocyte functions deteriorate, and damage 
and even cell death can result[9]. It has been shown 
clearly that acute ammonia toxicity and liver failure lead 
to excitotoxicity as a result of  activation of  N-methyl-
D-aspartate (NMDA) receptors in the brain[10], and that 
blocking these receptors can lead to ammonia-induced 
death[11]. In contrast, chronic hyperammonemia leads 
to down-regulation of  signal transduction pathways 
associated with these receptors, which contributes to 
cognitive impairment[8].

The glutamine/glutamate cycle participates in cell 
metabolism, and has important relevance in normal and 
pathological functions. When this cycle does not function 
adequately, CNS functional damage can appear, and even 
cellular death can be produced[12]. To accomplish the 
transformation to ammonia and glutamate into glutamine, 
the brain depends on the activity of  the enzyme glutamine 
synthetase (GS) in astrocytes. This is associated with 
correct function of  the glutamate transporters, to provide 
an adequate uptake, release and metabolism of  ammonia 
and glutamate[13]. Therefore, the importance of  correct 
function of  the glutamine/glutamate cycle during this 
detoxifying step in brain is clear. 

The aim of  the present study was to analyze the 
participation of  GS activity and glutamate uptake in the 
hippocampus and cerebral frontal cortex (FC), using a 
prehepatic PH rat model, with the intention to mimic 
the two major complications that appear in chronic 
liver failure. By using this model, it may be possible to 
understand more clearly the defense mechanism of  the 
brain against the two toxic substances, ammonia and the 
excitatory neurotransmitter glutamate.

MATERIALS AND METHODS
Animals and surgical procedures 
Male Wistar rats with an average weight of  240 g were 
used. The animals were placed in individual cages, with 
free access to food (standard laboratory rat chow) and 
water, and a 12-h light cycle: 8.00-20.00 h. Special care 
for perfect air renewal was taken. PH was obtained by 
calibrated stenosis of  the portal vein, according to the 
method of  Chojkier and Groszmann[14]. Rats were lightly 
anesthetized with ether and then a midline abdominal 
incision was made. The portal vein was located and 
isolated from the surrounding tissues. A ligature of  3.0 
silk sutures was placed around the vein, and snugly tied 
to a 20-gauge blunt-end needle placed alongside the 
portal vein. The needle was subsequently removed to 
yield a calibrated stenosis of  the portal vein. Fourteen 
days after portal vein ligation, animals exhibit an increase 
in portal pressure. Sham-operated rats underwent the 
same experimental procedure, except that the portal vein 
was isolated but not stenosed. Animals were placed in 
individual cages and allowed to recover from surgery. 
Animals were sacrificed by decapitation at 14 d after 
portal vein stricture.

Experiments were carried out in accordance with 
the US National Institutes of  Health Guide for the Care 
and Use of  Laboratory Animals (NIH publication Nº 
80-23/96) and local regulations. All efforts were made to 
minimize suffering of  animals and to reduce the number 
of  animals used.

Portal pressure measurement 
Fourteen days after the corresponding operation, the 
rats were anesthetized with intraperitoneal sodium 
pentobarbital (40 mg/kg). Portal pressure was measured 
through a needle placed in the splenic pulp, and 
maintained in place by cyanoacrylate gel. The needle was 
cannulated to a polyethylene catheter (50) filled with a 
heparinized saline solution (25 U/mL), and connected 
to a Statham Gould P23ID pressure transducer (Statham, 
Hato Rey, Puerto Rico), coupled to a Grass 79D 
polygraph (Grass Instruments, Quincy, MA, USA).

GS activity
GS activity was assessed as described by Rowe et al[15], 
with some minor modifications. Fourteen days after 
portal vein stricture, rats were sacrificed by decapitation 
and the FC and hippocampus were incubated in 500 µL  
HEPES-Tris buffer, which contained 140 mmol/L 
NaCl, 5 mmol/L KCl, 2.5 mmol/L CaCl2, 1 mmol/L  
MgCl2, 10 mmol/L HEPES, 10 mmol/L glucose 
(adjusted to pH 7.4 with Tris base) for 30 min at 37℃. 
After incubation, each brain region was homogenized 
in 200 µL 10 mmol/L potassium phosphate, pH 7.2. 
Reaction mixtures contained 150 µL brain region 
homogenate and 150 µL stock solution (100 mmol/L 
imidazole-HCl buffer, 40 mmol/L MgCl2, 50 mmol/L 
β-mercaptoethanol, 20 mmol/L ATP, 100 mmol/L 
glutamate and 200 mmol/L hydroxylamine, adjusted 
to pH 7.2) Tubes were incubated at 37℃ for 15 min. 
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The reaction was stopped by adding 0.6 mL ferric 
chloride reagent (0.37 mol/L FeCl3, 0.67 mol/L HCl and  
0.20 mol/L trichloroacetic acid). Samples were placed 
for 5 min on ice. Precipitated proteins were removed 
by centrifugation at 10 000 g, and the absorbance of  the 
supernatants was read at 535 nm against a reagent blank. 
Under these conditions, 1 µmol γ-glutamylhydroxamic 
acid gave an absorbance of  0.340. GS specific activity 
was expressed as µmol γ-glutamylhydroxamate per hour 
per milligram of  protein. 

Preparation of tissue samples for glutamate uptake 
As described for the GS activity assay, at 14 d after portal 
vein stricture, animals were killed by decapitation. The 
brain was removed from the cranial cavity, and the FC 
and hippocampus were dissected onto a Petri dish at 0℃, 
according to the method of  Glowinski and Iversen[16], 
and homogenized with a glass-PTFE homogenizer in  
15 volumes of  0.32 mol/L sucrose. The homogenates 
were centrifuged at 800 g for 10 min, the pellet was 
discarded, and the supernatant was centrifuged at 20 000 g  
for 20 min. The pellet (P2 = crude synaptosomal 
fraction) was suspended with a glass-PTFE homogenizer 
in fresh 0.32 mol/L sucrose, and again centrifuged at 
20 000 g for 20 min. The procedure was repeated three 
times, and the resulting pellet was suspended and used in 
uptake experiments within 5 h after preparation.

Glutamate uptake procedure 
Uptake experiments were carried out using fresh 
synaptosomal fractions that originated from 20 mg of  
tissue of  FC and hippocampus (wet weight) per 1 mL 
incubation medium. This consisted of  125.0 mmol/L 
NaCl, 3.5 mmol/L KCl, 1.5 mmol/L CaCl2, 1.2 mmol/L 
MgSO4, 1.25 mmol/L KH2PO4, 25 mmol/L NaHCO3, 
10 mmol/L HEPES and 10 mmol/L D-glucose, pH 
adjusted to 7.4. The tissue was first incubated for 5 min 
at 30℃, as described by Takarada et al[17], followed by the 
addition of  10 nmol/L radiolabeled substrate of  [3H] 
L-glutamate, and subsequent incubation for 5-30 min 
(time course study). The incubation was terminated by 
vacuum-filtration through Whatman glass fiber-filters 
(type D) and rapid washing, three times, with isotonic 
saline solution (at 2-4℃). The radioactivity on the filters 
was measured using liquid scintillation counting. Parallel 
experiments were always performed without incubation 
as time zero, to obtain radioactivity not specifically taken 
up into brain preparation for the radiolabeled substrate 
used in this experiment.

Protein content was estimated by the technique of  
Lowry et al[18] using bovine serum albumin as a standard. 

Drugs, chemicals and radiolabeled compounds 
[3H] L-Glutamate (specific activity: 52.0 Ci/mmol) 
was from Perkin Elmer NEN Life Science Inc. 
(Boston, MA, USA). Plasma ammonia concentration 
was determinate by the Ammoniac Enzymatic UV kit 
(Biomerieux, France). All other chemicals and reagents 
were analytical grade and obtained through regular 
commercial sources.

Statistical analysis
The uptake was estimated with Graph Pad Prism 3.1 
software (San Diego, CA, USA). Data of  uptake activity 
were presented as the mean ± SE, and were analyzed by 
one-way analysis of  variance, followed by Tukey test[19]. 
Student’s t test was used to assess differences between 
paired groups. P < 0.05 was considered as significant.

RESULTS
In these experiments using prehepatic portal hypertensive 
animals, with almost normal liver function (2-2.5 times 
normal values), we found a significant increase in 
hippocampal GS activity, as compared to sham-operated 
animals (P < 0.001) (Figure 1). On the contrary, in FC, a 
significant decrease in the enzyme activity was documented 
(P < 0.001), in comparison with control rat brains (Figure 1).

The uptake of  [ 3H] g lutamate occur red in a 
temperature-dependent manner and increased with 
incubation time up to 5 min, with a plateau thereafter 
at 30 min. Glutamate uptake in the hippocampus and 
FC showed that, at 30℃, [3H] L-glutamate was taken 
up into synaptosomes in a time-dependent manner. Its 
level reached a plateau after 20 min in the presence of  
Na+ ions (Figure 2), and remained linear with time for 
about 2-3 min in the hippocampus and FC, in PH and 
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sham-operated rats. The uptake of  [3H] L-glutamate was 
temperature- and Na+-dependent in both regions studied. 
Time course experiments verified that the uptake of  this 
excitatory amino acid was essentially linear up to 2-3 min 
at the respective incubation temperature (Figure 2).

The portal hypertensive rat, with almost normal 
liver function (only moderately increased aspartate 
aminotransferase and alanine aminotransferase activity 
and blood ammonia), was shown to have morphological 
and functional alterations of  GS and glutamate uptake in 
astrocytes and neurons.

There was a significant decrease in glutamate uptake in 
the portal hypertensive group, as compared to the sham-
operated rats, in the hippocampus (P < 0.001) and FC (P 
< 0.05) (Figure 2). We found a more pronounced decrease 
in glutamate uptake in the hippocampus. [3H] L-Glutamate 
uptake was concentration-dependent at 30℃ and was 
dramatically suppressed at 2℃ (data not shown). At  
30 min, we observed a decline in [3H] L-glutamate uptake 
in the two regions, which might have been caused by the 
metabolic changes in the glutamine/glutamate cycle. 

Liver homogenates obtained from both groups 
of  animals showed no biochemical alterations and no 
histological damage (data not shown).

Portal pressure was 8.5 ± 0.5 mmHg in the sham-
operated group and 12.5 ± 0.8 mmHg in the PH group (P 
< 0.01).

Plasma ammonium level was 23 ± 9 µmol/L in the 
control group and 79 ± 15 µmol/L in the PH group, 
which corresponded to an increase of  243% (P < 0.01).

DISCUSSION
PH is responsible for severe circulatory derangements 
in the splanchnic and systemic circulation, and brain 
damage results from HE, as a consequence of  acute 
and chronic liver failure. In particular, HE is responsible 
for severe and often lethal outcomes in these diseases. 
The HE can be characterized by a wide spectrum of  
neuropsychiatric abnormalities. 

In the present study of  prehepatic portal hypertensive 
rats, we demonstrated different activities of  GS and 
glutamate uptake in the hippocampus and FC. We 
observed that the activity of  GS increased in the 
hippocampus of  PH rats compared to control animals, 
while there was a decrease in the FC. There was a 
moderate increase in ammonia concentration.

Using fresh synaptosomal fractions from the FC 
and hippocampus, we found that glutamate uptake was 
decreased significantly in PH rats, with a more marked 
decrease in the hippocampus. In the presence of   
125 mmol/L NaCl, uptake of  this radiolabeled amino 
acid occurred in a temperature-dependent manner, and 
increased with incubation time up to 2-3 min, with a 
plateau thereafter at 30 min. These results suggest that 
there are biochemical differences between the brain regions, 
possibly caused by the toxic metabolic action of  ammonia, 
glutamate, and perhaps glutamine, on the rat brain.

 The morphological alterations in the liver parenchyma 
in chronic disease and in portal vein thrombosis create 

collateral veins that shunt splanchnic blood flow to the 
systemic circulation, in an attempt to overcome the 
increased pressure of  portal vein flow. This phenomenon 
modifies the normal physiology of  several organs, 
including the CNS, and transports intestinal toxins directly 
to the brain.

In previous experiments with this rat model, 
alterations in the CNS have been documented, including 
BBB permeability modifications[5,20]. The impact of  PH 
on the BBB has been demonstrated in rats, in which, 
40 d after portal vein stricture, the BBB recovers its 
function associated to normalize portal pressure and the 
impermeability to dyes[20].

Glutamate is a major excitatory neurotransmitter, and 
any alteration in the glutaminergic pathway must modify 
brain function. Normally, glutamate is synthesized in 
brain tissue from glucose.

 Butterworth et al[21], studied the brain in liver failure, 
glutamate, some other amino acids and neurotransmitters, 
such as serotonin and dopamine, that are involved in the 
development of  HE. Glutamate uptake and transport are 
important steps in protecting CNS cells from glutamate 
excitotoxicity[22,23].

As the removal of  ammonia in the brain is linked 
to the metabolism of  glutamate in astrocytes, damage 
to these cells has been described in PH animals, which 
involves glutamate uptake and clearance[24].

Rapid clearance of  neurotransmitters released 
from synapses, especially glutamate, acts to limit its 
signaling and prevents its harmful over-stimulation[25]. 
It has been well established for several decades that 
hyperammonemia leads to reduced glutamate uptake, 
which is caused by a reduced amount and function 
of  glutamate transporters[26-28]. Moreover, it has been 
shown recently that reduced glutamate transporters and 
increased extracellular glutamate are responsible for 
hypokinesia in rats with HE and hyperammonemia[29].

GS plays a central role in the metabolic regulation 
of  the excitatory neurotransmitter glutamate and in 
the detoxification of  ammonia. GS is located mainly 
in astrocytes. It has been suggested that glutamate 
can regulate GS brain distribution[30]. This enzyme is 
responsible for the protection of  neurons against excess 
ammonia and glutamate, by metabolizing both substances 
into glutamine. Approximately 85% of  ammonia is 
converted to glutamine[31,32]. In addition, glutamate from 
neurons can be reconverted into glutamine[33]. Astrocytes 
play a key role in the pathogenesis of  ammonia-induced 
neurotoxicity and HE. Schliess et al[34] have found that 
ammonia induces protein tyrosine nitration in cultured 
rat astrocytes, which is sensitive to the NMDA receptor 
antagonist MK-801. Actually, the production of  reactive 
nitrogen intermediates and protein tyrosine nitration 
may alter astrocyte function and contribute to ammonia 
neurotoxicity[34].

Acute intoxication with large doses of  ammonia leads 
to CNS cell damage. The main mechanism for ammonia 
elimination in the brain is its reaction with glutamate to 
form glutamine. This reaction is catalyzed by GS and 
consumes ATP[35]. It has observed that GS activity and 
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glutamine content in the brain are modulated by NMDA 
receptors and nitric oxide.

There are two main types of  hyperammonemia: (1) 
chronic moderate hyperammonemia, as occurs in liver 
cirrhosis, which leads to altered cerebral function, and is 
responsible for the neurological alterations in different 
hyperammonemic states, and also for some of  the 
neurological alterations in liver disease and HE; and (2) 
acute intoxication with large doses of  ammonia, which 
may lead to rapid death of  animals or patients. This 
situation can occur in acute liver failure.

Direct toxic effects of  glutamine on CNS cells have 
been demonstrated in isolated mitochondria, which 
shows that elevated accumulation of  glutamine has 
injurious effects on these cells[36].

Isolated rat cerebral mitochondria treated with high 
glutamine concentrations (5 mmol/L), as present in acute 
hyperammonemic rats, show swelling and mitochondrial 
permeability transition (MPT)[37]. Murthy et al[38] have 
shown that ammonia alone does not induce MPT, but 
that its metabolism to glutamine is necessary to produce 
this alteration. Mitochondrial swelling, as a result of  the 
presence of  high levels of  glutamine and ammonia, is 
known to stimulate the uptake of  glutamine[39].

The addition of  glutamine to cultured astrocytes 
induces MPT development and the formation of  free 
radicals[40]. Hence, glutamine synthesis, from ammonia and 
glutamate in astrocytes, represents an important process 
in brain ammonia detoxification, but also can produce 
negative effects.

The increased activity of  GS in the FC, as seen in 
this PH rat model, may represent a response to moderate 
increases in ammonia. However, in the hippocampus, we 
observed decreased activity of  GS, which may correspond 
to an increase in glutamate, caused by decreased uptake 
and a prolonged toxic effect.

The astrocyte is the brain cell that is directly 
involved in HE. It participates in chronic porto-systemic 
encephalopathy, with ultrastructural alterations in the 
brain. Astrocyte mitochondria are included in this 
pathophysiological mechanism in the hippocampus[41] 
and alterations in its respiratory chain, and show 
ultrastructural damage. By using proton magnetic 
resonance, Häussinger[42] has shown that brains from HE 
patients have an increase in glutamine/glutamate signaling. 
Structural and functional alterations in cultured astrocytes, 
when their exposure to different ammonia concentrations 
is modified, suggest the possibility that HE may constitute 
a primary gliopathy[43].

The mechanisms that produce brain damage in 
chronic encephalopathy may include the following. (1) 
Increased ammonia in the brain, which is associated with 
an increase in glutamate, caused by its reduced uptake, 
which leads to altered metabolic pathways and functional 
and morphological damage to the mitochondria in 
the hippocampus and FC; and (2) The hippocampus 
possesses a fundamental function in behavioral patterns 
on memory and spatial mechanisms among other 
functions. Therefore, it is possible that hippocampus 
suffers more readily from toxicity than the FC, which also 

participates in this process, but with minor involvement.
It is possible that the results obtained in the 

hippocampus in PH rats are indicative of  its plasticity, 
which provokes, during toxic insult, changes in the 
expression of  its enzymes, which maintain the functional 
equilibrium during this pathological situation. In the 
mammalian brain, this region is fundamental for the 
encoding of  recent and past experience, including spatial 
and non-spatial information[41]. The FC has an efficient 
adaptative mechanism, not described in the hippocampus; 
its structure perhaps suffers more damage when toxic 
substances, such as ammonia, glutamate and glutamine are 
not detoxified efficiently. It may be that, in patients with 
cirrhosis, these mechanisms can participate in memory 
processes and behavioral alterations. It might be that the 
extracellular glutamate that arises from impairment of  
the glutamate/glutamine cycle in PH participates in the 
pathogenesis of  HE. Furthermore, in PH, increases in 
ammonia and glutamate and/or glutamine may participate 
in oxidative stress that is induced by a glutamate-mediated 
pathway.

Warren and Schenker [44] have demonstrated that 
inhibition of  GS by methionine sulfoximine decreases 
the death rate in rats intoxicated with ammonia. They 
found fewer metabolic alterations in HE, including brain 
edema, less astrocyte swelling, and a decrease in ammonia-
induced reactive oxygen species. These experiments 
demonstrate the negative role that glutamine can play 
in the pathophysiology of  HE[39,45-47]. In liver failure, 
brain edema, intracranial hypertension, neurotransmitter 
derangements and neurological symptoms represent 
the cerebral repercussions of  distant liver parenchymal 
toxicity. 

Our results from a PH rat model showed that 
two different brain regions had different responses in 
terms of  GS activity and glutamate uptake. The BBB 
in these animals showed an increase in its permeability, 
apparently as a result of  increased portal pressure, 
because when pressure returned to normal, the BBB 
recovered its permeability[20]. Also, an increase in astrocyte 
number, associated with an increase in endothelial cells 
(angiogenesis), has been documented previously[48].

Finally, it is clear that a partial stricture of  the portal 
vein is capable of  modifying functions in two brain regions, 
the hippocampus and FC. The different changes observed 
are difficult to explain. Perhaps, further experiments with 
PH models, using blockers and antagonist of  glutamate 
uptake are needed to explain these results. 

COMMENTS
Background
To analyze the participation of glutamine synthetase (GS) activity and glutamate 
uptake in the hippocampus and cerebral frontal cortex (FC), using a rat model 
of prehepatic portal hypertension (PH), with the intention of mimicking the two 
major complications that appear in chronic liver failure: hepatic encephalopathy 
(HE) and PH. 
Research frontiers
In this field, the research hotspots are how to use prehepatic PH rats and how 
to study the different activities of GS and glutamate uptake in the hippocampus 
and FC.

 COMMENTS
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Innovations and breakthroughs
This study determinate the uptake of [3H] L-glutamate by synaptosomes of 
rat cerebral cortex. That provides accurate and reproducible data and can 
be employed to measure kinetic parameters, and this study determinate GS 
activity to maintain a stable glutamate/glutamine ratio in the brain.
Applications 
Using the PH model, it is possible to understand more clearly the mechanism 
of toxicity and defense of the brain against two toxic substances: ammonia and 
the excitatory neurotransmitter glutamate.
Terminology
The extracellular actions of glutamate are limited by glutamate-specific  
Na+-dependent transporters that remove glutamate, mostly by taking it up into 
astrocytes. Astrocytes convert glutamate into glutamine and pass it back to 
neurons, where it can be converted into glutamate and used to replenish the 
neurotransmitter stores in synaptic vesicles.
Peer review
The authors have used a rat model of PH and have analyzed the activity of GS 
and the uptake of glutamate by synaptosomes in the hippocampus and FC 14 d  
after surgery. The paper seems to be important for understanding HE. The 
whole paper is relatively easy to read and understand.
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Abstract
AIM: To evaluate the maximal-outer-diameter (MOD) 
and the maximal-mural-thickness (MMT) of the 
appendix in children with acute appendicitis and to 
determine their optimal cut-off values to diagnose 
acute appendicitis.

METHODS: In total, 164 appendixes from 160 
children between 1 and 17 years old (84 males, 
76 females; mean age, 7.38 years) were examined 
by high-resolution abdominal ultrasound for acute 
abdominal pain and the suspicion of acute appendicitis. 
We measured the MOD and the MMT at the thickest 
point of the appendix. Patients were categorized 
into two groups according to their medical records: 
patients who had surgery (surgical appendix group) 
and patients who did not have surgery (non-surgical 
appendix group). Data were analyzed by MedCalc v.9.3. 
The rank sum test (Mann-Whitney test) was used 
to evaluate the difference in the MOD and the MMT 
between the two groups. ROC curve analysis was used 
to determine the optimal cut-off value of the MOD and 
the MMT on diagnosis of acute appendicitis.

RESULTS: There were 121 appendixes (73.8%) in 
the non-surgical appendix group and 43 appendixes 
(26.2%) in the surgical appendix group. The median 

MOD differed significantly between the two groups 
(0.37 cm vs 0.76 cm, P < 0.0001), and the median 
MMT also differed (0.15 cm vs 0.33 cm, P < 0.0001). 
The optimal cut-off value of the MOD and the MMT for 
diagnosis of acute appendicitis in children was > 0.57 cm  
(sensitivity 95.4%, specificity 93.4%) and > 0.22 cm 
(sensitivity 90.7%, specificity 79.3%), respectively. 

CONCLUSION: The MOD and the MMT are reliable 
criteria to diagnose acute appendicitis in children. An MOD 
> 0.57 cm and an MMT > 0.22 cm are the optimal criteria.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Since Puylaert[1] described the role of  ultrasound (US) 
as a diagnostic method for acute appendicitis in 1986, 
the diagnosis of  acute appendicitis has become more 
dependent on the use of  US, especially in the doubtful 
cases for the clinicians. Because of  the smaller trunks and 
thinner subcutaneous fat layer in children compared to 
adults, US evaluation of  the appendix is easier in children. 
According to previous reports[1-4], radiologists have used 
several US findings to diagnose acute appendicitis. Among 
these findings, the maximal outer diameter (MOD) of  the 
appendix was regarded as the most reliable measurement. 
When the MOD is > 0.6 cm, radiologists suggest the 
presence of  acute appendicitis is indicated.

However, the MOD may be larger than 0.6 cm 
without acute inflammation. The concern is that the 
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MOD may be exaggerated by the presence of  intra-
luminal materials such as gas, feces and fluid[5-7]. To 
decrease the false positive rate of  the MOD criterion, 
some radiologists have recently attempted to determine 
another size criterion, the maximal mural thickness (MMT) 
of  the appendix[8-10].

The purpose of  this study was to evaluate the diagnostic 
value of  the MOD and the MMT measurements of  
the appendix in children with clinical suspicion of  acute 
appendicitis and to determine the optimal cut-off  values of  
these measurements in diagnosis of  acute appendicitis.

MATERIALS AND METHODS
Among the abdominal US of  the children who visited 
our institute for acute abdominal pain and the suspicion 
of  acute appendicitis between July 2004 and November 
2008, we selected 160 children who had a visible 
appendix on US. These children were aged 1-17 years (84 
males, 76 females; mean age, 7.38 years). 

After receiving informed consent, the children were 
examined by experienced radiologists with three different 
US units (iU22, Philips Medical Systems, Andover, MA, 
USA; HDI 5000 SonoCT, Philips Medical Systems, 
Best, The Netherlands; ATL HDI 5000, Philips Medical 
Systems, Andover, MA, USA). The appendix was scanned 
from the base to the tip under graded compression using 
a high resolution transducer (9-12 MHz linear transducer 
or a 5-8 MHz sector transducer). Then the MOD and the 
MMT were measured at the thickest point in the cross-
sectional image (Figure 1). The MOD was defined as the 
distance between the outer hyperechoic borders of  the the 
appendix, and the MMT was defined as the distance from 
the hyperechoic luminal interface to the outer hyperechoic 
border. Intra-luminal contents including fluid, gas, feces, 
stones or nothing were recorded.

The medical records of  the patients were traced till the 
symptoms were resolved. We categorized the patients into 
two groups: patients who had surgery (surgical appendix 
group) and patients who recovered without surgery (non-
surgical appendix group). Data were analyzed by MedCalc 
v.9.3 software (MedCalc, Mariakerke, Belgium). We used 
the rank sum test (Mann-Whitney test) to evaluate the 
difference in the MOD and the MMT between the two 
groups and used ROC curve analysis to determine the 
optimal cut-off  values of  the MOD and the MMT for 
diagnosing acute appendicitis.

RESULTS
The MOD and the MMT of  164 appendixes in 160 
children were included in this study. Forty-four children 
underwent an appendectomy. The pathological diagnoses 
were 15 cases of  acute appendicitis (without any 
comment), six cases of  acute early appendicitis, 13 cases 
of  acute suppurative appendicitis, six cases of  acute 
gangrenous appendicitis, two cases of  acute gangrenous 
appendicitis with perforation, one case of  acute 
necrotizing appendicitis and one case of  congestion. As 
congestion did not contain any inflammatory cells, the 
case of  congestion was re-classified in the non-surgical 

appendix group. The case of  congestion was finally 
diagnosed with Crohn’s disease in the ileum and cecum. 
As a result, there were 121 appendixes (73.8%) in the 
non-surgical appendix group and 43 appendixes (26.2%) 
in the surgical appendix group.

Because each reference interval of  the MOD and the 
MMT rejected normality (P < 0.0001 in each case), the 
Mann-Whitney test was used for the statistical analysis. 

The range of  the MOD was 0.20-1.45 cm in all 
patients, 0.20-0.69 cm in the non-surgical appendix group 
and 0.42-1.45 cm in the surgical appendix group. The 
median MOD of  0.37 cm (95% CI: 0.29-0.45 cm) in the 
non-surgical appendix group was significantly different 
(P < 0.0001) from the median MOD of  0.76 cm (95% 
CI: 0.69-0.90 cm) in the surgical appendix group. The 
data comparison graphs between the two groups were 
presented in Figure 2A.

The range of  the MMT was 0.08-0.58 cm in all 
patients, 0.08-0.49 cm in the non-surgical appendix group 

0.63 cm

A

Figure 1  Measurement of MOD and MMT of an appendix in the cross-
sectional image. The MOD (A) of the appendix of a 10-year-old  boy who had 
surgery  for acute appendicitis. The MOD (B) and the MMT (C) of the appendix of 
a 7-year-old boy who had a normal appendix in spite of acute abdominal pain.
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and 0.10-0.58 cm in the surgical appendix group. The 
median MMT of  0.15 cm (95% CI: 0.13-0.17 cm) in the 
non-surgical appendix group was significantly different 
(P < 0.0001) from the median MMT of  0.33 cm (95% 
CI: 0.30-0.38 cm) in the surgical appendix group. The 
data comparison graphs between the two groups were 
presented in Figure 2B.

By ROC curve analysis, the optimal cut-off  MOD 
was 0.57 cm with 89.6% sensitivity, 93.2% specificity and 
a 13.1 positive likelihood ratio (Figure 3A). The optimal 
cut-off  MMT was 0.22 cm with 84.6% sensitivity, 95.8% 
specificity and a 20.1 positive likelihood ratio (Figure 3B).

DISCUSSION
According to previous reports[1-4,11], the diagnosis of  
acute appendicitis by US is based on the following 
findings; the MOD of  the appendix > 0.6 cm; the 
appendix cannot be compressed with manual pressure by 
the examiner; the cross-sectional shape of  the appendix 
is round rather than oval; there is an absence of  gas in 
the appendiceal lumen; and there is hyperperfusion of  
the appendiceal wall on a Doppler study. However, the 
most credible criterion, the MOD, may be exaggerated 
and inaccurate in certain conditions (Figure 4)[5-7].

Earlier, Park et al[10] suggested that the MMT may 
have a role as a useful adjunctive measurement, especially 
for patients with fecal-impacted, non-inflammatory 
appendixes. As well as this study, there have been 

several research studies measuring the MMT in children. 
Simonovský[8] reported that the difference in the normal 
appendiceal MMT between a group of  young children and 
adolescents and an adult group was marginally significant 
(P = 0.042). In addition, the investigator stated that an 
MMT < 3 mm should be regarded as normal in children 
aged six years or younger. Wiersma et al[9] also reported the 
sizes of  the MOD and the MMT of  a normal appendix 
in children as 0.21-0.64 cm and 0.11-0.27 cm, respectively. 
However, they studied only normal appendixes. 

In our study, we examined data for both diseased 
and disease-free appendixes on a large scale, and we 
compared the MOD and MMT between the surgical 
appendix and the non-surgical appendix. In a statistical 
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Figure 2  Data comparison graphs of MOD (A) and MMT (B) in box-and-
whisker plots. The median MOD and the median MMT were significantly 
different (P < 0.0001) between two groups.
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Figure 3  ROC curves of MOD (A) and MMT (B). The optimal cut-off points 
are marked as white square boxes on the graphs.

0.68 cm

Figure 4  Cross-sectional image of a distended normal appendix in a 
7-year-old boy. The MOD of the appendix was 0.65 cm. The intra-luminal 
hyperechogenicity was due to gas and fecal materials. We diagnosed this as 
normal appendix, and the symptoms spontaneously resolved. 
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analysis, both the MMT and the MOD had diagnostic 
value for acute appendicitis in children.

In addition, we were able to obtain the optimal cut-off  
MOD and MMT values for diagnosing acute appendicitis 
in pediatric patients. By ROC curve analysis, the optimal 
cut-off  MOD was 0.57 cm with 89.6% sensitivity, 93.2% 
specificity and a 13.1 positive likelihood ratio. The 
optimal cut-off  MMT was 0.22 cm with 84.6% sensitivity, 
95.8% specificity and a 20.1 positive likelihood ratio. 
Considering that literature during the last three years 
has reported that the sensitivity and the specificity for 
diagnosis of  acute appendicitis with US were 80%-100% 
and 86.5%-100%[10,12-19], our study showed acceptable 
sensitivity and specificity. While we expected that the 
MMT would be more sensitive than the MOD, the MMT 
was less sensitive but more specific than the MOD. We 
presumed that the MMT could only decrease the false 
positive ratio of  the MOD and could not affect the false 
negative ratio as the MOD was more sensitive. Therefore, 
in children, an MOD > 0.57 cm suggests the presence of  
acute appendicitis and an MMT > 0.22 cm enhances the 
possibility of  having acute appendicitis. 

There were several limitations to this study. At 
first, because our data were obtained only from visible 
appendixes on US, cases of  perforated appendicitis were 
excluded. Secondly, we categorized patients according 
to the results of  surgery, and therefore cases of  chronic 
or abortive appendicitis may be categorized in the non-
surgical appendix group. Thirdly, because the examiner 
was not one radiologist, inter-observer variance still 
exists.

In conclusion, the MOD and the MMT are reliable 
criteria for diagnosis of  acute appendicitis in children. 
An MOD > 0.57 cm and an MMT > 0.22 cm are the 
optimal criteria.
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Abstract
AIM: To share our surgical experience and the 
outcome of limited pancreatic head resection for the 
management of branch duct intraductal papillary muci-
nous neoplasm (IPMN).

METHODS: Between May 2005 and February 2008, 
nine limited pancreatic head resections (LPHR) were 
performed for IPMN of the pancreatic head. We re-
viewed the nine patients, retrospectively. 

RESULTS: Tumor was located in the uncinate process 
of the pancreas in all nine patients. Three patients had 
stents inserted in the main pancreatic duct due to inju-
ry. The mean size of tumor was 28.4 mm. Postoperative 
complications were found in five patients: 3 pancreatic 
leakages, a pancreatitis, and a duodenal stricture. Pan-
creatic leakages were improved by external drainage. 
No perioperative mortality was observed and all patients 
are recorded alive during the mean follow-up period of 
17.2 mo.

CONCLUSION: In selected patients after careful eval-
uation, LPHR can be used for the treatment of branch 
duct type IPMN. In order to avoid pancreatic ductal 
injury, pre- and intra-operative definite localization and 
careful operative techniques are required.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Branch duct type intraductal papillary mucinous 
neoplasm (IPMN) has a low malignant potential and is 
more frequently located in the head of  the pancreas[1-4]. 

When this lesion is located in the pancreatic head, 
the conventional treatment for IPMN has been 
pancreaticoduodenectomy (PD). Also, partial pancreatic 
resection is feasible as a treatment for small branch duct 
type IPMN, which shows less aggressive behavior.

In recent years, some surgeons have advocated limited 
pancreatectomy for management of  benign IPMN and 
regarding this the following procedures have been reported 
in several papers: inferior head resection of  the pancreas[5], 
partial pancreatic head resection[6], uncinate process 
resection[7,8], single branch resection of  the pancreas[9], and 
ductal branch oriented minimal pancreatectomy[10]. It had 
been expected that there would be advantages of  minimal 
pancreatic parenchymal loss and prevention of  functional 
insufficiency by performing limited pancreatectomy. 
However, recommendations and reports of  postoperative 
complications and clinical outcomes following these 
procedures have been limited. Therefore we report a 
single center surgical experience and short-term outcome 
of  limited pancreatic head resection (LPHR) for the 
management of  branch duct type IPMN. 

MATERIALS AND METHODS
From May 2005 to February 2008, a retrospective review 
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Table 1  Clinical aspect of patients undergoing LPHR

was undertaken of  12 patients who underwent partial 
pancreatectomy for IPMN at our institution, among 
whom, nine patients underwent LPHR. In-hospital 
clinical course and method of  operation, postoperative 
complications and follow-up data were analyzed.

Assessment of  the tumor location was carried out 
before surgery using computed tomography (CT) in all 
nine cases, upon suspicion of  IPMN.

Additional evaluations were routinely performed 
with endoscopic retrograde cholagiopancreatography 
(ERCP) or magnetic resonance cholagiopancreatography 
(MRCP) for evaluating the pancreatic duct, which were 
confirmed during surgery through direct visualization of  
lesion by dissection of  pancreas head and intraoperative 
ultrasonography (IOUSG). All pancreatectomies were 
performed by a single surgeon. Pancreatic parenchymal 
control was performed using bipolar coagulator for fine 
dissection and easy bleeding control. All nine resected 
tumors were examined by a single pathologist with regard 
to resection margin and tumor characteristics during 
operation. The definition of  postoperative pancreatic 
leakage was in accordance with the International Study 
Group on Pancreatic Fistula (ISGPF) definition[11]. 

Indication for limited pancreatectomy
Prior to 2005, PD was the standard treatment for IPMN 
of  the pancreas head. Sugiyama et al[12] reported that 
size > 30 mm and presence of  mural nodules were 
the strongest predictors of  malignancy in branch duct 
IPMN. But our previous study revealed that many of  < 
30 mm resected branch duct IPMN were malignant[13]. 
For these reason, under 30 mm-sized branch duct 
IPMN were resected at our center, and < 20 mm 
lesions were observed with close follow-up. Since 2005, 
LPHR procedure was tried for those lesions > 20 mm, 
mainly located in the uncinate process in which the 
main pancreatic duct was intact on imaging study, and 
branched IPMN was suspected on pancreatogram. 

Operative procedure 
Pancreatic head was exposed by omentectomy and 
superior mesenteric vein (SMV) branch ligation such 
as in PD. After the exposure, exploration of  the lesion 
and main pancreatic duct was carried out using IOUSG. 
Preoperative or intraoperative pancreatic stents were not 

used before resection. Bipolar coagulator was used for 
fine dissection of  pancreas head. 

RESULTS
Clinical findings
The mean age of  the patients was 63 years (range: 42-72 
years), with six male patients. Six patients presented 
clinical symptoms and incidental lesions were found in 
three patients.

All nine patients underwent multidetector abdominal 
CT, four of  nine patients underwent MRCP, and another 
five patients underwent ERCP. All nine tumors were 
located in the uncinate process, and two patients had 
another lesion in the tail portion of  the pancreas. Five 
patients were confirmed IPMN by imaging studies, 
another four patients were suspected IPMN or other 
cystic neoplasm including mucinous cystic neoplasm 
(MCN). Clinical profiles are summarized in Table 1.
 
MRCP finding
Three quarters of  the cases of  MRCP showed connection 
between the main pancreatic duct and the cystic lesion in 
the uncinate process (Figure 1). These findings aroused sus-
picion of  branched type of  IPMN, and LPHR was planned.

LPHR
Uncinate process resection or ductal branch-oriented 
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Case No. F/U (mo) Complication Pathology Size (mm) Preop Dx Pancreatogram Age Gender

1 24 P-leakage Adenoma 30 MCN ERCP 69 F
2 20 Pancreatitis Adenoma 25 Cystic.n ERCP 67 M
3 22 P-leakage Adenoma 20 IPMN MRCP 71 M
4 22 D-stricture Adenoma 22 Cystic.n ERCP 72 M
5 19 - Adenoma 25 MCN ERCP 50 F
6 14 - Adenoma 42 IPMN ERCP 69 M
7 12 - Adenoma 27 IPMN MRCP 60 M
8 12 P-leakage Adenoma 30 IPMN MRCP 42 M
9 10 - Adenoma 35 IPMN MRCP 67 F

ERCP: Endoscopic retrograde cholangiopancreatogram; MRCP: Magnetic resonance cholangiopancreatogram; MCN: Mucinous 
cystic neoplasm; Cystic.n: Cystic neoplasm of pancreas; IPMN: Intraductal papillary mucinous neoplasm; P-leakage: Pancreatic 
leakage; D-stricture: Duodenal stricture.

←

Figure 1  MRCP showing connection between main pancreatic duct and 
cystic lesion in uncinate process (arrow).



minimal pancreatectomy[7,10] were performed in six pa-
tients. Single-branch resection[9] was performed in three 
patients. Two of  nine patients underwent additional distal 
pancreatectomy for pancreatic tail IPMN. The Wirsung 
duct was damaged in three of  the six patients who under-
went uncinate process resection or ductal branch-oriented 
minimal pancreatectomy in which internal silastic stents 
were inserted and primary repair was carried out (Figure 2). 
After pancreatectomy, we confirmed the pathologic diag-
nosis with resection margin.

Pathology
The mean tumor size was 28.4 mm (range 20-42 mm). 
All nine tumors were confirmed as intraductal papillary 
mucinous adenoma and resection margins were free of  
tumor. 

Postoperative course
The mean number of  hospital days was 21.1 d (range: 
8-48 d). There was no mortality and five morbidities. Pan-
creatic leakage occurred in three patients, two of  which 
involved injured pancreatic duct during operation and 
an inserted silastic internal pancreatic stent. The third 
ductal injury was not detected  during operation. Pancre-
atic leakage was detected on postoperative days 4 and 5 
respectively. One patient was discharged on postoperative 
day 32 with a Jackson-Pratt (JP) drain which was removed 
on day 62 after drain amylase was normalized. Another 
patient with re-exploration at diagnosis of  leakage showed 
severe inflammation, because of  which an external drain 
(sump drain) was added. Both patients were discharged 
at postoperative day 43 after removal of  the drain. In the 
case of  non-injury of  the pancreatic duct, drain amylase 
increased after operation but normalized at postoperative 
day 15. One pancreatitis and one duodenal stricture were 
observed. Duodenal stricture was improved after gastroje-
junostomy. The mean follow-up time was 17.2 mo during 
which there were no recurrences or metastases. 

DISCUSSION
Despite the small number of  cases included in this 
study, to our knowledge this study and evaluation of  
the nine cases of  LPHR for branched IPMN is so far 
the largest amongst related studies. It can be said that 
partial pancreatic head resection can be a better treatment 
option than conventional PD for branch duct IPMN 

on pancreas head under free resection margin. PD may 
present as surgical overkill for benign and low-grade 
malignant tumors such as branch duct type IPMN of  the 
pancreatic head. Such procedures result in a significant 
loss of  normal pancreatic parenchyma with subsequent 
impairment of  exocrine and endocrine pancreatic 
functions[14-16]. Resection of  the distal bile duct in patients 
undergoing PD requires a bilio-enteric anastomosis, which 
increases the risk of  ascending cholangitis and subsequent 
intrahepatic abscesses[17]. Following PD, the incidence 
of  diabetes mellitus varies between 15% and 40%[18,19]. 
It can be noted in reports of  recent papers that there is 
unchanged endocrine and exocrine pancreatic function 
following segmental pancreatic resection[20-22]. 

Ventra l pancreatectomy was perfor med for 
management of  cystic tumor as limited pancreatic 
head resection in 1993[23]. This procedure resected too 
great a width of  normal pancreas for a small lesion and 
reconstructed pancreatic duct and bile duct by entric-
anastomosis. Thereafter, pancreatic duct preserving 
procedures were reported, such as inferior pancreatic 
head resection, and uncinate process resection[5,7,8]. More 
minimal pancreatic head resections were performed such 
as single branch resection of  the pancreas, and ductal 
branch-oriented minimal pancreatectomy[9,10].  

Pancreatic leakage is one of  the most frustrating 
complications after limited pancreatic resection. Although 
this study showed no mortality, three cases of  pancreatic 
leakages occurred. Three pancreatic injuries were found 
during pancreatectomy. Firstly, the main pancreatic duct 
was injured after pancreatic dissection from the superior 
mesenteric vein (SMV) where mucin leaked from a small 
ductal opening in which a stent was inserted. Secondly, 
due to ductal tearing, the main pancreatic duct opening 
was widened during which a stent was inserted through 
the opening site. Lastly, minutely injured duct was repaired 
without stent insertion, without leakage after operation. 
Sata et al[9] experienced pancreatic leakages which were 
managed by the insertion of  an endoscopic naso-
pancreatic drainage tube. In segmental pancreas resection, 
pancreatic leakage rates reach up to 40%[20-22]. 

Generally, benign branch duct type IPMN in the 
pancreas head, especially the uncinate process, does 
not involve the main pancreatic duct. However IPMN 
too close to the main duct, or a large mass, need to be 
carefully evaluated. For safe dissection during operation 
without injuring the main pancreatic duct, pre- or intra-

www.wjgnet.com

Figure 2  Main pancreatic duct 
was torn during uncinate process 
resection (arrow).

←

Main p-duct opening
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operative pancreatic duct evaluation is crucial. IOUSG or 
MRCP were insufficient for detecting the pancreatic duct 
or distance of  duct to mass during operation. Although 
all nine patients had IOUSG performed, three pancreatic 
injuries occurred. Takada et al[7] applied preoperative 
pancreatic duct stents guided by ERCP, during which 
the patients did not experience pancreatic leakage. They 
mentioned that the purpose of  the stent was intraoperative 
identification of  pancreatic duct with protection 
against iatrogenic injury, and postoperative drainage for 
minimizing pancreatic fistula. Yamaguchi et al[10] proposed 
the placement of  a main duct tube for preventing transient 
stenosis of  pancreatic duct. However in this study, 
preoperative stents were not applied. We speculated that 
the pancreatic drainage tube produced a pancreatitis.

LPHR does not necessitate anastomosis between the 
pancreatic duct, bile duct and the bowel. A disadvantage 
of  LPHR was the higher rate of  leakage (33.3%). In 
order to avoid pancreatic ductal injury, preoperative or 
intraoperative definite localization and careful surgical 
techniques were important. If  the pancreatic duct was 
injured during operation, internal drainage procedure 
was necessary. If  the disadvantage of  ductal injury can 
be overcome, LPHR can be a useful procedure for the 
treatment of  branch duct type IPMN in selected patients. 
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Abstract
AIM: To evaluate the influence of preoperative biliary 
drainage on morbidity and mortality after surgical 
resection for ampullary carcinoma.

METHODS: We analyzed retrospectively data for 82 
patients who underwent potentially curative surgery 
for ampullary carcinoma between September 1993 and 
July 2007 at the Singapore General Hospital, a tertiary 
referral hospital. Diagnosis of ampullary carcinoma 
was confirmed histologically. Thirty-five patients 
underwent preoperative biliary drainage (PBD group), 
and 47 were not drained (non-PBD group). The 
mode of biliary drainage was endoscopic retrograde 
cholangiopancreatography (n  = 33) or percutaneous 
biliary drainage (n  = 2). The following parameters 
were analyzed: wound infection, intra-abdominal 
abscess, intra-abdominal or gastrointestinal bleeding, 
septicemia, biliary or pancreatic leakage, pancreatitis, 
gastroparesis, and re-operation rate. Mortality was 
assessed at 30 d (hospital mortality) and also long-
term. The statistical endpoint of this study was patient 
survival after surgery. 

RESULTS: The groups were wel l matched for 
demographic criteria, clinical presentation and operative 
characteristics, except for lower hemoglobin in the non-
PBD group (10.9 ± 1.6 vs  11.8 ± 1.6 in the PBD group). 

Of the parameters assessing postoperative morbidity, 
incidence of wound infection was significantly less in the 
PBD than the non-PBD group [1 (2.9%) vs  12 (25.5%)]. 
However, the rest of the parameters did not differ 
significantly between the groups, i.e. sepsis [10 (28.6%) 
vs  14 (29.8%)], intra-abdominal bleeding [1 (2.9%) 
vs  5 (10.6%)], intra-abdominal abscess [1 (2.9%) 
vs  8 (17%)], gastrointestinal bleeding [3 (8.6%) vs   
5 (10.6%)], pancreatic leakage [2 (5.7%) vs  3 (6.4%)], 
biliary leakage [2 (5.7%) vs  3 (6.4%)], pancreatitis  
[2 (5.7%) vs  2 (4.3%)], gastroparesis [6 (17.1%) vs   
10 (21.3%)], need for blood transfusion [10 (28.6%) 
vs  17 (36.2%)] and re-operation rate [1 (2.9%) vs   
5 (10.6%)]. There was no early mortality in either 
group. Median survival was 44 mo (95% CI: 34.2-53.8) 
in the PBD group and 41 mo (95% CI: 27.7-54.3; P = 
0.86) in the non-PBD group.

CONCLUSION: Biliary drainage before surgery for 
ampullary cancer significantly reduced postoperative 
wound infection. Overall mortality was not influenced 
by preoperative drainage.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
In patients with ampullary cancer who undergo surgical 
resection, obstructive jaundice is associated with a 
higher risk of  postoperative complications than in 
non-jaundiced patients[1]. The impact of  jaundice on 
postoperative morbidity and mortality is well known. 
However the routine use of  preoperative bil iary 
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drainage (PBD) remains controversial. The potential 
advantages of  preoperative stenting include improved 
nutritional, metabolic and immune function and 
the possibility of  reduced postoperative morbidity 
and mortality[1]. Opponents of  PBD argue that it 
increases infective complications and morbidity[2,3]. 
However, there are certain clinical situations such as 
acute suppurative cholangitis and severe malnutrition 
in which urgent biliary drainage is indicated and can 
be life-saving[4]. It is not clear whether the procedure 
itself  or its complications influence the morbidity 
after surgical resection. The optimal duration of  
preoperative drainage also remains unknown. Although 
several reports have been published, there are still 
no clear guidelines regarding the use of  PBD in 
these patients. We analyzed our patients to assess the 
influence of  PBD on postoperative outcome following 
pancreaticoduodenectomy (PD) for ampullary tumors.

MATERIALS AND METHODS
We reviewed retrospectively the records of  all patients 
who underwent definitive surgery for carcinoma 
involving the ampulla of  Vater between and September 
1993 and July 2007 at the Singapore General Hospital, a 
tertiary care referral and teaching hospital. 

Ampullary cancer was defined as a tumor arising 
from the ampulla, with evidence of  invasion and 
histopathological signs of  neoplasia. In the case of  
large tumors with involvement of  adjacent duodenum 
or pancreas, the tumor was classified as ampullary if  
it was centered on the ampulla. Cancers of  pancreatic, 
duodenal and choledochal origin were excluded.

Details of  patients who underwent PD (Whipple’s 
operation) or pylorus-preserving pancreaticoduodenectomy 
(PPPD) for ampullary tumors were entered into a 
database that included patient characteristics, details 
of  bi l iar y stent ing, procedure-related infect ive 
complications, surgery, morbidity and mortality. The 
operations were performed in the Department of  
Surgery, Singapore General Hospital.

Morbidity
Pancreatic leakage was diagnosed when > 50 mL of  
drainage fluid, with a serum amylase concentration > 3 
times the upper limit of  normal was obtained on or after 
postoperative day 5, or when pancreatic anastomotic 
disruption was demonstrated radiologically[3]. Wound 
infection was defined as spontaneous or surgically 
released purulent discharge that was positive for bacterial 
growth on culture. Bile leakage was defined as a bilirubin 
concentration in the drainage fluid that exceeded that 
in the serum, which resulted in a change of  clinical 
management or the occurrence of  a bilioma that required 
drainage. Infectious morbidity was defined as any 
complication with evidence of  associated localized or 
systemic infection indicated by fever, leukocytosis and 
positive culture.

Intra-abdominal or gastrointestinal bleeding was 
defined as bleeding with either hemodynamic instability 

or patients who required > 2 U blood transfusion or 
who required re-operation. Intra-abdominal abscess was 
defined as purulent discharge with positive cultures from 
abdominal drains placed at surgery, or as fluid collection 
that required a drainage procedure. Delayed gastric 
emptying was defined as inability to tolerate a regular 
diet for more than seven postoperative days, the need 
for nasogastric tube drainage for seven or more days 
postoperatively, or the need for tube reinsertion after 
removal. 

Mortality
Hospital deaths were defined as those that occurred within 
30 d of  operation or as a direct result of  postoperative 
complications. Late mortality was defined as mortality 
after 30 d during the follow-up period.

Pathological data
Pathological data were obtained from the patients’ 
medical records and the surgical pathology files. 
Histological grade, type and the presence of  malignant 
change were noted.

Statistical analysis
Results were expressed as medians and ranges or as 
numbers and percentages of  patients. Two-tailed t test 
and χ2 test were used for data analysis. SPSS version 13.0 
statistical software was used (Chicago, IL, USA) for analysis. 
Differences were considered statistically significant at  
P < 0.05. The major statistical endpoint of  this study was 
patient survival. Event time distributions for this endpoint 
were estimated using the method of  Kaplan and Meier[5] 
and compared using the log-rank statistic.

RESULTS
Eighty-two patients were included in the study. Seventy-
nine had Whipple’s operation and three had PPPD for 
ampullary tumors. Forty patients (48.8%) were male and 
42 (51.2%) were female. Thirty-five (42.7%) patients 
underwent preoperative biliary plastic stent insertion. 
There were no inherent differences between the two 
groups with regard to the decision to proceed with PBD 
stent insertion. Demographics of  the 82 patients with 
ampullary cancer are summarized in Table 1. The two 
groups were comparable with regard to sex, age, stage and 
grading of  the ampullary cancer, and diabetes mellitus. 
Patients who underwent PBD had a significantly higher 
level of  hemoglobin (11.8 ± 1.5 g/dL) on preoperative 
laboratory evaluation compared with non-stented patients 
(10.9 ± 1.6 g/dL) (P < 0.05). The majority of  biliary stents 
were placed endoscopically, with two patients having 
percutaneous transhepatic biliary drainage. Numbers 
were too small to undergo statistical analysis between the 
types of  biliary decompression; thus, “stents” included all 
patients who underwent PBD. The time interval between 
biliary drainage and surgery was 39 d (range: 10-89 d). 
There was a decrease in bilirubin in all patients, with the 
mean reduction being 47.6 μmol/L. All patients were 
given intravenous antibiotics at the time of  surgery. 
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All postoperative complications and subpopulation 
analyses between PBD and non-PBD groups are shown 
in Table 2. Postoperative sepsis occurred in 29.3% (24/82) 
of  the patients. Six patients had postoperative bleeding 
that required re-exploration. There were 13 (15.7%) 
patients with wound infection (one in the PBD and 12 
in the non-PBD group), and analysis demonstrated a 
significantly higher occurrence of   wound infection in the 
non-PBD group (P = 0.01).

Tumor grading and histology
Of  the 82 infiltrating carcinomas, 21 (25.6%) were well-
differentiated, 49 (59.8%) were moderately differentiated, 
and 12 (14.6%) were poorly differentiated. The most 
common histological type was intestinal (52/82, 63.4%), 
followed by pancreaticobiliary (22/82, 26.8%) and 
colloid (3/82, 3.7%). Five carcinomas had a histological 
type that was classified as “other’’. 

Mortality and survival
There were no hospital deaths in either group. Twenty-
three patients died (28%) during the study period. 
Median survival was 44 mo (95% CI: 34.2-53.8) in the 
PBD group and 41 mo (95% CI: 27.7-54.3; P = 0.86) in 
the non-PBD group. There was no significant difference 
in terms of  survival between the groups (Figure 1).

DISCUSSION
Ampullary tumors share a similar clinical presentation in 
which jaundice is the predominant symptom. The main 
initial objectives in these patients are to obtain a precise 
diagnosis and resolution of  jaundice. In an attempt to reach 
these goals, many treatment modalities have been proposed 
and applied in recent years. All have been oriented to 

the necessity of  reducing jaundice preoperatively and to 
preventing perioperative complications, in most cases 
caused by cholestasis. We found an increase in the rate of  
wound infection in the perioperative period in the non-
PBD group. Malnourishment and malignant obstructive 
jaundice predispose a patient to wound dehiscence by 
slowing healing, and increasing the rate of  wound infection. 
A study by Irvin et al[6] has suggested that malignant disease 
may be an important factor in the pathogenesis of  wound 
complications in patients with jaundice. Wound dehiscence 
or incisional hernia occurred in 59.1% of  patients with 
obstructive jaundice that resulted from malignant disease, 
but patients with jaundice caused by biliary stones or benign 
pathology did not develop these complications.

Other factors have been confirmed as having a 
significant effect on the development of  postoperative 
wound infection, in terms of  patient characteristics 
including diabetes and anemia[7]. Patients with diabetes are 
more susceptible to wound infection because of  impaired 
neutrophil chemotaxis and phagocytosis. In our series, 
25% of  non-PBD patients had diabetes compared to 
20% in the PBD group, which, although not statistically 
significant, may have influenced the outcome of  surgery. 
Furthermore the non-PBD group had a hemoglobin level 
that was significantly lower than that in the PBD group. 
Impaired wound healing in patients with obstructive 
jaundice has also been postulated to be caused by an 
altered immune response, with elevated tumor necrosis 
factor α activity secondary to circulating endotoxemia[8]. 

Grande et al[9] have compared wound healing in the 
presence and absence of  obstructive jaundice. They 
used prolyl hydroxylase activity as a marker for collagen 
synthesis, and found it to be significantly elevated in 
patients who underwent biliary drainage for benign or 
malignant biliary obstruction. These patients had better 
wound healing.

Three common methods of  PBD are percutaneous, 
endoscopic and surgical instrumentation. The endoscopic 
insertion of  a stent through the papilla is a method of  
draining an obstructed biliary system during endoscopic 
retrograde cholangiopancreatography (ERCP). In animal 
studies comparing internal and external biliary drainage, 
animals undergoing internal drainage experienced 

Table 1  Patient variables in the PBD and non-PBD groups

PBD Non-PBD Significance

Patients 35 47
Median age (yr) 65 (23-84) 62 (38-84) 0.91
Sex ratio (M/F) 14/21 26/21 0.28
Mean serum bilirubin   112.4 ± 116.1     91.6 ± 110.2 0.39
Mean hemoglobin  11.8 ±  1.5 10.9 ± 1.6 0.03
Diabetes mellitus   7 12 0.66
Mean albumin 30.5 ± 5.7 31.1 ± 6.2 0.77

Table 2  Morbidity and mortality in the two groups

Morbidity PBD Non-PBD Significance

Sepsis 10 14 0.91
Wound infection   1 12 0.01
Intra-abdominal bleeding   1   5 0.36
Intra-abdominal abscess   1   8 0.09
Gastrointestinal bleeding   3   5 0.95
Bile leakage   2   3 0.73
Pancreatic leakage   2   2 0.73
Delayed gastric emptying   6 10 0.85
Reoperation   1   5 0.36
Hospital death   0   0          0.00
Late mortality 10 13 0.15
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increased survival[10,11], decreased sepsis[12], renal failure[11], 
and more rapid recovery of  immune function[13,14], 
compared with those undergoing external drainage. 
Endoscopic biliary drainage is now considered an 
effective, if  not the preferable, treatment for the palliation 
of  malignant biliary tract obstruction[15,16]. 

To the best of  our knowledge, this is the first study to 
analyze ampullary cancer in the context of  PBD. Previous 
studies have looked at peri-ampullary cancer. Trede and 
Schwall’s[17] retrospective analysis of  150 patients with 
jaundice undergoing partial or total pancreatectomy 
revealed a complication rate of  31% and four deaths 
in 68 patients with no drainage, compared with 17% 
complications and one death in 82 patients with PBD. 
Evidence in support of  preoperative biliary drainage 
comes from a prospective randomized trial by Lygidakis 
et al[18], which assigned 38 patients to either PBD (15 ± 
2 d) by endoscopic internal stenting, or no PBD. The 
authors reported a 16% complication rate and no deaths 
in 19 patients undergoing PBD, compared with 70% 
complications and two deaths in 19 patients without 
drainage. Although this difference was highly significant, 
the investigators scored positive intraoperative blood and 
bile cultures as a complication. The clinical relevance of  
such findings is not clear. Smith et al[19] have identified 
prospectively 155 patients who underwent partial PD and 
found no survival difference between PBD and non-PBD 
groups. However, the authors concluded that the presence 
of  jaundice at the time of  resection had an adverse impact 
on early postoperative survival. Therefore, preoperative 
resolution of  jaundice following biliary stenting predicted 
more favorable early survival outcome. 

In contrast, a prospective randomized study by Lai  
et al [20] revealed no significant benefit in patients 
undergoing PBD, and included a wide variety of  
pathologies, but details of  specific complications were 
not delineated clearly. Choi et al[21] have shown that PBD 
compromised hepatic excretory function, as represented 
by a slow rate of  decrease in serum bilirubin. Limongelli 
et al[22] have revealed that PBD predisposes to a positive 
intraoperative bile culture, which increases the risk of  
developing infectious complications and wound infection 
after pancreatic surgery. Povoski et al[23] have reviewed 
retrospectively 240 consecutive cases of  PD. Postoperative 
morbidity and mortality rates were higher in the PBD 
group, and they have suggested that PBD should be 
avoided whenever possible in patients with potentially 
resectable pancreatic and peripancreatic lesions. Therefore, 
based on data that, at best, provide mixed results, why 
should the patients still undergo PBD? First, most patients 
with ampullary cancer at the time of  diagnosis have 
symptomatic jaundice with pruritus, and some degree of  
abdominal pain. To some extent, it is hoped that stenting 
will provide symptomatic improvement. Second, patients 
who present with acute cholangitis require prior PBD 
before undergoing definitive surgery.

 In contrast, endoscopic biliary drainage before 
surgery is not a widely accepted procedure among 
pancreatic surgeons. Potential disadvantages of  PBD 
include those inherent to ERCP such as pancreatitis, 

bleeding, cholangitis and duodenal perforation. In 
addition, endoscopic biliary stenting has been shown to 
generate a severe inflammatory reaction in the bile duct[24], 
which may make surgical resection more difficult. This 
was not substantiated by our study, with its comparable 
mortality and significantly reduced wound infection in the 
PBD group. 

In conclusion, our experience confirms that PBD 
in patients with obstructive jaundice due to ampullary 
cancer results in a reduction in wound infection following 
surgical resection compared with patients not undergoing 
PBD. Morbidity other than wound infection and mortality 
were similar with or without PBD. We believe that a 
detailed prospective randomized trial including a cost 
analysis in a well-defined and well-matched group of  
patients undergoing operation for ampullary cancer is 
warranted, to further evaluate the effectiveness of  routine 
preoperative PBD.
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Abstract
AIM: To investigate whether microproteinuria could 
be used as an early and sensitive indicator to detect 
calcineurin inhibitor (CNI)-related nephrotoxicity after 
liver transplantation.

METHODS: All liver transplant recipients with normal 
serum creatinine (SCr) and detectable microproteinuria 
at baseline were included in this study. The renal 
function was monitored by the blood clearance of 
99mTc-diethylenetriaminepentaacetic acid every 6 mo. 
Microproteinuria, SCr and blood urea nitrogen (BUN) 
were measured at entry and at subsequent follow-up 
visits. The patients were divided into different groups 
according to the mean values of glomerular filtration 
rate (GFR) at the follow-up time points: Group 1, GFR 
decreased from baseline by 0%-10%; Group 2, GFR 
decreased from baseline by 11%-20%; Group 3, GFR 

decreased from baseline by 21%-40%; Group 4, GFR 
decreased from baseline by > 40% and/or SCr was 
increasing.

RESULTS: A total of 143 patients were enrolled into 
this study (23 females and 120 males). The mean 
follow-up was 32 mo (range 16-36 mo). Downward 
trends in renal function over time were observed in the 
study groups. SCr and BUN increased significantly only 
in Group 4 patients (P  < 0.001). β2-microglobulin (β2m) 
and α1-microglobulin (α1m) significantly increased 
with the subtle change of renal function in recipients 
who were exposed to CNI-based immunosuppression 
regimens. The reduct ions in GFR were closely 
correlated with elevated α1m (r 2 = -0.728, P  < 0.001) 
and β2m (r 2 = -0.787, P  < 0.001).

CONCLUSION: β2m and α1m could be useful as early 
and sensitive indicators of CNI-induced nephrotoxicity.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Calcineurin inhibitors (CNIs) have improved survival 
significantly after liver transplantation, but nephrotoxicity 
is an adverse effects common to both cyclosporine and 
tacrolimus[1-3]. Deterioration of  renal function with CNI 
therapy has been widely reported in liver transplant 
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recipients[4-6]. A recent analysis of  36 849 liver transplant 
recipients performed in the United States between 1990 
and 2000 revealed an 18.1% incidence of  chronic renal 
failure after 5 years, with CNI dose and duration of  
exposure correlated with subsequent renal damage[7].

The monitoring of  transplant patients, however, is 
still dependent on somewhat old methodologies: serum 
creatinine (SCr) levels, total urine output, blood urea 
nitrogen (BUN), or calculated glomerular filtration 
rate (GFR). However, these tests are particularly 
problematic as they do not have sufficient specificity, 
sensitivity, or accuracy to allow appropriate and timely 
interventions[8]. Additionally, CNIs are characterized by 
a narrow therapeutic index, so renal damage is often 
irreversible when these indices become abnormal, or the 
indices can still fluctuate in the normal range while renal 
insufficiency is obvious. Given these limitations, more 
and more transplant specialists are looking to emerging 
fields, such as proteomics and metabolism, to improve 
the current situation. Microproteinuria, as a hallmark of  
reflecting early changes in the glomeruli and proximal 
tubular function, can be used as an accurate predictor to 
monitor early changes in renal function[9,10].

The aim of  this prospective study was to find out 
whether microproteinuria could be used as an early and 
sensitive indicator to monitor CNI-related nephrotoxicity 
in liver transplant recipients. It was approved by the 
Ethics Committee at the West China Hospital, Sichuan 
University.

MATERIALS AND METHODS
From April 2005 to December 2008, 423 adult patients 
underwent liver transplantation in our hospital. CNI-
based immunosuppression regimens comprising a 
CNI (cyclosporine A or tacrolimus) + azathioprine 
+ prednisone were del ivered to recipients after 
transplantation. All patients who received a CNI-
based regimen for immunosuppression after liver 
transplantation were potential candidates for this study. 
Recipients receiving CNI therapy without interruption 
after liver transplantation, with normal SCr at baseline 
and detectable microproteinuria in fresh urine were all 
included in this study. If  death occurred within 3 mo 
posttransplantation or renal dysfunction was caused by 
non-CNI drugs (such as antibiotics or antivirals), or by 
other means during follow-up period, the recipients were 
excluded from the study.

Follow-up protocols were performed once every 
month for the first 6 mo after liver transplantation, once 
every 2 mo during months 7-12, and once every 6 mo 
after 1 year. At each time point, the patient contributed a 
urine sample which was correlated with the measurements 
from blood samples. Midstream fresh urine samples 
were collected and not centrifuged. Measurements of  
microproteinuria including α1-microglobulin (α1m), β2-
microglobulin (β2m), immunoglobulin, microalbumin 
and transferrin were performed immediately with a 
Dade Behring array nephelometry system (Dade Behring 
Inc, USA). SCr (picric acid method) was measured by a 

Modula clinical chemistry analyzer (Roche Diagnostics, 
Roche, Switzerland). GFR was measured every 6 mo by 
the Gates method (PHILIPS Helix SPX-6D SPECT, 
Holland) which analyzed the blood clearance of  99mTc-
diethylenetriaminepentaacetic acid (DTPA) (5 mCi, from 
the China Institute of  Atomic Energy, radiochemical 
purity 95%). As consent for a renal biopsy was difficult 
to obtain, this was performed only when clinically 
indicated, especially in patients with increasing SCr (an 
indication of  progressive deterioration in renal function).

The actual GFR is considered to be the best overall 
index of  renal function in health and disease[11].Therefore, 
we chose the actual GFR as the criteria for renal function 
in this study. The patients were divided into 4 groups 
according to the mean values of  GFR at every 6-mo 
follow-up: Group 1, GFR declined from baseline by 
0%-10%; Group 2, GFR declined from baseline by 
11%-20%; Group 3, GFR declined from baseline by 
21%-40%; Group 4, GFR declined from baseline by > 
40% and/or SCr was increasing.

The normal concentrations of  individual proteins 
present in the urine are i l lustrated by maximum 
values [12,13], and are significantly different between 
different laboratories[12-14]. The normal reference values 
of  microproteinuria provided by Dade Behring, Inc. are: 
microalbumin < 30 mg/L, α1m < 12.0 mg/L, β2m <  
0.20 mg/L, immunoglobulin < 9.6 mg/L, and transferrin 
< 1.9 mg/L. According to the values determined in 
500 Chinese healthy individuals in our laboratory, the 
normal values used in this study for microalbumin were 
< 19 mg/L, α1m < 12.5 mg/L, β2m < 0.22 mg/L, 
immunoglobulin < 20.0 mg/L, and transferrin < 2.2 mg/L.

Statistical analysis was performed by SPSS 13.0 (SPSS 
Inc., Chicago, IL). Differences in microproteinuria, 
serum creatinine and BUN were tested with the one 
way ANOVA test for multiple comparisons. Data were 
expressed as mean ± SD, or median (range). The Kruskal-
Wallis rank sum test (individual comparisons were done 
by the Wilcoxon rank sum test) and correlation analyses 
were used in this study. A P-value less than 0.05 indicated 
statistical significance.

RESULTS
A total of  143 liver transplant patients were recruited 
into this study. Of  these, 16 withdrew during the follow-
up period. The reasons for withdrawal were infection in 
3 patients, acute rejection in 2, use of  non-CNI drugs in 4, 
uncontrolled hypertension in 3, abnormal liver function 
in 2, and 2 patients died. There were 23 females and 120 
male, aged 21-68 years. The grafts and recipients were 
blood group identical in 127 cases and compatible in 16 
cases. The mean follow-up was 32 mo (range 16-36 mo).  
The primary disease of  the 143 recipients included 
diffuse ischemic intrahepatic biliary stenosis in 8, Caroli 
disease in 7, Budd-Chiari syndrome with liver cirrhosis 
in 4, liver cirrhosis after hepatitis B in 56, postoperative 
liver failure after right lobe hepatectomy caused by 
hepatic trauma in 4, Wilson disease in 11, α1-antitrypsin 
deficiency in 2, echinococcus disease of  the liver in 
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4, hepatolithiasis in 3, hepatocellular carcinoma in 38, 
and cholangiocarcinoma in 6. All hepatocellular cancer 
patients met the UCSF criteria (a single tumor ≤ 6.5 cm 
in diameter, or 2 or 3 tumors, none exceeding 4.5 cm in 
diameter and whose sum of  tumor diameters did not 
exceed 8 cm). The demographic data of  these patients 
are shown in Table 1. There were 102 (71.3%) recipients 
in Group 1, 35 (24.5%) in Group 2, 6 (4.2%) in Group 3, 
and none in Group 4 at baseline. At entry into this study, 
all recipients had normal levels of  BUN, SCr, and GFR 
with detectable microproteinuria in fresh urine. There 

were no significant differences in body mass index, or 
pre-transplant MELD score.

Through measurements of  GFR by the blood 
clearance of  99mTc-DTPA at entry into the study and at 
the follow-up visits, we found there was a downward 
trend in renal function over time, and the reductions in 
GFR were significantly different across all groups (Table 2). 
The value of  GFR was 97.4 ± 12.7 mL/min per 1.73 m2 
in Group 1 (decreased 7.3% ± 2.6% from baseline), and 
85.6 ± 17.9 mL/min per 1.73 m2 in Group 2 (P < 0.001 vs 
Group 1) (decreased 16.7% ± 10.1% from baseline), and 

Table 1  Demographic data of patients at the point of entry into this study (mean ± SD)

Variable (n  = 143) Group 1 (n  = 102) Group 2 (n  = 35) Group 3 (n  = 6) Group 4 (n  = 0)

Age (yr), median(range)     48.6 (28-66)     49.2 (33-67)     48.5 (21-68) 0
Body mass index (BMI) (kg/m2) 22.0 ± 2.8 20.5 ± 2.4 21.8 ± 2.9 0
Pre-transplant MELD score 17.8 ± 7.6 16.2 ± 8.4 15.7 ± 9.7 0
BUN (mmol/L)   5.6 ± 2.3   6.0 ± 2.5   5.9 ± 2.8 0
SCr (mmol/L)   54.7 ± 15.8   60.5 ± 20.1   68.7 ± 17.4 0
GFR (mL/min per 1.73 m2) 105.4 ± 20.5   99.6 ± 15.2 103.3 ± 23.1 0
Dosage (mg/kg per day)
   Cyclosporine A   4.0 ± 1.1   4.6 ± 1.5   5.1 ± 1.2 0
   Tacrolimus 0.055 ± 0.03 0.061 ± 0.07  0.057 ± 0.05a 0
Trough levels (ng/mL)
   Cyclosporine A 212.4 ± 45.8 243.7 ± 56.2 251.3 ± 61.6 0
   Tacrolimus   6.3 ± 0.6   6.7 ± 0.7    7.5 ± 0.9a 0
Duration of previous treatment (mo)
   Cyclosporine A   5.8 ± 3.4   6.7 ± 4.6   6.9 ± 3.9 0
   Tacrolimus   5.3 ± 2.8   6.2 ± 3.5   6.7 ± 2.5 0
   Time post-transplant   7.5 ± 2.2   8.8 ± 2.6   8.2 ± 3.1 0
Microproteinuria (mg/L)
   β2m   0.2 ± 0.1   0.3 ± 0.1    0.5 ± 0.3a 0
   α1m   14.2 ± 10.6   18.5 ± 17.3    24.8 ± 20.1a 0
Microalbumin   28.6 ± 19.3   37.7 ± 28.1   40.1 ± 30.5 0
Immunoglobulin 27.4 ± 8.3   25.1 ± 11.4   29.3 ± 15.6 0
Transferrin   2.8 ± 0.7   2.4 ± 1.6    3.1 ± 1.4a 0

aP < 0.05, vs group 1. Group 1: GFR declined from baseline by 0%-10%; Group 2: GFR declined from baseline by 11%-20%; Group 3: GFR declined from 
baseline by 21%-40%; Group 4: GFR declined from baseline by > 40% and/or SCr was increasing.

Table 2  Mean values of every follow-up time point in the study groups (mean ± SD)

Variable (n  = 143) Group 1 (n  = 73) Group 2 (n  = 40) Group 3 (n  = 30) Group 4 (n  = 5)

GFR (mL/min per 1.73 m2) 97.4 ± 12.7   85.6 ± 17.9   62.3 ± 20.5 49.6 ± 20.2
The declining percentage of GFR from baseline (%) 7.3 ± 2.6      16.7 ± 10.1a,c      32.5 ± 12.9a,c    52.4 ± 20.8a,c

SCr (mmol/L) 76.3 ± 16.2   83.7 ± 15.4   90.3 ± 19.8  173.7 ± 28.5a,c

BUN (mmol/L) 5.8 ± 1.7   6.3 ± 1.2   6.9 ± 1.5  11.2 ± 2.6a,c

Dosage (mg/kg per day)
   Cyclosporine A 2.5 ± 0.8   3.0 ± 1.0   3.3 ± 0.9  3.8 ± 1.1a

   Tacrolimus            0.049 ± 0.03 0.052 ± 0.07 0.054 ± 0.05            0.058 ± 0.03a

Trough levels
   Cyclosporine A (ng/mL)            145.2 ± 30.5 154.8 ± 25.6 165.3 ± 39.4            183.2 ± 31.2a

   Tacrolimus (ng/mL) 5.1 ± 0.8   5.5 ± 1.2    6.2 ± 1.0a    6.8 ± 1.3a,c

   Diabetes (%)                9.2               10.5                  9.3              11.1
   Hypertension (%)              38.5               34.2               37.2              33.3
   Follow-up time, mean (range, mo)   35.6 (23-36)    33.7 (24-36)   30.4 (19-36)   27.8 (16-36)
Microproteinuria 
   β2m (mg/L) 0.2 ± 0.1    0.4 ± 0.2a      1.0 ± 1.3a,c    4.2 ± 2.5a,c

   α1m (mg/L) 22.6 ± 21.1    38.9 ± 25.4a      42.3 ± 35.9a,c    65.1 ± 30.4a,c

Microalbumin (mg/L) 46.9 ± 26.2    83.6 ± 55.5a   70.9 ± 33.8 45.4 ± 32.9
Immunoglobulin (mg/L) 23.9 ± 14.6   21.5 ± 29.1   37.3 ± 26.4 33.5 ± 29.1
Transferrin (mg/L)   3.2 ± 10.2   10.8 ± 27.8     8.2 ± 15.9   8.1 ± 12.4

aP < 0.05, vs group 1; cP < 0.05, vs group 2. Group 1: GFR declined from baseline by 0%-10%; Group 2: GFR declined from baseline by 11%-20%; Group 3: 
GFR declined from baseline by 21%-40%; Group 4: GFR declined from baseline by > 40% and/or SCr was increasing.
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62.3 ± 20.5 mL/min per 1.73 m2 in Group 3 (P < 0.001 
vs Group 1; P < 0.001 vs Group 2) (decreased 32.5% ± 
12.9% from baseline). In Group 4, the value of  GFR was 
49.6 ± 13.2 mL/min per 1.73 m2 (P < 0.001 vs Group 1; 
P < 0.001 vs Group 2; P = 0.002 vs Group 3) (decreased 
52.4% ± 20.8% from baseline). The SCr significantly 
increased only in Group 4 (173.7 ± 28.5 umol/L) when 
compared with the other groups (P = 0.017 vs Group 1, P 
= 0.021 vs Group 2, P = 0.035 vs Group 3). Similar trends 
were found for BUN. However, the urinary β2m (P < 0.01) 
and α1m (P = 0.043) were significantly different between 
the 4 groups of  patients. This study also indicated that 
microalbumin, immunoglobulin and transferrin had no 
significant differences in the 4 groups of  patients.

In Group 1, the mean level of  urinary α1m at entry 
and at subsequent follow-up visits was 22.6 ± 21.1 mg/L,  
which was significantly lower than that in Group 2 
(38.9 ± 25.4 mg/L, P < 0.001), and in Group 3 (42.3 ±  
35.9 mg/L, P < 0.001). In Group 4, the level of  urinary 
α1m (65.1 ± 30.4 mg/L) was significantly higher than 
that of  all the other groups (P < 0.001 vs Group 1; P < 
0.001 vs Group 2; P = 0.002 vs Group 3). The findings 
in this study suggested that the increase in urinary α1m 
occurred long before the elevation of  SCr or BUN, and 
the reductions in GFR were closely correlated with the 
increases in α1m (r2 = -0.728, P < 0.001). The urinary 
α1m, as a marker of  tubular damage, was sensitive in 
assessing subtle changes in renal function caused by CNI 
nephrotoxicity.

The mean level of  urinary β2m during follow-up 
visits was 0.2 ± 0.1 mg/L in Group 1, 0.4 ± 0.2 mg/L 
in Group 2 (P = 0.041 vs Group1) and 1.0 ± 1.3 mg/L 
in Group 3 patients (P < 0.001 vs Group 1; P < 0.001 vs 
Group 2). The level of  urinary β2m in Group 4 patients 
(4.2 ± 2.5 mg/L) was further increased compared to other 
subgroups (P < 0.001 vs Group 1; P < 0.001 vs Group 2; 
P < 0.001 vs Group 3). The urinary β2m concentration 
gradually increased from Group 1 to Group 4. The results 
of  this study showed that the increase in urinary β2m, as 
a marker of  tubular epithelial cell dysfunction, occurred 
long before the elevation of  SCr or BUN, and was also 
closely correlated with the reduction in GFR (r2 = -0.787,  
P < 0.001). The urinary β2m was also sensitive for 
detecting subtle changes in renal function in patients 
exposed to CNI-based immunosuppression regimens. 
Additionally, monitoring both β2m and α1m could 
improve the sensitivity and specificity of  measurement of  
CNI-related nephrotoxicity.

DISCUSSION
The tremendous success of  CNIs in reducing acute 
rejection episodes and early immunologic graft injury has 
not been accompanied by a benefit in long-term recipient 
survival[15,16]. CNI nephrotoxicity in liver transplantation 
is a significant concern and appears to be progressive 
over t ime when CNI exposure is maintained [17]. 
Microproteinuria has been used as an early marker of  
nephrotoxicity to detect small changes in the function of  
tubular epithelial cells in many pathological conditions[10]. 

The persistence of  microproteinuria may result from 
drug toxicity or pretransplant renal diseases after liver 
transplantation. Therefore, recipients with normal serum 
creatinine at baseline and detectable microproteinuria 
were selected as subjects in this study.

Follow-up data of  this study demonstrated that 
there was a downward trend in renal function over time, 
with the persistence of  microproteinuria. The urinary 
concentration of  β2m and α1m significantly increased 
with the subtle change in renal function in all study 
groups, but the levels of  SCr and BUN significantly 
increased only when renal function was severely reduced 
by CNI nephrotoxicity (in Group 4, renal function 
declined 52.4% ± 20.8 % from baseline). A similar study 
also found microproteinuria occurred long before the 
elevation of  SCr[18]. The subsequent reductions in GFR 
were closely correlated with elevated α1m (r2 = -0.728, 
P < 0.001) and β2m (r2 = -0.787, P < 0.001) in the study 
groups. The results of  this study were similar to another 
report[19], indicating that tubular epithelial dysfunction 
defined by elevation of  tubular injury biomarkers (β2m 
or α1m) was very common when CNI exposure was 
maintained. Additionally, as β2m is unstable in fresh urine, 
fewer patients were found to have β2m in the urine than 
α1m in this study. This problem can partly be overcome 
by maintaining the urine pH value (by adding basic buffer 
to the urine) to prevent the degradation of  β2m. This 
study suggested that urinary β2m and α1m are sensitive 
urinary markers for detecting CNI-related nephrotoxicity 
in liver transplant recipients. 

In conclusion, monitoring of  patients with SCr 
requires a higher laboratory effort and the use of  gender-
specific cut-off  values. Measurement of  microproteinuria 
is easily available, non-expensive, and convenient in daily 
clinical practice. The urinary β2m or α1m can be used 
as an early, sensitive and simple diagnostic indicator for 
detecting CNI-related renal dysfunction. Furthermore, 
it should be used as the screening method after liver 
transplantation to prevent the progressive deterioration 
of  subclinical renal dysfunction.
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COMMENTS
Background
Deterioration of renal function with calcineurin inhibitor (CNI) therapy has been 
widely reported in liver transplant recipients. Monitoring of renal function, however, 
is still dependent on somewhat old technologies: serum creatinine (SCr), blood 
urea nitrogen (BUN), total urine output. Whether microproteinuria could be used 
as an early and sensitive indicator to monitor CNI-related nephrotoxicity in liver 
transplant recipients has not been unequivocally addressed.
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Research frontiers
Measurement of SCr, BUN, and total urine output are particularly problematic, 
as they do not have sufficient specificity, sensitivity, or accuracy to allow 
appropriate and timely prevention of the deterioration of renal function. In 
this field, the research goal is to identify more sensitive indicators in the early 
diagnosis of CNI-related nephrotoxicity in liver transplant recipients.
Innovations and breakthroughs
Recent reports have highlighted that nephrotoxicity of CNIs contributes to renal 
function deterioration in liver transplant recipients. This is the first study to 
investigate whether microproteinuria could be used as an early and sensitive 
indicator to monitor CNI-related nephrotoxicity in liver transplant recipients.
Applications
By using β2-microglobulin (β2m) and α1-microglobulin (α1m) as markers 
for early diagnosis of CNI-related nephrotoxicity, this study may present a 
future screening method for preventing the progression of CNI-related renal 
dysfunction in liver transplant recipients.
Terminology
Microproteinuria: it is a hallmark of the early changes in glomerular and proximal 
tubular function and includes α1m, β2m, immunoglobulin, microalbumin and 
transferrin.
Peer review
Microproteinuria was studied in these study groups at entry and at subsequent 
follow-up visits and was correlated with glomerular filtration rate. It revealed that 
microproteinuria could be used as an early and sensitive indicator to monitor 
CNI-related nephrotoxicity in liver transplant recipients. This manuscript is very 
interesting and may present a future screening method to prevent the progression 
of CNI-related subclinical renal dysfunction after liver transplantation.

REFERENCES
1	 Orlando G, Baiocchi L, Cardillo A, Iaria G, De Liguori 

Carino N, De Luca L, Ielpo B, Tariciotti L, Angelico M, 
Tisone G. Switch to 1.5 grams MMF monotherapy for CNI-
related toxicity in liver transplantation is safe and improves 
renal function, dyslipidemia, and hypertension. Liver 
Transpl 2007; 13: 46-54

2	 Cohen AJ, Stegall MD, Rosen CB, Wiesner RH, Leung N, 
Kremers WK, Zein NN. Chronic renal dysfunction late after 
liver transplantation. Liver Transpl 2002; 8: 916-921

3	 Ojo AO, Held PJ, Port FK, Wolfe RA, Leichtman AB, Young 
EW, Arndorfer J, Christensen L, Merion RM. Chronic renal 
failure after transplantation of a nonrenal organ. N Engl J 
Med 2003; 349: 931-940

4	 Tönshoff B, Höcker B. Treatment strategies in pediatric 
solid organ transplant recipients with calcineurin inhibitor-
induced nephrotoxicity. Pediatr Transplant 2006; 10: 721-729

5	 Moreno Planas JM, Cuervas-Mons Martinez V, Rubio 
Gonzalez E, Gomez Cruz A, Lopez-Monclus J, Sánchez-
Turrion V, Lucena Poza JL, Jimenez Garrido M, Millan I. 
Mycophenolate mofetil can be used as monotherapy late 
after liver transplantation. Am J Transplant 2004; 4: 1650-1655

6	 Shenoy S, Hardinger KL, Crippin J, Desai N, Korenblat 
K, Lisker-Melman M, Lowell JA, Chapman W. Sirolimus 
conversion in liver transplant recipients with renal 
dysfunction: a prospective, randomized, single-center trial. 
Transplantation 2007; 83: 1389-1392

7	 Nair S, Verma S, Thuluvath PJ. Pretransplant renal function 
predicts survival in patients undergoing orthotopic liver 
transplantation. Hepatology 2002; 35: 1179-1185

8	 Herzog D , Mart in S , Turpin S, Alvarez F. Normal 
glomerular filtration rate in long-term follow-up of children 
after orthotopic liver transplantation. Transplantation 2006; 
81: 672-677

9	 Franchini I , Al inovi R , Bergamaschi E , Mut t i A . 
Contribution of studies on renal effects of heavy metals and 
selected organic compounds to our understanding of the 
progression of chronic nephropathies towards renal failure. 
Acta Biomed 2005; 76 Suppl 2: 58-67

10	 Radermacher J, Mengel M, Ellis S, Stuht S, Hiss M, Schwarz 
A, Eisenberger U, Burg M, Luft FC, Gwinner W, Haller 
H. The renal arterial resistance index and renal allograft 
survival. N Engl J Med 2003; 349: 115-124

11	 Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. 
A more accurate method to estimate glomerular filtration 
rate from serum creatinine: a new prediction equation. 
Modification of Diet in Renal Disease Study Group. Ann 
Intern Med 1999; 130: 461-470

12	 Otu HH, Can H, Spentzos D, Nelson RG, Hanson RL, 
Looker HC, Knowler WC, Monroy M, Libermann TA, 
Karumanchi SA, Thadhani R. Prediction of diabetic 
nephropathy using urine proteomic profiling 10 years prior 
to development of nephropathy. Diabetes Care 2007; 30: 
638-643

13	 Price CP, Newman DJ, Blirup-Jensen S, Guder WG, Grubb 
A, Itoh Y, Johnson M, Lammers M, Packer S, Seymour D. 
First International Reference Preparation for Individual 
Proteins in Urine. IFCC Working Group on Urine Proteins. 
International Federation of Clinical Chemistry. Clin Biochem 
1998; 31: 467-474

14	 Schultz CJ, Dalton RN, Turner C, Neil HA, Dunger DB. 
Freezing method affects the concentration and variability 
of urine proteins and the interpretation of data on 
microalbuminuria. The Oxford Regional Prospective Study 
Group. Diabet Med 2000; 17: 7-14

15	 Nankivell BJ, Borrows RJ, Fung CL, O'Connell PJ, Allen 
RD, Chapman JR. The natural history of chronic allograft 
nephropathy. N Engl J Med 2003; 349: 2326-2333

16	 Sandborn WJ, Hay JE, Porayko MK, Gores GJ, Steers JL, 
Krom RA, Wiesner RH. Cyclosporine withdrawal for 
nephrotoxicity in liver transplant recipients does not result 
in sustained improvement in kidney function and causes 
cellular and ductopenic rejection. Hepatology 1994; 19: 925-932

17	 Flechner SM, Kobashigawa J, Klintmalm G. Calcineurin 
inhibitor-sparing regimens in solid organ transplantation: 
focus on improving renal function and nephrotoxicity. Clin 
Transplant 2008; 22: 1-15

18	 D'Amico G, Bazzi C. Urinary protein and enzyme excretion 
as markers of tubular damage. Curr Opin Nephrol Hypertens 
2003; 12: 639-643

19	 Schaub S , Mayr M, Hönger G, Bestland J, Steiger J, 
Regeniter A, Mihatsch MJ, Wilkins JA, Rush D, Nickerson 
P. Detection of subclinical tubular injury after renal 
transplantation: comparison of urine protein analysis with 
allograft histopathology. Transplantation 2007; 84: 104-112

   S- Editor  Li LF    L- Editor  Cant MR    E- Editor  Lin YP

Li J et al . Measuring calcineurin inhibitor nephrotoxicity                                                                               2917



Marco Caricato, Fabio Ausania, Ilaria Cipollone, Gerardo 
Flammia, Roberto Coppola, Department of General Surgery, 
Campus Bio Medico University of Rome, Rome 00139, Italy
Giovanni Francesco Marangi, Paolo Persichetti, Plastic and 
Reconstructive Surgery, Campus Bio Medico University of 
Rome, Rome 00139, Italy
Lucio Trodella, Radiation Oncology, Campus Bio Medico 
University of Rome, Rome 00139, Italy
Author contributions: Caricato M had full access to all of the 
data in the study and takes responsibility for the integrity of the 
data; the study concept and design were devised by Ausania 
F; the acquisition of data was done by Marangi GF, Cipollone 
I, Flammia G; Critical revision of the manuscript was done by 
Coppola R, Trodella L, Persichetti P.
Correspondence to: Fabio Ausania, MD, Department of 
General Surgery, Campus Bio Medico University of Rome, Via 
Alvaro del Portillo, 20000128, Rome 00139, 
Italy. f.ausania@googlemail.com
Telephone: +39-32-88850527  
Received: March 8, 2009          Revised: May 15, 2009
Accepted: May 22, 2009
Published online: June 21, 2009 

Abstract
We present a case of a transsexual patient who under-
went a partial pelvectomy and genital reconstruction 
for anal cancer after chemoradiation. This is the first 
case in literature reporting on the occurrence of anal 
cancer after male-to-female sex reassignment surgery. 
We describe the surgical approach presenting our 
technique to avoid postoperative complications and 
preserve the sexual reassignment.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Pelvic surgery after male to female sex reassignment 
implies a particular surgical approach: firstly, anatomic 
variations during resection can be considerable; secondly, 
although genital reconstruction is an essential target 
for patients, it is a difficult operation especially after 
chemoradiation. We present a case of  a transsexual 
patient who underwent a partial pelvectomy and genital 
reconstruction for anal cancer.

CASE REPORT
A 63 year-old patient presented with rectal bleeding and 
anal pain. In 1982, she was submitted to male-to-female 
sex reassignment surgery according to the technique de-
scribed by Meyer et al[1] consisting of  penile disassembly 
followed by vaginoplasty using all penile components 
except the corpora cavernosa.

Physical examination on January 2006 revealed an 
anal ulcer and a biopsy showed evidence of  a squamous 
carcinoma. Clinical staging at diagnosis indicated an 
involvement of  the inguinal lymph nodes (T2N2M0, 
stage Ⅲ B anal cancer[2]).

Concurrent chemoradiation was administered 
according to the following scheme: the radiation field 
included the primary tumour and inguinal lymph nodes; 
a total of  45 Gy in 25 fractions was administered at the 
primary tumour and a total of  30.6 Gy at the inguinal 
fields. Each chemotherapy cycle lasted 38 d and consisted 
of  oxaliplatin 180 mg/m² on days 1, 19 and 38 and xeloda 
1300 mg/m² concurrently to radiotherapy. A radiotherapy 
boost was also administered either on the primary tumour 
or the inguinal lymph nodes.

Clinical evaluation six weeks after the completion of  
chemoradiation showed a complete clinical response. At 
one year follow-up, CT scan showed local recurrence 
involving the anal sphincter, neo-vagina and bladder 
neck. A surgical approach was planned in collaboration 
with reconstructive surgery in order to preserve sex 
reassignment. 

The surgical approach consisted of  two parts. 
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During the abdominal portion of  the procedure, the 
rectum was mobilized, and the posterior bladder wall 
and the seminal vesicles were exposed. During the pelvic 
portion of  the procedure the excision was completed. 
The perineal skin incision included the neo-vagina and 
urethra. The rectum and the anus were removed en bloc 
with the bladder neck, neo-vagina, seminal vesicles and 
prostate. The bladder neck was sutured, and sovrapubic 
cystostomy and the colostomy were performed.

Following the excision, a loss of  substance of  20 cm 
× 15 cm resulted. An elliptical skin island up to 15 cm × 
6 cm was outlined over the proximal two-thirds of  the 
gracilis muscle of  each thigh, according to a technique 
previously described by our group[3] (Figure 1). The an-
terior margin of  the incision lay on a line drawn between 
the pubic tubercle and the semitendinosus tendon. The 
gracilis tendon was identified distally, and the tendinosus 
insertion divided. The posterior incision was made down 
to the muscle. The flap was then elevated from distal to 
proximal on the thigh. The vascular supply of  the flap 
was the medial femoral circumflex artery, which enters the 
gracilis muscle 7-10 cm below the pubic tubercle. Once 
the pedicle was identified and preserved, the proximal 
muscle was dissected. The entire myocutaneous flap was 
tunnelled through the subcutaneous skin bridge into the 
vaginal defect and exteriorized through the introitus. The 
bilateral flaps were sutured to each other at the midline. 
The neovagina was shaped into a pouch and then inserted 
into the pelvic space that left after the exenteration. The 
proximal end of  the neovagina was sutured to the introi-
tus. The result after one month is presented in Figure 2.

The postoperative course was complicated by the oc-
currence of  urinary leak, successfully treated with bilat-
eral temporary nephrostomy.

The histology confirmed a locally advanced squamous 
carcinoma of  the anus. Surgical margins were involved. 
The patient is free of  disease at 8 mo follow-up.

DISCUSSION
This is the first case in literature reporting on the occur-
rence of  anal cancer after male-to-female sex reassign-

ment surgery. We tried to achieve two important targets: 
(1) to avoid postoperative complications of  extended 
surgery after chemoradiation. In fact, perineal recon-
struction with gracilis muscle flaps proved very useful 
in preventing the primary postactinic healing delay. Im-
mediate perineal reconstruction is helpful in avoiding 
delayed complications due to radiotherapy, namely tissue 
sclerosis and irreversible damage to irradiated tissues. 
Gracilis flap transposition ensures a persistent vascular 
contribution to the irradiated perineal tissues, increasing 
local oxygenation and leading to more rapid recovery of  
the surgical wound. In addition to the vascular advan-
tages, the gracilis muscular flap, fixed to the pelvic floor, 
prevents dead spaces and thus reduces the incidence 
of  seromas. Extended perineal surgery can subvert the 
architecture of  the pelvic floor reducing the sustaining 
forces and leading to herniation into the perineal space. 
We would like to point out that the muscular gracilis flap 
is crucial to compensate for the lack of  perineal support 
after this operation. Once the defect is closed, no fur-
ther procedure is needed to treat the above mentioned 
complications in unreconstructed patients, allowing 
patients to recover quickly and possibly receive adjuvant 
therapies. (2) to reconstruct the sexual reassignment. 
This point may not be essential for the surgeon who of-
ten assumes that radical surgery is the only target of  the 
operation, but it remains an important issue for patients.

In conclusion, this is the first case in literature 
reporting on surgical treatment of  locally advanced anal 
cancer after male-to-female sex reassignment surgery. 
Surgical reconstruction is a reasonable and helpful 
option to avoid severe complications and preserve sexual 
reassignment. 
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Figure 1  Elliptical skin islands and flaps preparation.

Figure 2  Reconstruction 
after one month.
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Abstract
Heart failure may lead to subclinical circulatory 
disturbances and remain an unrecognized cause 
of ischemic liver injury. We present the case of a 
previously healthy 40-year-old bodybuilder, referred to 
our Intensive-Care Unit of Hepatology for treatment 
of severe acute liver failure, with the suspicion of toxic 
hepatitis associated with anabolic steroid abuse. Despite 
the absence of symptoms and signs of congestive 
heart failure at admission, an anabolic steroid-induced 
dilated cardiomyopathy with a large thrombus in both 
ventricles was found to be the underlying cause of the 
liver injury. Treatment for the initially unrecognized 
heart failure rapidly restored liver function to normal. To 
our knowledge, this is the first reported case of severe 
acute liver failure due to an unrecognized anabolic 
steroid-induced cardiomyopathy. Awareness of this 
unique presentation will allow for prompt treatment of 
this potentially fatal cause of liver failure.
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INTRODUCTION
In the absence of  a sudden and profound reduction 
in systemic blood pressure, heart failure is frequently 
forgotten in the differential diagnosis of  acute hepatitis[1]. 
However, it has long been recognized that ischemic liver 
injury may follow subclinical circulatory disturbances, 
particularly in patients with pre-existing passive hepatic 
congestion, and present as acute hepatitis[2]. Here, we 
report the first case of  severe acute liver failure due to an 
unrecognized anabolic steroid-induced cardiomyopathy.

CASE REPORT
A 40-year-old male bodybuilder was transferred to 
our Intensive-Care Unit of  Hepatology for treatment 
of  severe acute liver failure. The patient had a history 
of  anabolic steroid abuse over the last 10 years, self-
administered in cycles of  6-10 wk, with a 2-3 wk 
suspension period between cycles. The most frequently 
used anabolic steroids were: methandrostenolone, 
stanozolol and oxymetholone (oral); and nandrolone 
decanoate, testosterone enanthate and trenbolone 
enanthate (intramuscular). Notably, he used massive doses 
of  all anabolic steroids, including trenbolone enanthate 
(500-700 mg per week). There was no history of  alcohol 
abuse or acetaminophen intake. He had no family 
history or past personal history of  liver or cardiovascular 
diseases. The patient was in good physical condition until 
approximately one month prior to admission, when he 
experienced increasing fatigue, decreased exercise tolerance 
and general malaise. Although he stopped exercising and 
self-administrating the drugs, these symptoms continued 
to progress and he subsequently developed anorexia, 
recurrent vomiting, right upper-quadrant abdominal pain 
and progressive jaundice in the 4 d prior to admission. 
No histor y of  dyspnea, or thopnea, paroxysmal 
nocturnal dyspnea or edema could be elicited. At initial 
evaluation in the patient’s local hospital, laboratory 
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testing revealed an increase in serum transaminases 
(aspartate aminotransferase, 7897 IU/L; alanine 
aminotransferase, 7125 IU/L), coagulopathy (international 
normalized ratio, 3.3; factor Ⅴ, 15%), hyperbilirubinemia 
(total bilirubin 6.8 mg/dL), high ammonia levels 
(73 umol/L) (normal, 11-32), acute renal failure 
(creatinine, 3.8 mg/dL), hyponatremia (126 mmol/L)  
and high lactate dehydrogenase (LDH) level (7140 IU/L). 
An abdominal ultrasound revealed hepatomegaly and 
patent flow of  the inferior vena cava and hepatic veins. By 
the end of  the first day, the patient was transferred to our 
Intensive-Care Unit of  Hepatology, with the suspicion of  
anabolic steroid-induced toxic hepatitis.

On transfer, the patient appeared to be an athletic 
young male in no acute distress and was able to lie 
flat (Figure 1). Blood pressure was 96/60 mmHg, 
pulse was 120 beats/min, and respiratory rate was 
26 breaths/min. He was conscious with no signs of  
hepatic encephalopathy. Additional findings on physical 
examination included generalized jaundice, no evidence 
of  jugular venous distension, clear lung fields and 
distant heart sounds. He had an enlarged tender liver 
and no stigmata of  chronic liver disease. His extremities 
were warm, with slight pretibial edema. Laboratory 
data were similar to those on admission, with markedly 
depressed values of  factor Ⅴ (15%) and factor Ⅶ 
(6%). Free testosterone and delta 4-androstenedione 
concentrations were elevated. Acetaminophen level was 
undetectable. Serology of  known hepatotropic viruses 
was negative. Antinuclear antibodies were undetectable 
and serum copper and ceruloplasmin were normal. On 
chest X-ray, the cardiothoracic index was augmented 
with clear lung fields. The case was presented to 
our liver transplantation centre. After correction of  
hyponatremia with saline, in an attempt to obtain a 
mildly hyperosmotic state and prevent cerebral edema[3], 
symptoms and signs of  congestive heart failure became 
evident, with pulmonary congestion and elevated central 
venous pressure. Echocardiogram showed a dilated 
cardiomyopathy with an estimated ejection fraction 
of  15% and a large thrombus in both ventricles. A 
diagnosis of  severe toxic cardiomyopathy associated with 
anabolic steroids was made after ruling out other causes 
of  non-ischemic dilated cardiomyopathy, including 

infectious, autoimmune and metabolic causes. With 
aggressive therapy for cardiac failure with dopamine, 
dobutamine and watchful diuresis, the patient’s liver 
function improved dramatically. There was a rapid fall 
in serum transaminases and LDH levels. Four days after 
admission, the international normalized ratio was < 2.0 
and low-molecular weight heparin therapy was started. 
Serial echocardiograms showed the disappearance of  
the intraventricular thrombus and improvement in left 
ventricular function (the fractional shortening increased 
up to 25%). Coronary angiography disclosed no lesions. 
After a 16-d hospitalization, the patient was discharged 
with oral anticoagulation. He his presently in the New 
York Heart Association functional class Ⅱ, working as 
a nightclub security agent. However, not enough time 
has elapsed since treatment to assess full recovery of  
pathological changes and heart performance.

DISCUSSION
Although the diagnosis of  ischemic liver injury can be 
straightforward in the presence of  a clinically evident 
hemodynamic insult, heart failure may also lead to 
subclinical circulatory disturbances and remain an 
unrecognized cause of  liver injury[1,2]. Remarkably, in 
a recent report only around one-half  of  the patients 
with ischemic liver injury had been in a state of  shock[4]. 
Isolated cases of  unrecognized cardiomyopathy as the 
cause of  severe ischemic liver injury have been reported in 
the recent literature[5-7]. In these cases, as in our patient, 
a cardiomyopathy lacking many of  the symptoms and 
signs of  congestive heart failure was the cause of  the 
ischemic liver injury, with striking clinical and laboratory 
evidence of  severe liver failure, leading to the possibility 
of  liver transplantation as a rescue therapy. Our patient 
was an athlete without a history or clinical evidence of  
heart disease on presentation, and was referred to our 
Intensive Care Unit of  Hepatology for treatment of  
severe acute liver failure. Several features led to a delay 
in the diagnosis of  the underlying heart disease. Firstly, 
he was an athletic young male with none of  the classic 
cardiovascular risk factors. Secondly, anabolic steroids 
are known hepatotoxic drugs[8,9], with only a few reports 
of  severe cardiac toxicity in the literature[10,11]. Thirdly, 
for unclear reasons, symptoms of  congestive heart 
failure were initially absent; theoretically, the severity of  
his right-sided heart failure in combination with a low 
output state may account for this[6]. Finally, cardiac and 
hepatic diseases share many similar clinical features, such 
as fatigue, decreased exercise tolerance, hepatomegaly 
and edema. This case highlights the fact that ischemic 
injury of  the liver should always be considered in the 
differential diagnosis of  acute hepatitis[1]. Retrospectively, 
some features may have suggested an ischemic rather 
than a viral or toxic cause of  liver injury, including 
an early massive rise in LDH levels-a ratio of  serum 
alanine aminotransferase to LDH of  less than 1.5 may 
suggest ischemic injury[12]; and a concomitant early rise 
in the serum creatinine level (additional evidence of  
end-organ hypoperfusion)[13]. Chest X-ray also revealed 

Figure 1  The patient was an athletic young male, with significant jaundice, 
in no acute distress and able to lie flat.
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cardiomegaly, despite no evident pulmonary congestion. 
The rapid fall in serum transaminases after therapy for 
cardiac failure is characteristic of  ischemic liver injury[13].

The medical history of  this patient was significant 
for chronic self-administration of  massive doses of  
anabolic steroids, including trenbolone enanthate, a 
strictly underground long-active steroid. Although 
anabolic steroids are associated with significant liver 
toxicity[8], toxic hepatitis induced by anabolic steroids 
with predominantly hepatocellular injury is extremely 
rare[9]. More frequently reported hepatotoxic effects 
include cholestatic liver injury[8], development of  hepatic 
adenomas[14] and peliosis hepatis[15]. There have been a few 
reports of  severe cardiovascular events associated with 
anabolic steroid abuse, including cases of  severe dilated 
cardiomyopathy in otherwise young healthy patients[10,11]. 
Experimental studies[16,17] and non-invasive imaging 
studies in bodybuilders[18] have demonstrated a dose-
dependent impairment of  myocardial function after long-
term anabolic steroid therapy. It has been proposed that 
increased fibrosis of  the myocardium may be mediated 
by aldosterone-like effects[10]. The reversibility of  such 
myocardial effects after discontinuation of  the drugs is 
still unknown[18]. A partial recovery of  left ventricular 
function a few months after cessation of  anabolic steroid 
abuse has been reported in two body builders[10].

Anabol ic s tero id consumpt ion i s becoming 
more widespread and their adverse effects, including 
cardiovascular and hepatic toxicity, are expected to 
increase in the years to come[8,10,11]. To the best of  our 
knowledge, this is the first reported case of  severe liver 
failure due to an unrecognized anabolic steroid-induced 
cardiomyopathy. Awareness of  this unique presentation 
will allow for prompt treatment of  this potentially fatal 
cause of  liver failure.
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Abstract
Adrenal pseudocysts are rare cystic masses that arise 
within the adrenal gland and are usually non-functional 
and asymptomatic. Adrenal pseudocysts consist of 
a fibrous wall without a cellular lining. We report a 
patient with a 9 cm, left-sided suprarenal cystic mass 
who presented with abdominal discomfort of 2 years’ 
duration. A 38-year-old woman was referred to our 
service for evaluation of abdominal discomfort and 
gastrointestinal symptoms. Routine laboratory tests 
were within normal limits. An abdominal computed 
tomography scan showed a 9 cm × 8 cm × 8 cm 
well-defined cystic lesion displacing the left kidney. 
Magnetic resonance imaging showed a cystic lesion 
with low signal intensity on the T1-weighted image 
and high signal intensity on the T2-weighted image. 
A laparoscopic left adrenalectomy was performed 
to diagnose the lesion. The final pathology showed 
an adrenal pseudocyst without a cellular lining. The 
patient had no postoperative complications and she 
was discharged four days after surgery. 
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INTRODUCTION
Adrenal pseudocysts are rare lesions that arise within 
the adrenal gland, most of  which are non-functional 
and asymptomatic. The majority of  adrenal pseudocysts 
are located in the suprarenal area. Preoperatively, larger 
cysts might be difficult to distinguish from cysts of  renal 
or pancreatic origin. Adrenal pseudocysts consist of  a 
fibrous wall without a cellular lining. We report a case of  
a patient with a 9 cm, left-sided suprarenal cystic mass 
who presented with abdominal discomfort of  two years’ 
duration.

CASE REPORT
A 38-year-old woman was admitted to our service with a 
two-year history of  abdominal discomfort, anorexia, and 
nausea. She had no history of  trauma and had undergone 
a laparoscopic unilateral salpingoophorectomy. A physical 
examination revealed no palpable abdominal masses 
and no tenderness in the abdomen. Routine laboratory 
tests were within normal limits. An abdominal computed 
tomography scan showed a 9 cm well-defined cystic 
lesion displacing the left kidney (Figure 1). The cystic 
lesion appeared to arise from the retroperitoneum. For 
further evaluation of  the cystic lesion, magnetic resonance 
imaging was carried out and the cystic lesion showed low 
signal intensity on the T1-weighted image and high signal 
intensity on the T2-weighted image (Figure 2). There were 
no findings of  suspected malignancy on the radiological 
image. We decided to perform a laparoscopic resection 
of  the cystic lesion to relieve long-lasting gastrointestinal 
symptoms and to diagnose the lesion.

The patient was placed in the right lateral decubitus, 
flexed at the waist. A 12-mm trocar was inserted in 
the umbilical region via an open incision. Three other 
operating ports were placed along the left costal margin, 
as shown in Figure 3. The second 10-mm trocar was 
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introduced on the anterior axillary line. The third 5-mm 
trocar was introduced on left side of  the second trocar 
and placed under the costal margin. The fourth 5-mm 
trocar was introduced in the posterior axillary line and 
was used for a retractor. The splenic flexure of  the colon 
was mobilized from the left paracolic gutter to the inferior 
pole of  the spleen. The splenorenal ligament was divided 
to allow the spleen and tail of  the pancreas to rotate 
medially, exposing the left retroperitoneum. At that time, 
a smooth, well-capsulated cystic mass, measuring 9 cm 
× 8 cm × 8 cm, arising from the left adrenal gland was 
found. The superior, medial and lateral border of  the 
lesion was first dissected from neighboring tissue with 
a LigaSure (Valley Lab, Boulder, CO). The dissection 
proceeded inferiorly to expose and ligate the left adrenal 
vein. The adrenal vein was identified and divided with 
a 2.5-mm endoscopic vascular stapler (Ethicon). The 
adrenal cystic lesion, completely freed, was placed in a 
surgical bag (Endocatch; Ethicon). The cystic contents 
were aspirated with a needle and were a thin, yellowish 
fluid. The specimen was extracted via the 10-mm port 
side by enlarging the incision from 1 to 2.5 cm. The 
operative time was 110 min and the blood loss was 50 mL.  
Gross appearance showed a thin-walled, yellowish,  
6 cm × 3 cm × 3 cm unilocular adrenal lesion (Figure 4). 
Histological examination showed an adrenal pseudocyst 
without an epithelial or endothelial lining (Figure 5). The 
patient had no postoperative complications and she was 
discharged four days after surgery. The abdominal pain 
and gastrointestinal symptoms resolved after surgery.

DISCUSSION
Adrenal cysts are classified as a cystic degeneration 

of  adrenal neoplasms, true cysts, pseudocysts, and 
infectious cysts[1-3]. Among adrenal cysts, the most 
common types are epithelial cysts and pseudocysts. True 
cysts are lined with endothelial or mesothelial cells[4]; 
however, adrenal pseudocysts are devoid of  an epithelial 
or endothelial lining, arise within the adrenal gland, and 
are surrounded by a fibrous tissue wall. Infectious cysts 
are most commonly caused by Echinococcus[5].

Adrenal pseudocysts are rare and account for 32% 
to 80% of  all adrenal cysts[3,6-9]. Adrenal pseudocysts are 
often found incidentally on imaging studies or at the 
time of  autopsy. The majority of  adrenal pseudocysts 
are found because of  their size-related symptoms[6-8]. 
Symptoms include gastrointestinal disturbance, early 
satiety, and a palpable abdominal mass. Patients can 
present with acute abdominal findings if  intracystic 
hemorrhage or rupture occurs[10].

The etiology of  adrenal pseudocysts is unknown; 
however, several mechanisms have been proposed to 
account for their occurrence, including cystic degeneration 
of  a primary adrenal neoplasm, degeneration of  a vascular 
neoplasm, and malformation and hemorrhage of  adrenal 
veins into the adrenal gland[1-3,6,7,11]. The etiology of  our 
patient’s pseudocyst was indeterminate.

Due to the wide use of  the diagnostic imaging 
modalities, the detection rate of  adrenal cystic lesions 
is increasing. However, preoperative confirmatory 
diagnosis of  a large adrenal cyst can be very difficult, 
because of  the indistinct boundary with surrounding 
organs and adhesion to neighboring organs[12]. 

The differential diagnosis of  adrenal pseudocysts 
includes splenic, hepatic, and renal cysts, as well as 
mesenteric or retroperitoneal cysts, urachal cysts, and 

Figure 1  An abdominal computed tomography scan showing a 9 cm well-
defined cystic lesion, which abuts the spleen, kidney and pancreas tail.

Figure 2  Magnetic resonance imaging of the abdomen. A low signal 
intensity cystic mass on the T1-weighted image (A) and a high signal intensity 
cystic mass on the T2-weighted image (B).

B

A

2924     ISSN 1007-9327      CN 14-1219/R     World J Gastroenterol      June 21, 2009     Volume 15     Number 23



www.wjgnet.com

solid adrenal tumors[12,13]. Adrenal pseudocysts must 
be differentiated from other benign or malignant 
lesions originating from the adrenal gland or the kidney 
unilaterally[14-17]. In addition, an exact diagnosis is clinically 
important because an adrenal cyst > 6 cm carries an 
increased risk of  adrenal malignancy. The reported 
incidence of  malignancy in adrenal cystic lesions is 
approximately 7%[18,19].

Typically, radiological findings of  adrenal cysts 
reveal thin walls filled with watery fluid and occasional 
calcifications[20,21]. Often, the inferior wall of  the cyst is 
concave or flat, conforming to the shape of  the upper 
pole of  the renal contour. 

On computed tomography scan, the present cyst 
could not be differentiated from a renal or adrenal 
lesion. The CT scan was not definitive, therefore an MRI 
was obtained. The adrenal gland was not visualized by 
the MRI scan and the cystic mass was thus considered 
to be of  pancreatic rather than adrenal origin. The cystic 
mass could not be differentiated from a retroperitoneal 
mucinous cystic neoplasm. We chose the laparoscopic 
approach because of  the time involved, the anticipated 
minimal blood loss, the acceptable rate of  complications, 
and the excellent postoperative quality of  life. There 

are few reports of  a case of  retroperitoneal mucinous 
cystadenomas treated by laparoscopic surgery[22-24].

During the laparoscopic procedure, we found that 
the cystic mass had arisen from the left adrenal gland, 
not the pancreas. We believed that this cystic mass 
was an adrenal cyst and removed it completely by 
laparoscopic surgery.

The choice of  treatment for adrenal pseudocysts 
depends on several factors, including endocrine function, 
symptoms, size, and correct differentiation from an 
adrenal cyst.

Surgical excision is indicated in the presence of  
symptoms, suspicion of  malignancy, an increase in 
size, the occurrence of  complications, or detection 
of  a functioning adrenal cyst, and can be managed by 
open surgery or a laparoscopic approach[12,25-27]. Kalady 
et al[28] recommended that adrenal cysts > 6 cm should 
be approached using an open procedure because of  
concerns about potential malignancy. In the case of  giant 
pseudocysts, most authors prefer an open adrenalectomy, 
because the laparoscopic approach is not sufficient to 
control such large masses with active internal bleeding[29]. 
However, several reports demonstrate that laparoscopic 
adrenalectomy for large (> 6 cm) adrenal lesions is 
surgically feasible and can be applied for any adrenal 
disease, including benign and potentially malignant 
lesions[25,30-32].

This case was sufficiently instructive to point out that 
adrenal cystic lesions can be radiologically mistaken for 
renal cysts or cystic neoplasms.

This is a rare report of  an adrenal pseudocyst 
mimicking a retroperitoneal mucinous cystic neoplasm, 
which was treated by laparoscopic resection. Although 
adrenal pseudocysts might be misdiagnosed as 
retroperitoneal mucinous cystic neoplasms, a laparoscopic 
approach to cystic lesions in the suprarenal area should be 
the initial choice. 
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Abstract
Severe acute hepatitis of unknown etiology is difficult 
to treat and often progresses to subacute fulminant 
hepatitis or late-onset hepatic failure. A 45-year-old well-
nourished, healthy man had progressive fatigue and 
his liver function tests showed severe liver dysfunction. 
The etiology of sever acute cholestatic hepatitis was 
unknown. The liver function tests normalized gradually, 
which excluded high persistent total bilirubin after starting 
on predonine. A liver biopsy showed chronic active 
hepatitis with mild fibrosis (A2, F1). Oral Inchinko-to, a 
Chinese herbal medicine, at 7.5 g daily was prescribed. 
The treatment was effective with no adverse effects. 
We present a successfully treated case and discuss 
hepatoprotective and choleretic effects of Inchinko-to.
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INTRODUCTION
Treatment of  severe acute hepatitis of  unknown etiology 
is difficult, and the disease often progresses to subacute 
fulminant hepatitis or late-onset hepatic failure[1]. Several 
studies have reported on the effectiveness of  Inchinko-
to, a Chinese herbal medicine used to treat liver disorders 
and jaundice in Japan[2-5]. Successful treatment of  acute 
hepatic failure of  unknown etiology with Inchinko-to 
has been reported[6].

We treated a patient who suffered from severe acute 
cholestatic hepatitis of  unknown etiology with Inchinko-
to. The treatment was effective with no adverse effects. 
We report and discuss the case.

CASE REPORT
The patient was a 45-year-old man, who had fatigue, 
vomiting, slight fever, and noticed that his urine had been 
darker than usual for 1 mo before visiting the clinic. He 
began to suffer from severe fatigue and loss of  appetite, 
and thus visited the clinic. On physical examination, 
his skin was dark yellow, without a palpable liver. Liver 
function tests revealed severe liver dysfunction (Table 1).  
He was a well-nourished, healthy man with a history of  
duodenal ulcer. He did not drink alcohol and had no 
history of  blood or blood products transfusion or the use 
of  any drugs, including herbal medicine. He was exposed 
to no known environmental hazards. His older brother 
had non-alcoholic steatohepatitis and underwent surgery 
for rectal carcinoma. Abdominal ultrasonography showed 
a severely swollen gallbladder and normal intra- and 
extrahepatic bile ducts; the liver shape and architecture 
were normal. Upper endoscopy showed an edematous 
narrowing at the post-bulbar portion of  the duodenum 
and a duodenal ulcer scar in the duodenal bulb.

He was admitted to the hospital. Ursodeoxycholic 
acid (UDCA) was started at 600 mg daily. Tests for 
hepatitis A, B, C, and E viruses, Epstein-Barr virus and 
cytomegalovirus were all negative. Autoantibodies were 
negative, including anti-mitochondrial, smooth muscle, 
antinuclear, and perinuclear anti-neutrophil cytoplasmic 
antibody. Gamma globulin was within the normal limits. 
The hemolytic complement activity (CH50) was elevated 
slightly. Abdominal computed tomography showed a 
severely swollen gallbladder, normal intra- and extrahepatic 
bile ducts, and normal liver shape and architecture (Figure 1,  
top). Magnetic resonance imaging showed an edematous, 
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thickened gallbladder wall, periportal edema, slight ascites, 
and a normal liver, bile duct, and pancreatic duct (Figure 1, 
bottom). Based on these findings, the patient was diagnosed 
with severe acute cholestatic hepatitis of  unknown etiology. 
The total bilirubin level continued to rise, and so the patient 
was started on predonine 20 mg daily on 7 May 2008. The 
serum aspartate aminotransferase, alanine aminotransferase, 
and lactate dehydrogenase levels normalized gradually, while 
the total bilirubin remained high. Oral Inchinko-to at 7.5 g 
daily was prescribed on 17 May 2008. He was weaned from 
predonine. Subsequently, the total bilirubin level began to 
decrease (Figure 2). A liver biopsy showed chronic active 
hepatitis with mild fibrosis (A2, F1).

The patient was discharged. He is currently well at  
12 mo after UDCA and Inchinko-to treatment.

DISCUSSION
Without evidence of  a virus infection, autoimmune 
disease, alcohol or drug use, blood or blood products 
administration, and environmental hazards, the patient 
was considered to have severe acute cholestatic hepatitis 
of  unknown etiology. Initially, predonine was prescribed 
for suspected autoimmune hepatitis with a high total 
bilirubin level[7]. The increasing total bilirubin was 
thought to suggest progression to subacute fulminant 
hepatitis[1]. Inchinko-to, a Chinese herbal medicine, has 
been used clinically for various liver diseases in Japan 
and China[2-5]. 

Recent experimental studies have clarified the molecular 
mechanism of  hepatoprotective and choleretic effects of  
Inchinko-to and its ingredients, and have provided a good 
rationale for its clinical application to a wide variety of  
liver diseases, although there is no sound evidence with 
prospective randomized clinical studies[8-13]. The ingredients 
of  Inchinko-to are genipin, 6,7-dimethylesculetin, capillin, 
capillene, and capillarisin[2,14,15]. Therefore, we decided to 
give Inchinko-to to our patient who suffered from severe 
acute cholestatic hepatitis of  unknown etiology. The 

treatment was effective with no adverse effects.
The death of  liver cells in hepatitis is thought to 

involve apoptosis[16]. Fas/FasL-mediated cytotoxicity is 
critical to hepatic injury, particularly fulminant hepatitis[17]. 
Genipin markedly suppressed liver apoptosis/injury in 
a lethal fulminant hepatitis model[9] and improved acute 
liver dysfunction by the suppression of  tumor necrosis 
factor-α production[10]. In addition, capillin and capillene 
inhibit liver cell apoptosis induced by transforming growth 
factor[8]. 

Cholestasis results in hepatic and systemic accumulation 
of  potentially toxic bile acids, resulting in liver damage 
and jaundice [18]. The altered expression of  specific 
hepatocellular transport systems and profound changes 
in the cytoskeleton of  the hepatocytes are associated with 
cholestatic liver disease[18]. In particular, the impairment 
of  canalicular transport systems has a major role in 
the pathogenesis of  acquired forms of  intrahepatic 
cholestasis[18]. Inchinko-to exerts potent choleretic effects 
via a bile-acid-independent mechanism of  multidrug-
resistance-associated protein 2 mediation and glutathione 
content modulation[11-13] by genipin, and of  constitutive 

Table 1  Laboratory data on admission

White blood cells (/μL) 4600 Alfa1 globulin (%)   4.2 
Red blood cells (/μL) 493 Alfa2 globulin (%)   7.2
Hemoglobin (g/dL) 15.1 Beta globulin (%) 11.2
Hematocrit (%) 46 Gamma globulin (%) 15.3
Platelets (/μL) 16.7 × 104 CH50 (OU/mL) 52.4
Total protein (g/dL)
Albumin (g/dL)

5.8 
3.5 

Anti-nuclear antibody -

Total bilirubin (mg/dL) 6 P-ANCA -
Direct bilirubin (mg/dL)
AST (IU/L)

4.9
810 

Anti-mitochondrial 
antibody

-

ALT (IU/L) 1239 HA-IgM -
LDH (IU/L) 418 HBs Ag -
Alkaline phosphatase 
(IU/L)

687 HBs Ab
HBe Ag

-
-

rGTP (IU/L) 305 HCV Ab -
Prothrombin time (%) 92.9 HEV-IgM -
Activated partial 
thromboplastin time (s)

29.2 HEV-IgG
EBV-VCM

-
-

C-reactive protein (mg/dL) 1 CMV-IgM -
NH3 (mcg/dL) 70 

Figure 1  Abdominal CTs and MRIs on admission. Abdominal CTs showing 
normal liver shape and architecture, normal intra-and extrahepatic bile ducts, 
and a severely swollen gallbladder (top); MRIs showing a normal liver, bile duct, 
an edematous, thickened gallbladder wall, and periportal edema (bottom).
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Figure 2  Clinical course of the patient.
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androstane receptor activation by 6,7-dimethylesculetin[12]. 
The marked reduction in bilirubin level after Inchinko-
to administration in our case suggested that Inchinko-to 
and its ingredients stimulated and restored the impaired 
canalicular transport systems.

UDCA was also used in this case and it has been 
reported to be effective in cases of  chronic liver 
disease[19] and prolonged cholestasis of  acute hepatitis[20]. 
The therapeutic benefit of  UDCA in the treatment 
of  cholestasis may result from a combination of  
cytoprotective, antiapoptotic, immunomodulatory, and 
choleretic effects[21]. The choleretic effects of  UDCA are 
medicated by up-regulation of  canalicular transporter 
protein levels[22], and inhibit apoptosis by modulating 
mitochondrial function [23]. No apparent effect was 
observed on liver function tests in our case soon after the 
administration of  UDCA. Therefore, the combination of  
Inchinko-to and UDCA possibly worked synergistically in 
improving the acute cholestatic hepatitis in this case. 

Finally, our success in treating a patient with acute 
cholestatic hepatitis of  unknown etiology supports a 
previous study[6], and suggests its efficacy in treating such 
liver disease. Our findings warrant a further clinical trial.
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Abstract
We report a case of hepatic angiomyolipoma with 
uncommon clinical features. A 56-year-old man 
presented with a hepatic tumor in the caudate lobe. 
The tumor was hypoechoic on ultrasonography, 
showed early-phase hyperattenuation on enhanced 
computed tomography and did not absorb iron on 
superparamagnetic iron oxide-enhanced magnetic 
resonance imaging. Hepatocellular carcinoma was 
highly suspected, and the patient underwent hepatic 
resection. Histological ly, the tumor was mainly 
composed of smooth muscle cells and contained 
small amounts of adipose cells and blood vessels. On 
immunohistochemical staining, the smooth muscle cells 
were positive for a melanocytic cell-specific monoclonal 
antibody. In cases with uncommon features of 
angiomyolipoma, it is quite difficult to distinguish 
angiomyolipoma from hepatocellular carcinoma.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Hepatic angiomyolipoma (HAML) was first reported by 
Ishak[1]. It is a rare benign tumor which is composed of  a 
heterogeneous mixture of  adipose cells, smooth muscle 
cells and vessels, and can be treated conservatively if  
spontaneous hemorrhage or malignant change does not 
occur[2-4]. The radiological features of  HAML depend on 
the relative proportions of  adipose cells[5]. For this reason, 
preoperative diagnosis of  HAML is occasionally difficult, 
and it is not easy to differentiate from hepatocellular 
carcinoma (HCC). Herein, we report a case of  HAML 
which was difficult to differentiate from HCC.

CASE REPORT
A 56-year-old Japanese man was admitted to our 
hospital for further examination of  a liver tumor in 
the caudate lobe. He had no history of  liver disease or 
hepatitis and did not drink heavily. Hepatitis B surface 
antigen and anti-hepatitis C antibody were negative. 
Serum levels of  transaminase, α-fetoprotein and des-γ-
carboxy prothrombin were within the normal range. On 
ultrasonography, the tumor was hypoechoic (Figure 1A).  
Enhanced computed tomography (CT) showed a 
hepatic mass with early-phase hyperattenuation and 
late-phase hypoattenuation, measuring 4.2 cm × 4.0 cm  
in the caudate lobe (Figure 1B and C). Magnetic 
resonance imaging (MRI) revealed hypointensity on 
T1-weighted images, hyperintensity on T2-weighted 
images and hyperintensity on diffusion weighted images 
(Figure 1D-F). The tumor did not absorb iron on 
superparamagnetic iron oxide-enhanced (SPIO) MRI 
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Figure 2  HAML. A: The tumor occupied a large area of the caudate lobe; B-D: The histological features of the tumor showed that it was mainly composed of smooth 
muscle cells (B: HE stain, × 4; C: HE stain, × 40) and a small number of adipose cells (D: HE stain, × 40); E, F: Immunohistochemically, the tumor was positive for 
CD68 (E: CD68, × 20), and HMB-45 (F: HMB-45, × 100).
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Figure 1  Images. A: The tumor was hypoechoic on ultrasonography, measuring 4.2 cm × 4.0 cm; B-C: Enhanced computed tomography showed a tumor with early-
phase hyperattenuation and late-phase hypoattenuation; D-F: Magnetic resonance imaging showed a tumor with hypointensity on T1-weighted, hyperintensity on 
T2-weighted images and hyperintensity on diffusion weighted images; G: The tumor did not absorb iron on superparamagnetic iron oxide-enhanced MRI; H: On 
angiography, the tumor was shown as a circumscribed hypervascular mass. 
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(Figure 1G). On angiography, the tumor was shown 
as a circumscribed hypervascular mass (Figure 1H). 
HCC was highly suspected on radiological imaging. 
Resection of  the left lobe with the tumor in the caudate 
lobe was performed. The tumor measured 6.0 cm in 
diameter, and the surface of  the tumor was gray and 
white. Histologically, the tumor was mainly composed 
of  smooth muscle cells and contained small amounts 
of  adipose cells and blood vessels (Figure 2A-D).  
On immunohistochemical staining, the tumor was 
negative for desmin and S-100, but positive for actin and 
CD68, and the smooth muscle cells were positive for a 
melanocytic cell-specific monoclonal antibody (HMB-45)  
(Figure 2E and F). This tumor was diagnosed as HAML.

DISCUSSION
Recently, the concept of  perivascular epithelioid cell 
tumor (PEComa) which was proposed by Bonetti et al in 
1992 has gained wide acceptance[6]. PEComa is defined 
as a mesenchymal tumor composed of  histologically 
and immunohistochemically distinctive perivascular 
epithelioid cells. Immunohistochemically, the tumors are 
consistently immunoreactive for HMB-45, a monoclonal 
antibody for melanoma. AML is considered a part 
of  PEComa[7]. Smooth muscle cells of  HAML stain 
positively for HMB-45. This finding is useful for the 
diagnosis of  HAML, because liver tumors other than 
angiomyolipoma are negative for HMB-45[8].

In radiological diagnosis, HAML typically shows high 
echo on ultrasonography, early-phase hyperattenuation 
on enhanced computed tomography, hyperintensity 
on T2-weighted magnetic resonance imaging and a 
circumscribed hypervascular mass on angiography[9]. 
The soft tissue component (smooth muscle cells and 
vessels) is considered to be enhanced by the intravenous 
administration of  contrast material[10]. However, the 
imaging features of  HAML vary because of  variations 
in the proportion of  adipose cells, smooth muscle cells 
and vessels. In particular, the number of  adipose cells 
varies between 10% and 90%[11]. HAML consisting of  
a small number of  adipose cells shows low echo on 
ultrasonography and early-phase hyperattenuation on 
enhanced CT. These findings are similar to the imaging 
features of  HCC[12]. On the other hand, there are no 
reports regarding the radiological features of  SPIO MRI 
on HAML. SPIO contrast material, which is taken up by 
the reticuloendothelial system and depresses the signal 
of  normal liver at T2-weighted imaging, is useful for the 
detection of  hepatic tumors[13]. In our case, HAML was 
positive for CD68 stain, which is a Kupffer cell-related 
marker; however the signal at T2-weighted imaging on 
SPIO MRI was depressed similar to HCC. Thus, SPIO-
MRI was not useful for differentiating HAML from 
HCC in our case.

HAML shows various histological patterns. According 

to the line of  differentiation and the predominance of  
tissue components, the tumors are subcategorized into 
mixed, lipomatous (≥ 70% fat), myomatous (≤ 10% 
fat), and angiomatous types. The mixed type is the most 
common, but tumors with a small number of  adipose 
cells such as the myomatous type, which are rare, show 
widely variable patterns in morphology[14]. In this study, we 
classified the HAML in our case as the myomatous type.

In conclusion, HAML is a benign tumor and requires 
no surgical treatment. However, the diagnosis is difficult 
because it has various histological patterns. In the 
myomatous type, the radiological findings including 
SPIO-MRO are similar to those of  HCC. Hepatic 
tumors without obvious risk factors for HCC should be 
distinguished from HAML.
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Abstract
AIM: To analyze the MEDLINE-indexed publications in 
gastroenterology specialty journals from 2001 to 2007. 
Special attention was paid to specific types of articles, 
the number of publications for individual authors and 
the author count in each journal.

METHODS: The bibliographic entries of papers 
belonging to journals listed under the subject heading 
of “gastroenterology” were downloaded from MEDLINE 
on the PubMed web site. The analysis was limited to 
journal articles published between January 1, 2001 
and December 31, 2007. The analytical dimensions of 
an article included journal, publication year, publication 
type, and author name (the last name and initials).

RESULTS: According to MEDLINE, 81 561 articles were 
published in 91 gastroenterology journals from 2001 to 
2007. The number of articles increased from 9447 in 
2001 to 13 340 in 2007. Only 12 journals had more than 
2000 articles indexed in MEDLINE. The “World Journal of 
Gastroenterology” had the largest number of publications 
(5684 articles), followed by “Hepato-Gastroenterology” 
(3036) and “Gastrointestinal Endoscopy” (3005). Of all 
the articles published, reviews accounted for 17.2% 
and case reports for 15.4%. Only 3739 randomized 
controlled trials (4.6% of all articles) were published 
and their annual number increased from 442 in 2001 to 
572 in 2007. Among 141 741 author names appearing 
in the articles of gastroenterology journals, 92 429 had 
published only in one journal, 22 585 in two journals, 
9996 in three journals, and 16 731 in more than three 
journals. The “World Journal of Gastroenterology ” 
had the greatest number of authors (17 838), 

followed by “Gastroenterology ” (12 770), “Digestive 
Diseases and Sciences” (11 395), “American Journal of 
Gastroenterology” (10 889), and “Hepatology” (10 588).

CONCLUSION: Global gastroenterology publications 
displayed a continuous growth in the new millennium. 
The change was most striking in certain journals. 
Regular bibliometric analyses on the trends and specific 
topics would help researchers publish more efficiently 
and allow editors to adjust the policy more accurately.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Gastroenterology is a highly competitive and productive 
field of  medical research. Researchers in this field usually 
have a stronger need for bibliographic information 
than those in other fields. In the past few years, several 
bibliometric researches have been devoted to the global 
research trend[1], the research output in specific regions[2,3] 
and countries[4-6], and the share of  author origins in 
specific journals[7-9] in gastroenterology. However, there 
still seemed to be a lack of  a comparative overview of  
all gastroenterology specialty journals in the world.

The aim of  the current study was to analyze the 
publications in gastroenterology journals in the new 
millennium, based on MEDLINE which is freely offered 
over the internet by the National Library of  Medicine in 
the United States of  America. Special attention was paid 
to specific types of  articles, e.g. randomized controlled 
trials. Because researchers might not publish solely in 
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one journal during a period of  several years, a new 
analytical method was also proposed to calculate the 
share of  authors publishing in only one journal among 
all authors in each journal. This new indicator may serve 
as another dimension to author origins in a journal.

MATERIALS AND METHODS
Journal selection and data sources
The specialty journals of  gastroenterology were 
limited to those listed under the subject heading of  
“gastroenterology” in MEDLINE. The master file of  
journals in MEDLINE was first downloaded (ftp://ftp.
nlm.nih.gov/online/journals/lsi2008.xml, accessed on 
September 8, 2008) and a total of  141 gastroenterology 
journals were identified. Due to cessation of  publication 
and name changes, not all journals were still available.

The bibliographic entries of  papers belonging to 
selected journals were downloaded from MEDLINE 
on the PubMed web site (http://www.ncbi.nlm.nih.
gov/sites/entrez/, accessed on September 8, 2008). The 
downloading consisted of  journals with a Perl script. 
The retrieval was limited to papers published since 2001. 
The format type of  the retrieval was MEDLINE.

Study design
One bibliographic record with the MEDLINE format 
contains pairs of  tags and data, e.g. PMID-14647050 and 
AU-Lee SD, where PMID (PubMed unique identifier) 
and AU (author) are tags. Some types of  tags, e.g. AU, 
PT (publication type) and MH (medical subject headings 
term), might appear more than once in one record. 
Some types of  tags are not obligatory and might not be 
present in every record.

The downloaded datasets with MEDLINE format 
were merged and transformed into one single file with 
the structure of  entity-attribute-value (EAV)[10] for 
further efficient processing, where entity stood for the 
PMID of  a paper, attribute for the tag, and value for the 
data. For example, the pair “AU-Lee SD” in the paper of  
“PMID-14647050” would be converted into “14647050 
[tab] AU [tab] Lee SD”.

From the EAV file, the numbers of  papers in each 
journal during the years of  coverage were first calculated. 
The processing was limited to papers categorized as 
“journal article” in the publication type field. In addition, 
only papers published between January 1, 2001 and 
December 31, 2007 were included in this analysis.

The articles were also counted according to their 
publication type. An article might not contain only one 
publication type. For articles with the publication type of  
randomized controlled trial, their distribution in journals 
over the years was computed.

In computing the productivity of  individual 
researchers in all gastroenterology journals, the methods 
of  “total author counting”[11] was adopted. Each author 
of  an article was recognized as having written one article, 
and then the number of  articles authored or coauthored 
by each researcher during the 7-year period was counted.

Because an author’s full name has been indexed in 

MEDLINE since 2002 and one fifth of  the original 
publications did not contain the full author name[12], 
authors in the current study were identified according to 
the conventional author indexing of  MEDLINE, i.e. last 
name, up to two initials of  first and middle names, and/or 
a suffix abbreviation. Different authors with the same last 
name and initials would not be specifically differentiated 
in aggregate statistics. However, the name ambiguity 
would be considered in listing the most prolific authors.

For each journal, the total number of  authors 
who had published in the journal during the 7-year 
period was calculated as the denominator and then the 
number of  authors who had never published in other 
gastroenterology journals during the 7-year period was 
computed as the numerator. The fractional number for 
each journal might suggest the breadth of  author origins.

Statistical analysis
The programming scripts with Perl version 5.10.0 
(http://www.perl.com/) were written for downloading 
and computing. As a popular computer language 
since the internet era, Perl belongs to the open source 
software and can be freely downloaded and distributed 
for use. The National Library of  Medicine also provides 
examples of  Perl scripts for use of  Entrez programming 
utilities from PubMed.

Only descriptive statistics, frequency in count and 
percentage, were displayed.

RESULTS
According to MEDLINE, 81 561 articles were published 
in 91 gastroenterology journals from 2001 to 2007 
(Table 1). The number of  articles increased from 
9447 in 2001 to 13 340 in 2007. The “World Journal of  
Gastroenterology” had the largest number of  publications 
(5684 articles), followed by “Hepato-Gastroenterology” (3036) 
and “Gastrointestinal Endoscopy” (3005). Only 12 journals 
had more than 2000 articles indexed in MEDLINE. By 
comparing the situations in 2001 and in 2007, the “World 
Journal of  Gastroenterology” had the highest growth rate 
of  publications (5.0-fold increase), followed by “BMC 
Gastroenterology” (2.3-fold), “Revista de Gastroenterologia de 
Mexico” (2.2-fold), “International Journal of  Colorectal Disease” 
(2.0-fold), and “Inflammatory Bowel Diseases” (2.0-fold). 
The highest absolute growth was also claimed by “World 
Journal of  Gastroenterology” (867 more articles), followed by 
“Journal of  Gastroenterology and Hepatology” (208), “Zhonghua 
Ganzangbing Zazhi (Chinese Journal of  Hepatology)” (200), 
and “Digestive Diseases and Sciences” (180). In contrast, 21 
journals had fewer publications in 2007 than in 2001.

As to the publication type of  these articles, reviews 
accounted for 17.2% (14 005 articles) of  all articles from 
2001 to 2007 and case reports 15.4% (12 539) (Table 2). 
There were only 3739 randomized controlled trials (4.6% 
of  all articles) among 4627 clinical trials (5.7%). The 
annual number of  randomized controlled trials increased 
from 442 in 2001 to 572 in 2007. Randomized controlled 
trials were most frequently published in “Alimentary 
Pharmacology & Therapeutics” (536 articles), followed by 
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Table 1  Publication trend of articles in gastroenterology journals, 2001-2007

Journal 2001 2002 2003 2004 2005 2006 2007 Total
Abdom Imaging 126 117 147 116 119 146 126   897
Acta Gastroenterol Belg   45   52   38   45 66   51   47   344
Acta Gastroenterol Latinoam   34   17   30   16 27   52   49   225
Aliment Pharmacol Ther 246 305 372 416 363 390 338 2430
Am J Gastroenterol 543 466 425 338 363 383 340 2858
Am J Physiol Gastrointest Liver Physiol 331 289 267 272 298 289 354 2100
Ann Hepatol   30   29   29 48   56   47   239
Arq Gastroenterol   44   42   45   49 46   61   63   350
Best Pract Res Clin Gastroenterol   64   67   66   90 66   68   67   488
BMC Gastroenterol   14   23   34   32 39   43   46   231
Can J Gastroenterol   98   79   98   95 66   85   97   618
Chin J Dig Dis   35 43   39 117
Clin Colorectal Cancer   27   31   34   43 60   54   49   298
Clin Gastroenterol Hepatol   62 153 219 231 275   940
Clin Liver Dis   52   56   53   49 44   48   50   352
Colorectal Dis   68 105   93   92 104 139 149   750
Curr Gastroenterol Rep   81   70   79   77 76   71   80   534
Curr Issues Intest Microbiol    5    5    8    7 7   10    5     47
Curr Opin Gastroenterol   91   85   66   78 86   81   78   565
Dig Dis   47   40   43   53 36   33   53   305
Dig Dis Sci 390 415 345 324 406 376 570 2826
Dig Liver Dis 129 172 174 166 153 176 200 1170
Dig Surg   95   96   78   70 60   65   78   542
Digestion   88   69   62   71 69   77   70   506
Dis Colon Rectum 263 245 255 270 301 246 257 1837
Dis Esophagus   63   68   75   66 80   91   92   535
Dysphagia   37   42   36   35 42   40   43   275
Eat Weight Disord   35   42   55   49 56   52   47   336
Eksp Klin Gastroenterol 145 120   94 96   81 119   655
Eur J Gastroenterol Hepatol 263 222 212 217 217 216 192 1539
Gastric Cancer   33   45   57   35 42   45   40   297
Gastroenterol Clin Biol 196 195 185 213 172 190 177 1328
Gastroenterol Clin North Am   54   74   54   59 46   49   51   387
Gastroenterol Hepatol   89   90   87 109 95 142   84   696
Gastroenterol Nurs   48   53   47   55 65   68   51   387
Gastroenterology 361 437 402 468 428 439 456 2991
Gastrointest Endosc 436 491 447 429 374 412 416 3005
Gastrointest Endosc Clin N Am   47   55   52   59 51   61   52   377
Gut 322 406 348 346 342 320 299 2383
Hepatobiliary Pancreat Dis Int 128 121 128 120 115 114   726
Hepatogastroenterology 414 422 580 443 426 209 542 3036
Hepatology 344 389 335 353 319 346 388 2474
Hernia   47   44   50   84 86 104   98   513
Indian J Gastroenterol 104   87 105   85 88 104   93   666
Inflamm Bowel Dis   66   70   65 156 160 147 200   864
Int J Colorectal Dis   63   64   86   89 74 123 191   690
Int J Gastrointest Cancer   43   46   43 51   23   206
Int J Pancreatol   25     25
J Clin Gastroenterol 185 180 156 177 177 177 157 1209
J Dig Dis   36     36
J Gastroenterol 125 206 192 170 156 147 172 1168
J Gastroenterol Hepatol 239 279 213 265 327 365 447 2135
J Gastrointest Surg 100 127 140 161 175 195 258 1156
J Gastrointestin Liver Dis   61   69   130
J Health Popul Nutr   32   45   43   47 44   57   56   324
J Hepatobiliary Pancreat Surg   88 107   76   84 91   97   98   641
J Hepatol 226 231 304 268 282 276 227 1814
J Pediatr Gastroenterol Nutr 256 268 207 234 273 244 219 1701
J Viral Hepat   62   64   71   80 90 117 126   610
JOP   55   18   24   68 69   79   87   400
Korean J Gastroenterol   81 103 136 144 133   597
Korean J Hepatol   41 51   57   59   208
Liver   58   87   145
Liver Int   75   96 153 159 172   655
Liver Transpl 184 186 234 256 225 297 281 1663
Minerva Gastroenterol Dietol   27   42   32   35 29   41   36   242
Nat Clin Pract Gastroenterol Hepatol   27 126 121 138   412
Neurogastroenterol Motil   55   64   64 114 104 105 128   634
Nippon Shokakibyo Gakkai Zasshi 127 155 141 112 130 120 144   929
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“American Journal of  Gastroenterology” (278), “Gastrointestinal 
Endoscopy” (186), “Surgical Endoscopy” (183), “World 
Journal of  Gastroenterology” (176), and “Gastroenterology” 
(171). Among these journals, the “World Journal of  
Gastroenterology” had the greatest increase in randomized 
controlled trials: from 5 in 2001 to 34 in 2007 (detailed 
data not shown in tables).

If  only the last name and initials of  the authors 
were considered, 141 741 author names appeared in 
the articles of  gastroenterology journals from 2001 
to 2007. The “World Journal of  Gastroenterology” had 
the greatest number of  authors (17 838), followed by 
“Gastroenterology” (12 770), “Digestive Diseases and Sciences” 
(11 395), “American Journal of  Gastroenterology” (10 889), 
and “Hepatology” (10 588) (Table 2). Among all authors, 
82 174 had published only one article, 22 192 two articles, 
10 672 three articles, and 26 703 more than three articles. 
On the other hand, 92 429 authors had published only 
in one journal, 22 585 in two journals, 9996 in three 
journals, and 16 731 in more than three journals. The 
share of  authors publishing only in one journal among 
all authors of  the journal was generally higher in journals 
with apparently narrower research fields or locality, 
e.g. “Eksperimental'naia i Klinicheskaia Gastroenterologiia 
(Experimental & Clinical Gastroenterology)” (95.5%), “Revista 
de Gastroenterologia del Peru” (84.0%), “Eating and Weight 
Disorders” (81.0%), “Revista de Gastroenterologia de Mexico” 
(79.4%), and “Journal of  Health, Population, and Nutrition” 
(78.0%) (Table 2).

The top 10 prolific researchers in these gastroenterology 
journals are listed in Table 3. They were from seven 
institutions in six countries: three in the USA, four in Europe, 
and three in Asia. Only two of  the top-ranked researchers 
were surgeons (Masatoshi Makuuchi and Markus W Buchler).

DISCUSSION
The current study demonstrated the most recent 
trend in publications from gastroenterology specialty 

journals worldwide. Gastroenterology publications 
have continued to prosper in the new millennium, not 
merely due to the expanded coverage of  MEDLINE 
or the growth of  a single journal. The number of  
randomized controlled trials has also increased, but 
their growth rate has slightly lagged behind that of  
other articles. Numerous researchers participated in 
gastroenterology publications; a substantial number of  
the authors were active in research and had multiple 
publications. Gastroenterology journals thus showed 
diverse authorships in which many authors of  a journal 
also published in other specialty journals.

The current study chose MEDLINE as the data source 
because of  its open access and international visibility. To 
compare the “quality” of  scientific publications, people 
have adopted the controversial citation statistics and 
“impact factor” in recent years. Because the quantity of  
citations has increased tremendously and the databank of  
citations is not freely open to the public, the monopolized 
data from the black box cannot be extensively verified. 
Normally, most researchers just need a quick orientation 
in the field of  interest, e.g. the features of  journals, the 
most prolific authors or facilities, or the hottest subjects. 
Such requests can be easily satisfied by free MEDLINE 
after processing, without resorting to commercial 
databases which most individual researchers around the 
world can hardly afford.

Despite collective growth since 2001, the increases 
and decreases in individual gastroenterology journals 
could be observed. Among all journals, the “World Journal 
of  Gastroenterology” was most striking. Not only had it 
published the greatest number of  articles since 2003, 
but it had also attracted the most authors. Along with 
quantitative growth, the “World Journal of  Gastroenterology” 
also had more randomized controlled trials. According 
to an earlier bibliometric analysis on the “World Journal 
of  Gastroenterology”, the author origins of  the Journal had 
become more diverse by geographic distribution since 
2003. From the analysis in the current study, the majority 

Pancreas 128 134 154 147 143 116 131   953
Pancreatology   74   58   55   38   72   54   56   407
Rev Esp Enferm Dig   57   61   73   99   89   91 110   580
Rev Gastroenterol Disord   13   28   47   51   35 27   32   233
Rev Gastroenterol Mex   31   83   66   82 105   88   99   554
Rev Gastroenterol Peru   34   32   34   35   39   39   46   259
Rom J Gastroenterol   48   47   50   63   208
Ross Gastroenterol Zh   29     29
Scand J Gastroenterol 218 235 209 222 219 210 235 1548
Scand J Gastroenterol Suppl   16   18   30   15   25   104
Semin Gastrointest Dis   26   23   23     72
Semin Liver Dis   43   41   44   60   47   39   38   312
Surg Endosc 376 454 505 393 292 362 463 2845
Surg Laparosc Endosc Percutan Tech   86   89   90   80   92 107 144   688
Taehan Kan Hakhoe Chi   67   42   109
Tech Coloproctol   41   43   39 130   54   67   59   433
Trop Gastroenterol   65   66   59   55   56   43   51   395
Turk J Gastroenterol   48   59   58   53   65   49   332
World J Gastroenterol 172 236 632 812        1478        1315        1039 5684
Z Gastroenterol 134 156 127 115   90   90   93   805
Zhonghua Ganzangbing Zazhi 114 193 325 325 341 308 314 1920
Zhonghua Weichang Waike Zazhi 109 108 105   322
Total        9447      10 663      11 178      11 663      12 610      12 660      13 340       81 561
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Table 2  Articles of gastroenterology journals stratified by selected publication type and author type, 2001-2007

Journal No. of all 
articles

Review Case 
report

Clinical 
trial

Multicenter 
study

Randomized 
controlled trial

No. of 
authors

No. of exclusive 
authors1

Share of exclusive 
authors1 (%)

Abdom Imaging   897 184 310     7     1     7 3094 1360 44.0
Acta Gastroenterol Belg   344 137   92     8     4     3 1113   435 39.1
Acta Gastroenterol Latinoam   225   36   52     5     4     2   815   542 66.5
Aliment Pharmacol Ther 2430 674   10 556 273 536 8177 2108 25.8
Am J Gastroenterol 2858 302 169 279 150 278  10 889 2753 25.3
Am J Physiol Gastrointest Liver Physiol 2100 126   55   27 7045 2689 38.2
Ann Hepatol   239   89   58   10     2     7   705   332 47.1
Arq Gastroenterol   350   34   21     6     5   10 1067   689 64.6
Best Pract Res Clin Gastroenterol   488 459     6 1145   341 29.8
BMC Gastroenterol   231     6   47   12     6   13   934   164 17.6
Can J Gastroenterol   618 187 137   17   18   18 1579   556 35.2
Chin J Dig Dis   117   23     2     2     5   400     71 17.8
Clin Colorectal Cancer   298 130   25   25   17   14   910   552 60.7
Clin Gastroenterol Hepatol   940 153 198   64   76   89 4079   918 22.5
Clin Liver Dis   352 349     1   522     78 14.9
Colorectal Dis   750   91   11   32   14   33 2202   895 40.6
Curr Gastroenterol Rep   534 418     1     6     1     5   791   139 17.6
Curr Issues Intest Microbiol    47   24   133     81 60.9
Curr Opin Gastroenterol   565 245   735 144 19.6
Dig Dis   305 202     5     7     2     8   852   128 15.0
Dig Dis Sci 2826 183 649 148   58 135  11 395 3418 30.0
Dig Liver Dis 1170 239 146   78   45   56 4634 1270 27.4
Dig Surg   542   96 148     9     3   13 1997   514 25.7
Digestion   506 106   45   49   28   41 2332   483 20.7
Dis Colon Rectum 1837 130 256 219   57 143 6506 2349 36.1
Dis Esophagus   535   71 145   21     7   15 2226   709 31.9
Dysphagia   275   16   33   13     1     6   850   579 68.1
Eat Weight Disord   336   35   21   17     5   14 1070   867 81.0
Eksp Klin Gastroenterol   655 138   23   76     1   18   984   940 95.5
Eur J Gastroenterol Hepatol 1539 315 378   83   93    87 6606 1966 29.8
Gastric Cancer   297   40   54   30     9     7 1301   249 19.1
Gastroenterol Clin Biol 1328 603 326   35   36   16 3188 1623 50.9
Gastroenterol Clin North Am   387 373     3   614   107 17.4
Gastroenterol Hepatol   696 229 184   12     3     3 2259 1235 54.7
Gastroenterol Nurs   387 114   29   12     1     9   430   293 68.1
Gastroenterology 2991 352 205 169 106 171  12 770 4003 31.3
Gastrointest Endosc 3005 220   1275 230 100 186 8547 2426 28.4
Gastrointest Endosc Clin N Am   377 338   2   581     87 15.0
Gut 2383 343 227 132 139 144 9785 2612 26.7
Hepatobiliary Pancreat Dis Int   726   64   67   40     9   20 2128   464 21.8
Hepatogastroenterology 3036 145 654 155   31 100 9648 2952 30.6
Hepatology 2474 211   15 148 105 131  10 588 3502 33.1
Hernia   513   60 151 20 18   32 1627   822 50.5
Indian J Gastroenterol   666   66 355 16   2   17 1791   893 49.9
Inflamm Bowel Dis   864 158   37 43 34   31 3266   854 26.1
Int J Colorectal Dis   690   63   74 57 21   40 3249   930 28.6
Int J Gastrointest Cancer   206   36   52 14   2   968   279 28.8
Int J Pancreatol     25     3     9   137       9 6.6
J Clin Gastroenterol 1209 320 241 59 31   56 4326 1192 27.6
J Dig Dis     36     6     3   2   1     1   160     29 18.1
J Gastroenterol 1168 219 299 45 24   29 4429   734 16.6
J Gastroenterol Hepatol 2135 274 351 93 37   91 7661 1672 21.8
J Gastrointest Surg 1156 114 132 23 16   24 4329 1476 34.1
J Gastrointestin Liver Dis   130   22   41   4   3     3   484   216 44.6
J Health Popul Nutr   324   16     1   8   2   16 1185   924 78.0
J Hepatobiliary Pancreat Surg   641 142 207   8   4     6 2345   427 18.2
J Hepatol 1814 259 114       120 56   81 8036 2200 27.4
J Pediatr Gastroenterol Nutr 1701 257 389 93 36 119 5894 3239 55.0
J Viral Hepat   610   74   16 81 48   56 3255   887 27.3
JOP   400 124 168   7     2 1396   473 33.9
Korean J Gastroenterol   597   65 128   7   4     8 1249   372 29.8
Korean J Hepatol   208   25   28   2     3   585     89 15.2
Liver   145   14   20 14   1     5   759   164 21.6
Liver Int   655   68   38 39 16   19 3613   751 20.8
Liver Transpl 1663 223 261 72 43   49 5517 2025 36.7
Minerva Gastroenterol Dietol   242   87   15   5   1     2   788   284 36.0
Nat Clin Pract Gastroenterol Hepatol   412 128   35   8 10     8   693     91 13.1
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of  authors in the “World Journal of  Gastroenterology” 
did not only publish in this Journal during the study 
period. Both of  these facts indicated that the “World 
Journal of  Gastroenterology” had established its position in 
international gastroenterology publications.

The global research community has frequent fervent 
disputes about the quality of  journal articles[13]. There 
appears to be a growing discontent about the misuse 
of  the impact factor in hiring, promoting and grant-
awarding. Researchers usually consider several factors 
when choosing a journal to publish their research results. 
A research article should be judged by its content, and 
not merely by the journal in which it was published. 
That is, the impact of  an individual article should not 
be evaluated by the journal impact factor. The function 
of  the academic journal as an effective platform for 
scientific communication can never be overestimated. 
Time will show which editorial team acts best.

The major limitation in the current study was 
the separation of  distinct authors. The ambiguity of  

author names is an unresolved problem of  bibliometric 
research[14]. Although MEDLINE started to index 
full author names in 2002, the problem still remains. 
Not every journal print author names in full. Besides, 
not every author spells their forename consistently in 
different articles. For example, Buchler MW appeared 
as Markus W Buchler, Markus-W Buchler, and Markus 
Wolfgang Buchler. Most cases of  ambiguity existed in 
authors of  East Asian origin. Because of  homonymous 
features in Chinese/Japanese/Korean characters, a lot of  
distinct authors might share the same full name spelled 
in Latin letters. Therefore, the share of  exclusive authors 
(never publishing in other journals) in each journal in the 
current study represented only the lowest estimate.

In conclusion, global gastroenterology publications 
demonstrated a continuous growth in the new millennium. 
The change was most striking in certain journals. Regular 
bibliometric analyses on the trends and specific topics 
would help researchers publish more efficiently and allow 
editors to adjust the policy more accurately.
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Meetings

Events Calendar 2009

January 12-15, 2009
Hyatt Regency San Francisco, San 
Francisco, CA
Mouse Models of Cancer

January 21-24, 2009 
Westin San Diego Hotel, San Diego, 
CA
Advances in Prostate Cancer Research

February 3-6, 2009
Carefree Resort and Villas, Carefree, 
AZ (Greater Phoenix Area)
Second AACR Conference
The Sc ience  of  Cancer  Heal th 
Disparities in Racial/Ethnic Minorities 
and the Medically Underserved

February 7-10, 2009
Hyatt Regency Boston, Boston, MA
Translation of the Cancer Genome

February 8-11, 2009
Westin New Orleans Canal Place, 
New Orleans, LA
Chemistry in Cancer Research: A 
Vital Partnership in Cancer Drug 
Discovery and Development

February 13-16, 2009
H o n g  K o n g  C o n v e n t i o n  a n d 
Exhibition Centre, Hong Kong, China
19th Conference of the APASL
http://www.apasl2009hongkong.
org/en/home.aspx

February 27-28, 2009
Orlando, Florida
AGAI/AASLD/ASGE/ACG Training 
Directors' Workshop

February 27-Mar 1, 2009
Vienna, Austria
EASL/AASLD Monothemat ic : 
Nuclear Receptors and Liver Disease
www.easl.ch/vienna2009

March 13-14, 2009
Phoenix, Arizona
AGAI/AASLD Academic Skills 
Workshop

March 20-24, 2009
Marriott Wardman Park Hotel
Washington, DC
13th International Symposium on 
Viral Hepatitis and Liver Disease

Global Collaboration for 
Gastroenterology
For the first time in the history of 
gastroenterology, an international 
conference will take place which 
joins together the forces of four 
pre-eminent organisations: Gastro 
2009, UEGW/WCOG London. The 
United European Gastroenterology 
Federation (UEGF) and the World 
Gastroenterology Organisation 
(WGO), together with the World 
O r g a n i s a t i o n  o f  D i g e s t i v e 
E n d o s c o p y  ( O M E D )  a n d  t h e 
British Society of Gastroenterology 
(BSG), are jointly organising a 
landmark  meet ing  in  London 
from November 21-25, 2009. This 
collaboration will ensure the perfect 
balance of basic science and clinical 
practice, will cover all disciplines 
in gastroenterology (endoscopy, 
digest ive oncology,  nutr i t ion, 
digestive surgery,  hepatology, 
gastroenterology) and ensure a 
truly global context; all presented 
in the exciting setting of the city of 
London. Attendance is expected to 
reach record heights as participants 
are provided with a compact “all-in-
one” programme merging the best 
of several GI meetings. Faculty and 
participants from all corners of the 
earth will merge to provide a truly 
global environment conducive to the 
exchange of ideas and the forming 
of friendships and collaborations. 

March 23-26, 2009
Glasgow, Scotland 
British Society of Gastroenterology 
(BSG) Annual Meeting 
Email: bsg@mailbox.ulcc.ac.uk

April 8-9, 2009
Silver Spring, Maryland
2009 Hepatotoxicity Special Interest 
Group Meeting

April 18-22, 2009
Colorado Convent ion  Center , 
Denver, CO
AACR 100th Annual Meeting 2009

April 22-26, 2009
Copenhagen, Denmark
the 44th Annual Meeting of the 
European Association for the Study 
of the Liver (EASL)
http://www.easl.ch/

May 17-20, 2009
Denver, Colorado, USA
Digestive Disease Week 2009

May 29-June 2, 2009
Orange County Convention Center
Orlando, Florida
45th ASCO Annual Meeting
www.asco.org/annualmeeting

May 30, 2009
Chicago, Illinois
Endpoints Workshop: NASH

May 30-June 4, 2009
McCormick Place, Chicago, IL
DDW 2009
http://www.ddw.org

June 17-19, 2009
North Bethesda, MD
Accelerating Anticancer Agent 
Development

June 20-26, 2009
Flims, Switzerland
Methods in Clinical Cancer Research 
(Europe)

June 24-27 2009
Barcelona, Spain
ESMO Conference: 11th World 
Congress on Gastrointestinal Cancer
www.worldgicancer.com

June 25-28, 2009
Beijing International Convention 
Center (BICC), Beijing, China
World Conference on Interventional 
Oncology
http://www.chinamed.com.cn/
wcio2009/

July 5-12, 2009
Snowmass, CO, United States
Pathobiology of Cancer: The Edward 
A. Smuckler Memorial Workshop

July 17-24, 2009
Aspen, CO, United States
Molecular  Biology in  Cl inical 
Oncology

August 1-7, 2009
Vail Marriott Mountain Resort, Vail, 
CO, United States
Methods in Clinical Cancer Research

August 14-16, 2009
Bell Harbor Conference Center, 
Seattle, Washington, United States
Practical Solutions for Successful 
Management
h t t p : / / w w w . a s g e . o r g / i n d e x .
aspx?id=5040

September 23-26, 2009
Beijing International Convention 
Center (BICC), Beijing, China
1 9 t h  W o r l d  C o n g r e s s  o f  t h e 
I n t e r n a t i o n a l  A s s o c i a t i o n  o f 
Surgeons, Gastroenterologists and 
Oncologists(IASGO)
http://iasgo2009.org/en/index.
shtml

September 27-30, 2009
Taipei, China
Asian Pacific Digestive Week
h t t p : / / w w w . a p d w c o n g r e s s .
org/2009/index.shtml

October 7-11, 2009
Boston Park Plaza Hotel and Towers, 
Boston, MA, United States
Frontiers in Basic Cancer Research

October 13-16, 2009
Hyatt Regency Mission Bay Spa 
and Marina, San Diego, CA, United 
States
Advances in Breast Cancer Research: 
Genetics, Biology, and Clinical 
Applications

October 20-24, 2009
Versailles, France
Fifth International Conference 
on Tumor  Microenvironment : 
P r o g r e s s i o n ,  T h e r a p y ,  a n d 
Prevention

October 30-November 3, 2009
Boston, MA, United States
The Liver Meeting

November 15-19, 2009
John B. Hynes Veterans Memorial 
Convention Center, Boston, MA, 
United States
AACR-NCI-EORTC Molecular 
Targets and Cancer Therapeutics

November 21-25, 2009
London, UK
Gastro 2009 UEGW/World Congress 
of Gastroenterology
www.gastro2009.org 
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Instructions to authors

GENERAL INFORMATION
World Journal of  Gastroenterology (World J Gastroenterol ISSN 1007-9327 
CN 14-1219/R) is a weekly open-access (OA) peer-reviewed journal 
supported by an editorial board consisting of  1179 experts in 
gastroenterology and hepatology from 60 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. The open access model has been proven to be 
a true approach that may achieve the ultimate goal of  the journals, i.e. the 
maximization of  the value to the readers, authors and society.

Maximization of  the value of  the readers can be comprehended in 
two ways. First, the journal publishes articles that can be directly read or 
downloaded free of  charge at any time, which attracts more readers. Second, 
the readers can apply the knowledge in clinical practice without delay after 
reading and understanding the information in their fields. In addition, the 
readers are encouraged to propose new ideas based on those of  the authors, 
or to provide viewpoints that are different from those of  the authors. Such 
discussions or debates among different schools of  thought will definitely 
boost advancements and developments in the fields. Maximization of  the 
value of  the authors refers to the fact that these journals provide a platform 
that promotes the speed of  propagation and communication to a maximum 
extent. This is also what the authors really need. Maximization of  the value 
of  the society refers to the maximal extent of  the social influences and 
impacts produced by the high quality original articles published in the journal. 
This is also the main purpose of  many journals around the world. 

The major task of  WJG is to rapidly report the most recent results 
in basic and clinical research on gastroenterology, hepatology, endoscopy 
and gastrointestinal surgery fields, specifically including autoimmune, 
cholestatic and biliary disease, esophageal, gastric and duodenal disorders, 
cirrhosis and its complications, celiac disease, dyspepsia, gastroesophageal 
reflux disease, esophageal and stomach cancers, carcinoma of  the colon 
and rectum, gastrointestinal bleeding, gastrointestinal infection, intestinal 
inflammation, intestinal microflora and immunity, irritable bowel 
syndrome; liver biology/pathobiology, liver failure, growth and cancer; 
liver failure/cirrhosis/portal hypertension, liver fibrosis; Helicobacter pylori, 
hepatitis B and C virus, hepatology elsewhere; pancreatic disorders, 
pancreas and biliary tract disease, pancreatic cancer; transplantation, 
genetics, epidemiology, microbiology and inflammatory disorders, 
molecular and cell biology, nutrition; geriatric gastroenterology, pediatric 
gastroenterology, steatohepatitis and metabolic liver disease; diagnosis and 
screening, endoscopy, imaging and advanced technology.

The columns in the issues of  WJG will be adjusted in 2009, which will 
include: (1) Editorial: To introduce and comment on the substantial advance 
and its importance in the fast-developing areas; (2) Frontier: To review the 
most representative achievements and comment on the current research 
status in the important fields, and propose directions for the 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 systemically review the most representative 
progress and unsolved problems in the major scientific disciplines, comment 
on the current research status, and make suggestions on the future work; (8) 
Original Articles: To originally report the innovative and valuable findings 
in gastroenterology and hepatology; (9) Brief  Articles: To briefly report the 
novel and innovative findings in gastroenterology and 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 WJG, or to introduce and 
comment on a controversial issue of  general interest; (12) Book Reviews: 
To introduce and comment on quality monographs of  gastroenterology 
and hepatology; (13) Guidelines: To introduce Consensuses and Guidelines 
reached by international and national academic authorities worldwide on 
basic research and clinical practice in gastroenterology and hepatology.

Indexed and abstracted in
Current Contents®/Clinical Medicine, Science Citation Index Expanded 
(also known as SciSearch®) and Journal Citation Reports/Science 
Edition, Index Medicus, MEDLINE and PubMed, Chemical Abstracts, 
EMBASE/Excerpta Medica, Abstracts Journals, PubMed Central, 
Digital Object Identifier, CAB Abstracts and Global Health. ISI JCR 
2003-2000 IF: 3.318, 2.532, 1.445 and 0.993.

Published by
The WJG Press and Baishideng

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, Abstract, Introduction, 
Materials and Methods, Results, Discussion, Acknowledgments, 
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  The WJG Press and Baishideng, 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 event 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 
corresponding 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://wjg.wjgnet.com/wjg. Authors are highly recommended 
to consult the ONLINE INSTRUCTIONS TO AUTHORS (http://
www.wjgnet.com/wjg/help/instructions.jsp) before attempting to 
submit online. For assistance, authors encountering problems with the 
Online Submission System may send an email describing the problem 
to submission@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 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  Medical 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  
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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: 
+86-10-59080039, 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 
WJG, 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 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 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 
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). Available from:http://www.
wjgnet.com/wjg/help/8.doc

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 communication 
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/wjg/help/instructions.jsp. 

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.w jgne t . com/1007 -9327/13/4891 .pd f ; h t tp : //www.
wjgnet .com/1007-9327/13/4986.pdf ; h t tp ://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 < 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.
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REFERENCES
Coding system
The author should number the references in Arabic numerals according 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. 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. Hypertension, 



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 1274 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 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 computational 

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 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/
eid.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 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/wjg/help/14.doc.

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 
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