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Abstract
Spontaneous bacterial peritonitis (SBP), refractory 
ascites, hepatorenal syndrome (HRS), hyponatremia 
and hepatic encephalopathy are complications 

which frequently happen during a clinical course of 
decompensated cirrhosis. Splanchnic and peripheral 
vasodilatation, increased intrarenal vasoconstriction and 
impaired cardiac responsive function are pathological 
changes causing systemic and hemodynamic deran-
gement. Extreme renal vasoconstriction leads to severe 
reduction of renal blood flow and glomerular filtration 
rate, which finally evolves into the clinical feature of 
HRS. Clinical manifestations of type 1 and type 2 HRS 
come to medical attention differently. Patients with type 
1 HRS present as acute kidney injury whereas those 
with type 2 HRS will have refractory ascites as the 
leading problem. Prompt diagnosis of type 1 HRS can 
halt the progression of HRS to acute tubular necrosis 
if the combined treatment of albumin infusion and 
vasoconstrictors is started timely. HRS reversal was 
seen in 34%-60% of patients, followed with decreasing 
mortality. Baseline serum levels of creatinine less than 
5 mg/dL, bilirubin less than 10 mg/dL, and increased 
mean arterial pressure of over 5 mmHg by day 3 of the 
combined treatment of vasoconstrictor and albumin are 
the predictors of good response. Type 1 HRS can be 
prevented in some conditions such as albumin infusion 
in SBP, prophylactic antibiotics for upper gastrointestinal 
hemorrhage, albumin replacement after large volume 
paracentesis in cirrhotic patients with massive ascites. 
The benefit of albumin infusion in infection with primary 
source other than SBP requires more studies. 

Key words: Albumin; Acute kidney injury; Hepatorenal 
syndrome; Cirrhosis; Vasoconstrictor

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Type 1 hepatorenal syndrome (HRS), which 
presents as acute kidney injury, is an uncommon, but 
critical problem in decompensated cirrhosis. The most 
common precipitating factor is infection especially 
spontaneous bacterial peritonitis. The combined regimen 
of albumin and vasoconstrictor is the pharmacotherapy 
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of choice for type 1 HRS based on pathogenic me-
chanisms of peripheral and splanchnic vasodilatation. 
Prompt treatment with the combined regimen can lead 
to HRS reversal in 34%-60% of patients. Type 1 HRS 
can be prevented in cirrhotic complications such as 
albumin infusion for spontaneous bacterial peritonitis, 
large volume paracentesis with albumin replacement, 
and prophylactic antibiotics for upper gastrointestinal 
hemorrhage. 

Sobhonslidsuk A. Current position of vasoconstrictor and 
albumin infusion for type 1 hepatorenal syndrome. World J 
Gastrointest Pharmacol Ther 2015; 6(3): 28-31  Available from: 
URL: http://www.wjgnet.com/2150-5349/full/v6/i3.28.htm  DOI: 
http://dx.doi.org/10.4292/wjgpt.v6.i3.28

DEFINITION AND TYPES OF 
HEPATORENAL SYNDROME 
In 2004, the Acute Dialysis Quality Initiative workgroup 
developed a consensus definition and classification for 
a new terminology of acute renal failure which was 
termed acute kidney injury (AKI) to reflect the entire 
spectrum of acute renal failure[1]. In 2007, the AKI 
Network group proposed a revision of the criteria of AKI 
and redefined AKI as an absolute increase in serum 
creatinine level of ≥ 0.3 mg/dL, or an increase in 
serum creatinine level > 1.5 times from baseline, or a 
reduction in urine output < 0.5 mL/kg per hour for > 6 
h[1]. AKI that develops in patients with decompensated 
cirrhosis can be triggered by volume depletion, infection 
or nephrotoxic acute tubular necrosis, primary renal 
parenchymal diseases, obstructive nephropathy and 
hepatorenal syndrome (HRS).

Since the first definition and the diagnostic criteria 
of HRS were established in 1994, HRS has been widely 
accepted as a reversible functional renal failure[2]. The 
International Ascites Club met in 2007 and set up a 
consensus on a new definition, diagnostic criteria and 
recommendation for the treatment of HRS[2]. HRS is 
divided into two types: type 1 and type 2 HRS[2,3]. Type 
1 HRS is typified by rapid deterioration of renal function 
as defined by a rising of serum creatinine level to over 
2.5 mg/dL in less than 2 wk, and is characteristically 
presented as AKI[2-5]. Type 2 HRS runs a slower 
progressive clinical course with a median survival of 
6 mo, and is classically associated with refractory 
ascites[2-5]. Patients with decompensated cirrhosis or 
acute on chronic liver failure who suffer from type 1 HRS 
would present with a critical illness, carrying a grave 
prognosis and having high mortality[5,6]. The consensus 
emphasized on the potential reversibility of type 1 HRS 
as a functional renal failure and the role of spontaneous 
bacterial peritonitis (SBP) as an important precipitating 
factor of HRS[2,3,5]. Contrasting with a previous con-
sensus, this new definition gives an importance to HRS 
which was precipitated by SBP without ongoing shock. 

The panel emphasized that the treatment for HRS 
should be started early in the clinical course of SBP-
precipitated HRS[2,4,5]. 

Incidences of HRS in patients with decompensated 
cirrhosis who develop ascites was equal to 18% after 
1 year, and could go up to 39% after 5 years[4]. Apart 
from SBP, bacterial infection with primary sources 
of infection other than SBP, upper gastrointestinal 
hemorrhage, large volume paracentesis without albumin 
administration, and severe acute alcoholic hepatitis 
have been reported to precipitate type 1 HRS[4,5]. 

PATHOGENESIS OF HRS
While liver failure in decompensated cirrhosis progre-
sses, splanchnic and peripheral arterial vasodilatation 
become markedly prominent with the development of 
hyperdynamic circulation[2,4,5]. Increased local release of 
vasodilators, especially nitric oxide, is the principal cause 
of the vasodilatation[2,4,5,7,8]. Proinflammatory cytokines 
release after the occurrence of SBP aggravates splan-
chnic and peripheral vasodilatation[3,7,8]. 

Relative reduction of intravascular pressure from 
peripheral and splanchnic vasodilatation stimulates 
renin-angiotensin, aldosterone and sympathetic nervous 
system, causing the release of systemic and renal 
vasoconstrictors[2,4,5,7,8]. Intense renal vasoconstriction 
from vasoconstrictive hormones leads to markedly low 
renal perfusion and a significant reduction of glomerular 
filtration rate[5,7-9]. Suboptimal cardiac function as a 
consequence of impaired systolic and diastolic stimuli 
responses is an intensifying pathogenic mechanism in 
decompensated cirrhosis with type 1 HRS[2-5,7-9]. 

TREATMENT OF TYPE 1 HRS
Liver transplantation is the definite treatment for type 1 
and type 2 HRS[3]. From a recent retrospective study in 
decompensated cirrhotic patients with type 1 HRS who 
underwent liver transplantation, type 1 HRS resolved 
in 75.8% of patients after transplantation[10]. The 
predictor of HRS non-reversal at post-liver transplant 
was the duration of pre-transplant dialysis[10]. However, 
because of scarcity of liver grafts and the complexity 
of patient conditions, the first line treatment of type 1 
HRS, which should be considered, are vasoconstrictors 
plus albumin infusion[2,4,5,7,8]. Vasoconstrictors such 
as terlipressin help to improve hepatic and renal 
hemodynamics, decreasing hepatic venous pressure 
gradient and portal venous blood flow, and raising mean 
arterial pressure[11]. Terlipressin should be initiated at 
0.5-1 mg every 4-6 h[9]. The dose of terlipressin can 
be increased every 2 d if there is no clinical response, 
to a maximum of 12 mg/d[2,5]. Terlipressin should be 
discontinued if there is no response seen for reduction of 
serum creatinine level after 3 d[2,5]. Treatment duration 
should be expanded until type 1 HRS resolves, or having 
received the combined treatment for a maximum of 
14 d[2,5]. Albumin should be started at 1 g/kg on the 
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first day, and the dose can be increased to a maximum 
of 100 g if there is no or inadequate clinical response, 
followed by 20-40 g/d on the following days[2,5]. From a 
previous study, the complete response rate could reach 
60% in patients with type 1 HRS after the combined 
pharmacotherapy[2]. The renal dysfunction was rever-
sible in 34%-60% of patients and the recovery of 
renal function was sustainable in 70%-80% of patients 
after the treatment was discontinued[4,12-14]. After the 
completed treatment of terlipressin and albumin, type 
1 HRS rarely recurs, if it is reversal[15]. Baseline serum 
levels of creatinine < 5 mg/dL and bilirubin < 10 mg/dL, 
and an increase mean arterial pressure ≥ 5 mmHg 
on day 3 are predictive factors of good response to 
terlipressin and albumin[15-18]. From the results of meta-
analysis studies, besides the benefit in HRS reversal, the 
combined treatment is helpful in reducing mortality[13,19]. 
A meta-analysis showed that the treatment of type 
1 HRS with terlipressin led to increased incidence of 
cardiovascular events including cardiac arrhythmia, 
myocardial ischemia, intestinal infarction and hyper-
tension comparing to the control groups (14% vs 
0%)[13]. When terlipressin was compared with other 
vasoconstrictor drugs such as norepinephrine, there 
was no difference in term of the efficacy in HRS reversal 
between both drugs[14,20,21]. However, adverse events 
during the course of type 1 HRS treatment were less 
often seen in the type 1 HRS patients who were treated 
with norepinephrine[20,21]. The cost of norepinephrine 
is cheaper than terlipressin, but the drug requires 
continuous intravenous infusion under close monitoring 
of vital signs in intensive care units. A recent randomized 
controlled trial revealed that terlipressin plus albumin 
was more effective in HRS reversal than midodrine and 
octreotide plus albumin[22]. 

PREVENTION OF TYPE 1 HRS 
In decompensated cirrhotic patients who developed 
SBP, albumin infusion (1.5 g/kg at the first diagnosis of 
infection together with 1 g/kg at 48 h later), comparing 
to a control group, can decrease the development of 
type 1 HRS (10% vs 33%) and hospital mortality (10% 
vs 29%)[5,23]. For type 1 HRS with ongoing infection, 
treatment with antibiotics alone can reverse type 1 
HRS in only 33% of treated patients[24]. The patients 
who did not have HRS reversal were associated with 
poorer prognosis and higher mortality than those who 
were in the treatment response group[24]. Thus, for type 
1 HRS precipitated by infection, early management 
with vasoconstrictors plus albumin infusion along with 
antibiotics tends to be more useful and logical than 
treatment with antibiotics alone. A proof of concept 
study was recently reported[25]. Early treatment with 
terlipressin and albumin is effective and safe in type 
1 HRS patients with sepsis[25,26]. Renal improvement 
is seen in two-thirds of decompensated cirrhotic 
patients with sepsis and type 1 HRS after the combined 
treatment of terlipressin and albumin[25]. 

For cirrhosis with infection with primary sources 
other than SBP, albumin infusion in combination with 
antibiotics have more advantages in improving renal 
and circulatory function than using antibiotics alone[27]. 
The use of albumin infusion in patients with infection 
other than SBP tended to reduce the incidences of HRS 
and improve survival[27]. 

Antibiotic prophylaxis in decompensated cirrhosis 
with upper gastrointestinal bleeding was showed to 
reduce bacterial infection and mortality[8]. Albumin 
replacement (8 g per 1 liter of ascites removal) after 
large volume paracentesis prevents renal and electrolyte 
impairment and the activation of endogenous vasoactive 
hormones[28,29]. The use of pentoxifylline in severe acute 
alcoholic hepatitis is useful in reducing renal dysfunction 
and type 1 HRS[8]. 

CONCLUSION
Type 1 HRS is a critical condition affecting patients with 
decompensated cirrhosis. It is an infrequent event, but 
has a grave prognosis. Management of type 1 HRS 
requires very rapid diagnosis according to the consensus 
criteria of the International Ascites Club (2007) and 
exclusion of other causes of AKI. The role of renal 
biomarkers for early diagnosis of type 1 HRS is currently 
under investigation. Unless the diagnosis of type 1 
HRS is made promptly and the combined treatment 
of albumin and vasconstrictors is started quickly, the 
complete response of acute renal dysfunction may not 
be achieved, and poor outcomes with high mortality can 
be the consequences. The advantage of early treatment 
of vasoconstrictors plus albumin is fully supported from 
the study of sepsis-related type 1 HRS. Until now, data 
has not confirmed the benefits of terlipressin over 
norepinephrine or other vasoconstrictive drugs. The 
choice of vasoconstrictors depends on the suitability and 
availability of the medications and medical facilities. 
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Abstract
Primary biliary cirrhosis (PBC) is a chronic non-

suppurative destructive intrahepatic cholangitis leading 
to cirrhosis after a protractive non cirrhotic stage. 
The etiology and pathogenesis are largely unknown 
and autoimmne mechanisms have been implicated 
to explain the pathological lesions. Many epitopes 
and autoantigens have been reported as crucial in 
the pathophysiology of the disease and T and B cells 
abnormalities have been described, the exact pathways 
leading to the destruction of small intrahepatic ductules 
are mostly speculative. In this review we examined 
the various epidemiologal and geoepidemiological 
data as well as the complex pathogenetic aspects of 
this disease, focusing on recent in vivo  and in vitro  
studies in this field. Initiation and progression of PBC 
is believed to be a multifactorial process with strong 
infuences from the patient’s genetic background and by 
various environmental factors. The role of innate and 
adaptive immunity, including cytokines, chemokines, 
macrophages and the involvement of apoptosis and 
reactive oxygen species are outlined in detailed. The 
current pathogenetic aspects are presented and a novel 
pathogenetic theory unifying the accumulated clinical 
information with in vitro  and in vivo  data is formulated. 
A review of clinical manifestations and immunological 
and pathological diagnosis was presented. Treatment 
modalities, including the multiple mechanisms of action 
of ursodeoxycholate were finally discussed.

Key words: Primary biliary cirrhosis; Innate immunity; 
Adaptive immunity; Ursodeoxycholate; Chemokines; 
Macrophages; Cytokines
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Core tip: Primary biliary cirrhosis (PBC) is a chronic non-
suppurative destructive intrahepatic cholangitis leading 
to cirrhosis of largely unknown pathophysiology. We 
examined the epidemiological and geoepidemiological 
data as well as the pathogenetic aspects of PBC. A novel 
pathogenetic theory unifying the accumulated clinical 
information with in vitro  and in vivo  data is formulated. 
A review of clinical manifestations and immunological 

REVIEW

32 August 6, 2015|Volume 6|Issue 3|WJGPT|www.wjgnet.com

Primary biliary cirrhosis: From bench to bedside

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4292/wjgpt.v6.i3.32

World J Gastrointest Pharmacol Ther 2015 August 6; 6(3): 32-58
ISSN 2150-5349 (online)

© 2015 Baishideng Publishing Group Inc. All rights reserved.



and pathological diagnosis was presented. Treatment 
modalities, including the multiple mechanisms of action 
of ursodeoxycholate are discussed.
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INTRODUCTION
Primary biliary cirrhosis (PBC), also known as chronic 
non-suppurative destructive intrahepatic cholangitis 
is characterized by a gradual destruction of small 
intrahepatic bile ducts. Addison et al[1] in 1851 published 
the first report of a patient with obstructive jaundice 
without evidence of large bile duct abnormalities. 
Dauphinee et al[2] in 1949 first used the term PBC but it 
was Ahrens et al[3] in 1950 that reported on a group of 
older women with progressive jaundice, pruritus, and 
hepatosplenomegaly. The basic histological description 
as chronic intrahepatic non-suppurative destructive 
cholangitis was reported by Rubin et al[4] in 1965. 

Autoimmune mechanisms have been implicated 
to explain the disease evolution of a condition which 
is in fact a member of the wider vanishing bile duct 
syndrome. Many epitopes and autoantigens have been 
reported as crucial in the pathophysiology of the disease 
and T and B cells abnormalities have been described, 
the exact pathways leading to the destruction of small 
intrahepatic ductules are mostly speculative. However 
the underlying pathways leading to liver damage are 
still under investigation. In this review, we examine 
epidemiological, pathogenetic and clinical characteristics 
of PBC. Finally we compile the clinical information and 
the novel data gathered from in vivo and in vitro studies 
that are presented in this review in order to propose a 
unifying hypothesis for the pathogenesis of this complex 
disease. 

EPIDEMIOLOGY
There is a large variation of the incidence and prevalence 
of PBC worldwide (Table 1). Moreover there is a 
tendency to increase over the years. Thus, studies from 
the region of Victoria in Australia demonstrated that in 
an earlier population-based survey a prevalence of 19.1 
per million was reported[5] while ten years later in the 
same region a 10-fold higher incidence was reported[6]. 
In a review of 37 older and more recent published studies 
the incidence of PBC ranged from 0.7 to 49 per million 
per year and the prevalence was estimated to range 
from 6.7 to 402 per million, with a tendency for higher 
values in the most recent studies[7]. 

A prospective study performed in 2006-2007 in 
France shows that the incidence was 9 per million per 

year, with an estimate of 36 per million in women over 
45 years with a prevalence of 207 per million[8], accord-
ing to a recent systematic review the prevalence of PBC 
ranges from 1.9 to 40.2 per 100000 inhabitants[9]. 

Although it is usually stated that the disease is 
more prevalent in Northern Europe (e.g., England and 
Scotland)[10,11] or the Northern United States (e.g., 
Minnesota)[12], we recently reported a prevalence of 365 
cases/million population in the island of Crete indicating 
that in South Europe the disease is highly prevalent with 
a figure among the higher published in the world[13].

Spatial and geographic differences in prevalence 
of PBC has been reported in several studies[14-16]. In 
the North East of England there was a clear spatial 
distribution of patients with clusters of cases identified 
in several urban areas (up to 13 cases/km2). No 
demographic or geographical factors could explain 
this variation, although the presence of unidentified 
environmental factor(s) was suggested[17]. Geographic 
clustering of PBC has also been reported in coastal First 
Nations of British Columbia, where disease has been 
recorded to be as high as 1 in 4 within generations of 
well-characterized multiplex families[18]. In our own 
study we identified loci of very high prevalence within 
the homogeneous population of the island of Crete. 
Prediction map identified areas of high risk (11 patients 
per 50 km2) in the Eastern part, while low risk areas (122 
patients per 50 km2) were located in the Western part 
of the island[13].

It should be noted that all epidemiological estimations 
may represent only the tip of the iceberg since it has 
been reported and confirmed that the incidence of 
antimitochondrial antibody (AMA) positivity without 
liver disease is two times higher than the incidence of 
AMA positivity with liver disease[19,20]. The significance 
of these findings is unclear. Possibly they do represent 
a hidden reservoir of future overt PBC or alternatively 
this is only an immunological abnormality without clinical 
consequences. If one adds to these observations the 
very long and often asymptomatic course of the disease, 
it is clear that epidemiological studies in PBC have many 
problems as presented in a recent review[21].

PATHOGENESIS 
As with many other diseases of unclear etiology it is 
stated that PBC is an autoimmune disease associated 
with genetic and environmental factors. Both, auto-
immunity[22] and environmental factors[23,24] have 
been emphasized while several genetic associations 
in particular with recent genome-wide analyses[25-27] 
have been published. However this is a very general 
description that may fit to other diseases as distant 
to PBC as inflammatory bowel disease, rheumatoid 
arthritis or Hashimoto’s thyroiditis. We will try therefore 
to delineate these complex association and propose an 
unifying model to accommodate most aspects of the 
mechanism leading to the disease. 
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PBC AS A GENETIC DISEASE
Epidemiological reports have shown that PBC is a 
heritable condition with a well proven familial prevalence. 
Family history of the disease has been reported to vary 
between 1.33% and 9.00%[9]. In our disease population 
familial PBC was found to be a high 9.9%. This may 
reflect the fact that in many parts of the island of Crete 
societies are relatively close and marriages between 
distant relatives are common[28]. The relative sibling risk 
in PBC has been estimated to be 10.5, a figure very 
close to other classical autoimmune disorders[29]. The 
existence of a first degree relative with the disease is 
an independent risk factor disease appearance, with an 
odds ratio of 6.8-10.7[30,31]. Moreover in monozygotic 
twins a concordance rate of 0.63 for PBC has been 
reported, the highest reported among autoimmune 
diseases[32]. All these data do imply that a strong genetic 
background participate to the pathophysiology of PBC. 

Most gene associations are derived from human 
leukocyte antigen (HLA) associations. HLA data in 
European populations has been produced from GWAS 
and iCHIP studies[33] as for example in a large Italian 
cohort[34]. Data on HLA alleles were also provided from 
iCHIP studies by Liu et al[35] and Juran et al[36]. When 
these studies are combined it seems that in European 
populations, PBC has been associated with either risk 
haplotypes (DRB1*08:01-DQA1*04:01-DQB1*04:02 
and DRB1*04:04-DQB1*03:02) or protective 
haplotypes (DRB1*11:01-DQA1*05:01-DQB1*03:01 
and DRB1*15:01-DQA1*01:02-DQB1*0602). In the 
Italian study, the HLA associations were driven by 
their DRB1 alleles, either the risk alleles DRB1*08 and 
DRB1*14, or the protective allele DRB1*11.

Apart from HLA associations, genes related to 
the regulation of components of the immune system 
appear to be involved in PBC. Candidate genes like 
SPIB are implicated in the development of plasmacytoid 
dendritic cells and natural killer (NK) cells, or to the 
development of dendritic cells, like IRF5 and IRF8[37-39]. 
Genes that regulate innate immune responses have 
also been associated with PBC. Thus negative regulators 
of antigen presenting cells, like RPS6KA4 and DENND1B 
participating in the signal pathways by pattern reco-
gnition receptors and TNFRSF1A respectively are 

among candidate genes[40-43]. IRF5 in particular is an 
important mediator since it is also involved in macro-
phage polarization and Th1-Th17 differentiation and 
therefore might be a significant link between innate 
and adaptive immune response[44]. Genes that regulate 
adaptive immune response have also been associated 
with PBC like those that drive activated CD4+ve Th0 
cells to differentiate into Th1 cells by IL-12 interacting 
with IL-12R. 

Four GWAS and two iCHIP studies of PBC have been 
recently published[25,27,35,36,45-47].

GWAS studies of PBC from Japan confirmed the 
genetic heterogeneity of PBC[27]. Risk loci significant 
in Europeans were not associated with PBC in Japan, 
including 1p31 (the IL-12RB2 locus, P 1/4 0.054), 
3q25 (the IL-12A locus, P 1/4 0.342) and 19q13 (the 
SPIB locus, P 1/4 0.180). By contrast, other loci like 
9p32 (TNFSF15) and 11q23 (POU2AF1) important 
for the Japanese, were not identified in European 
populations[25,45,46]. Two excellent reviews on PBC genetics 
have been recently published[48,49]. 

PBC AND ENVIRONMENTAL FACTORS
Despite extensive studies of specific genes only weak 
associations were established in PBC. Environmental 
factors may therefore be equally important. The 
presence of geographical disease clusters provides 
evidence for the participation of largely unknown envi-
ronmental factors in the pathogenesis of PBC. These 
factors have been recently reviewed[50,51]. A recent 
geoepidemiological study from Crete with a rather 
homogeneous and stable population has shown a large 
heterogeneity in the time-spatial distribution which 
together with the suggested route of disease spread 
strongly indicates the importance of environmental 
factors[13].

Infections, through the mechanism of molecular 
mimicry, are strong candidate environmental factors in 
the pathogenesis of PBC. A possible candidate epitope 
is the mycobacterial hsp65 sharing a common motif 
with the PDC-E2 antigen[52]. The same motif has been 
identified in Lactobacillus delbrueckii as the target of 
IgG3 antibodies in PBC sera[53]. This motif, namely the 
PDC-E2 221-226 is a candidate common epitope in the 
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Table 1  Indicative studies and metanalysis reporting incidence and prevalence of primary biliary cirrhosis

Ref. Year of publication Country/region Period Incidence (/106) Prevalence (/106)

Watson et al[5] 1995 Australia/Victoria 1974-1991   19.1
Metcalf et al[11] 1997 United Kingdom/Newcastle 1987-1994 14.0-32.0 180.0 (1987) 240.0 (1994)
James et al[10] 1999 United Kingdom 1987-1994 201.9 (1987) 334.6 (1994)
Kim et al[12] 2000 United States/Minnesota 1975-1995 27.0 402.0
1Prince et al[7] 2003 Multiple   0.7-49.0   6.7-402.0
Sood et al[6] 2004 Australia/Victoria 1990-2002   51.0
Corpechot et al[8] 2008 France 2006-2007   9.0 207.0
1Boonstra  et al[9] 2012 Multiple   3.3-58.0 19.1-402.0
Koulentaki et al[13] 2014 Greece/Crete 1990-2010 20.9 365.0

1Metanalysis. 
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albumin-conjugated 2-octynoic acid had high titers 
of AMAs and developed histologic features of PBC, 
including liver granulomas and infiltration of portal 
tracts with CD8+ve T lymphocytes[64]. However in our 
population of PBC patients no association of the disease 
with the use of nail polish was found. This might be 
due to either a different specific genetic background 
of our patients or to the lack of significant quantities 
of octynoic acid in the nail polish brands used by our 
patients[28].

PBC AND HUMOURAL IMMUNITY
A characteristic of PBC is considered to be the loss of 
tolerance to a mitochondrial antigen, the PDC-E2, a 
member of the 2-oxoacid dehydrogenase complexes 
(2-OADC). The antigenic epitopes are located within 
the inner lipoyl-binding domain overlapping amino 
acids 212-226[65-67]. Earlier reports based on the 
inhibition of 2-OADC enzymatic activity by AMA and 
the presence in the portal tracts of B cells producing 
anti-PDC antibodies,suggested a pathogenetic role for 
AMAs[68]. The best evidence for their pathogenetic role 
is the presence of secretory IgA anti-PDC in patients 
saliva, bile and urine of patients which inhibit the 
enzyme activity[69-71]. It is however possible that AMAs 
might indirectly implicated in pathogenesis through apo-
ptotic biliary bodies that activate innate responses[72]. 
Moreover, AMAs is not a specific finding in PBC, since 
they are occasionally present in other autoimmune 
and non-autoimmune liver diseases. Therefore loss of 
tolerance to PDC-E2 alone does not seem to be sufficient 
to cause autoimmune cholangitis[73,74]. Against the 
pathogenetic role of AMAs is also the presence of the 
clinical condition of the so called autoimmune cholangitis 
or better AMA-negative PBC, a disease clinically and 
histologically identical to PBC but without detectable 
AMA. The present evidence does not favour the role of 
AMA in the pathogenesis of PBC[75].

There have been other antibodies that, although 
they are not pathogenetically associated, they influence 
the progress or the severity of the disease like the 
autoantibodies against the nuclear pore proteins gp210 
and p62[76]. The combination of anti-nuclear envelope 
antibody (ANEA) and anti-gp210 identified a subgroup 
of patients with increased fibrosis and inflammation 
and was associated with poor prognosis in our group 
of PBC patients[77]. There is recent evidence to support 
deregulated B-cell immune responses in patients with 
PBC[78]. 

INNATE AND ADAPTIVE IMMUNITY 
IN PBC (TLR RESPONSE AND T CELL 
RESPONSES) 
Adaptive CD4+ve and CD8+ve T-cells and innate 
responses have been implicated in PBC pathogenesis, 
following environmental insults in genetically susceptible 

model of molecular mimicry. However another pathogen 
seems to be the most likely candidate in molecular 
mimicry. Reports have been focused on the intestinal 
commensal proteobacterium Novosphingobium aroma
ticivorans (N. aromaticivorans), as an etiological factor 
in many cases of human PBC[54,55]. N. aromaticivorans 
was found in fecal samples from 25% of patients with 
PBC as well as in controls. PDC-E2 from this bacteria 
has high homology to human PDC-E2, and AMAs in 
serum samples from patients with PBC have a 1000-fold 
stronger reaction against N. aromaticivorans PDC-E2 
than against Escherichia coli PDC-E2[56,57]. Based on 
these clinical studies the group of Gershwin has reported 
on a mouse model of a liver disease closely resembling 
human PBC, initially triggered by this bacterium[58]. 
The pathology of liver lesions and the presence of anti-
PDC-E2 antibodies were related to the mouse genetic 
background, the liver persistence of Novosphingobium 
and the liver infiltration by NKT-cells activated by 
Novosphingobium glycosphingolipids. The interaction 
of glycosphingolipids of the Novosphingobium with 
NKT-cells may be the link between an environmental 
pathogen and the immune reactions that have been 
described in PBC. A previously unidentified, infection 
with Novosphingobium might also explain the reported 
redistribution of NKT-cells from the blood to the livers 
of PBC patients and the biliary epithelial expression of 
CD1d[59,60].

Other infective factors associated with PBC include 
lipopolysaccharide (LPS), lipoteichoic acid, Helicobacter, 
β-retrovirus, P. acnes, E. coli and Chlamydia. The 
evidence however for their implication is not as strong 
as for the previous infectious agents[61].

Non microbial environmental factors seem to be 
related to disease progression or disease severity. Thus 
familiar occurrence of disease, smoking, urinary tract 
infections or other autoimmune conditions seem to 
be detrimental while oral contraceptives might have a 
protective role[31].

There might be a link between genetics and the 
influence of environmental factors. The mitochondrial 
autoantigen PDC-E2 contains lipoic acid; PDC-E2 captures 
electrons to alternate oxidation and reduction of a 
disulfide bond within lipoic acid. In genetically susceptible 
individuals, drugs or chemicals that modify this disulfide 
bond might lead to loss of tolerance to PDC-E2. This 
protein is well conserved throughout evolution, so 
loss of tolerance could also result from an immune 
response against similar epitopes in bacteria (molecular 
mimicry)[58]. In addition to bacteria, chemical xenobiotic 
agents might induce PBC[14]. Some halogenated organic 
compounds can attach to specific epitopes of PDC-E2 
and induce production of antibodies that have higher 
affinities for modified mitochondrial epitopes than for 
normal PDC-E2. One such agent is 2-octynoic acid, which 
is a component of many cosmetics like nail polish; in vivo 
and in vitro data indicate its role in autoimmune biliary 
disease[62,63]. 

Non-obese diabetic mice injected with bovine serum 
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individuals[72,79,80]. The role of bacterial and viral factors 
has already been discussed. Biliary epithelial cells 
express molecules of the toll-like receptor (TLR) family 
that recognize pathogen-associated molecular patterns 
(PAMPs) thus triggering the innate immune responses. 
It is also suggested that cholangiocyte damage might 
result from a combined dysregulation of TLRs and of 
peroxisome proliferator-activated receptor-gamma (a 
negative regulator of intracellular signaling) resulting 
in Th1-predominant cytokine effects. Moreover, CD4-
positive, IL-17 secreting Th17 cells are important for 
the development of inflammation as tey infiltrate biliary 
ductules and are directly related to the biliary innate 
responses to PAMPs[81-85].

In PBC, besides IL-17+ cells infiltrating damaged bile 
ducts, hepatic NK-cells active against biliary epithelial 
cells are found, but their role in the loss of immune 
tolerance reported in PBC has not been elucidated[86,87]. 
Earlier reports have demonstrated the presence of CD4 
and CD8 T-cells reactive against the human PDC in PBC 
livers during the earliest disease states[88-92].

CD4+ CD28-ve cells are markedly increased as 
intraepithelial lymphocytes within damaged bile ducts 
and may therefore participate in the bile duct damage[93]. 
The residues 159-167 of PDC-E2 seem to be important 
in the pathogenesis since HLA DR4*0101-restricted 
T cell epitope, spanning residues 159-167 have been 
identified[94-98]. while CD8 T cells from PBC livers are 
cytotoxic against PDC-E2 159-167 pulsed autologous 
cells[99].

An interesting model implicating T cells in the 
pathogenesis of PBC is a mouse manipulated for T cell-
restricted expression of a dominant-negative (dn) form 
of transforming growth factor-beta receptor Ⅱ (TGFbR
Ⅱ). A PBC-like disease, not identical to the human 
condition develops which further connects the T cell role 
with the involvement of two cytokines namely TGFb and 
IL-12[100].

IL-12 consists of the two p35 and p40 subunits, 
while TGFb signaling is essential in the development of 
the pro-inflammatory Th17 cells[101]. Further data from 
this model indicate that it is the p40 subunit which is 
fundamental for development of bile duct damage[102]. 
The importance of IL-12 signaling and the PBC-like 
disease of the dnTGFbRII mice is further supported by 
genetics relating the IL-12 pathway with human PBC as 
mentioned in the genetics section[45]. 

In PBC, as already mentioned, T cells, particularly 
CD8 cytotoxic cells infiltrating the liver are mandatory 
for bile duct damage[97]. However in the CD25-negative 
mouse model, lack of CD8 cells attenuates but does 
not abolish bile ductular destruction, indicating that an 
additional mechanism of destruction is also present in 
PBC[103]. Equally important is the role of T regulatory 
cells. Animal experiments indicate that deficiency of 
regulatory T cells (Tregs) results in the development 
of AMA +ve, autoimmune bile ductular lesions anti[104]. 
Moreover a reduction of Tregs has been found in the 
portal tracts of PBC patients[105].

TLRS AND MACROPHAGES IN PBC
Kupffer cells are the resident liver macrophages and 
constitute approximately 80% of body macrophages. 
Kupffer cells respond to all TLR ligands by increasing the 
production of tumor necrosis factor (TNF)-α, IL-1, IL-6, 
IL-12, IL-18, and IL-10. Liver DCs express all members 
of the TLR family, although TLR5 expression is low. 
Hepatic pDCs activated by TLR7 and TLR9 ligands, 
produce TNF-α, IL-6, IL-12, and IFN-α[106,107]. Based 
on the reported connection between the biliary tract 
and the intestinal lumen, it is possible that intestinal-
derived bacterial products could contribute to PBC 
progression[61,84,108]. In response to ligands for TLR2, 
TLR3, TLR4, TLR5, and TLR9, PBMCs from PBC patients 
produce increased amounts of pro-inflammatory 
cytokines compared to PBMCs from healthy subjects[109]. 
In PBC patients, high expression of TLR9 leads to 
increased intracellular immunoglobulin M and AMAs 
production by B cells[110,111]. Furthermore, a number of 
TLR9 SNPs may cause B cells to produce higher amount 
of intracellular immunoglobulin M[112]. High expression of 
TLR3 and type Ⅰ interferon in macrophages surrounding 
portal tract and hepatocytes has been reported in the 
livers of PBC patients[113]. Liver macrophages produce 
IFN-α through TLR3 signaling leading to synergistically 
enhanced LPS-induced NK-cell cytotoxicity to auto-
logous BECs. Furthermore, in PBC patients liver NK-cell 
cytotoxicity is higher compared to controls, when these 
cells are incubated with poly I:C and LPS-primed liver 
macrophages[86]. 

Mice immunized with 2-octynoic acid have been 
found to develop a type of autoimmune cholangitis with 
AMAs, similar to human PBC, but did not develop liver 
fibrosis. CD8 T cell infiltration, inflammatory cytokine 
expression and liver fibrosis were induced by Poly I:
C treatment in this mouse model of PBC, thus further 
supporting the impact of TLR3 signaling in PBC[114].

CYTOKINES IN PBC
Earlier reports have demonstrated the predominance 
of a Th1 cytokine profile in PBC with a parallel relative 
decline of Th2 prevalence[115-117]. Overall, the data 
suggest that the IL-12 cytokine pathway and down-
stream JAK-STAT signaling is significant in PBC patho-
genesis. The interaction of IL-12 and IL-12 receptor 
leads to the production of one more candidate gene 
in PBC, the STAT4 transcription factor that activates 
of Th1 cytokines production. More experimental data 
concerning the specific role of IL-12 signaling are needed 
in PBC and animal models. Interestingly, early onset of 
biliary cirrhosis has been reported in an IL-12-deficient 
child but the immediate relevance of this finding to PBC 
is unclear[118]. 

Another important cytokine possibly involved in 
PBC pathogenesis is TGF-β as mentioned before. We 
have demonstrated that the serum profile of the 3 
TGF-β isoforms is different in the liver disease groups 
studied. An increase in TGF-β3 is a characteristic of 
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PBC irrespective of stage and therefore it may be 
pathogenetically important. Results from the hepatic 
vein samples indicate that the liver seems to be the 
source of the TGF-β abnormalities[119]. Plasma levels 
of IL-6 are decreased in PBC[120] but monocytes from 
PBC patients secrete more IL-1 and IL-6 after in vitro 
challenge with TLR ligands[109] and increased liver 
expression of IL-6 was described in PBC[117]. 

CHEMOKINES IN PBC
As mentioned before, many mechanisms of biliary 
epithelium death have been proposed, including various 
cytotoxic T cells subpopulations and NKT-cells[82,83,121-124]. 
Additional destructive mechanisms involve the acti-
vation of TNF, CD 40, and Fas receptors[125]. All these 
mechanisms however depend on the recruitment of 
these cells in the area of destruction. Chemokines are 
a discrete class of cytokines that regulate leukocyte 
recruitment, positioning and retention in tissues. Epithelial 
cells produce the chemokine Fractalkine (CX3CL1) and 
its receptor CX3CR is expressed in CD8+ve and CD4+ve 
T cells[126]. An overexpression of fractalkine has been 
reported in injured bile ducts of PBC, while CD4+ve and 
CD8+ve lymphocytes expressing CX3CR1 predominate 
in portal tracts and within the biliary epithelium. Other 
chemokine receptors like CXCR3 and CCR5 are mostly 
expressed on Th1 cells[124,127]. In early PBC Th1 cells 
positive for the CXCR3 densely surround the damaged 
bile ductules. As a consequence the ratio of CXCR3-/
CCR4-positive lymphocytes (Th1/Th2) is significantly 
higher in early compared to late stage PBC[128]. In more 
recent reports the significance of two other chemokines, 
namely the IFN-γ-inducible protein 10 (IP-10, CXCL10) 
and monokine induced by IFN-γ (MIG, CXCL9) has been 
stressed. These are produced by macrophages, i.e., the 
Kupffer cells in the liver and are also implicated in the 
recruitment of Th1 cells via the same receptor CXCR3. 
Alternatively the sinusoidal endothelial cells may be 
another site of their production[129,130]. MIG and IP-10 
are also secreted by biliary epithelial cells and activated 
stellate cells[131,132]. Increased plasma IP-10 and MIG 
levels have been reported in PBC patients accompanied 
by an increase in their mRNA in the liver tissue. Most 
importantly increased plasma levels were also found in 
their first degree relatives[133]. The third CXC chemokine 
I-TAC was not detected.

We recently reported a significant increase of 
plasma MIG and IP-10 compared to normal controls. 
The CXCR3A variant mRNA was found in PBLs from all 
PBC patients as well as in normal controls. However 
the CXCR3B variant mRNA was expressed in 4/20 
(19%) normal controls and all 20 PBC patients. These 
data suggest a possible pathogenetic implication of 
MIG and IP-10 chemokines and their receptor in the 
pathogenesis of PBC[134]. Recent papers demonstrated 
that these chemokines and their receptors are also 
involved in the hepatic recruitment of Tregs and the pro-
inflammatory Th17 and Tc17+ lymphocytes[135,136]. 

There is also evidence that IP-10 is a pro-fibrotic 
factor participating in the interactions between hepatic 
stellate cells and NK cells which play a central role in the 
regulation of hepatic stellate cells activity and fibrosis. 
IP-10 blockade might be a future target for treatment 
of liver fibrosis[137]. 

THE ROLE OF APOPTOSIS IN PBC
Experimental and clinical evidence suggests that 
apoptosis is the most important mechanism of biliary 
epithelial cell damage. Apoptotic biliary epithelial cells 
cells identified by the TUNEL reaction are frequently 
described in PBC liver tissue[138]. Apoptosis markers 
have been demonstrated within the portal tracts in liver 
specimens from PBC patients[139,140] including a reduced 
expression of the anti-apoptotic protein bcl-2[141]. Cells 
responsible for apoptosis induction are the cytotoxic 
CD8+ve T-cells. Biliary epithelia, unlike other cell types, 
have a rather unique characteristic considering the 
fate of the pyruvate dehydrogenase complex during 
apoptosis. Glutathione fails to bind to the lysine-lipoyl 
residue of the dehydrogenase complex and thereby the 
autoreactive epitope is not cleaved[142].

PDC-E2 is a ubiquitous protein present in mito-
chondria of nucleated cells; biliary epithelial cells 
translocate intact PDC-E2 to apoptotic bodies and create 
an apotope, which is immunoreactive. PDC-E2 remains 
intact and immunogenic during biliary epithelial cell 
apoptosis; This allows biliary PDC-E2 to be exposed 
to dendritic cells and its epitopes to be presented to T 
cells in draining lymph nodes, leading to production of 
AMAs[72,80,143]. However in established transgenic mice 
that constitutively express PDC-E2, aberrant expression 
of PDC-E2 in the cytoplasm of BECs was not followed 
by biochemical, serological or histological features of 
PBC. The results indicated that PDC-E2 expression 
BECs is not sufficient for the initiation of autoimmunity. 
Additional factors may be required to establish a model 
of PBC[144].

ROLE OF REACTIVE OXYGEN SPECIES IN 
PBC
There are few data on the significance of reactive 
oxygen species (ROS) in bile ductular damage in PBC. 
Biliary epithelial cells express low levels of glutathione-
S-transferase with a resultant decrease of intracellular 
glutathione. On the other hand, lipid peroxidation seem 
to be increased as reflected by increased perinuclear 
expression of 4-hydroxynonenal[145].

Other antioxidants including vitamin E, retinol, 
alpha-tocopherol, total carotenoids, lutein, zeaxanthin, 
lycopene, alpha and beta-carotene are reduced in 
PBC[146-148]. Total serum antioxidant capacity (measured 
with chemiluminescence) is reduced in PBC patients[149]. 
In contrast, we have reported increased levels of 
corrected total antioxidant capacity in PBC[150] a fact that 
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may reflect a compensatory but probably not sufficient 
increase to counteract an increased ROS production.

In vitro studies further support the role of ROS as 
an effector mechanism in bile duct damage in PBC. 
Ursodeoxycholic acid (UDCA), the current drug of choice 
in PBC treatment, is a potent ROS scavenger, inhibiting 
mitochondrial oxidative stress and lipid peroxidation in 
a dose-dependent manner[151-153]. Indirect evidence for 
the role of ROS comes from the rat bile duct-ligated 
model. Lipid peroxidation is a late event in the bile 
ligated model and a correlation seems to exist between 
lipid peroxidation and the activation of inflammatory 
cells[154,155]. In this model overproduction of Free radicals 
is due to activation of NF-kB resulting in increased 
production of the proinflammatory cytokines TNF-α, 
IL-6 and IL-1b[156]. Moreover, in vitro experiments 
have shown that retention of several bile acids like 
taurochenodeoxycholic acid and taurocholic acid lead to 
hepatocyte damage producing hydroperoxide by mito-
chondria[157,158]. The same bile acids induce hepatocyte 
apoptosis in a time and concentration-dependent manner 
due to ROS generation by mitochondria[159]. These 
findings are relevant to human PBC because increased 
bile acid retention is a feature of at least late PBC. 

A further connection of increased ROS and apoptosis 
of biliary epithelia has been provided by Celli et 
al[160] They demonstrated, that the reduction in the 
intracellular level of the antioxidant molecule glutathione 
leads to increased degradation of the anti-apoptotic 
bcl-2 protein and therefore to an increase in biliary 
epithelial apoptosis. 

CURRENT VIEWS ON THE 
PATHOGENESIS OF PBC
Every effort to elucidate the complex pathogenetic 
mechanisms leading to the development of PBC should 
account for two facts that are critical in the disease 
pathophysiology. First, the main PDC auto-antigen is 
an inner mitochondrial membrane component and 
therefore any attempt of the immune cells to contact its 
epitopes should overcome three different membranes. 
This problem has been partly answered by the unique 
characteristic of biliary epithelial cell apoptosis and the 
retention of immunologically active antigens within the 
apoptotic blebs as mentioned before. Moreover apoptotic 
blebs does not seem to be an early phenomenon. The 
initiation event in a genetically predisposed individual still 
is not known. Second, PBC initially affects only the small 
intrahepatic bile ductular cells, while the antigen is widely 
distributed in many tissues including the extrahepatic 
bile ducts. 

Pathogenetical models proposed so far consider as 
the crucial event the break down of T cell self tolerance 
to PDC epitopes. The generation of antibodies against 
PDC by themselves is not enough to damage the biliary 
ductules,as already mentioned[144]. The molecular 
mimicry model of self-tolerance breakdown was pro-

posed as a more logical approach compared with the 
rather obscure concept of autoimmunity[161].

According to this theory,bacterial or retroviral 
infections, probably trigger an immune attack leading 
to apoptosis of epithelial cells. This T-cell attack is 
mediated by TLR interaction with a micro-organism 
epitope cross-reacting with a self-PDC epitope. The 
retroviral etiology of PBC has been reviewed in detail[75].

Endotoxins and PAMPs are potent activators of 
the immune response. These bacterial products are 
normally cleared by the liver and eliminated in bile[162]. 
Lipid A is dephosphorylated and inactivated through the 
action of alkaline phosphatase in bile[163]. Lipid A, the 
immunogenic constituent of gram-negative bacterial 
LPS, and other PAMPs accumulate in hepatocytes and 
biliary epithelium, thus contributing to small bile duct 
inflammation[82,84,164,165]. PBC patients exhibit a strong 
immune response to LPS[166,167]. The loss of tolerance to 
bacterial products could be at least partly secondary to 
cholestasis and, more specifically, to impaired alkaline 
choleresis or a defect in transporters involved in the 
generation of ductal choleresis[168]. 

Apart from bacterial antigens viruses have been 
investigated as triggering agents in PBC.Thus viral 
particles have been described within biliary epithelial 
cells of PBC patients, and antibodies against retroviruses 
have been found in their sera[169,170]. In a cohort of 
patients genetic material of a human beta retrovirus 
(95% homologous to the mouse mammary tumour 
virus) has been identified in the lymph nodes of 75% of 
patients[171].

Epidemiological evidence may be interpreted as 
supportive of viral implication in the pathogenesis of 
PBC. Description of PBC clusters among individuals 
who emigrated from low PBC to high PBC prevalence 
areas and PBC cases among unrelated individuals living 
in the same house are some of these. Furthermore, 
in patients treated with tacrolimus PBC recurrence 
after liver transplantation occurs earlier and is mere 
severe, while the contrary is observed with cyclosporine 
administration[172-174]. However the retroviral etiology of 
PBC remains debatable[175].

In accordance with the molecular mimicry model, 
Jones described an alternative pathogenetic model 
where virals or bacterial epitopes with homology to 
PDC are the initial trigger[176]. Self-PDC reactive T cells 
escape negative selection in the thymus, because of 
the low affinity of their T cell receptor towards the the 
complex of self-peptide and major histocompatibility 
complex (MHC). An interesting feature of this model is 
that the state of activation of APC may determine the 
efficacy of antigen presentation and promote tolerance 
breakdown[109].

As mentioned before,several other cells of the innate 
immune system are implicated in the pathophysiology 
of PBC. Granulomas common in PBC, increased levels 
of polyclonal IgM, hyper-responsiveness to CpG oligo-
deoxynucleotides and increased numbers of NK cells 
are related to innate responses. Bacterial and viral 
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epitopes induce innate immune responses through 
binding to TLRs. TLRs were described in cultured human 
biliary epithelial cells[109-111,177]. These findings make 
the inclusion of innate immunity mandatory in any 
pathogenetic model of PBC.

Another finding connects senescence and shortened 
telomere length as a unique feature of damaged BEC 
in PBC. Significantly decreased telomere length in the 
affected biliary epithelial cells compared to histologically 
normal BEC in both PBC patients and controls has been 
reported Immunohistochemistry confirmed cellular 
senescence. These changes are not inconsistent with 
the retroviral hypothesis, since viruses can directly 
damage the DNA in susceptible individuals[178]. 

PATHOGENESIS OF PBC: A UNIFYING 
HYPOTHESIS
A significant increase of endothelins, particularly ET2 
(and to a lesser extent of ET1) both in peripheral blood 
and in the hepatic vein of PBC patients from the early 
stages of the disease has been reported in our earlier 
study[179]. We then proposed a new hypothesis for the 
pathogenesis of PBC. Here we modify our previous 
hypothesis to incorporate new data that have emerged 
since our previous publication[180]. We consider that 
a primary defect is the overproduction by the liver 
endothelial cells of ET2 (and to a lesser extent ET1). This 
defect might be genetically controlled. It is possible that 
the initiating event in genetically susceptible patients 
is the effect of either a retrovirus or a pathogen like N. 
aromaticivorans or PAMPs. The presence of scavenger 
receptor type B capable of internalizing foreign antigens 
has been described in endothelial cells. A strongly 
antigenic component of gram positive bacteria namely 
lipoteicholic acid, has been described in endothelial 
cells of PBC patients[181]. ET2 may induce Kupffer cells 
to produce pro-inflammatory cytokines, such as IL-1 
and IL-6. This has been already described for mouse 
peritoneal macrophages[182]. On the other hand, PAMPs 
acting on the TLRs of the Kupffer cells may lead to the 
production of TNF-α and further augmentation of IL-1 
and IL-6. ET2 has a similar peptide homology with CXC 
chemokines and through ETB receptor on macrophages 
is a strong chemoattractant of these cells[183]. Indeed 
macrophages comprise 30% of the cells infiltrating 
portal areas and are mostly found around damaged bile 
ducts[184]. Electron microscopy verifies the presence of 
activated macrophages that differentiate into epithelioid 
cells near bile epithelial cells[185].

Many cells at the periphery of epithelioid granulomas 
are MCP2 and MCP3 positive and almost 60% co-express 
CD68, a finding compatible with their macrophage 
origin[186]. A possible link with the progression to cirrhosis 
in stage 3 and 4 PBC is the observation that Kupffer cells 
and myofibroblasts are increased and closely associated 
in periseptal and periportal areas. This might be an 
indication of an interaction between Kupffer and stellate 

cells leading to fibrosis[187].
Endothelins also cause contraction of stellate cells thus 

helping in the early appearance of portal hypertension in 
PBC[188]. In agreement with this hypothesis are findings 
from our group indicating that disease specific antibodies 
against liver sinusoidal cells circulate in PBC[189]. In 
addition we reported that polymorphisms related to 
endothelial cells were associated with PBC. Both eNOS 
intron4 VNTR and eNOS exon7 G894T SNP were related 
to increased risk in PBC while endothelin-1 rs2071942 
‘‘A’’ and rs5370 ‘‘T’’ alleles had a tendency for association 
with disease progression[190]. 

Bile ducts are supplied with blood only from hepatic 
arteries; the epithelial cells receives blood from a 
network of capillaries originating from the terminal 
branches of the hepatic artery. It is called the peribiliary 
vascular plexus (PVP) and drains into the sinusoids. This 
specific vascular supply, is responsible for the extensive 
involvement of the interlobular bile ducts in ischemic 
injury[191]. Reduced perfusion of this network can cause 
extensive bile duct damage[192].

There is evidence that endothelins (ETs) and nitric 
oxide are the principal regulators of circulation of the 
PVP[193]. We therefore propose that patients with PBC an 
initiating damage of the biliary epithelium is caused by 
ischaemia due to ET2 induced vasoconstriction observed 
from the ealy stages PBC. This finding was disease 
specific since it was not observed in other chronic liver 
disease patient with or without cirrhosis[179]. Ischaemia 
might then lead to apoptosis of bile ductular cells a 
mechanism already reported in epithelial destruction of 
PBC. As mentioned earlier, biliary epithelial cells undergo 
a unique apoptosis with an antigenically active PDC 
complex shed from mitochondria into the cytoplasm as 
early as 6 h after induction of apoptosis possibly through 
the action of caspase 3[194]. These immunoreactive 
epitopes, are then taken up by peribiliary antigen 
presenting cells expressing MHC Ⅱ (this uptake might 
be either genetically regulated or alternatively be 
induced by proinflammatory cytokines[195]. This is a 
mechanism that could explain the proposed similarities 
between PBC and graft vs host disease (GVHD)[196-198] 
which is also attributed to endothelial cell injury[199]. 
Interestingly in graft vs host disease observed after 
small bowel transplantation, increased levels of ET1 
have been histochemically demonstrated in endothelial 
and epithelial cells some days before GVHD, strongly 
suggesting a pathogenetic significance[200]. An additional 
feature of this model is that increased secretion of 
chemokines IP-10 and MIG possibly by endothelial or 
Kupffer cells is an early event that leads to accumulation 
of immune cells and also inactivation of NKT-cells by 
IP-10 with resultant reduced apoptosis of liver sinusoid 
endothelial cells[137]. 

A possible role for TGF-β abnormalities have also 
been incorporated in this model. It is TGF-β1 that 
modulates FoxP3 expression and the regulatory activity 
of CD4 cells[201]. Could it be that TGF-β3 influences the 
development of Tregs? Differences in TGF-β isoforms 
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may lead to a deranged balance between Tregs and 
Th17 cells. We have also proposed that these findings 
may be the causative link leading to Treg and/or 
Th17 deregulations reported in PBC. The presence of 
increased local levels of TGF-β3 (and the concomitant 
relative lack of TGF-β1) in conjunction with increased 
levels of IL-6 may shift the balance towards an increased 
activity of the proinflammatory Th17 cells adding to the 
CD8 cytotoxic lymphocytes destructive mechanism, 
while at the same time leading to functionally defective 
Treg. The increased presence of TGF-β3 instead of 
TGF-β1 could be a further mechanism that favors Th17 
activity since one can postulate that TGF-β3 could either 
be associated with functionally defective Tregs or could 
directly favor the increase of Th17. Further evidence for 
such a hypothesis is provided by a report that mice with 
mutation of the gene encoding the FoxP3 transcriptional 

factor developed AMA positivity and features resembling 
PBC with increased levels of IL-17 and IL-23, cytokines 
associated with Th17 cells[104].

The proposed model requires that additional aspects 
have to be verified in future. An important point is 
that the increased concentration of ET2 we reported 
was also observed in the systemic circulation.The 
vasoconstriction and the consequent ischemic injury 
therefore ought to be present in other organs away 
from the liver and PVP. This liver selectivity might be 
due to increased expression or increased affinity of 
ET receptors for ET2 in the PVP of PBC patients, also 
genetically determined, but this explanation requires 
further research.

Our proposed model is diagrammatically presented 
in Figure 1 and pathophysiological abnormalities are 
subdivided into early and late events. This hypothetical 

Figure 1  Liver sinusoidal endothelial cells and Kupffer cells are mandatory in the pathogenesis of primary biliary cirrhosis with early and late events in 
the unifying model. The fundamental early defect in primary biliary cirrhosis (PBC) is the overproduction of endothelin 2 (ET2) by endothelial cells (1) possibly driven 
by a retrovirus or other microbial pathogens in genetically predisposed individuals. ET2 is a chemoattractant for Kupffer cells and also causes contraction of stellate 
cells leading to early portal hypertension. ET2 leads to ischemic damage of biliary epithelial cells (BEC) (2) through constriction of the peribiliary vascular plexus with 
resultant BEC mitochondrial dysfunction and eventually apoptosis leading to the vanishing bile duct syndrome. Apoptotic blebs containing immunologically active 
mitochondrial antigens possibly generated through caspase cleavage, are presented by hyper-responsive liver dendritic cells (APC) (3) and lead to immune cell 
accumulation and antimitochondrial antibody production. The second fundamental defect occurring later in the disease process is the production of reactive oxygen 
species (ROS) driven by both bile acid accumulation as a result of the vanishing bile ducts and generation by Kupffer cells through ingestion of BEC apoptotic bodies. 
ROS drives the accumulated Kupffer cells to produce more ROS and pro-inflammatory cytokines. Moreover, a relative antioxidant insufficiency allows ROS to cause 
lipid peroxidation and further BEC apoptosis and mitochondrial dysfunction. CXCL chemokines produced by endothelial and Kupffer cells drive the accumulation of 
various immune cells while IP-10 inhibits apoptosis of LSCs induced by natural-killer T (NKT)-cells and thus favors the fibrosis induced by transforming growth factor 
(TGF)-β produced by Kupffer cells. However an increased TGF-β3 production may also explain the reduced Tregs found in PBC. In this model BECs are destroyed 
by other mechanisms in addition to the initial ischemia. ROS damage, NK cell killing induced by interferon alpha (IFNα) production by Kupffer cells, cytotoxicity 
by CD8+ve cells and T-helper 17 (Th17) cell, are also implicated. All these lead to the development of the vanishing bile duct syndrome characteristic of PBC. H: 
Hepatocyte; E: Endothelial cell; ET2: Endothelin 2; PVP: Peribiliary vascular plexus; PAMP: Pathogen-associated molecular patterns; ETA: Endothelin-A; TLR: Toll-like 
receptors; IL: Interleukin; TNFα: Tumor necrosis factor alpha; KC: Kupffer cells; TGF-β: Transforming growth factor beta; BEC: Biliary epithelial cells; ROS: Reactive 
oxygen species; LSEC: Liver sinusoid endothelial cells; Tregs: Regulatory T-cells; IP-10: Interferon gamma-induced protein 10; APC: Antigen presenting cells; MIG: 
Monokine induced by gamma interferon; NKT: Natural killer T-cells; Anti-PDC: Anti-pyruvate decarboxylase antibodies; AMA: Antimitochondrial antibodies.
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model has several advantages. An interaction between 
innate and adaptive immunity in the pathogenesis of 
PBC is described. The initiating event involves innate 
immunity while adaptive immunity causes perpetuation 
of the disease even after disappearance of the initiating 
event. It also integrates the role of infective agents 
whether retroviral or bacterial and the similarity of PBC 
with GVHD. Interaction of endothelial and Kupffer cells 
with stellate cells allows for the development of fibrosis 
and cirrhosis. 

In this model AMA production is a secondary 
phenomenon rather than pathogenetically related to 
bile ductular damage. Therefore the existence of AMA 
negative PBC is also explained as well as the presence 
of many other autoantibodies both disease and non-
disease specific. Most importantly, it is recurrence 
with the idea of a complex genetical predisposition 
as it offers many levels for genetic control as outlined 
before. Candidates are endothelial cells (and possibly 
Kupffer cells), the perivascular plexus and ET receptor 
expression and affinity and peribiliary antigen presenting 
cells that might be genetically hyper-responsive. 
Furthermore some of them may be estrogen dependent, 
thus explaining the extreme female prevalence of the 
disease, but this requires further research.

CLINICAL MANIFESTATIONS
The typical PBC is characterized by a gradual long term 
disappearance of small intrahepatic bile ductules and a 
parallel long term increase in fibrosis, resulting in biliary 
cirrhosis over a period of 10-20 years. Ten percent 
to twenty percent of patients, are presented with 
fluctuating or persistent biochemical and histological 
evidence of auto-immune hepatitis. These patients 
have a more rapid progression of liver fibrosis and liver 
failure. A small minority of patients, develop a very 
rapid onset of vanishing bile duct syndrome with serious 
cholestatic jaundice and quick progress to cirrhosis in 
less than 5 years[202,203]. At diagnosis, many patients 
are asymptomatic diagnosed at a routine check by an 
increase in cholestatic liver enzymes. Approximately 
30% of them will remain asymptomatic for many years. 
The rest will develop symptoms within the next 4 years. 
The commonest symptom at presentation is fatigue 
followed by pruritus (21% and 19% respectively)[204-206]. 
Severe fatigue impairs quality of life and appears in up 
to 80% of PBC during the course of the disease but it is 
not correlated with disease severity[207,208].

However symptoms of autonomic dysfunction like 
orthostatic hypotension, excessive daytime somnolence 
and sleep disturbance have been reported[209]. The 
pathophysiological mechanisms of chronic fatigue in 
PBC are not clear. Treatment is particularly difficult. 
UDCA is often ineffective while liver transplantation can 
not ameliorate the symptom. The second commoner 
symptom is pruritus in 20% to 70% of patients and can 
be debilitating at times[210]. The severity of cholestasis 
and the histological stage of the disease do not correlate 

with the intensity of pruritus. In our population pruritus 
is extremely rare at any stage of the disease for un-
known reasons. The pathophysiology is obscure and 
the molecules that may be responsible for itching in 
cholestasis have not been identified. Proposed causative 
agents include bile salt metabolites, progesterone 
metabolites, histamine and endogenous opioids but the 
existing evidence for the implication of these agents is 
weak[211,212].

Cutaneous manifestations with various degrees 
of severity are common in PBC patients. We have 
described fungal infections of the skin even in the earlier 
histological stages. Plantar mycoses, onychomycoses, 
and interdigital mycoses were more frequent in PBC 
patients compared to normal controls. Dermographism 
and melanosis were also very common. In as many 
as 38.7% of patients the presenting symptom was a 
dermatologic lesion[213].

An increased portal pressure defined as the 
difference between the wedge and free pressure in 
the hepatic veins is frequently found in PBC. A reliable 
predictor of survival is the stability or improvement of 
this pressure gradient[214,215]. Cirrhosis is present only at 
stage 4, but variceal hemorrhage has been described 
early in the disease due to early development of nodular 
regenerative hyperplasia[216].

A relative lack of intestinal bile acids leads to 
malabsorption of calcium and vitamin D and hence to 
osteoporosis. This is usually a late finding. Decreased 
osteoblastic and increased osteoclastic activity have 
been incriminated in the progress of osteoporosis in PBC 
patients[217,218].

Regarding breast cancer, both increased risk[219,220] 
and equal risk[221] compared to a healthy women have 
been reported in PBC patients. The incidence of hepato-
cellular carcinoma in advanced PBC is more or less 
similar to other types of cirrhosis and is more frequent in 
male patients. The incidence of hepatocellular carcinoma 
(HCC) amongst patients with a diagnosis of PBC is 
estimated at 0.36 per 100 person years. An increasing 
risk for HCC has been observed in the most advanced 
stages of PBC[222-224]. As with other autoimmune diseases 
PBC has been reported to be associated with many 
immune-mediated diseases. Thyroid abnormalities 
are often reported in PBC, sometimes preceding its 
diagnosis[225]. Other autoimmune diseases develop in 
approximately 33% of patients with PBC (for example 
scleroderma, Hashimoto’s disease, Raynaud syndrome, 
and Sjögren’s syndrome), as do cholestasis or pruritus 
during pregnancy[30,31,226-228]. 

Dyslipidemia was found in 69.4% of our patients, 
in 60% of their first degree relatives and in 40.9% 
of the study controls.Multivariate analysis confirmed 
the association with the presence of at least another 
autoimmune disease while a cancer history was mere 
frequently reported in patients than in controls (P 
= 0.033)[28]. Coeliac disease is far more common in 
PBC compared to inflammatory bowel diseases and 
has been reported in up to 6% of PBC patients[229]. 
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However this is not true in all populations and criteria 
for diagnosis should always include duodenal and small 
bowel biopsies. In our series of patients a very high 
proportion of false positive results of celiac disease 
associated antibodies was found. Twenty-one percent 
of PBC patients and 35% of patients with AMA negative 
PBC had anti-gliadin antibodies while the corresponding 
numbers for anti-transglutaminase were 10% and 
18% respectively. By contrast anti-reticulin and anti-
endomysial antibodies were not detected. Duodenal 
and small bowel biopsies performed in two thirds of 
patients with either AMA positive or AMA negative PBC 
patients with at least one antibody present, failed to 
confirm histologicaly even a single case of celiac disease 
and therefore in our patient population an increased 
risk for celiac disease could not be demonstrated. In 
accordance with our findings a high prevalence of false-
positive anti-gliadin and anti-tissue transglutaminase 
antibodies has been reported in chronic liver disease[230].

DIAGNOSIS
Presence of serum AMAs, elevations of cholestatic 
enzymes mainly of alkaline phosphatase and increased 
levels of IgM immunoglobulin in serum, are the criteria 
used for diagnosis of PBC. The M2 subclass of AMAs is 
considered highly specific for PBC. The presence of two 
criteria indicate a probable diagnosis, but a definitive 
diagnosis requires all three[231,232].

Histology compatible with PBC, although usually not 
necessary for diagnosis, is mandatory for identification 
of the histological stage of the disease. 

Various other autoantibodies are frequently found 
in PBC. Most prominent are the antinuclear antibodies 
(ANAs) reported in 30% of PBC patients[233-235]. The so-
called “multiple nuclear dots” ANA pattern corresponds 
to the Sp100 and Sp140 antigens, pro-myelocytic 
leukemia nuclear body proteins and small ubiquitin-like 
modifiers[236,237] is considered specific for PBC. A second 
immunofluorescence pattern of AMAs, the “nuclear 
membrane” (rim) pattern, corresponds to ANEAs, such 
as gp210 and nucleoporin p62[238,239]. Earlier reports 
indicated that the anti-gp210 antibodies are specific for 
PBC and their presence is associated with more severe 
and active disease[76,240]. An increased expression of 
gp210 on the nuclear envelope of bile ductules and 
portal mononuclear cells and peri-portal hepatocytes was 
reported by Nakamura et al[241] who also confirmed their 
association with active disease. We also reported that 
46.9% of patients with PBC have detectable ANEAs and 
21% of them had detectable anti-gp210 antibodies in a 
subgroup of PBC patients with histologically advanced 
disease with poor prognosis[77].

The role of serum surrogate markers in PBC diagnosis 
is doubtful to say the least. We recently reported on 
simple biochemical markers of liver fibrosis in patients 
with PBC and other chronic liver diseases. Significantly 
increased levels of hyaluronan and collagen Ⅳ, were 
found in all chronic liver diseases compared to controls, 

but laminin was increased only in HBV and HCV cirrhosis. 
Serum Hyaluronan was significantly increased in late PBC 
compared to early stage disease (154.5 ng/mL; 95%CI: 
55.3-764.4 and 54.5 ng/mL; 95%CI: 27.3-426.9 
respectively, P < 0.05). The areas under the curve for 
late PBC were relatively high for hyaluronan and collagen 
Ⅳ (0.74 and 0.70 respectively) and low for leptin 
and laminin (0.63 and 0.59 respectively). Moreover 
hyaluronan had 96% sensitivity and 90% Negative 
Prognostic Value for late stages of PBC. However no 
single measurement could differentiate between early 
and late stage PBC. Serum hyaluronan nonetheless 
proved to be a useful serum marker for sequential follow 
up studies in PBC[242]. Other surrogate markers like APRI, 
Forns, Fibroindex and FIB-4 do not offer any advantage 
over the single biochemical measurements we used[243].

Other non invasive techniques, namely transient 
elastography, supersonic shear imaging and acoustic 
radiation force impulse elastography have been tested 
in patients with PBC, in an effort to establish advanced 
fibrosis[244,245]. It is doubtful however that their use can 
replace the gold standard of liver biopsy particularly in 
early PBC. The evolution of fibrosis over the years might 
be a field where these techniques can assist in the 
follow up of these patients.

PATHOLOGY 
PBC is histologically classified into 4 stages according 
to Ludwig[246] or Scheuer classification[247]. In early 
stages, lesions mostly progress in small interlobular bile 
ductules. Swelling and degeneration of their epithelium 
finally leading to necrosis is a prominent feature of 
early PBC[248]. There is extensive infiltration of the portal 
tracts with mononuclear cells, including macrophages 
and eosinophils mostly around affected bile ductules. 
In some cases granulomas or aggregates of epithelioid 
cells are found either in portal tracts or within the 
lobule. Granulomas can be found in any histological 
stage. Occasionally mild Kupffer cell hyperplasia or 
infiltration of sinusoids by lymphocytes can be found. A 
histological finding associated with disease progression 
is the presence of periportal hepatitis. In later stages, 
the injured bile ducts gradually disappear probably 
through apoptosis and fibrosis and ultimately cirrhosis 
develop. A useful finding in diagnosis is an excessive 
accumulation of copper within hepatocytes present from 
the early stages. As already mentioned a liver biopsy 
may not be necessary for diagnosis.This is true but 
staging of the disease still requires a liver biopsy since 
neither serum surrogate markers nor elastography can 
replace an adequate liver tissue sample. In particular 
elastography, although relative simple to perform, can 
only assess fibrosis and not the other parameters a liver 
biopsy can provide. Moreover the distinction between 
stages Ⅱ and Ⅲ in the METAVIR scale is extremely 
difficult[243,244].

Kakuda et al[249] analyzed the usefulness of a 
new histological classification system in predicting 
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retrospectively the clinical outcome of patients with PBC. 
The prognostic performance of this system, which was 
developed a few years ago by this Japanese team[250-252] 
was compared to those of the Scheuer’s and Ludwig’s 
classical systems. They concluded that, while the place of 
liver biopsy in PBC remains clearly limited for diagnostic 
purposes, an accurate histological examination of the 
liver based on the evaluation of several individual lesions 
of prognostic relevance may be useful to predict the 
long-term prognosis and the outcome under UDCA 
treatment.

NATURAL HISTORY BEFORE UDCA 
TREATMENT
The introduction of the UDCA in the treatment of PBC 
has altered the natural course of the disease. Before 
UDCA, an increasing serum bilirubin after a relatively 
stable phase, was an ominous sign and death was the 
final event after a few months[253]. Bilirubin above 2 
mg/L, was associated with a median survival of 4 years 
and for levels over 6 mg/L, it was only 2 years. At a 
multicenter European study of 236 patients, (54% on 
stage 1-2 and 19% on stage 3), were followed up for a 
period of 4 years. Almost half of the patients developed 
histologically-proven cirrhosis[254]. In another large study 
of 770 patients from the Northeast England liver failure 
appeared in 15% of them within a 5-year follow up[255]. 
Very high rates of histological deterioration was reported 
in three large 4 years follow up studies of untreated 
patients with a median 2 years for advanced fibrosis to 
develop and the probability of remaining in the early 
stage of only 29% (95%CI: 15%-52%)[254,256]. In a 
additional report of 256 patients prospectively studied 
for 5.6 years the appearance of esophageal varices was 
31%[257].

TREATMENT OF PBC
Medical management in PBC is aimed at two specific 
goals; first treatment of symptoms (jaundice, fatigue 
and pruritus) and complications (ascites, metabolic 
bone disease, hypercholesterolemia, malabsorption, 
anemia and vitamin deficiencies) resulting from chronic 
cholestasis. The second aim focuses on suppressing the 
underlying pathogenetic process that revolves around 
the destruction of intralobular bile ducts[258].

Treatment PBC patients is not disease specific 
and virtually has not changed over the last 25 years. 
Standard treatment is the long term administration of 
the secondary bile acid UDCA. The first trial looking 
at UDCA in PBC was conducted by Poupon et al[259] 
in 1987 and demonstrated dramatic improvement in 
liver biochemistries in PBC patients receiving 12-15 
mg/kg per day of UDCA. Several independent cohort 
analyses showed that survival in UDCA-treated PBC 
patients (13-15 mg/kg per day) was significantly 
longer than expected from natural history models 
of the disease[260-262]. The effect of UDCA on survival 

has been studied with either observational studies or 
Markov models. Two hundred and sixty-two patients 
who received 13-15 mg/kg UDCA daily were followed 
up for 1-20 years (mean 8 years). Transplantation free 
survival rates were 84% and 66% at 10 and 20 years. 
By contrast, there was a significantly high probability of 
death or liver transplantation in patients treated in the 
late stages of the disease with a relative risk of 2.2[263]. 

We also reported similar results in our cohort of 
patients with the favourable outcome more prominent 
when UDCA was commenced in histological stage 1-2 
of the disease[264]. Although these comparisons are 
indirect, they further support a sustained beneficial 
effect of UDCA on survival in PBC patients. Withdrawal 
of UDCA even after more than 6 years of treatment was 
followed by immediate biochemical rebound[265]. 

In addition to survival, a large number of randomized 
controlled trials were performed to assess the effect 
of UDCA on progression of fibrosis. In these trials the 
dose of UDCA administered was usually 13-15 mg/kg per 
day[266-271]. In an early report, UDCA treated patients 
were followed for 6 years and compared with untreated 
patients. There was a significant reduction of cirrhosis 
development (13% vs 49%)[272]. Similar results were 
reported in another study where treated patients 
had a 5-fold lower rate of advancement of fibrosis or 
development of cirrhosis. In a 4-year follow up 76% 
of the treated patients were still in early stages as 
compared to only 29% of placebo controls[273]. UDCA 
was equally effective in reducing the rate of esophageal 
varices appearance in a 4-year study of 180 patients. 
Only 16% of patients developed varices compared to 
58% on the placebo arm[274].

On the other hand, a recent Cochrane systematic 
review of 16 randomized trials of 1447 patients in 
total has concluded that UDCA has a significant effect 
on reducing jaundice, ascites and liver biochemistries 
but had no significant effect on mortality or liver 
transplantation[275] in accordance with earlier meta-
analyses[276,277]. However, other meta-analyses that 
excluded short duration trials (< 2 years) and trials using 
suboptimal UDCA doses,less than 13 mg/kg per day 
confirmed in fact the beneficial effect on transplant-free 
survival of UDCA (13-15 mg/kg per day) in early stage 
PBC patients[278].

Not all patients respond to UDCA treatment. Age is 
associated with response while male sex is a predictor of 
non-response to UDCA[279]. Biliary enrichment of UDCA 
by at least 40% is usually regarded as a surrogate of 
a therapeutic response; it rarely exceeds 50% with 
standard doses, but can reach as high as 65%-75% 
with very high doses (30 mg/kg per day)[280]. Several 
studies tried to define the best way to assess if a 
response to UDCA therapy has occurred in patients with 
PBC. The Barcelona criteria suggests that a decrease 
of 40% in serum alkaline phosphatase (ALP) level is a 
predictor of favourable response to UDCA[262]. Corpechot 
et al[281], looking at the efficiency of several combinations 
of threshold lab biochemistries in predicting outcomes 
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of 292 patients with PBC established the Paris Ⅰ criteria 
(ALP < 3 time the upper limit of normal (ULN), aspar-
tate aminotransferase (AST) < 2 ULN and bilirubin 
< 1 mg/dL after 1 year of UDCA). A transplant-free 
survival rate of 90% at ten years was observed in 
patients fulfilling these criteria and only 51% for those 
who did not[281]. The same group recently established 
the better validated Paris Ⅱ criteria which defined the 
best biochemical response in early stage (histological 
stage 1-2) as ALP and AST < 1.5 ULN, with a normal 
bilirubin[282]. The suboptimal therapeutic response 
evaluated by different biochemical criteria has been 
recently reviewed by Corpechot[283]. Normalization of all 
biochemical abnormalities is achieved in 20% of patients 
after 2 years treatment with UDCA[284]. 

The biochemical response to UDCA should be 
monitored every 3 to 6 mo. Improvement in liver tests 
may be observed as early as the first month, and 90% 
of the improvement usually occurs within the first year. 
In patients with non-advanced disease, the maximum 
response is observed after 3 years and maintained in 
the long-term despite slight and marginal increases in 
bilirubin and aspartate aminotransferase[285]. 

Today there is a more or less general agreement 
that a biochemical response to a dose of 13-15 mg/kg 
per day of UDCA delays progression of disease in the 
majority of patients. Major changes in the natural 
history of PBC have been achieved, mainly resulting in 
decreased rates of liver transplantation and prolonged 
survival due to earlier diagnosis of the disease and 
hence timely intervention with UDCA[214,262,271,281,286,287]. 

An increasing use of UDCA is accompanied by 
a similar decrease in the number of patients trans-
planted[288,289]. UDCA has very few adverse effects 
even after many years of treatment. A slight weight 
gain not exceeding an average of 2 kg, is reported by 
many patients particularly those who have stopped 
smoking. It is possible that an alteration of bile acid pool 
composition might lead to signaling through the TGR5 
pathway and subsequent weight gain[290]. Administration 
of UDCA in patients with pruritus may in fact cause 
deterioration of pruritus and it is recommended that 
a low dose of 200-400 mg/d should initially be given 
with a gradual increase in 4-8 wk up to the usual daily 
dosage. UDCA is not approved for use during the first 
trimester of pregnancy, although embryotoxicity has not 
been reported in humans. A number of retrospective 
studies found no serious side-effects in women with 
PBC who started gestation during UDCA therapy 
and who continued the treatment throughout their 
pregnancy[291,292]. Breast feeding with UDCA treatment is 
also not approved, but was incidentally reported to cause 
no detrimental effects in the newborn[293].

Despite the favourable response of most patients to 
UDCA, there is a number of patients with incomplete 
response to the drug. Various combinations with 
additional drugs have been tested. Recent studies 
aimed at combining other agents to UDCA have shown 
promise. Bezfibrate has proved to have an additional 

anticholestatic effect in combination with UDCA[294,295]. 
Two meta-analyses showed different results. A Cochran 
meta-analysis concludes that the addition of bezafibrate 
offers no advantage over UDCA alone[296], while 
favorable results were reported in a very recent meta-
analysis[297].

Immunosuppressants such as colchicine or metho-
trexate demonstrated a sustained clinical response. The 
addition of methotrexate was reported to improve both 
liver biochemistry and histology[298,299] although some 
studies reported no effect from this combination[300-302]. 
Furthermore, in a 10-year study, the addition to UDCA 
of either methotrexate or colchicines offered no survival 
advantage to that predicted by the Mayo model. However 
pre-cirrhotic patients taking methotrexate showed no 
progression therefore verifying that the drug is a useful 
addition to UDCA at least in some patients[303,304].

Non responders could be treated with a combination 
of UDCA and budesonide but there is not a general 
consensus for that treatment. In newly diagnosed 
PBC patients a combination of UDCA and budesonide 
improves liver biochemistry and histology but whether 
this is accompanied by a clear survival benefit remains 
to be established[305,306].

Chrorambucil has also been tried. Despite im-
provement in some outcome measures such as serum 
bilirubin levels in PBC patients treated with chlorambucil, 
a Cochrane systemic review concluded that evidence 
is inadequate for the usage of chlorambucil in PBC 
patients. Bone marrow suppression was a serious side-
effect with this drug[307].

Tetrathiomolybdate was also investigated and the 
agent was efficacious for the management of PBC. 
Only biochemical endpoints were used without a proof 
of histological improvement. Hence, as the authors 
suggest longer clinical trials to examine transplant-free 
survival and histological progression are needed[308].

Novel treatment options have also been suggested 
for non-responders to UDCA; B cell depletion using 
rituximab was investigated with promising results that 
require verification by additional studies[309-311].

The T cell receptor, cytotoxic T lymphocyte antigen 
4 (CTLA-4) acts as a co-stimulatory molecule in T-cell 
activation which in turn leads to biliary damage. Recent 
evidence supports the utilization of an optimized course 
of therapy by means of CTLA-4 Ig to potentially aid 
in the therapy of PBC patients[312]. However the most 
promising new treatment since the introduction of UDCA 
is a derivative of chenodeoxycholic acid, obeticholic acid 
(OCA). The effect of obeticholic acid is mediated through 
its action in bile acid homeostasis, acting as a potent 
farnesoid X receptor (FXR) ligand[313,314]. FXR is the key 
nuclear receptor for homeostasis and entero-hepatic 
circulation of bile acids. Obeticholic acid is approximately 
100 times more potent FXR activator than cheno-
deoxycholic acid, the strongest natural activator of 
FXR known so far[315]. Activation of FXR promotes bile 
acid secretion by activating bile acid transporters in 
the apical membrane of hepatocytes together with a 
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parallel reduction in bile acid uptake at the basolateral 
membrane. FXR agonists also reduce bile acid synthesis 
modulating the transcription of cholesterol 7-alpha-
hydroxylase, the rate-limiting enzyme in bile acid 
synthesis, via induction of the suppressor protein small 
heterodimer partner and activation of the fibroblast 
growth factor 19 (FGF-19) enterohepatic signaling, 
which mediates bile acid feedback regulation[316,317].

Since OCA and UDCA exert their secretagogue 
effects on bile acids through distinct mechanisms, 
there is a potential for synergistic therapeutic effects. 
Experimental evidence indicates that OCA has also 
antifibrotic properties consistent with FXR agonist effects 
in vivo[318,319]. Clinical evaluation of OCA is currently 
ongoing, but phase-Ⅱ efficacy and safety data in 
PBC have already been reported. One hundred sixty-
five patients with persistently high ALP levels (> 1.5 
× ULN) were randomized to receive either a placebo 
or OCA at 10, 25 or 50 mg once daily for 12 wk while 
maintained on the usual UDCA treatment Results were 
initially presented as abstracts and very recently as a full 
paper[320,321]. Seventy percent of patients demonstrated a 
25% reduction in ALP in the three OCA arms compared 
with a 3% change from baseline in the placebo group 
was reported. In addition, levels of aminotransferases, 
gamma-glutamyltransferase (GGT) as well as C4 sterol 
used as a surrogate marker of bile acid synthesis and 
the primary bile acids cholic acid and CDCA, were all 
significantly decreased while FGF-19 concentrations 
increased[322]. Biochemical improvement was maintained 
for an additional 12 mo open label extension of the initial 
trial. However an 85% incidence of pruritus with a dose 
response relationship was also observed but only 13% 
were forced to withdraw from the extended trial due to 
severe pruritus. 

In another study, 59 UDCA-naive patients were 
randomized to either a placebo or OCA at 10 or 50 
mg once daily as monotherapy for 12 wk[323]. A 50% 
reduction in ALP levels from baseline compared with 
no change in the placebo group was noted. Similar 
results were reported with aminotransferases, GGT and 
IgM levels significantly decreased in the OCA groups, 
but pruritus was seen in > 70% of patients and led to 
treatment discontinuation in up to 38% of cases.
 
MODE OF ACTION OF UDCA
Endogenous primary bile acids cholic acid and CDCA 
in both serum and bile are significantly decreased by 
the oral administration of UDCA, with a parallel marked 
increase in UDCA concentration, which then accounts 
for up to 50% of the circulating bile acid pool[324,325]. 
UDCA interrupts the enterohepatic circulation of 
endogenous bile acids increasing therefore their fecal 
elimination[326-328]. It also facilitates the endogenous 
secretion of bile acids into bile by promoting insertion 
and possibly activation of two bile carriers (the bile salt 
export pump bile salt export pump and the conjugate 
export pump, multidrug resistance-associated protein 2) 

into the canalicular membrane of the hepatocyte. UDCA 
also protects hepatocytes from apoptosis induced by 
bile acid. This is attributed to inhibition of mitochondrial 
membrane permeability transition, and stimulation 
of a survival pathway[329]. Another mechanism by 
which UDCA probably acts is the restoration of ductal 
expression of the anion exchanger 2, which is thought 
to compensate for defective biliary alkaline secretion 
thus contributing to the reduction of cytotoxicity of 
endogenous bile acids against cholangiocytes (the 
so called “biliary HCO3-umbrella hypothesis”)[330]. 
Enhancement of defenses against oxidative stress is also 
a mechanism by which UDCA protects cholangiocytes 
and hepatocytes. In chronic cholestasis there is an 
excessive production of peroxide and hydroxynonenal 
protein adducts which is probably counteracted by an 
UDCA-induced enhancement of liver glutathione levels 
and the upregulation of J-glutamylcysteine synthetase 
and methionine S-adenosyltransferase[151,331-335]. In 
experimental animals[336] and patients with PBC[337,338], 
additional oxidative stress protective mechanisms, 
namely Nrf2-mediated hepatocellular transport, 
detoxification and anti-oxidative stress systems, have 
been induced by UDCA. UDCA may also exert hepatic as 
well as systemic anti-apoptotic effects. In vitro UDCA and 
tauroursodeoxycholic acid can prevent apoptosis caused 
by different agents like hydrophobic bile acids, ethanol, 
TGFb1, Fas ligand and okadaic acid in both hepatic 
and non-hepatic cells[339]. In patients with PBC, UDCA 
also exerts anti-apoptotic properties in cholangiocytes 
and so may inhibit the availability of mitochondrial 
antigens in dendritic cells and macrophages[340]. The 
mechanisms involved in the anti-apoptotic properties of 
UDCA include targeting of mitochondrial function and 
integrity, reduction of endoplasmic reticulum stress, and 
interactions with various survival signals in the cAMP, 
Akt, NF-kB, MAPK and PI3K signaling pathways[341-344].

We have demonstrated in HepG2 cells that UDCA 
modulates caspase activation and apoptosis in a 
concentration-dependent, while activation of the caspase 
cascade does not always correlates with increased 
apoptosis. We therefore concluded that serum UDCA 
concentrations should adjusted through dosage modi-
fications to achieve the required effect[345]. 

UDCA is an extraordinary molecule since apart 
from the action mentioned above it seems likely, that 
it exerts anti-inflammatory[346] and immunological 
protective effects as well. UDCA strongly reduced MHC 
class Ⅰ expression in the liver in PBC[347]. In several 
experimental models, UDCA exerted immunosuppressive 
properties by interfering with B-and T-cell functions. 
UDCA inhibited CpG-induced immunoglobulin production 
by B cells[348] cytokine (IL-2, IL-4, IFN-J) release by 
mononuclear cells when challenged with LPS[349] and 
intrahepatic TNF-α and MIP-2 in the concanavalin A 
model of liver damage in experimental animals[350]. 
These findings suggest that UDCA modifies TLR TLR4 
and TLR9 signaling pathways, therefore reducing 
inflammation[351]. The anti-inflammatory properties of 
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UDCA might, in addition, be mediated by activation of 
the vitamin D receptor in cholangiocytes to promote the 
secretion of antimicrobial peptides in human bile[352,353]. 

UDCA administration in PBC blunts the accumulation 
of endotoxin in bile and suppresses the immune reaction
against lipid A[164,166,167]. The mechanisms involved in 
UDCA-induced tolerance to endotoxin are both a reduced 
intestinal absorption of gut-derived endotoxin[354] and 
protection against endotoxemia by enhancing the 
transport of LPS across hepatocytes from blood to 
bile[355]. LPS is inactivated in alkaline bile by alkaline 
phosphatase as it becomes less active in a lower pH 
milieu[163].

In many autoimmune mediated liver diseases 
an important pathogenetic role in the initiation and 
perpetuation of the hepatocyte injury is played by 
the NKT-cells[58]. UDCA corrects NKT-cell activity by 
inhibiting prostaglandin E2 production in PBC. Since, 
as mentioned before, a reduced function of NKT-cells 
induced by IP-10 inhibits liver stellate cell apoptosis, 
restoration of NKT activity is evidently favourable in 
PBC[356].

Two additional mechanisms have been proposed 
by us to further explain the beneficial effect of UDCA 
in PBC. We have suggested that an increase in ET2 
observed from the early stages of the disease may be 
the initiative mechanism causing ischemic damage to 
cholangiocytes. UDCA treatment caused a significant 
reduction of ET2, possibly interrupting the early 
detrimental effect of ET2[179]. A second mechanism may 
involve the CXCL chemokines. As mentioned before, 
PBC patients have increased levels of the chemokines 
IP-10 and MIG both in plasma and the liver[133]. These 
chemokines are important for the attraction of cells 
cytotoxic for cholangiocytes.

We recently reported a significant serum decrease of 
these chemokines after UDCA administration. Moreover 
we demonstrated using flow cytometry a significantly 
lower CXCR3 expression in normal controls (13.5%) 
compared to PBC (37.2%), which was decreased 
(28.1%, P < 0.01) after UDCA treatment, a finding that 
might indicate a new additional mechanism of action for 
UDCA[134].

TRANSPLANTATION
Liver transplantation is the only curative treatment 
of PBC which is a very frequent indication for liver 
transplantation in the United States[288]. The indications 
are the same with any other cirrhosis and include 
refractory ascites, hepatic encephalopathy, and portal 
hypertension leading to hepatorenal syndrome, spon-
taneous bacterial peritonitis. However in PBC there are 
two additional indications unique in this disease. These 
are intractable pruritus and debilitating fatigue.

Liver transplantation improves long term survival 
in PBC patients. An earlier study of 161 PBC patients 
showed a significant improvement (P < 0.01) of out-

comes when expected patient survival through utilization 
of the Mayo natural history model was compared to 
actual survival. Moreover the 2 year survival was 74% 
for transplanted patients as compared to 31% for non-
transplanted patients[357]. These survival figures have 
been considerably improved in recent years[358].
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Abstract
Liver diseases are a worldwide medical problem 
because the liver is the principal detoxifying organ and 
maintains metabolic homeostasis. The liver metabolizes 
various compounds that produce free radicals (FR). 
However, antioxidants scavenge FR and maintain the 
oxidative/antioxidative balance in the liver. When the 
liver oxidative/antioxidative balance is disrupted, the 
state is termed oxidative stress. Oxidative stress leads 

to deleterious processes in the liver and produces liver 
diseases. Therefore, restoring antioxidants is essential 
to maintain homeostasis. One method of restoring 
antioxidants is to consume natural compounds with 
antioxidant capacity. The objective of this review is to 
provide information pertaining to various antioxidants 
found in food that have demonstrated utility in improving 
liver diseases.

Key words: Antioxidant; Oxidative stress; Naringenin; 
Quercetin; Curcumin; Resveratrol; Silymarin; Coffee; 
Liver diseases
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Core tip: The objective of this review is to provide an 
evidence-based update of antioxidants present in food 
and to describe their benefits on liver diseases. 
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INTRODUCTION
The liver is the main organ that metabolizes xenobiotics 
and endogenous molecules to maintain metabolic 
homeostasis in the organism. Therefore, the liver is a 
target of many insults that result in dysregulated hepatic 
homeostasis and lead to hepatic diseases[1,2]. The liver 
is composed of the following cells types: hepatocytes, 
Kupffer cells, liver sinusoidal endothelial cells, pit cells, 
and hepatic stellate cells (HSC)[3]. Cirrhosis is caused 
by liver injury from a variety of etiological factors and 
is the end stage of progressive fibrosis[4]. Oxidative 
stress plays an important role in the establishment 
of fibrosis and subsequently in cirrhosis[5]. Therefore, 
the use of molecules with antioxidant properties has 
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been proposed as a treatment for fibrosis and cirrhosis 
caused by oxidative stress.

LIVER DISEASES
Liver diseases are a major medical problem worldwide. 
There are numerous liver diseases caused by different 
insults, and the disease type depends on the location of 
development. The main causes of liver disease are viral 
and parasitic infections in regions such as Africa and 
Asia. Alcohol abuse is the most important cause of liver 
diseases in Europe and America. However, viral hepatitis 
has increased recently[6]. Cirrhosis is likely the most 
important liver disease, and it is characterized by the 
accumulation of extracellular matrix proteins (including 
collagens Ⅰ, Ⅲ and Ⅳ) and distortion of the hepatic 
architecture[7].

OXIDATIVE STRESS
Oxidative stress is defined as an imbalance between 
the production of free radicals (FR) and the antioxidant 
defenses[8]. The overproduction of pro-oxidants causes 
deleterious events in the cell such as lipid peroxidation, 
oxidative DNA damage, and protein damage[9]. FR 
are defined as atoms or molecules with one or more 
unpaired electrons. FR can exist as radical cations or 
radical anions[10] and are usually unstable and highly 
reactive because they can react with nearby molecules 
and abstract electrons. Oxygen can reduce and generate 
reactive oxygen species (ROS) by the interaction with 
transition metals or by the excitation of electrons 
secondary to the addition of energy[9]. Oxidative stress 
contributes to fibrogenesis by increasing harmful 
cytokines such as transforming grown factor-β (TGF-β), 
interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-
α)[2]. Furthermore, TGF-β increases ROS production in 
endothelial cells, epithelial cells, smooth muscle cells, 
and fibroblasts[3].

MAIN SOURCES OF FR IN BIOLOGICAL 
SYSTEMS
There are several pathways to produce FR, the 
principal source in the body is own metabolism into 
the cell; however, this is not the only mechanism to 
induce oxidative stress. The environment plays an 
important role in the production of FR, ROS and reactive 
nitrogen species (RNS), for example, air pollution, UV 
irradiation, X-rays and gamma-rays[10]. The production 
of ROS can be induced by endogenous or exogenous 
substances. The most important endogenous sources 
are cytochrome P450 metabolism, peroxisomes, 
microsomes, metal-catalyzed reactions, neutrophils, 
eosinophils and macrophages during inflammation, and 
mitochondria-catalyzed electron transport reactions 
in the complexes Ⅰ and Ⅲ[11,12]. Ubisemiquinone has 
been proposed as the main reductant of oxygen in 
mitochondrial membranes, consequently, mitochondria 

generates approximately 2-3 nmol of superoxide/min 
per mg of protein, indicating that this organelle is the 
most important physiological producer of ROS and 
hydrogen peroxide (H2O2)[12]. However, there are other 
sources of superoxide anion (O2

-) like xanthine oxidase, 
an enzyme that belongs to molybdenum iron-sulphur 
flavin hydroxylases, which is widely distributed among 
species and is present in several tissues in mammals. 
This enzyme plays an important role in the hydroxylation 
of purines, particularly, by the oxidation of hypoxanthine 
to xanthine, then from xanthine to uric acid. In both 
reactions, molecular oxygen is reduced, forming O2

- in 
the first reaction and H2O2 in the second[11]. Another 
endogenous source of ROS generation is during inflam
mation, by macrophages and neutrophils. Activated 
macrophages trigger an increase in oxygen uptake, 
resulting in the formation of O2

-, nitric oxide (NO) and 
H2O2

[13]. In neutrophils, nicotine adenine dinucleotide 
phosphate [NAD(P)H] oxidase generates O2

- that is 
required for the respiratory burst necessary for bacterial 
destruction, also nonphagocytic NAD(P)H oxidases 
produce O2

- in a range of 1%-10%[14]. Cytochrome P450 
enzymes are another pathway of ROS production during 
the breakdown or uncoupling of the P450 catalytic cycle. 
Microsomes generate 80% of the H2O2 at hyperoxia 
sites, and peroxisomes produce H2O2 but not O2

- under 
physiological conditions, the liver is the major organ 
where peroxisomes contribute with the overall H2O2 
production[11]. Meanwhile, RNS like NO are synthetized 
by nitric oxide synthases (NOSs), which metabolizes 
arginine to citruline in a fiveelectron oxidative reaction, 
resulting in the formation of NO[15]. Cells from the 
immune system can produce also NO in the oxidative 
burst triggered during inflammation processes. In the 
extracellular environment, NO can react with oxygen 
and water then to form nitrate and nitrite anions, also 
the NO and O2

- can react together and lead to a more 
reactive FR called peroxynitrite anion (ONOO-) that can 
cause lipid peroxidation and DNA fragmentation[16].

ANTIOXIDANTS
Antioxidants are molecules that in low concentrations 
can prevent or delay the oxidation of an oxidizable 
substrate[17]. Antioxidants are present in our body and 
exist in several foods. Antioxidants have a high affinity 
for FR and scavenge these molecules to protect our 
health. Compounds with antioxidant properties donate 
electrons to FR to reduce their reactivity and maintain 
the cellular pro-oxidant/antioxidant balance. There 
are many types of molecules with antioxidant activity. 
Natural compounds have been studied extensively and 
are relevant to many illnesses including liver diseases 
(Table 1). 

CURCUMIN
Curcumin is also known as diferuloylmethane or 
1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-hepadieno-
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3,5-Dione. It is obtained from the rhizomes of Curcuma 
longa and has several pharmacological properties 
including strong antioxidant, antifibrogenic, antiinflam
matory, anti-microbial, and anti-carcinogenic actions in 
addition to wound healing effects[18,19]. Approximately, 
intake of turmeric in the Indian diet is of 2-2.5 g in a 
60-kg individual, this is equal to 60-100 mg of curcumin 
daily. The Food and Drug Administration classified 
turmeric as a generally recognized as safe (GRAS). 
Toxicity assays on animals proved that curcumin is safe 
even at high doses. However, some species like mice 
and rats with prolonged high-dose intake of turmeric 
are susceptible to hepatotoxicity[20]. 3H-curcumin was 
found to be poorly absorbed in the rat intestine[21]. It is 
metabolized into curcumin glucuronide and curcumin 

sulfonate[22]. When curcumin is administrated intra-
peritoneally, it is metabolized to tetrahydrocurcumin, 
hexahydrocurcumin and hexahydrocurcuminol[23]. Despite 
curcumin has low bioavailability when is administered 
orally, Arcaro et al[24] (2014) used piperine, an inhibitor of 
hepatic and intestinal concomitantly with curcumin. They 
had shown that both 90 mg/kg of curcumin and 20 mg/
kg of piperine had antidiabetic and antioxidant effects. 
Nevertheless, coadministration of curcumin and piperine 
did not change the antidiabetic and antioxidant activity 
of curcumin. Additionally, when the dose of piperine was 
increased to 40 mg/kg this abrogated the beneficial 
effects of curcumin. Contrary, Sehgal et al[25] proved the 
effect of piperine in curcumin in mitigating benzo(a)pyrene 
toxicity in liver. They found that pretreatment of 100 mg/kg 
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Table 1  Different antioxidants found in food (clinical effects and relevance)

Antioxidant Main clinical effects Clinical relevance

Curcumin Antioxidant No studies available in human hepatic disorders
Anti-fibrotic

Anti-inflammatory
Anti-microbial
Wound healing

Anti-carcinogenic
Resveratrol Antioxidant Current data are contradictory, more clinical studies are needed

Anti-inflammatory
Anti-carcinogenic
Lipid modulation

Antifibrotic
Coffee Antinecrotic Inverse relationship between coffee-cirrhosis has been demonstrated, but it is 

Antifibrotic necessary to do more basic research and prospective clinical trials
Antioxidant

 Anticholestatic
Chemoprotective

Quercetin Chelation of transition metal ions No studies available in human hepatic disorders
Anti-carcinogenic
Cardioprotective

Bacteriostatic
Antioxidant
Antifibrotic

Anti-inflammatory
Anti-apoptotic

Anti-aggregatory
Vasodilating

Silymarin Antioxidant Silymarin has been shown to be effective, but it is necessary to do more clinical 
Antifibrotic trials focused on survival rates of patients with cirrhosis

Anti-inflammatory
Anti-carcinogenic

Immunomodulation
Naringenin Antioxidant No studies available in human hepatic disorders

Hypocholesterolemic
Anti-estrogenic
Hypolipidemic

Antihypertensive
Anti-inflammatory

Antifibrotic
Anti-carcinogenic
Anti-atherogenic 

Green tea Anti-inflammatory
Anti-arthritic More clinical studies are needed
Antimicrobial
Antioxidant

Neuroprotective
Antidiabetic

Antiangiogenesis
Anti-carcinogenic
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grapes, red wine, peanuts and berries[42]. This compound 
possesses several beneficial activities including 
antioxidant, anti-inflammatory, anti-carcinogenic, and 
anti-fibrogenic properties, in addition to affecting lipid 
modulation[43]. The rate of absorption of resveratrol 
is approximately 75% after an oral administration[44]. 
Resveratrol is metabolized to resveratrol sulfate and in low 
concentrations to resveratrol glucuronide[45] via enzymes 
of phase Ⅱ through UDP-glucuronosyltransferase (UGT) 
or sulfotransferase (ST)[46]. These results were based 
on in vitro experiments with hepatocytes treated with 
resveratrol. Conversely, in vivo experiments performed 
in rats demonstrated that the enterohepatic recirculation 
plays an important role in the overall systematic 
exposure to resveratrol when it was administered in 
aglycone or glucuronide form[47]. Resveratrol has been 
reported as a compound well tolerated in clinical 
trials[48]. Nevertheless, in a study performed by Crowell 
et al[49] in an animal model, resveratrol at the highest 
dose used (3000 mg/kg body weight/day for 4 wk) 
produced renal toxicity and reduced final body weights 
and food consumption as well as other markers of tissue 
lesions. However, no histological effects in the liver were 
observed, despite of the clinical chemistry changes and 
increased liver weight. On the other hand, Williams et 
al[50] reported not toxicity caused by high-purity trans-
resveratrol at different times of exposure and doses. 
They used 700 mg/kg body weight/day for 90 d as 
the higher dose and time of exposure, not finding any 
adverse effect. In 2007, Chávez et al[43] demonstrated 
that resveratrol decreased the cytokine TGF-β and 
prevented hepatic fibrosis and NF-κB translocation to 
the nucleus following chronic use of CCl4. Resveratrol 
has antioxidant capacity and protects against ethanol-
induced lipid peroxidation[51], toxicity by acetaminophen 
(APAP)[52], and oxidative stress in animal models of 
cholestasis[53]. It has been suggested that the OH groups 
play an important role in the antioxidant activity of 
resveratrol[6]. A study performed by blocking OH group 
methylation showed that resveratrol and trimethylated 
resveratrol afford some degree of protection, but the 
latter possesses the best protective effects[54]. One 
explanation of this phenomenon considers that the half-
life of resveratrol is very short[55] and that trimethylated 
resveratrol may act as a prodrug and increase the 
protective effect of resveratrol. However, resveratrol 
could be less potent than trimethylated resveratrol[6]. 
Another hepatoprotection mechanism of resveratrol is 
by activating genes related to antioxidant system or 
inhibiting enzymes. A study performed by Cheng et al[56] 

suggest that resveratrol can activate extracellular signal-
regulated kinase (ERK) signaling pathway, which in turn 
can enhance the activation and translocation of Nrf2 to 
the nucleus, therefore, elevating the expression of HO-1 
and glyoxalase. According to the previous study, Bagul 
et al[57] have shown that resveratrol was able to elevate 
the translocation of Nrf2 the nucleus, thus suggesting 
an alternative pathway to protect from oxidative stress. 
Resveratrol has been reported to decrease acetylation 

of body weight of curcumin protects against a single dose 
of benzo(a)pyrene; however, the coadministration with 
piperine produced a better effect than curcumin alone, 
suggesting an enhancer activity by piperine. Curcumin 
has demonstrated hepatoprotective actions on acute 
and chronic liver injury[26]. Both of types of liver injuries 
necrosis, oxidative stress, and an inflammatory state[27]. 
In 2007, Reyes-Gordillo et al[28] demonstrated that 
curcumin inhibits the increase in cytokines such as TNF-α, 
IL-1β and IL-6. Additionally, curcumin reduces oxidative 
stress induced via carbon tetrachloride (CCl4) metabolism 
by inactivating the nuclear factor-κB (NF-κB) pathway. 
Moreover, curcumin can elicit its hepatoprotective effect 
interacting with Fe3+ and Cu2+. In a study performed by 
Jiao et al[29], they suggest that curcumin could be an iron 
chelator because they found that transferrin receptor 1 
and iron regulatory proteins, indicators of iron depletion, 
increased in response of curcumin. In agreement, 
Bernabé-Pineda et al[30], reported that when cyclic 
voltammograms are in basic media, that a chemical 
reaction has taken place between curcumin and specially 
Fe3+. On the other hand, curcumin has been tested in 
liver[31], but its chelating Cu2+ behavior has not been 
investigated; however, Baum et al[32] in 2004 tested the 
interaction of curcumin with Cu2+ and Fe2+, they reported 
that two molecules of curcumin bind to ion Cu2+ or Fe2+. 
In a study performed by Li et al[33], it was found that 
curcumin increases the levels of glutathione (GSH) and 
heme oxygenase-1 (HO-1), as well as, nuclear factor-
erythroid 2-related factor 2 (Nrf2) proteins, suggesting 
another way to prevent oxidative stress by curcumin. 
In agreement, Charoensuk et al[34] have shown that 
curcumin increased the levels of mRNA and protein of 
Nrf2 and HO-1 and gene expression of NAD(P)H quinone 
oxidoreductase 1 (NQO1), glutamate cysteine ligase 
(GCL), activating transcription factor-3, peroxiredoxin 3 
(Prdx3) and Prdx6, so increasing the antioxidant system 
in the cell. Curcumin also has demonstrated to increase 
the activity of superoxide dismutase (SOD), catalase 
(CAT), glutathione peroxidase (GPx) and glutathione-
S-transferase (GST)[35,36] activity. Another mechanism 
of action of curcumin is by interacting with enzymes or 
genes implicated in liver cirrhosis. Hassan et al[37] proved 
effect of curcumin by modulating miRNA 199 and 200 
that are the main miRNA associated to liver fibrosis. They 
showed that miRNA 199 and 200 were increased by 
the administration of CCl4. However, curcumin restored 
these miRNAS to their basal levels. Finally, curcumin has 
shown that in low concentrations, it inhibits the activity 
of CYP2E1 and its protein levels in alcohol-induced liver 
damage, thus inhibiting the metabolism of alcohol for 
this pathway[38]. However, other studies have shown that 
curcumin does not have an effect on CYP2E1 activity in 
the liver[39-41].

RESVERATROL
The phytoalexin resveratrol (3,5,4’-trans-trihydr-
oxystilbene) is a polyphenol found in the skin of red 
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of peroxisome proliferator-activated receptor gamma 
coactivator 1-α (PGC1-α) and increasing its activity 
by the activation of the protein deacetylase sirtuin 1 
(SIRT1), thus improving mitochondrial function and 
protecting against metabolic disease[58]. Price et al[59] 

found that resveratrol activates AMP-activated protein 
kinase (AMPK) in mice treated with moderate dosage 
and increase nicotinamide adenine dinucleotide (NAD+) 
levels, also increasing the levels of PGC1-α. AMPK has 
been shown to augment SIRT1 by increasing NAD+ 
levels in an indirect way, while this protein deacetylates 
the AMPK liver kinase B1, leading to phosphorylation and 
activation of AMPK. Zhu et al[60] have shown that, after 
administration of resveratrol in mice, the antioxidant 
system was increased (SOD, GPx, and GSH) in liver 
tissue as well as the levels of SIRT1 and p-AMPK were 
upregulated. Resveratrol has also shown to inhibit the 
activity of CYP2E1 in microsomes of rat liver[61], and to 
significantly inhibit the activity of this P450 isoform in a 
model of APAP-induced liver injury[62] and in DEN-induced 
hepatocarcinogenesis model[63]. The only clinical double-
blind study performed to determine the resveratrol 
hepatoprotective effect demonstrated that a 500 mg 
resveratrol dose for 12 wk caused a significant reduction 
in inflammatory cytokines, serum cytokeratin-18, NF-
κB activation, liver alanine aminotransferase (ALT), and 
hepatic steatosis grade compared to the placebo group in 
patients with non-alcoholic fatty liver disease (NAFLD)[64]. 
Contrary to this study, a clinical trial performed by 
Chachay et al[65] in 2014 showed that resveratrol did 
not significantly improve any characteristics of NAFLD 
compared to the placebo group. Interestingly, the results 
showed increased hepatic stress and elevated levels of 
ALT and aspartate aminotransferase (AST) in the liver. 
Based on these data, additional clinical trials are needed 
to determine the actual hepatoprotective effect of 
resveratrol[66].   

COFFEE 
Coffee is a mixture of several different molecules 
including carbohydrates, lipids, vitamins, alkaloids, 
nitrogenous molecules, and phenolic compounds[67]. 
Coffee is possibly the most popular drink worldwide[68]. 
However, the amount of antioxidants in different bean 
roasts can vary[69]. The three major compounds present 
in coffee are caffeine, diterpene alcohols (cafestol and 
kahweol), and chlorogenic acid[70]. Coffee consumption 
has been associated with the reduction of several 
chronic diseases[71]. This result may be due to the 
pharmacological properties that have anti-necrotic, 
anti-fibrotic, anti-cholestatic, chemoprotective, and 
antioxidant functions[72]. Caffeine is the best-known 
active component of coffee, and it is absorbed rapidly 
after an oral ingestion (5 min) and reaches its peak 
blood levels after 30 min. When caffeine is consumed in 
high amounts produced side effects. Recommendations 
from Health Canada in 2013, stipulated that the 
caffeine intake per day for children should not exceed 

2.5 mg/kg of body weight. Additionally, tachycardia 
and arrhythmia typically arise when more than 200 
mg of caffeine are ingested[73]. Worthley et al[74] have 
given 250 mL of a sugar-free energy drink to 50 young 
people, this drink contained about 80 mg of caffeine, 
they have observed that caffeine increased the blood 
pressure compared with controls. Moreover, other kind 
of sickness have been reported for caffeine consumption 
such as cardiovascular diseases, a negatively impact 
in cognition, perpetual memory and learning[73]. Smith 
et al[75] in 2002, reported that the intake of 300 mg of 
caffeine increased anxiety and tension. Also, caffeine 
triggered hallucinatory experiences in people who drink 
300 mg of coffee (about 7 cups per day). Patients with 
panic disorders were more sensitive to caffeine[73]. The 
half-life of caffeine is approximately 5-6 h[76,77]. Caffeine 
is almost completely metabolized in the liver. The 
principal metabolite is paraxanthine, which results from 
the activity of CYP1A2. However, this enzyme produces 
other metabolites such as theobromine, theophylline, 
and 1,3,7-trimethyluric acid. Other enzymes such as 
CYPs 1A1 and 2E1 participate in caffeine metabolism[78]. 
An important property of caffeine is that it easily passes 
through the blood-brain barrier[79]. The absorption rate 
of chlorogenic acid is 33% of the dose in both, rats and 
humans. Several metabolites have been identified in 
human plasma and urine, and these metabolites include 
polyphenolic acids, glycine conjugates, sulfates and 
glucuronides of hydroxycinnamic acid, and hydrogenated 
hydroxycinnamic acid[80]. Many studies have shown an 
inverse relationship among coffee consumption and 
liver cirrhosis[71]. In the prospective study performed by 
Klatsky et al[81], the authors demonstrated an inverse 
coffeecirrhosis relationship for the first time. In 1994, 
Corrao et al[82] performed a study and identified a 
dose-response relationship between coffee intake and 
cirrhosis. The data show that the odds ratio for liver 
cirrhosis decreases from 1.0 for people who do not 
drink coffee to 0.47, 0.23, 0.21, and 0.16 for 1, 2, 3 or 
4 cups of coffee daily, respectively. Furthermore, the 
study showed that the caffeine per se did not show any 
relationship with cirrhosis by testing other drinks with 
caffeine. Although coffee is beneficial to liver health, the 
study failed to demonstrate a causative role of coffee in 
preventing liver injury. Thus, additional basic research 
and controlled prospective studies are needed. Arauz et 
al[72] in 2013 demonstrated that coffee has a beneficial 
effect on liver injury caused by chronic administration 
of thioacetamide (TAA). Coffee prevented cholestasis 
and necrosis measured by the enzymes γ-glutamyl 
transpeptidase (γ-GTP), alkaline phosphatase, and 
ALT. Human trials demonstrated the same results[83]. 
This inverse relationship was particularly high in heavy 
alcohol drinkers[84]. Conversely, liver injury inhibits 
caffeine metabolism, and people with liver diseases may 
experience adverse consequences after drinking coffee. 
Furthermore, it is important to distinguish between 
former coffee drinkers and nondrinkers in future 
epidemiological studies[71,85]. Moreno et al[86] in 2011 and 
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Arauz et al[72] in 2013 demonstrated in murine models 
that coffee prevents experimental liver cirrhosis in two 
models of liver injury using carbon tetrachloride and 
thioacetamide. Both studies showed that coffee reduced 
the expression of the profibrogenic cytokine TGF-β. 
The study by Arauz et al[72] measured the expression of 
connective tissue growth factor (CTGF), which has been 
suggested as an important downstream modulator of 
TGF-β that increases its profibrogenic response. This 
finding is consistent with the significant upregulation 
of extracellular matrix in fibrotic liver[72]. Cavin et al[87] 
have reported coffee as an inductor of GST, aldo-
keto reductase, GSH, HO-1, glutathione-S-transferase 
P1, that are enzymes involved in the detoxification 
process. Also, they suggest that a possible mechanism 
of chemoprotection of coffee is by stimulation of 
Nrf2 pathway. In another study, coffee was able to 
elevate mRNA levels of NQO1 and glutathione-S-
transferase A1 in liver and small intestine also, UDP-
glucuronosyltransferase 1A6 and GCL catalytic (GCLC) 
were increased in small intestine. Further, the same 
group reported that this induction was bigger in mice 
possessing Nrf2 in contrast with Nrf2 knockout mice[88].

QUERCETIN
Quercetin is also known as 3,3’,4’,5,7-penta-hydro-
xyflavone. It is a flavonol found in natural products, 
especially in apples and onions[89]. Quercetin is known 
to have biological effects including chelation of heavy 
metals, anti-carcinogenic, cardioprotective, bacteriostatic, 
anti-inflammatory, and antioxidant properties[90], in 
addition to functioning as a hepatoprotective agent[91]. 
The normal intake of quercetin is less than 5-40 mg/d. 
However, people who eat the peel of food with high 
amounts of quercetin may consume 200-500 mg/d[90]. 
In 2004, high purity quercetin used in foods was GRAS 
in the range of 0.008%-0.5% or 10-125 mg/serving[90]. 
Bors et al[92] in 1990 showed the characteristics that 
an antioxidant must have to exert an effective activity. 
These characteristics include the presence of ortho-
dihydroxy or catechol groups in the B-ring, a 2,3-double 
bond of the C-ring, and OH substitution on positions 
3 and 5 of the C-ring and A-ring, respectively[92]. The 
quercetin ring presents all of these features. The 
structure of flavonoids can interact with both FR and 
metal ions like Fe3+ and Cu2+, therefore showing chelating 
properties. In a study performed by Mira et al[93], it 
was shown that quercetin was capable of reducing Fe3+ 
and Cu2+, due to its 2, 3-double bond and the catechol 
group in the β-ring. Furthermore, its ability to reduce 
the Cu2+ seems to be dependent of hydroxyl groups. 
After oral intake, quercetin is rapidly absorbed and peaks 
at approximately 30 min[94] before it is metabolized 
by glucuronidation and sulfation by the UGT and ST, 
respectively. Furthermore, the addition of O-methylation 
in the position 3’ or 4’ of the catechol group in the 
B-ring results in isorhamnetin (3’-O-methylquercetin) 

and tamaraxetin (4’-O-methylquercetin) by catechol-
O-methyl transferase. These processes begin in the 
intestine, and the compounds are released into the 
lumen before conjugation in the liver by the same 
enzymes. However, other tissues such as the kidneys 
can also metabolize quercetin[94-97]. Quercetin has shown 
hepatoprotective properties in rats treated chronically 
with CCl4 for 8 wk by preventing the expression 
of profibrogenic genes including TGF-β, CTGF, and 
collagen-1α (Col-1α). Therefore, quercetin reduces the 
fibrogenic process and liver enzymes associated with 
a significant reduction of activated HSC and inhibition 
of NF-κB. Conversely, quercetin increased the gene 
expression and improved the activity of SOD and CAT, 
in addition to activating metalloproteinases 2 and 9 
(MMP2 and MMP9)[91]. Pavanato et al[98] in 2003 used 
the same hepatotoxin for 16 wk and observed that 
quercetin improves the hepatic liver enzymes AST, 
ALT, inducible NOS (iNOS) expression, and collagen 
content and reduces lipid peroxidation. de David et 
al[99] showed similar results using TAA hepatotoxin and 
found that quercetin inhibited the change in the p-ERK 
1/2 pathway and significantly prevented the increase 
in apoptosis by regulating the Bax/Bcl-2 ratio[99]. In a 
study performed by Granado-Serrano et al[100] in HepG2 
cells, they found that quercetin modulated Nrf2 and 
p38, it was dependent on the concentration used and 
the time of exposure, quercetin rapidly activated Nrf2 
by up-regulating its phosphorylation, consequently, 
translocation to the nucleus and binding to antioxidant 
response element (ARE), also increased GSH content and 
expression of GPx. However, when the time of exposure 
is larger, this effect was blocked by quercetin which, in 
turn activated p38-MAPK via. Therefore suggesting that 
Nef2-ARE acts as a sensor and responds to a chemical. 
However, Tanigawa et al[101] reported that quercetin 
possesses an enhanced effect in the ARE binding activity 
and Nrf2-mediated transcription activity in HepG2 cells. 
Moreover, quercetin apart from up-regulating expression 
of Nrf2 mRNA and protein, also stabilized Nrf2 protein 
inhibiting its proteasomal degradation and reduced the 
levels of kelch-like ECH-associated protein 1 (Keap1) 
through the formation of a modified Keap1. On the 
other hand, a study performed by Ji et al[102] showed 
that quercetin does not possesses an enhanced activity 
in mRNA expression of Nrf2 or Keap1. However, they 
suggested that quercetin could interact with Keap1 and 
fill the binding site of Nrf2 in Keap1, thus inhibiting its 
interaction and inducing the transcriptional activation of 
Nrf2. Quercetin has shown to suppress the activity of 
CYP2E1 when ethanol over activated it and induces HO-1 
in hepatocytes[103]. According with this findings, in a non
alcoholic steatohepatitis (NASH) model, quercetin was 
able to decrease by 2-fold CYP2E1 activity compared 
with NASH group[104]. On the other hand, quercetin 
effect was inhibited by CYP2E1 compared with a control 
measuring by HPLC in rat liver microsomes[105]. Currently, 
there are no clinical studies available on quercetin 
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hepatoprotection[106].

SILYMARIN
Silymarin is a natural substance derived from Silybum 
marianum, also known as Milk thistle or Saint Mary’s
thistle[6]. Silymarin has been reported as a safe com-
pound in acute doses in animal models due to its lack of 
side effects. In contrast, in a clinical trial, thousands of 
patients suffered mainly mild gastrointestinal disorders 
by silymarin consumption[107]. In other clinical trial, El-
Kamary et al[108] (2009) no side effects were reported 
in 105 patients using 140 mg of silymarin. The range 
of doses used in literature is from 280 to 800 mg/kg of 
body weight/day. After oral administration, the silymarin 
peak plasma concentration is reached at approximately 
6-8 h. Silymarin has poor bioavailability (23%-47%). 
The metabolites of silymarin are conjugated in the liver 
by UGT and ST (phase Ⅱ reactions)[109]. Among the 
hepatoprotective effects of silymarin, it is known that 
silybin, the major constituent of silymarin, has iron-
chelating properties[110,111]. Silymarin has also been 
probed as iron chelator in children with β-thalassemia 
with iron overload[112]. In a study performed by 
Najafzadeh et al[113], they suggest that hepatoprotective 
effect of silymarin in iron-overload induced hepatotoxicity 
was due to an iron-chelator activity but no studies 
have been made proving the chelating properties per 
se of silymarin in liver diseases. Silymarin has hepato-
protective properties against several hepatotoxins 
such as CCl4. Silymarin can prevent oxidative stress, 
fibrosis, cirrhosis, and lipid peroxidation by modulating 
the content of phosphatidylethanolamine[114]. Thus, it 
improves liver enzyme activities and protects against 
the harmful increases in cholesterol/phospholipids 
and sphingomyelin/phosphatidylcholine ratios in the 
membrane. This effect was associated with a decrease 
in Na+/K+ and Ca2+-ATPase activities induced by CCl4. 
However, silymarin does not reverse well-established 
cirrhosis[115-119]. Kim et al[120] showed that silymarin 
increases nuclear translocation of Nrf2 in activated 
HSC, however, expression of other molecules related 
to a detoxifying effect have not been measured. Also, 
silymarin has been reported to increase the activity of 
antioxidant enzymes like SOD, GPx[121] and CAT[122]. 
A clinical trial examining silymarin in a complex with 
phosphatidylcholine found reduced levels of the liver 
enzymes, ALT and γ-GTP, and serum bilirubin levels in 
a dose-dependent manner in patients with hepatitis 
caused by virus infection or alcohol abuse[123]. Another 
clinical study showed similar results when silymarin 
was administered alone[124]. In patients with cirrhosis, 
silymarin administration for 41 mo significantly increased 
the survival rate compared to a placebo group[125]. 
However, in the study performed by Parés et al[126], 
silymarin showed no effect on survival rate in the clinical 
course in alcoholic patients with liver cirrhosis.

NARINGENIN
Naringenin is also known as 5,7,4’thihydroxyflavanone. 
Naringenin is a flavanone found in citrus fruits and 
tomatoes[127]. In a study performed recently, Yang et 
al[128] reported that naringenin does not cause deleterious 
effects in beagle dogs, the maximum time of exposure 
was 180 d and with doses varying of 20, 100, or 500 
mg/kg body weight/day. Also, Surampalli et al[129], 
showed that naringenin was harmless upon exposure to 
rat gastrointestinal epithelium in doses ranging from 1 
mmol/L to 100 mmol/L, thus suggesting naringenin as a 
safe compound. Naringenin has many pharmacological 
properties including hypolipidemic, anti-hypertensive, anti-
inflammatory, antioxidant and antifibrotic functions[127]. 
Flavonoids are absorbed in the aglycone form rather 
than in the glycoside form like quercetin. The glycoside 
form of naringenin is cleaved in the small intestine before 
absorption, which results in sulfate and glucuronide 
metabolites in the small intestine wall and liver[127,130] by 
UGT and ST. Mira et al[93] showed that naringenin has 
shown capacity of reduction of the Fe3+ and Cu2+ but in 
less potential than quercetin. Chtourou et al[131] found 
that naringenin prevents the depletion of SOD, CAT, GPx 
and GSH. Conversely, naringenin also prevented the 
increase in lipid peroxidation, ALT and AST. Additionally, 
expression of the following genes was also affected 
in an NAFLD rat model induced by a high cholesterol 
diet: pro-inflammatory cytokines TNF-α, IL-6, and IL-
1β, EGF-like module-containing mucin-like hormone 
receptor-like 1, iNOS, NF-κB, MMP2 and MMP9[131]. 
Similar results were obtained by Yen et al[132] using 
naringenin alone and a naringenin-loaded nanoparticle 
system (NARN). Both treatments exhibited antioxidant 
and hepatoprotective activities. The treatments also 
inhibited the activation of caspases 3, and 8. However, 
NARN was more effective as a hepatoprotector and 
antioxidant than free naringenin because it also inhibits 
caspase 9 during CCl4-induced hepatotoxicity in rats[132]. 
In a study performed by Goldwasser et al[133] it was 
found that naringenin activates peroxisome proliferator-
activated receptor alpha (PPARα), then decreasing the 
levels of very low density lipoprotein production without 
causing lipid accumulation in hepatocytes, in a hepatitis 
C virus (HCV) model. Similar results were found by Cho 
et al[134], who have shown that naringenin intake causes 
a significant depletion in the amount of total triglycerides 
and cholesterol in plasma and liver of rats. Also, 
naringeninfed animals showed an increment in PPARα 
protein expression in liver. Goldwasser et al[133] found that 
the flavonoid regulates the activity of PPARγ and liver X 
receptor alpha (LXRα), by activating the ligand-binding 
domain of PPARα and PPARγ, while inhibiting LXRα, thus 
modulating different genes related to fatty acid oxidation 
and lipogenesis. Han et al[135], found that a pretreatment 
with naringenin-7-O-glucoside increased NQO1, ERK and 
phosphorylation and translocation of Nrf2 to the nucleus 
in H9c2 cardiomyocytes, as well as, upregulating the 
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mRNA expression of GCLC and GCL modifier[135], thus 
inducting endogenous antioxidant enzymes. Similar 
findings was reported by Esmaeili et al[136], they showed 
that naringenin was capable of attenuating CCl4-induced 
liver injury by downregulating TNF-α, iNOS and cyclo-
oxigenase-2, both protein and mRNA, as well as by 
increasing Nfr2 and HO-1 expression. Motawi et al[137] 
suggested that naringenin could be another example of 
CYP2E1 inhibitor, they probed it, in rat liver microsomal 
assay in co-administration with simvastin, and such 
inhibition of CYP2E1 is another via to improve antioxidant 
defenses[137]. There are currently no studies available in 
human hepatic disorders[138].

GREEN TEA
Camellia sinensis, also known as green tea, is a 
worldwide consumed beverage. Its beneficial effects 
on health are due in part to its antioxidant, anti-
inflammatory, antiarthritic and antiangiogenic effects. 
Moreover, green tea is a mixture of polyphenols (the 
major class of active compounds) including catechins 
(also known as flavan-3-ols) which constitute about 
30% (mass fraction) of green tea leaves; the major 
catechins in green tea are (+)-catechin, (-)-epicatechin, 
(-)-epigallocatechin, (-)-epicatechin-3-gallate, (-)-gallo-
catechin, (-)-gallocatechin gallate and (-)-epigallo-
catechin-3-gallate (EGCG). Flavonoids like quercetin, 
kaempferol and myricetin; methylxanthine alkaloids 
such as caffeine, theophylline and theobromine, and 
phenolic acids (gallic acid, chlorogenic acid and caffeic 
acid)[139,140]. EGCG is the most abundant catechin 
and represents up to 50% of total polyphenols and 
possesses the strongest antioxidant capacity, therefore, 
it is considered the main biological active compound[140]. 
On the other hand, green tea does not only exert its 
antioxidant properties by polyphenols, L-theanine is the 
primary amino acid in green tea and represents 1%-2% 
of the leaf dry weight, it is synthetized in the roots of 
green tea and is concentrated in the leaves. L-theanine 
chemical structure is similar to glutamic acid, the latest is 
a precursor of GSH. Studies have shown that L-theanine 
protects the cell maintaining the levels of GSH in cancer 
and neurotixicity diseases[141]. The intake of green tea 
can be considered safe when its consumption does 
not exceed 1-2 cups/d. Nevertheless, hepatotoxicity 
has been attributed to the intake of green tea when 
it is used for weight control; furthermore[140]. Pérez-
Vargas et al[141] found that L-theanine prevented the 
increased expression of NF-κB and down-regulated IL-
1β and IL-6 and the cytokines TGF-β and CTGF induced 
by carbon tetrachloride. Moreover, the expression of the 
corresponding mRNAs decreased accordingly. On the 
other hand, L-theanine promoted the expression of IL-10 
and the fibrolytic enzyme metalloproteinase 13 (MMP13). 
In a study performed by Yu et al[142] they have shown 
that EGCG ameliorates liver inflammation, necrosis and 
fibrosis and suppressed the expression of TNFα, IL-1β, 
TGF-β, MMP9, α-SMA, and Col-1α1. Similar results were 

obtained in HSC cell line LX-2, where EGCG was capable 
of suppressing TGF-β1, Col-1α1, MMP2, MMP9, TIMP1, 
and α-SMA. Moreover, Bin Dajem et al[143] used the 
aqueous extract of green tea in a Schistosoma mansoni-
infected mice model to investigate its effect on the 
oxidative stress, antioxidant system and liver pathology 
induced by the parasite. They found that green tea 
extract suppressed the oxidative stress by decreasing 
the lipid peroxides. However, failed to enhance the 
antioxidant system and to reverse alterations in the 
liver such as necrosis. In a study performed by Higashi 
et al[144] they found that EGCG modulates the growth 
of HSC activated cells by Rho-signaling pathways and 
induces the phosphorylation of ERK 1/2, c-Jun kinase 
and p38, suggesting a mechanism of its anti-fibrotic 
capacity. In a cisplatin-induced nephrotoxicity model 
in rats, EGCG increased the levels of Nfr2, HO-1, SOD, 
CAT, GPx and GSH[145]. In clinical trials, green tea 
has shown protective effects against various kinds of 
cancers, including premalignant prostate, esophageal, 
colon, rectum and pancreatic cancers[146]. Nevertheless, 
in hepatocellular carcinoma, green tea did not have any 
protective effect[147]. In a study performed by Halegoua-
De Marzio et al[148] they have shown, after a single oral 
dose of green tea (400 mg), in patients with cirrhosis 
induced by HCV, that it is safe and well tolerable by all 
patients, therefore suggesting the use of green tea in 
the treatment of cirrhosis in the future. However, more 
clinical studies related to the beneficial effects on liver 
diseases are needed.

The information shown above represents some of 
the antioxidants uses in different kind of experiments 
in animals and clinical trials. However, it is difficult 
to say which of these antioxidants possess the best 
hepatoprotective properties since they have different 
chemical structures and antioxidant potency, then 
its scavenger capacity is not the same. Moreover, 
other parameters need to be considered, such as the 
bioavailability, and pharmacokinetics. We focus our 
hepatoprotective ranking mainly based on the chemical 
structure showed in Figure 1. We suggest that silymarin 
has the best hepatoprotective effect because is a mixture 
of flavonolignans including silybin, isosilybin, silydianin, 
silychristin, isosilychristin and the flavonoid taxifolin. 
In addition, silybinin is composed of 2 diasteroisomeric 
compounds (silybin A and silybin B) in a 1:1 ratio[149]. 
Flavonoids in its structure have different forms to stabilize 
FR including hydroxyl phenolic groups, double bonds 
and sometimes a catechol group[92]. Therefore, silymarin 
seems to be the best choice referred to hepatoprotective 
effect. Green tea is another mixture of polyphenols, as 
mentioned earlier, containing catechins, flavonoids and 
methylxanthine alkaloids. Nevertheless its data referred 
to hepatoprotection is lower than silymarin, for these 
reason we decided ranked green tea in the second place. 
The antioxidant property of EGCG is related of its hydroxyl 
phenolic groups, that maybe acts mainly from hydrogen 
atoms transfer or single electron transfer reactions. 
This groups are presented in the B- and D-rings of 
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EGCG[150]. Quercetin, as mentioned above, is a flavonoid 
that have all the elements to exert a magnificent 
hepatoprotective effect related to its structure showing 
a catechol group in the B ring, substitution of hydroxyl 
phenolic groups in the A and C ring and a double bond 
in the position 2-3 of the C ring[92]. Curcumin has been 
used in the treatment of experimental liver diseases 
since 1970 and shows a powerful antioxidant capacity 
and immunomodulatory properties. However, it does 
not have the same structure of flavonoids, showing two 
hydroxyl phenolic groups and a heptadiene linkage two 
methoxyphenol rings. Ak et al[151] suggest that keto 
form of curcumin, the heptadienone linkage between 
the two methoxyphenol rings, contain a carbon atom 
that can donate a hydrogen, therefore, stabilizing FR. 
We considered that its capacity of stabilize FR is lower 
than quercetin. Resveratrol possesses hydroxyl phenolic 
groups and a system of conjugated double bonds that 
can donate electrons to FR. Resveratrol has two phenolic 
rings: monophenol and diphenol. Gülçin[152] suggests that 
subtraction of hydrogen atom is easily in the monofenol 
ring. Naringenin is another flavonoid with lower antio-
xidant capacity than quercetin, shows a hydroxyl 
phenolic group in its structure in the A ring. However, it 
does not have the catechol group or the double bond[92]. 
Also, Cao et al[153] suggest that in flavonoids the hydroxyl 

substitution is relevant in the ORACOH
. activity. Caffeine 

has double bonds in its structure. Chu et al[154] reported 
that pure caffeine had very low ORACOH

. values, whereas, 
crude caffeine had higher values than pure caffeine. 
We considered that caffeine has the lowest antioxidant 
activity of all the compounds showed; therefore coffee 
has the lowest antioxidant capacity.

CONCLUSION
Investigations of antioxidants show that compounds in 
food are candidates for the treatment of several diseases 
because they improve the antioxidant system in the 
body, especially when the disease involves oxidative 
stress. This review describes antioxidants that can be 
investigated for experimental and clinical trials and 
will be used for the treatment of liver diseases such as 
liver cirrhosis. Curcumin, quercetin, and naringenin are 
effective in the treatment of experimental liver injury, 
and they can be studied in clinical trials. Green tea have 
been shown to protect against different kinds of cancer 
in clinical trials, except in hepatocellular carcinoma. 
Conversely, there are no clinical trials investigating 
resveratrol, coffee, and silymarin. However, the data 
are poor or contradictory, and it is necessary to perform 
more clinical trials to use these antioxidants for the 
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treatment of liver diseases in patients.  

ACKNOWLEDGMENTS
The authors express their gratitude to Martha Noyola 
and Maria Teresa García for their careful review of 
the manuscript. Sael Casas-Grajales was a fellow of 
Conacyt 288926. 

REFERENCES
1 Muriel P. Some experimental models of liver damage. In: Sahu 

SC. Hepatotoxicity: From genomics to in vitro and in vivo models. 
West Sussex, England: Wiley, 2007: 119137

2 Muriel P. Cytokines in liver diseases. In: Sahu SC. Hepatotoxicity: 
From genomics to in vitro and in vivo models. West Sussex, 
England: Wiley, 2007: 371389

3 Muriel P, Arauz J. Coffee and liver health In: Chu Y. Coffee 
emerging health effects and disease prevention. West Sussex, UK: 
IFT Press/WileyBlackwell, 2012: 123139

4 Reyes-Gordillo K, Segovia J, Shibayama M, Tsutsumi V, Vergara 
P, Moreno MG, Muriel P. Curcumin prevents and reverses 
cirrhosis induced by bile duct obstruction or CCl4 in rats: role 
of TGFbeta modulation and oxidative stress. Fundam Clin 
Pharmacol 2008; 22: 417427 [PMID: 18705752 DOI: 10.1111/
j.14728206.2008.00611.x]

5 Muriel P. Peroxidation of lipids and liver damage. In: Baskin SI, 
Salem H. Oxidants, antioxidants and free radicals. Washington, D. 
C., USA: Taylor & Francis, 1997: 237357

6 Muriel P, RiveraEspinoza Y. Beneficial drugs for liver diseases. 
J Appl Toxicol 2008; 28: 93103 [PMID: 17966118 DOI: 10.1002/
jat.1310]

7 Bataller R, Brenner DA. Liver fibrosis. J Clin Invest 2005; 115: 
209218 [PMID: 15690074 DOI: 10.1172/JCI200524282]

8 Betteridge DJ. What is oxidative stress? Metabolism 2000; 49: 38 
[PMID: 10693912 DOI: 10.1016/S00260495(00)800773]

9 Yoshikawa T, Naito Y. What is oxidative stress? JMAJ 2002; 45: 
271276

10 Ternay JAL, Sorokin V. Redox, radicals, and antioxidants In: 
Baskin SI, Salem H. Oxidants, antioxidants, and free radicals. 
Washington, DC, USA: Taylor and Francis, 1997: 121

11 Cadenas E. Biochemistry of oxygen toxicity. Annu Rev Biochem 
1989; 58: 79110 [PMID: 2673022 DOI: 10.1146/annurev.
bi.58.070189.000455]

12 Valko M, Rhodes CJ, Moncol J, Izakovic M, Mazur M. Free 
radicals, metals and antioxidants in oxidative stressinduced cancer. 
Chem Biol Interact 2006; 160: 140 [PMID: 16430879 DOI: 
10.1016/j.cbi.2005.12.009]

13 Inoue M, Sato EF, Nishikawa M, Park AM, Kira Y, Imada I, 
Utsumi K. Mitochondrial generation of reactive oxygen species 
and its role in aerobic life. Curr Med Chem 2003; 10: 24952505 
[PMID: 14529465 DOI: 10.2174/0929867033456477]

14 Conner EM, Grisham MB. Inflammation, free radicals, and 
antioxidants. Nutrition 1996; 12: 274277 [PMID: 8862535 DOI: 
10.1016/S08999007(96)000008]

15 Ghafourifar P, Cadenas E. Mitochondrial nitric oxide synthase. 
Trends Pharmacol Sci 2005; 26: 190195 [PMID: 15808343 DOI: 
10.1016/j.tips.2005.02.005]

16 Carr AC, McCall MR, Frei B. Oxidation of LDL by myelo
peroxidase and reactive nitrogen species: reaction pathways and 
antioxidant protection. Arterioscler Thromb Vasc Biol 2000; 20: 
17161723 [PMID: 10894808 DOI: 10.1016/01.atv.20.7.1716]

17 Halliwell B. How to characterize a biological antioxidant. Free 
Radic Res Commun 1990; 9: 132 [PMID: 2159941]

18 Punithavathi D, Venkatesan N, Babu M. Protective effects of 
curcumin against amiodaroneinduced pulmonary fibrosis in rats. 
Br J Pharmacol 2003; 139: 13421350 [PMID: 12890714 DOI: 
10.1038/sj.bjp.0705362]

19 Maheshwari RK, Singh AK, Gaddipati J, Srimal RC. Multiple 

biological activities of curcumin: a short review. Life Sci 2006; 78: 
20812087 [PMID: 16413584 DOI: 10.1016/j.lfs.2005.12.007]

20 Chainani-Wu N. Safety and antiinflammatory activity of 
curcumin: a component of tumeric (Curcuma longa). J Altern 
Complement Med 2003; 9: 161168 [PMID: 12676044]

21 Ravindranath V, Chandrasekhara N. Metabolism of curcumin
studies with [3H]curcumin. Toxicology 1982; 22: 337344 [PMID: 
7342372]

22 Ireson C, Orr S, Jones DJ, Verschoyle R, Lim CK, Luo JL, 
Howells L, Plummer S, Jukes R, Williams M, Steward WP, 
Gescher A. Characterization of metabolites of the chemopreventive 
agent curcumin in human and rat hepatocytes and in the rat in 
vivo, and evaluation of their ability to inhibit phorbol esterinduced 
prostaglandin E2 production. Cancer Res 2001; 61: 10581064 
[PMID: 11221833]

23 Aggarwal B, Bhatt ID, Ichikawa H, Anh KS, Sethi G, Sandur 
SK, Natarajan C, Seeram N, Shishodia S. Curcuminbiological 
and medicinal properties. In: Ravindran PN, NirmalBabu K, 
Sivaraman K. Tumeric: The Genus Curcuma. Boca Raton, USA: 
CRC Press, 2007: 297368

24 Arcaro CA, Gutierres VO, Assis RP, Moreira TF, Costa PI, 
Baviera AM, Brunetti IL. Piperine, a natural bioenhancer, 
nullifies the antidiabetic and antioxidant activities of curcumin in 
streptozotocindiabetic rats. PLoS One 2014; 9: e113993 [PMID: 
25469699 DOI: 10.1371/journal.pone.0113993]

25 Sehgal A, Kumar M, Jain M, Dhawan DK. Piperine as an adjuvant 
increases the efficacy of curcumin in mitigating benzo(a)pyrene 
toxicity. Hum Exp Toxicol 2012; 31: 473482 [PMID: 22027502 
DOI: 10.1177/0960327111421943]

26 Matés JM, Segura JA, Alonso FJ, Márquez J. Natural antioxidants: 
therapeutic prospects for cancer and neurological diseases. Mini 
Rev Med Chem 2009; 9: 12021214 [PMID: 19534692 DOI: 10.21
74/138955709789055180]

27 Wang ME, Chen YC, Chen IS, Hsieh SC, Chen SS, Chiu CH. 
Curcumin protects against thioacetamideinduced hepatic fibrosis 
by attenuating the inflammatory response and inducing apoptosis 
of damaged hepatocytes. J Nutr Biochem 2012; 23: 13521366 
[PMID: 22221674 DOI: 10.1016/j.jnutbio.2011.08.004]

28 Reyes-Gordillo K, Segovia J, Shibayama M, Vergara P, Moreno 
MG, Muriel P. Curcumin protects against acute liver damage 
in the rat by inhibiting NFkappaB, proinflammatory cytokines 
production and oxidative stress. Biochim Biophys Acta 2007; 1770: 
989996 [PMID: 17383825 DOI: 10.1016/j.bbagen.2007.02.004]

29 Jiao Y, Wilkinson J, Christine Pietsch E, Buss JL, Wang W, 
Planalp R, Torti FM, Torti SV. Iron chelation in the biological 
activity of curcumin. Free Radic Biol Med 2006; 40: 11521160 
[PMID: 16545682 DOI: 10.1016/j.freeradbiomed.2005.11.003]

30 Bernabé-Pineda M, RamírezSilva MT, RomeroRomo MA, 
GonzálezVergara E, RojasHernández A. Spectrophotometric and 
electrochemical determination of the formation constants of the 
complexes CurcuminFe(III)water and CurcuminFe(II)water. 
Spectrochim Acta A Mol Biomol Spectrosc 2004; 60: 11051113 
[PMID: 15084330 DOI: 10.1016/S13861425(03)003445]

31 Rivera-Espinoza Y, Muriel P. Pharmacological actions of curcumin 
in liver diseases or damage. Liver Int 2009; 29: 14571466 [PMID: 
19811613 DOI: 10.1111/j.14783231.2009.02086.x]

32 Baum L, Ng A. Curcumin interaction with copper and iron 
suggests one possible mechanism of action in Alzheimer’s disease 
animal models. J Alzheimers Dis 2004; 6: 367377; discussion 
443449 [PMID: 15345806]

33 Li B, Wang L, Lu Q, Da W. Liver injury attenuation by curcumin 
in a rat NASH model: an Nrf2 activationmediated effect? Ir J Med 
Sci 2014; Epub ahead of print [PMID: 25385666 DOI: 10.1007/
s1184501412269]

34 Charoensuk L, Pinlaor P, Prakobwong S, Hiraku Y, Laothong U, 
Ruangjirachuporn W, Yongvanit P, Pinlaor S. Curcumin induces a 
nuclear factorerythroid 2related factor 2driven response against 
oxidative and nitrative stress after praziquantel treatment in liver 
flukeinfected hamsters. Int J Parasitol 2011; 41: 615626 [PMID: 
21256849 DOI: 10.1016/j.ijpara.2010.12.011]

35 Reddy ACP, Lokesh BR. Alterations in lipid peroxides in rat liver 

Casas-Grajales S et al . Antioxidants and the liver



69 August 6, 2015|Volume 6|Issue 3|WJGPT|www.wjgnet.com

by dietary n3 fatty acids: modulation of antioxidant enzymes 
by curcumin, eugenol, and vitamin E. J Nutr Biochem 1994; 5: 
181188 [DOI: 10.1016/09552863(94)900701]

36 Koiram PR, Veerapur VP, Kunwar A, Mishra B, Barik A, 
Priyadarsini IK, Mazhuvancherry UK. Effect of curcumin and 
curcumin copper complex (1: 1) on radiationinduced changes of 
antioxidant enzymes levels in the livers of Swiss albino mice. J 
Radiat Res 2007; 48: 241245 [PMID: 17464095 DOI: 10.1269/
jrr.06103]

37 Hassan ZK, AlOlayan EM. Curcumin reorganizes miRNA 
expression in a mouse model of liver fibrosis. Asian Pac J Cancer 
Prev 2012; 13: 54055408 [PMID: 23317191 DOI: 10.7314/
apjcp.2012.13.11.5405]

38 Lee HI, McGregor RA, Choi MS, Seo KI, Jung UJ, Yeo J, Kim 
MJ, Lee MK. Low doses of curcumin protect alcoholinduced liver 
damage by modulation of the alcohol metabolic pathway, CYP2E1 
and AMPK. Life Sci 2013; 93: 693699 [PMID: 24063989 DOI: 
10.1016/j.lfs.2013.09.014]

39 Guangwei X, Rongzhu L, Wenrong X, Suhua W, Xiaowu Z, 
Shizhong W, Ye Z, Aschner M, Kulkarni SK, Bishnoi M. Curcumin 
pretreatment protects against acute acrylonitrileinduced oxidative 
damage in rats. Toxicology 2010; 267: 140146 [PMID: 19913070 
DOI: 10.1016/j.tox.2009.11.001]

40 Sugiyama T, Nagata J, Yamagishi A, Endoh K, Saito M, Yamada K, 
Yamada S, Umegaki K. Selective protection of curcumin against 
carbon tetrachlorideinduced inactivation of hepatic cytochrome 
P450 isozymes in rats. Life Sci 2006; 78: 21882193 [PMID: 
16288784 DOI: 10.1016/j.lfs.2005.09.025]

41 Oetari S, Sudibyo M, Commandeur JN, Samhoedi R, Vermeulen 
NP. Effects of curcumin on cytochrome P450 and glutathione 
Stransferase activities in rat liver. Biochem Pharmacol 1996; 51: 
3945 [PMID: 8534266 DOI: 10.1016/00062952(95)021132]

42 Matés JM, Segura JA, Alonso FJ, Márquez J. Anticancer 
antioxidant regulatory functions of phytochemicals. Curr Med 
Chem 2011; 18: 23152338 [PMID: 21517750 DOI: 10.2174/0929
86711795656036]

43 Chávez E, ReyesGordillo K, Segovia J, Shibayama M, Tsutsumi 
V, Vergara P, Moreno MG, Muriel P. Resveratrol prevents fibrosis, 
NFkappaB activation and TGFbeta increases induced by chronic 
CCl4 treatment in rats. J Appl Toxicol 2008; 28: 3543 [PMID: 
17429801 DOI: 10.1002/jat.1249]

44 Walle T. Bioavailability of resveratrol. Ann N Y Acad Sci 2011; 
1215: 915 [PMID: 21261636 DOI: 10.1111/j.17496632.2010.058
42.x]

45 Yu C ,  Shin YG, Chow A, Li Y, Kosmeder JW, Lee YS, 
Hirschelman WH, Pezzuto JM, Mehta RG, van Breemen RB. 
Human, rat, and mouse metabolism of resveratrol. Pharm Res 
2002; 19: 19071914 [PMID: 12523673]

46 Wenzel E, Somoza V. Metabolism and bioavailability of trans
resveratrol. Mol Nutr Food Res 2005; 49: 472481 [PMID: 
15779070 DOI: 10.1002/mnfr.200500010]

47 Marier JF, Vachon P, Gritsas A, Zhang J, Moreau JP, Ducharme 
MP. Metabolism and disposition of resveratrol in rats: extent 
of absorption, glucuronidation, and enterohepatic recirculation 
evidenced by a linkedrat model. J Pharmacol Exp Ther 2002; 302: 
369373 [PMID: 12065739 DOI: 10.1124/jpet.102.033340]

48 Cottart CH, NivetAntoine V, LaguillierMorizot C, Beaudeux JL. 
Resveratrol bioavailability and toxicity in humans. Mol Nutr Food Res 
2010; 54: 716 [PMID: 20013887 DOI: 10.1002/mnfr.200900437]

49 Crowell JA, Korytko PJ, Morrissey RL, Booth TD, Levine BS. 
Resveratrolassociated renal toxicity. Toxicol Sci 2004; 82: 614619 
[PMID: 15329443 DOI: 10.1093/toxsci/kfh263]

50 Williams LD, Burdock GA, Edwards JA, Beck M, Bausch J. 
Safety studies conducted on highpurity transresveratrol in 
experimental animals. Food Chem Toxicol 2009; 47: 21702182 
[PMID: 19505523 DOI: 10.1016/j.fct.2009.06.002]

51 Kasdallah-Grissa A, Mornagui B, Aouani E, Hammami M, 
Gharbi N, Kamoun A, ElFazaa S. Protective effect of resveratrol 
on ethanolinduced lipid peroxidation in rats. Alcohol Alcohol 
2006; 41: 236239 [PMID: 16517551 DOI: 10.1093/alcalc/agh256]

52 Sener G, Toklu HZ, Sehirli AO, Velioğlu-Oğünç A, Cetinel S, 
Gedik N. Protective effects of resveratrol against acetaminophen
induced toxicity in mice. Hepatol Res 2006; 35: 6268 [PMID: 
16595188 DOI: 10.1016/j.hepres.2006.02.005]

53 Ara C, Kirimlioglu H, Karabulut AB, Coban S, Ay S, Harputluoglu 
M, Kirimlioglu V, Yilmaz S. Protective effect of resveratrol against 
oxidative stress in cholestasis. J Surg Res 2005; 127: 112117 
[PMID: 16083749 DOI: 10.1016/j.jss.2005.01.024]

54 Rivera H, Shibayama M, Tsutsumi V, PerezAlvarez V, Muriel 
P. Resveratrol and trimethylated resveratrol protect from acute 
liver damage induced by CCl4 in the rat. J Appl Toxicol 2008; 28: 
147155 [PMID: 17541932 DOI: 10.1002/jat.1260]

55 Walle T, Hsieh F, DeLegge MH, Oatis JE, Walle UK. High 
absorption but very low bioavailability of oral resveratrol in 
humans. Drug Metab Dispos 2004; 32: 13771382 [PMID: 
15333514 DOI: 10.1124/dmd.104.000885]

56 Cheng AS, Cheng YH, Chiou CH, Chang TL. Resveratrol 
upregulates Nrf2 expression to attenuate methylglyoxalinduced 
insulin resistance in Hep G2 cells. J Agric Food Chem 2012; 60: 
91809187 [PMID: 22917016 DOI: 10.1021/jf302831d]

57 Bagul PK, Middela H, Matapally S, Padiya R, Bastia T, Mad
husudana K, Reddy BR, Chakravarty S, Banerjee SK. Attenuation 
of insulin resistance, metabolic syndrome and hepatic oxidative 
stress by resveratrol in fructosefed rats. Pharmacol Res 2012; 66: 
260268 [PMID: 22627169 DOI: 10.1016/j.phrs.2012.05.003]

58 Lagouge M, Argmann C, GerhartHines Z, Meziane H, Lerin 
C, Daussin F, Messadeq N, Milne J, Lambert P, Elliott P, Geny 
B, Laakso M, Puigserver P, Auwerx J. Resveratrol improves 
mitochondrial function and protects against metabolic disease by 
activating SIRT1 and PGC1alpha. Cell 2006; 127: 11091122 
[PMID: 17112576 DOI: 10.1016/j.cell.2006.11.013]

59 Price NL, Gomes AP, Ling AJ, Duarte FV, MartinMontalvo A, 
North BJ, Agarwal B, Ye L, Ramadori G, Teodoro JS, Hubbard 
BP, Varela AT, Davis JG, Varamini B, Hafner A, Moaddel R, Rolo 
AP, Coppari R, Palmeira CM, de Cabo R, Baur JA, Sinclair DA. 
SIRT1 is required for AMPK activation and the beneficial effects 
of resveratrol on mitochondrial function. Cell Metab 2012; 15: 
675690 [PMID: 22560220 DOI: 10.1016/j.cmet.2012.04.003]

60 Zhu W, Chen S, Li Z, Zhao X, Li W, Sun Y, Zhang Z, Ling 
W, Feng X. Effects and mechanisms of resveratrol on the 
amelioration of oxidative stress and hepatic steatosis in KKAy 
mice. Nutr Metab (Lond) 2014; 11: 35 [PMID: 25140191 DOI: 
10.1186/174370751135]

61 Piver B, Berthou F, Dreano Y, Lucas D. Inhibition of CYP3A, 
CYP1A and CYP2E1 activities by resveratrol and other non 
volatile red wine components. Toxicol Lett 2001; 125: 8391 
[PMID: 11701226 DOI: 10.1016/S03784274(01)004180]

62 Wang Y, Jiang Y, Fan X, Tan H, Zeng H, Wang Y, Chen P, 
Huang M, Bi H. Hepatoprotective effect of resveratrol against 
acetaminopheninduced liver injury is associated with inhibition of 
CYPmediated bioactivation and regulation of SIRT1p53 signaling 
pathways. Toxicol Lett 2015; 236: 8289 [PMID: 25956474 DOI: 
10.1016/j.toxlet.2015.05.001]

63 Wu X, Li C, Xing G, Qi X, Ren J. Resveratrol Downregulates 
Cyp2e1 and Attenuates Chemically Induced Hepatocarcinogenesis 
in SD Rats. J Toxicol Pathol 2013; 26: 385392 [PMID: 24526811 
DOI: 10.1293/tox.20130020]

64 Faghihzadeh F, Adibi P, Rafiei R, Hekmatdoost A. Resveratrol 
supplementation improves inflammatory biomarkers in patients 
with nonalcoholic fatty liver disease. Nutr Res 2014; 34: 837843 
[PMID: 25311610 DOI: 10.1016/j.nutres.2014.09.005]

65 Chachay VS, Macdonald GA, Martin JH, Whitehead JP, O’Moore
Sullivan TM, Lee P, Franklin M, Klein K, Taylor PJ, Ferguson M, 
Coombes JS, Thomas GP, Cowin GJ, Kirkpatrick CM, Prins JB, 
Hickman IJ. Resveratrol does not benefit patients with nonalcoholic 
fatty liver disease. Clin Gastroenterol Hepatol 2014; 12: 2092103.
e16 [PMID: 24582567 DOI: 10.1016/j.cgh.2014.02.024]

66 Chan CC, Cheng LY, Lin CL, Huang YH, Lin HC, Lee FY. The 
protective role of natural phytoalexin resveratrol on inflammation, 
fibrosis and regeneration in cholestatic liver injury. Mol Nutr 

Casas-Grajales S et al . Antioxidants and the liver



70 August 6, 2015|Volume 6|Issue 3|WJGPT|www.wjgnet.com

Food Res 2011; 55: 18411849 [PMID: 22086758 DOI: 10.1002/
mnfr.201100374]

67 Shin JW, Wang JH, Kang JK, Son CG. Experimental evidence for 
the protective effects of coffee against liver fibrosis in SD rats. J Sci 
Food Agric 2010; 90: 450455 [PMID: 20355067 DOI: 10.1002/
jsfa.3838]

68 Spiller MA. The chemical components of coffee. In: Spiller GA. 
Caffeine. Boca Raton, USA: CRC Press, 1998: 97161

69 Daglia M, Papetti A, Gregotti C, Bertè F, Gazzani G. In vitro 
antioxidant and ex vivo protective activities of green and roasted 
coffee. J Agric Food Chem 2000; 48: 14491454 [PMID: 10820041 
DOI: 10.1021/jf990510g]

70 McCusker RR, Goldberger BA, Cone EJ. Caffeine content of 
specialty coffees. J Anal Toxicol 2003; 27: 520522 [PMID: 
14607010 DOI: 10.1093/jat/27.7.520]

71 Muriel P, Arauz J. Coffee and liver diseases. Fitoterapia 2010; 81: 
297305 [PMID: 19825397 DOI: 10.1016/j.fitote.2009.10.003]

72 Arauz J, Moreno MG, CortésReynosa P, Salazar EP, Muriel P. 
Coffee attenuates fibrosis by decreasing the expression of TGF-β 
and CTGF in a murine model of liver damage. J Appl Toxicol 
2013; 33: 970979 [PMID: 22899499 DOI: 10.1002/jat.2788]

73 Ibrahim NK, Iftikhar R. Energy drinks: Getting wings but at what 
health cost? Pak J Med Sci 2014; 30: 14151419 [PMID: 25674149 
DOI: 10.12669/pjms.306.5396]

74 Worthley MI, Prabhu A, De Sciscio P, Schultz C, Sanders P, 
Willoughby SR. Detrimental effects of energy drink consumption 
on platelet and endothelial function. Am J Med 2010; 123: 184187 
[PMID: 20103032 DOI: 10.1016/j.amjmed.2009.09.013]

75 Smith A. Effects of caffeine on human behavior. Food Chem 
Toxicol 2002; 40: 12431255 [PMID: 12204388 DOI: 10.1016/
S02786915(02)000960]

76 Papadelis C, KourtidouPapadeli C, Vlachogiannis E, Skepastianos 
P, Bamidis P, Maglaveras N, Pappas K. Effects of mental workload 
and caffeine on catecholamines and blood pressure compared to 
performance variations. Brain Cogn 2003; 51: 143154 [PMID: 
12633594 DOI: 10.1016/S027826262(02)005304]

77 Rogers PJ. Caffeine, mood and mental performance in every
day life. Nutrition Bulletin 2007; 32: 8489 [DOI: 10.1111/
j.14673010.2007.00607.x]

78 Gajewska M, Paini A, Sala Benito JV, Burton J, Worth A, Urani C, 
Briesen H, Schramm KW. In vitrotoin vivo correlation of the skin 
penetration, liver clearance and hepatotoxicity of caffeine. Food 
Chem Toxicol 2015; 75: 3949 [PMID: 25455898 DOI: 10.1016/
j.fct.2014.10.017]

79 McCall AL, Millington WR, Wurtman RJ. Bloodbrain barrier 
transport of caffeine: doserelated restriction of adenine transport. 
Life Sci 1982; 31: 27092715 [PMID: 7154859 DOI: 10.1016/0024
3205(82)907159]

80 Stalmach A. Bioavailability of coffee chlorogenic acid. In: Chu 
YF. Coffee: Emerging health effects and disease prevention. West 
Sussex, UK: IFT Press/WileyBlackwell, 2012: 6076

81 Klatsky AL, Armstrong MA. Alcohol, smoking, coffee, and 
cirrhosis. Am J Epidemiol 1992; 136: 12481257 [PMID: 1476147]

82 Corrao G, Lepore AR, Torchio P, Valenti M, Galatola G, D’
Amicis A, Aricó S, di Orio F. The effect of drinking coffee and 
smoking cigarettes on the risk of cirrhosis associated with alcohol 
consumption. A casecontrol study. Provincial Group for the Study 
of Chronic Liver Disease. Eur J Epidemiol 1994; 10: 657664 
[PMID: 7672043 DOI: 10.1007/BF01719277]

83 Morisco F, Lembo V, Mazzone G, Camera S, Caporaso N. Coffee 
and liver health. J Clin Gastroenterol 2014; 48 Suppl 1: S87S90 
[PMID: 25291138 DOI: 10.1097/MCG.0000000000000240]

84 La Vecchia C. Coffee, liver enzymes, cirrhosis and liver cancer. 
J Hepatol 2005; 42: 444446 [PMID: 15763323 DOI: 10.1016/
j.jhep.2005.01.004]

85 Ruhl CE, Everhart JE. Coffee and caffeine consumption reduce 
the risk of elevated serum alanine aminotransferase activity in 
the United States. Gastroenterology 2005; 128: 2432 [PMID: 
15633120 DOI: 10.1053/j.gastro.2004.09.075]

86 Moreno MG, Chávez E, AldabaMuruato LR, Segovia J, Vergara 

P, Tsutsumi V, Shibayama M, RiveraEspinoza Y, Muriel P. Coffee 
prevents CCl(4)induced liver cirrhosis in the rat. Hepatol Int 2011; 
5: 857863 [PMID: 21484136 DOI: 10.1007/s1207201092476]

87 Cavin C, Marin-Kuan M, Langouët S, Bezençon C, Guignard 
G, Verguet C, Piguet D, Holzhäuser D, Cornaz R, Schilter B. 
Induction of Nrf2mediated cellular defenses and alteration of 
phase I activities as mechanisms of chemoprotective effects of 
coffee in the liver. Food Chem Toxicol 2008; 46: 12391248 [PMID: 
17976884 DOI: 10.1016/j.fct.2007.09.099]

88 Higgins LG, Cavin C, Itoh K, Yamamoto M, Hayes JD. Induction 
of cancer chemopreventive enzymes by coffee is mediated 
by transcription factor Nrf2. Evidence that the coffeespecific 
diterpenes cafestol and kahweol confer protection against acrolein. 
Toxicol Appl Pharmacol 2008; 226: 328337 [PMID: 18028974 
DOI: 10.1016/j.taap.2007.09.018]

89 Hertog MG, Hollman PC, Katan MB, Kromhout D. Intake of 
potentially anticarcinogenic flavonoids and their determinants in 
adults in The Netherlands. Nutr Cancer 1993; 20: 2129 [PMID: 
8415127 DOI: 10.1080/01635589309514267]

90 Harwood M, DanielewskaNikiel B, Borzelleca JF, Flamm GW, 
Williams GM, Lines TC. A critical review of the data related to 
the safety of quercetin and lack of evidence of in vivo toxicity, 
including lack of genotoxic/carcinogenic properties. Food Chem 
Toxicol 2007; 45: 21792205 [PMID: 17698276 DOI: 10.1016/
j.fct.2007.05.015]

91 Hernández-Ortega LD, AlcántarDíaz BE, RuizCorro LA, 
SandovalRodriguez A, BuenoTopete M, ArmendarizBorunda J, 
SalazarMontes AM. Quercetin improves hepatic fibrosis reducing 
hepatic stellate cells and regulating profibrogenic/antifibrogenic 
molecules balance. J Gastroenterol Hepatol 2012; 27: 18651872 
[PMID: 22989100 DOI: 10.1111/j.14401746.2012.07262.x]

92 Bors W, Heller W, Michel C, Saran M. Radical chemistry 
of flavonoid antioxidants. In: Emerit I, Packer L, Auclair C. 
Antioxidants in Therapy and Preventive Medicine (Advances in 
Experimental Medicine and Biology). New York, USA: Plenum 
Press, 1990: 165170

93 Mira L, Fernandez MT, Santos M, Rocha R, Florêncio MH, 
Jennings KR. Interactions of flavonoids with iron and copper ions: 
a mechanism for their antioxidant activity. Free Radic Res 2002; 
36: 11991208 [PMID: 12592672 DOI: 10.1080/10715760210000
16463]

94 Murota K, Terao J. Quercetin appears in the lymph of unanesthetized 
rats as its phase II metabolites after administered into the stomach. 
FEBS Lett 2005; 579: 53435346 [PMID: 16194534 DOI: 10.1016/
j.febslet.2005.08.060]

95 Murota K, Shimizu S, Chujo H, Moon JH, Terao J. Efficiency of 
absorption and metabolic conversion of quercetin and its glucosides 
in human intestinal cell line Caco2. Arch Biochem Biophys 2000; 
384: 391397 [PMID: 11368329 DOI: 10.1006/abbi.2000.2123]

96 Crespy V, Morand C, Manach C, Besson C, Demigne C, Remesy C. 
Part of quercetin absorbed in the small intestine is conjugated and 
further secreted in the intestinal lumen. Am J Physiol 1999; 277: 
G120G126 [PMID: 10409158]

97 Rechner AR, Kuhnle G, Bremner P, Hubbard GP, Moore KP, Rice
Evans CA. The metabolic fate of dietary polyphenols in humans. 
Free Radic Biol Med 2002; 33: 220235 [PMID: 12106818 DOI: 
10.1016/S08915849(02)008778]

98 Pavanato A, Tuñón MJ, SánchezCampos S, Marroni CA, Llesuy 
S, GonzálezGallego J, Marroni N. Effects of quercetin on liver 
damage in rats with carbon tetrachlorideinduced cirrhosis. Dig 
Dis Sci 2003; 48: 824829 [PMID: 12741479 DOI: 10.1023/
A:1022869716643]

99 de David C, Rodrigues G, Bona S, Meurer L, GonzálezGallego 
J, Tuñón MJ, Marroni NP. Role of quercetin in preventing 
thioacetamideinduced liver injury in rats. Toxicol Pathol 2011; 39: 
949957 [PMID: 21885874 DOI: 10.1177/0192623311418680]

100 Granado-Serrano AB, Martín MA, Bravo L, Goya L, Ramos 
S. Quercetin modulates Nrf2 and glutathionerelated defenses in 
HepG2 cells: Involvement of p38. Chem Biol Interact 2012; 195: 
154164 [PMID: 22197970 DOI: 10.1016/j.cbi.2011.12.005]

Casas-Grajales S et al . Antioxidants and the liver



71 August 6, 2015|Volume 6|Issue 3|WJGPT|www.wjgnet.com

101 Tanigawa S, Fujii M, Hou DX. Action of Nrf2 and Keap1 in ARE
mediated NQO1 expression by quercetin. Free Radic Biol Med 
2007; 42: 16901703 [PMID: 17462537 DOI: 10.1016/j.freeradbio
med.2007.02.017]

102 Ji LL, Sheng YC, Zheng ZY, Shi L, Wang ZT. The involvement of 
p62Keap1Nrf2 antioxidative signaling pathway and JNK in the 
protection of natural flavonoid quercetin against hepatotoxicity. 
Free Radic Biol Med 2015; 85: 1223 [PMID: 25881548 DOI: 
101016/j.freeradbiomed.2015.03.035]

103 Tang Y, Tian H, Shi Y, Gao C, Xing M, Yang W, Bao W, Wang 
D, Liu L, Yao P. Quercetin suppressed CYP2E1dependent 
ethanol hepatotoxicity via depleting heme pool and releasing 
CO. Phytomedicine 2013; 20: 699704 [PMID: 23583009 DOI: 
10.1016/j.phymed.2013.03.010]

104 Surapaneni KM, Priya VV, Mallika J. Pioglitazone, quercetin 
and hydroxy citric acid effect on cytochrome P450 2E1 
(CYP2E1) enzyme levels in experimentally induced non alcoholic 
steatohepatitis (NASH). Eur Rev Med Pharmacol Sci 2014; 18: 
27362741 [PMID: 25317811]

105 Zhou JQ, Tang ZQ. Effect of quercetin on CYP1A2, CYP2E1, 
CYP3A2 activities and its inhibitory mechanism studies in rat liver 
microsomes. J Chin Pharm Sci 2005; 14: 231236

106 Ying HZ, Liu YH, Yu B, Wang ZY, Zang JN, Yu CH. Dietary 
quercetin ameliorates nonalcoholic steatohepatitis induced by a 
highfat diet in gerbils. Food Chem Toxicol 2013; 52: 5360 [PMID: 
23123425 DOI: 10.1016/j.fct.2012.10.030]

107 Bahmani M, Shirzad H, Rafieian S, RafieianKopaei M. 
Silybum marianum: Beyond Hepatoprotection. J Evid Based 
Complementary Altern Med 2015; Epub ahead of print [PMID: 
25686616 DOI: 10.1177/2156587215571116]

108 El-Kamary SS, Shardell MD, AbdelHamid M, Ismail S, ElAteek 
M, Metwally M, Mikhail N, Hashem M, Mousa A, AboulFotouh 
A, ElKassas M, Esmat G, Strickland GT. A randomized controlled 
trial to assess the safety and efficacy of silymarin on symptoms, 
signs and biomarkers of acute hepatitis. Phytomedicine 2009; 16: 
391400 [PMID: 19303273 DOI: 10.1016/j.phymed.2009.02.002]

109 Dixit N, Baboota S, Kohli K, Ahmad S, Ali J. Silymarin: A review 
of pharmacological aspects and bioavailability enhancement 
approaches. Indian J Pharmacol 2007; 39: 172179 [DOI: 
10.4103/02537613.36534]

110 Hutchinson C, Bomford A, Geissler CA. The ironchelating 
potential of silybin in patients with hereditary haemochromatosis. 
Eur J Clin Nutr 2010; 64: 12391241 [PMID: 20628405 DOI: 
10.1038/ejcn.2010.136]

111 Pietrangelo A, Borella F, Casalgrandi G, Montosi G, Ceccarelli 
D, Gallesi D, Giovannini F, Gasparetto A, Masini A. Antioxidant 
activity of silybin in vivo during longterm iron overload in rats. 
Gastroenterology 1995; 109: 19411949 [PMID: 7498660 DOI: 
10.1016/00165085(95)907629]

112 Hagag AA, Elfatah MA. Therapeutic value of silymarin as iron 
chelator in children with beta thalassemia with iron overload. J 
Leuk 2014; 42: 16 [DOI: 10.4172/23296917.1000132]

113 Najafzadeh H, Jalali MR, Morovvati H, Taravati F. Comparison 
of the prophylactic effect of silymarin and deferoxamine on iron 
overloadinduced hepatotoxicity in rat. J Med Toxicol 2010; 6: 
2226 [PMID: 20182837]

114 Mata-Santos HA, Dutra FF, Rocha CC, Lino FG, Xavier FR, 
Chinalia LA, Hossy BH, CasteloBranco MT, Teodoro AJ, Paiva 
CN, dos Santos Pyrrho A. Silymarin reduces profibrogenic cytokines 
and reverses hepatic fibrosis in chronic murine schistosomiasis. 
Antimicrob Agents Chemother 2014; 58: 20762083 [PMID: 
24449779 DOI: 10.1128/AAC.0193613]

115 Muriel P, Garciapiña T, PerezAlvarez V, Mourelle M. Silymarin 
protects against paracetamolinduced lipid peroxidation and liver 
damage. J Appl Toxicol 1992; 12: 439442 [PMID: 1360480 DOI: 
10.1002/jat.2550120613]

116 Mourelle M, Muriel P, Favari L, Franco T. Prevention of CCL4
induced liver cirrhosis by silymarin. Fundam Clin Pharmacol 
1989; 3: 183191 [PMID: 2548940]

117 Muriel P, Mourelle M. Prevention by silymarin of membrane 

alterations in acute CCl4 liver damage. J Appl Toxicol 1990; 10: 
275279 [PMID: 1975258 DOI: 10.1002/jat.2550100408]

118 Muriel P, Mourelle M. The role of membrane composition in 
ATPase activities of cirrhotic rat liver: effect of silymarin. J 
Appl Toxicol 1990; 10: 281284 [PMID: 2167906 DOI: 10.1002/
jat.2550100409]

119 Muriel P, Moreno MG, Hernández Mdel C, Chávez E, Alcantar 
LK. Resolution of liver fibrosis in chronic CCl4 administration 
in the rat after discontinuation of treatment: effect of silymarin, 
silibinin, colchicine and trimethylcolchicinic acid. Basic Clin 
Pharmacol Toxicol 2005; 96: 375380 [PMID: 15853930 DOI: 
10.1111/j.17427843.2005.pto_06.x]

120 Kim M, Yang SG, Kim JM, Lee JW, Kim YS, Lee JI. Silymarin 
suppresses hepatic stellate cell activation in a dietary rat model of 
nonalcoholic steatohepatitis: analysis of isolated hepatic stellate 
cells. Int J Mol Med 2012; 30: 473479 [PMID: 22710359 DOI: 
10.3892/ijmm.2012.1029]

121 Tzeng JI, Chen MF, Chung HH, Cheng JT. Silymarin decreases 
connective tissue growth factor to improve liver fibrosis in 
rats treated with carbon tetrachloride. Phytother Res 2013; 27: 
10231028 [PMID: 22933420 DOI: 10.1002/ptr.4829]

122 Kiruthiga PV, Pandian SK, Devi KP. Silymarin protects PBMC 
against B(a)P induced toxicity by replenishing redox status and 
modulating glutathione metabolizing enzymesan in vitro study. 
Toxicol Appl Pharmacol 2010; 247: 116128 [PMID: 20600218 
DOI: 10.1016/j.taap.2010.06.004]

123 Vailati A, Aristia L, Sozze E, Milani F, Inglese V, Calenda PO, 
Gossolo PA, Ascari E. Randomized open study of the doseeffect 
relationship of a short course of IdB 1016 (Silybin Phytosome) 
in patients with viral or alcoholic hepatitis. Fitoterapia 1993; 94: 
219228

124 Magliulo E, Gagliardi B, Fiori GP. [Results of a double blind study 
on the effect of silymarin in the treatment of acute viral hepatitis, 
carried out at two medical centres (author’s transl)]. Med Klin 
1978; 73: 10601065 [PMID: 353464]

125 Ferenci P, Dragosics B, Dittrich H, Frank H, Benda L, Lochs H, 
Meryn S, Base W, Schneider B. Randomized controlled trial of 
silymarin treatment in patients with cirrhosis of the liver. J Hepatol 
1989; 9: 105113 [PMID: 2671116 DOI: 10.1016/01688278(89)9
00834]

126 Parés A, Planas R, Torres M, Caballería J, Viver JM, Acero 
D, Panés J, Rigau J, Santos J, Rodés J. Effects of silymarin in 
alcoholic patients with cirrhosis of the liver: results of a controlled, 
doubleblind, randomized and multicenter trial. J Hepatol 1998; 28: 
615621 [PMID: 9566830 DOI: 10.1016/S01688278(98)802857]

127 Patel K, Singh GK, Patel DK. A review on pharmacological and 
analytical aspects of naringenin. Chin J Integr Med 2014; Epub 
ahead of print [PMID: 25501296 DOI: 10.1007/s11655014
1960x]

128 Yang CP ,  Liu MH, Zou W, Guan XL, Lai  L,  Su WW. 
Toxicokinetics of naringin and its metabolite naringenin after 
180day repeated oral administration in beagle dogs assayed by a 
rapid resolution liquid chromatography/tandem mass spectrometric 
method. J Asian Nat Prod Res 2012; 14: 6875 [PMID: 22263596 
DOI: 10.1080/10286020.2011.632369]

129 Surampalli G, Nanjwade BK, Patil PA. Safety evaluation of 
naringenin upon experimental exposure on rat gastrointestinal 
epithelium for novel optimal drug delivery. Drug Deliv 2014; Epub 
ahead of print [PMID: 24937377 DOI: 10.3109/10717544.2014.92
3957]

130 Erlund I. Review of the flavonoids quercetin, hesperetin, and 
naringenin. Dietary sources, bioactivities, bioavailability, and 
epidemiology. Nutr Res 2004; 24: 851874

131 Chtourou Y, Fetoui H, Jemai R, Ben Slima A, Makni M, Gdoura 
R. Naringenin reduces cholesterolinduced hepatic inflammation 
in rats by modulating matrix metalloproteinases2, 9 via inhibition 
of nuclear factor κB pathway. Eur J Pharmacol 2015; 746: 96105 
[PMID: 25446569 DOI: 10.1016/j.ejphar.2014.10.027]

132 Yen FL, Wu TH, Lin LT, Cham TM, Lin CC. Naringeninloaded 
nanoparticles improve the physicochemical properties and the 

Casas-Grajales S et al . Antioxidants and the liver



72 August 6, 2015|Volume 6|Issue 3|WJGPT|www.wjgnet.com

hepatoprotective effects of naringenin in orallyadministered rats 
with CCl(4)induced acute liver failure. Pharm Res 2009; 26: 
893902 [PMID: 19034626 DOI: 10.1007/s1109500897910]

133 Goldwasser J, Cohen PY, Lin W, Kitsberg D, Balaguer P, Polyak 
SJ, Chung RT, Yarmush ML, Nahmias Y. Naringenin inhibits the 
assembly and longterm production of infectious hepatitis C virus 
particles through a PPARmediated mechanism. J Hepatol 2011; 
55: 963971 [PMID: 21354229]

134 Cho KW, Kim YO, Andrade JE, Burgess JR, Kim YC. Dietary 
naringenin increases hepatic peroxisome proliferatorsactivated 
receptor α protein expression and decreases plasma triglyceride and 
adiposity in rats. Eur J Nutr 2011; 50: 8188 [PMID: 20567977 
DOI: 10.1007/s0039401001178]

135 Han X, Pan J, Ren D, Cheng Y, Fan P, Lou H. Naringenin7O
glucoside protects against doxorubicininduced toxicity in H9c2 
cardiomyocytes by induction of endogenous antioxidant enzymes. 
Food Chem Toxicol 2008; 46: 31403146 [PMID: 18652870 DOI: 
101016/j.fct.2008.06.086]

136 Esmaeili MA, Alilou M. Naringenin attenuates CCl4 induced 
hepatic inflammation by the activation of an Nrf2mediated 
pathway in rats. Clin Exp Pharmacol Physiol 2014; 41: 416422 
[PMID: 24684352 DOI: 10.1111/14401681.12230]

137 Motawi TK, Teleb ZA, ElBoghdady NA, Ibrahim SA. Effect 
of simvastatin and naringenin coadministration on rat liver DNA 
fragmentation and cytochrome P450 activity: an in vivo and 
in vitro study. J Physiol Biochem 2014; 70: 225237 [PMID: 
24264056 DOI: 10.1007/s131051030296x]

138 Hermenean A, Ardelean A, Stan M, Hadaruga N, Mihali CV, 
Costache M, Dinischiotu A. Antioxidant and hepatoprotective 
effects of naringenin and its β-cyclodextrin formulation in mice 
intoxicated with carbon tetrachloride: a comparative study. J 
Med Food 2014; 17: 670677 [PMID: 24611872 DOI: 10.1089/
jmf.2013.0007]

139 Castro J, Pregibon T, Chumanov K, Marcus RK. Determination 
of catechins and caffeine in proposed green tea standard reference 
materials by liquid chromatographyparticle beam/electron 
ionization mass spectrometry (LCPB/EIMS). Talanta 2010; 82: 
16871695 [PMID: 20875564 DOI: 10.1016/j.talanta.2010.07.054]

140 Mazzanti G, Sotto AD, Vitalone A. Hepatoxicity of green tea: an 
update. Arch Toxicol 2015; Epub ahead of print [PMID: 25975988]

141 Pérez-Vargas JE, Zarco N, Vergara P, Shibayama M, Segovia J, 
Tsutsumi V, Muriel P. lTheanine prevents carbon tetrachloride
induced liver fibrosis via inhibition of nuclear factor κB and down-
regulation of transforming growth factor β and connective tissue 
growth factor. Hum Exp Toxicol 2015; Epub ahead of print [PMID: 
25852135 DOI: 10.1177/0960327115578864]

142 Yu DK, Zhang CX, Zhao SS, Zhang SH, Zhang H, Cai SY, 
Shao RG, He HW. The antifibrotic effects of epigallocatechin
3gallate in bile ductligated cholestatic rats and human hepatic 
stellate LX2 cells are mediated by the PI3K/Akt/Smad pathway. 
Acta Pharmacol Sin 2015; 36: 473482 [PMID: 25832428 DOI: 

10.1038/aps.2014.155]
143 Bin Dajem SM, Shati AA, Adly MA, Ahmed OM, Ibrahim EH, 

Mostafa OM. Green tea (Camellia sinesis) ameliorates female 
Schistosoma mansoniinduced changes in the liver of Balb/C 
mice. Saudi J Biol Sci 2011; 18: 361368 [PMID: 23961148 DOI: 
10.1016/j.sjbs.2011.06.003]

144 Higashi N, Kohjima M, Fukushima M, Ohta S, Kotoh K, Enjoji M, 
Kobayashi N, Nakamuta M. Epigallocatechin3gallate, a green
tea polyphenol, suppresses Rho signaling in TWNT4 human 
hepatic stellate cells. J Lab Clin Med 2005; 145: 316322 [PMID: 
15976760 DOI: 10.1016/j.lab.2005.03.017]

145 Sahin K, Tuzcu M, Gencoglu H, Dogukan A, Timurkan M, Sahin 
N, Aslan A, Kucuk O. Epigallocatechin3gallate activates Nrf2/
HO1 signaling pathway in cisplatininduced nephrotoxicity in 
rats. Life Sci 2010; 87: 240245 [PMID: 20619277 DOI: 10.1016/
j.lfs.2010.06.014]

146 Hosseini A, Ghorbani A. Cancer therapy with phytochemicals: 
evidence from clinical studies. Avicenna J Phytomed 2015; 5: 
8497 [PMID: 25949949]

147 Darvesh AS, Bishayee A. Chemopreventive and therapeutic 
potential of tea polyphenols in hepatocellular cancer. Nutr Cancer 
2013; 65: 329344 [PMID: 23530632 DOI: 10.1080/01635581.201
3.767367]

148 Halegoua-De Marzio D, Kraft WK, Daskalakis C, Ying X, Hawke 
RL, Navarro VJ. Limited sampling estimates of epigallocatechin 
gallate exposures in cirrhotic and noncirrhotic patients with 
hepatitis C after single oral doses of green tea extract. Clin Ther 
2012; 34: 22792285.e1 [PMID: 23153661 DOI: 10.1016/j.
clinthera.2012.10.009]

149 Hackett ES, Twedt DC, Gustafson DL. Milk thistle and its 
derivative compounds: a review of opportunities for treatment of 
liver disease. J Vet Intern Med 2013; 27: 1016 [PMID: 23140176 
DOI: 10.1111/jvim.12002]

150 Lambert JD, Elias RJ. The antioxidant and prooxidant activities 
of green tea polyphenols: a role in cancer prevention. Arch 
Biochem Biophys 2010; 501: 6572 [PMID: 20558130 DOI: 
10.1016/j.abb.2010.06.013]

151 Ak T, Gülçin I. Antioxidant and radical scavenging properties of 
curcumin. Chem Biol Interact 2008; 174: 2737 [PMID: 18547552 
DOI: 10.1016/j.cbi.2008.05.003]

152 Gülçin I. Antioxidant properties of resveratrol: A structureactivity 
insight. Innov Food Sci Emerg Technol 2010; 11: 210218 [DOI: 
10.1016/j.ifset.2009.07.002]

153 Cao G, Sofic E, Prior RL. Antioxidant and prooxidant behavior of 
flavonoids: structureactivity relationships. Free Radic Biol Med 
1997; 22: 749760 [PMID: 9119242 DOI: 10.1016/s08915849(96)
003516]

154 Chu YF, Chen Y, Brown PH, Lyle BJ, Black RM, Cheng IH, Ou 
B, Prior RL. Bioactivities of crude caffeine: Antioxidant activity, 
ciclooxygenase2 inhibition, and enhanced glucose uptake. Food 
Chem 2012; 131: 564568 [DOI: 10.1016/j.foodchem.2011.09.024]

P- Reviewer: AcunaCastroviejo D    S- Editor: Ji FF    
L- Editor: A    E- Editor: Liu SQ  

Casas-Grajales S et al . Antioxidants and the liver



Andrei Sibaev, Jakub Fichna, Dieter Saur, Birol Yuece, Jean-Pierre Timmermans, Martin Storr

Andrei Sibaev, Birol Yuece, Martin Storr, Department of 
Medicine, Division of Gastroenterology, Ludwig Maximilians 
University of Munich, 81377 Munich, Germany

Jakub Fichna, Martin Storr, Division of Gastroenterology, 
University of Calgary, Calgary T2N 2T9, Canada

Jakub Fichna, Department of Biochemistry, Medical University 
of Lodz, 92215 Lodz, Poland

Dieter Saur, Department of Internal Medicine Ⅱ, Technical 
University Munich, 81675 Munich, Germany

Jean-Pierre Timmermans, Laboratory of Cell Biology and 
Histology, University of Antwerp, B-2020 Antwerp, Belgium

Author contributions: Sibaev A, Fichna J, Saur D, Yuece 
B, Timmermans JP and Storr M contributed to study concept 
and design; Sibaev A, Fichna J, Saur D and Timmermans JP 
contributed to acquisition of data; all authors contributed to 
analysis and interpretation of data; Storr M contributed to drafting 
of the manuscript; all authors contributed to critical revision of 
the manuscript for important intellectual content; Sibaev A and 
Fichna J contributed to statistical analysis; Timmermans JP and 
Storr M contributed to study supervision.

Supported by The Deutsche Forschungsgemeinschaft (STO 
645/2-1 to Storr M and YU132/2-1 to Yuece B), the Society of 
Gastroenterology in Bavaria (to Storr M), the Förderprogramm 
für Forschung und Lehre of the Ludwig Maximilians University 
Munich to Yuece B, the University of Calgary Research Grant 
Committee (to Storr M), the Iuventus Plus program of the Polish 
Ministry of Science and Higher Education (#0107/IP1/2013/72 
to Fichna J) and the grants from the Medical University of Lodz 
(#503/1-156-04/503-01 to Fichna J) and National Science Centre 
(#UMO-2013/11/B/NZ7/01301 to Fichna J).

Institutional review board statement: The study was reviewed 
and approved by the University of Calgary, Calgary, Canada 
Institutional Review Board.

Institutional animal care and use committee statement: 

All procedures involving animals were reviewed and approved 
by the Institutional Animal Care and Use Committee of the 
University of Calgary, Calgary, Canada (IACUC protocol number: 
M07071/2010).

Conflict-of-interest statement: Authors declare no conflict of 
interest.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Martin Storr, MD, PhD, Department of 
Medicine, Division of Gastroenterology, Ludwig Maximilians 
University of Munich, Marchioninistrasse 15, 81377 Munich, 
Germany. martin.storr@med.uni-muenchen.de
Telephone: +49-89-70950 
Fax: +49-89-70955281 

Received: November 18, 2014   
Peer-review started: November 18, 2014   
First decision: December 12, 2014
Revised: April 26, 2015 
Accepted: May 16, 2015 
Article in press: May 18, 2015
Published online: August 6, 2015

Abstract
AIM: To study the effect of the opioid-receptor like-1 
(ORL1) agonist nociceptin on gastrointestinal (GI) 
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Nociceptin effect on intestinal motility depends on opioid-
receptor like-1 receptors and nitric oxide synthase co-
localization

Basic Study
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myenteric neurotransmission and motility. 

METHODS: Reverse transcriptase - polymerase chain 
reaction and immunohistochemistry were used to 
localize nociceptin and ORL1 in mouse tissues. Intra-
cellular electrophysiological recordings of excitatory and 
inhibitory junction potentials (EJP, IJP) were made in a 
chambered organ bath. Intestinal motility was measured 
in vivo . 

RESULTS: Nociceptin accelerated whole and upper GI 
transit, but slowed colonic expulsion in vivo  in an ORL1-
dependent manner, as shown using [Nphe1]NOC and 
AS ODN pretreatment. ORL1 and nociceptin immuno-
reactivity were found on enteric neurons. Nociceptin 
reduced the EJP and the nitric oxide-sensitive slow IJP 
in an ORL1-dependent manner, whereas the fast IJP 
was unchanged. Nociceptin further reduced the spatial 
spreading of the EJP up to 2 cm. 

CONCLUSION: Compounds acting at ORL1 are good 
candidates for the future treatment of disorders asso-
ciated with increased colonic transit, such as diarrhea 
or diarrhea-predominant irritable bowel syndrome.

Key words: Nociceptin; Gastrointestinal transit; Opioid-
receptor like-1; Electrophysiology; Expression

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Here we aimed to study the effect of the 
endogenous opioid-receptor like-1 (ORL1) agonist 
nociceptin on gastrointestinal (GI) myenteric neuro-
transmission and motility. We observed that nociceptin 
reduces excitatory and inhibitory neurotransmission 
in motorneurons and interneurons and the overall 
effect on the GI tract may depend on co-localization of 
ORL1 receptors with nitric oxide synthase. Since ORL1 
activation, unlike other opioid receptor-active drugs, 
is not associated with central side effects, compounds 
acting at the ORL1 may be good candidates for the 
future treatment of disorders associated with increased 
colonic transit, such as diarrhea or diarrhea-predominant 
irritable bowel syndrome.

Sibaev A, Fichna J, Saur D, Yuece B, Timmermans JP, Storr M. 
Nociceptin effect on intestinal motility depends on opioid-receptor 
like-1 receptors and nitric oxide synthase co-localization. World J 
Gastrointest Pharmacol Ther 2015; 6(3): 73-83  Available from: 
URL: http://www.wjgnet.com/2150-5349/full/v6/i3.73.htm  DOI: 
http://dx.doi.org/10.4292/wjgpt.v6.i3.73

INTRODUCTION
The heptadecapeptide nociceptin, also known as 
orphanin FQ, is the only known endogenous agonist at 
the opioid-receptor like-1 (ORL1) receptor[1,2]. From a 

structural perspective nociceptin is closely related to the 
dynorphin family, but differs from other endogenous 
opioids[1-5]. Although the ORL1 receptor, alternatively 
named nociceptin or opioid-4, is a G protein-coupled 
receptor that shares significant (> 60%) sequence 
homology to the classical opioid binding sites (µ, δ, κ)[4,6-8], 
it remains the only target for nociceptin. Furthermore, 
the effects of nociceptin are not blocked by naloxone, 
which would further argue against grouping the ORL1 
with classical opioid receptors.

ORL1 mRNA is widely distributed in the central and 
peripheral nervous systems, and in peripheral organs. 
In the gastrointestinal (GI) tract ORL1 was localized 
by molecular and immunohistochemical methods. In 
the guinea pig colon nociceptin is co-localized with 
calretinin, substance P and enkephalin and, to a small 
extent, also with nitric oxide synthase (NOS) and VIP 
immunoreactivity, suggesting that it may be localized 
in excitatory motorneurons, as well as in descending 
interneurons[9]. 

The GI tract is one site where opioids show actions 
and opioids are known to slow motility[10-13], by reducing 
peripheral neurotransmitter release[14,15] or by blocking 
enteric neurotransmission at multiple sites within the 
peristaltic reflex[10,16-21].

Over the last decade, organ bath experiments 
revealed that nociceptin induces contractions by reducing 
inhibitory neurotransmission and causes relaxation 
by reducing cholinergic neurotransmission[22-24]. More 
complex preparations disclosed that nociceptin reduces 
the excitatory components of the peristaltic reflex and 
thus slows GI motility[25]. Depending on the model used 
colonic transit was increased or reduced and it seems 
that timing and route of administration of nociceptin 
injections may also influence the direction of the 
results[26,27]. Many of the previously published results 
are conflicting and it is intriguing that the majority of 
these studies characterized nociceptin, but failed to 
shed some light on the involvement of ORL1. Some 
of the confusion may be caused since previous in vivo 
studies used different ORL1 agonists; however, ORL1 
antagonists were never employed in vivo, thus probing 
an ORL1 involvement of the observed effects.

The aim of our study was to investigate the endo-
genous nociceptin system in attempt to elucidate the 
role and function of ORL1 receptors in the GI tract. 
Based on the effects of nociceptin on the GI motility 
observed in vivo, localization and co-localization of the 
peptide and its receptor were examined in the mouse 
ileum and colon. Electrophysiology was employed to 
investigate whether cholinergic excitatory junction 
potentials (EJPs), purinergic fast excitatory and inhibitory 
junction potentials (fIJPs) and nitrergic slow IJPs (sIJPs) 
are changed by nociceptin, if nociceptin has effects on 
long-distance neurotransmission and motorneurons and 
interneurons are involved. Our results shed new light 
on the endogenous nociceptin system physiology, what 
may have important clinical implications in future.
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MATERIALS AND METHODS
Animal use for these studies was approved by the 
Animal Care Committee of the Government of Bavaria/
Germany and the University of Calgary Animal Care 
Committee and all experiments were performed in 
accordance with institutional Animal Ethics Committee 
guidelines.

In vivo motility studies
Whole gut transit and colonic expulsion test was 
performed as described previously in non-fasted male 
mice[28,29]. 

To test the involvement of ORL1 receptors, co-
administration studies with selective antagonist [NPhe1]-
NOC [100 pmol, intravenous (iv)] were performed. To 
interfere with the expression of the ORL1 protein, a 
phosphorothioate antisense oligodeoxynucleotide AS 
ODN, synthesized by the UCDNA Synthesis Lab (Calgary, 
AB, Canada) was used. The AS ODN sequence (5’-C*A
*G*G*C*A*C*T*C*G*A*T-3’, where an asterisk marks 
the phosphorothioate linkage) was chosen to selectively 
target exon 4 of ORL1, but not the ORL1 alternative 
variant. The control consisted of a mismatched 
sequence (MM ODN), in which four bases were switched 
(5’-C*G*G*G*T*A*C*G*C*G*C*T-3’, where bold 
indicates the mismatch). ODN solutions were prepared 
in sterile water immediately prior to use. Mice received 
either AS or MM ODN at a dose of 5 µg per animal (i.p.), 
injected every 12 h over 2 d (in total 4 injections). 
Twelve hours after last injection the animals were used 
to test colonic bead expulsion. Treatment with AS or MM 
ODN did not alter the normal behaviour of mice. 

RNA isolation and reverse transcriptase - polymerase 
chain reaction
Total RNA from mouse brain, longitudinal muscle-

myenteric plexus layer (LMMP) and mucosa of ileum and 
LMMP and mucosa of colon was reversely transcribed 
in complementary DNA as described before[30,31]. mRNA 
expression of mouse ORL1 was tested using specific 
primers [mORL1 (S): 5’-CTGCCTCGTCATGTATGTCATC-3’; 
mORL1 (AS): 5’-GGAAGATGCAGATGGCAAATACA-3’]. As 
control, we used GAPDH [mGAPDH (S): 5’-GCTGAACGG
GAAGCTCACTG-3’; mGAPDH (AS): 5’- GCTGTTGAAGTCG
CAGGAGAC-3’]. 

Immunohistochemistry
Cryosections and whole mounts of mouse colon and 
ileum were used for immunohistochemistry. Immuno-
histochemical incubations were carried out as detailed 
previously[25]. Antisera and streptavidin complexes 
are listed in Table 1. Negative controls and specificity 
controls were performed as described previously[25]. 
 
Tissue preparation for electrophysiological experiments
Tissue preparation was performed as described 
previously[25]. 

Intracellular electrical recording
Intracellular recordings of circular colonic smooth 
muscle cells were performed as detailed previously[32,33]. 

Neurons were stimulated with single electrical pulses (15 
V; 0.3 ms duration) using single or multiple platinum 
electrodes as described previously[32,33]. 

Membrane potentials were recorded as described 
previously[25]. 

Drugs 
Hexamethonium, atropine, tetrodotoxin (TTX) meth-
ylene blue were obtained from Sigma (Irvine, United 
Kingdom); [NPhe1]NOCNH2 ([NPhe1]NOC) and nociceptin 
were from Biotrend (Köln, Germany). Drugs were 

75 August 6, 2015|Volume 6|Issue 3|WJGPT|www.wjgnet.com

Table 1  Antisera used for immunohistochemistry

Antisera (host) Source Dilution

Primary antisera
   ORL1 (KOR-3) (H-85) (rabbit) Santa Cruz Biotechnology (sc-15309) 1:50
   ORL1 (KOR-3) (N-19) (goat) Santa Cruz Biotechnology (sc-9759) 1:50
   Nociceptin  (guinea-pig) Abcam (ab10276) 1:100-200
   NOS (rabbit) Euro Diagnostica (B 220-1) 0.389
   NOS (guinea pig) Euro Diagnostica (B-GP 225-1) 0.736
   PGP 9.5 (guinea pig) Chemicon (AB5898) 0.389
Secondary antisera and streptavidin complexes 
   FITC-conjugated donkey anti rabbit Jackson ImmunoResearch (711-095-152) 0.111
   Cy3-conjugated donkey anti rabbit Jackson ImmunoResearch (711-165-152) 0.215
   Biotinylated donkey anti rabbit Jackson ImmunoResearch (711-065-152) 0.111
   Biotinylated donkey anti goat Jackson ImmunoResearch (705-065-147) 0.111
   Biotinylated donkey anti goat Jackson ImmunoResearch (706-065-148) 0.111
   FITC-conjugated donkey anti goat Jackson ImmunoResearch (705-095-147) 1:50
   FITC-conjugated donkey anti guinea pig Jackson ImmunoResearch (706-095-148) 1:50
   Cy3-conjugated donkey anti guinea pig Jackson ImmunoResearch (706-165-148) 0.215
   Cy3-conjugated Streptavidin Jackson ImmunoResearch (016-160-084) 0.215
   FITC-conjugated Streptavidin Jackson ImmunoResearch (016-010-084) 1:100

Streptavidin FITC: Jackson ImmunoResearch 
016-010-084; 1:100

ORL1: Opioid-receptor like-1; NOS: Nitric oxide synthase; FITC: Fluorescein isothiocyanate.
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the effects of nociceptin, confirming the involvement 
of ORL1. Blocking ORL1 by i.p. treatment of mice with 
AS ODN over 48 h abolished the inhibitory effect of 
nociceptin (nociceptin 100 pmol, iv: 1383 ± 146.8 s vs 
AS ODN + nociceptin 100 pmol, iv: 373 ± 33.6 s, P < 
0.001) (Figure 1C). The repeated administration of MM 
ODN produced a minor decrease of the nociceptin action 
in the mouse colon.

ORL1 mRNA is expressed in mouse ileum and colon
To verify the mechanisms underlying the differential 
effect of nociceptin based on the site of action, the 
presence of ORL1 mRNA in mouse GI tract was 
determined by RT-PCR (Figure 2). Low abundant 
expression of an alternative ORL1 variant with an 81 
bp insertion of the unspliced intron 3 was observed 
in mouse brain, in LMMP and mucosa of mouse ileum 
and in LMMP of mouse colon (Figure 1; PCR product of 
approximately 400 bp. This alternative splicing event 
generates an in-frame stop codon and therefore creates 
a C-terminally truncated ORL1 protein with unknown 
function. All investigated mouse tissues displayed 
expression of the short ORL1 mRNA variant lacking 
intron 3 with a PCR product size of approximately 320 
bp (Figure 2). 

added to the bath in microliter volumes and appropriate 
control experiments were performed with vehicles 
to exclude vehicle-induced effects. For the in vivo 
experiments drugs were first dissolved in DMSO and 
then further diluted in saline.  

Data analysis and statistics
Data analysis and statistics was performed as described 
previously[25].

RESULTS
Nociceptin accelerates whole and upper gastrointestinal 
transit, but delays colonic expulsion in an ORL1-
dependent manner
As shown in Figure 1A and B, nociceptin (100 pmol, 
iv) significantly increased the passage through 
whole and upper GI tract. The effect of nociceptin on 
upper GI transit time was blocked by the selective 
ORL1 antagonist, [NPhe1]NOC (100 pmol, iv) and 
the pretreatment with AS ODN for two days. On the 
contrary, a significant delay in bead expulsion time was 
observed in mice that received nociceptin iv (100 pmol) 
(Figure 1C). [NPhe1]NOC alone (100 pmol, iv) did not 
change colonic bead expulsion, but significantly reversed 
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Figure 1  In vivo effects of nociceptin in the gastrointestinal tract in mice. A: Nociceptin (100 pmol, iv) accelerated whole gastrointestinal transit; B: Nociceptin 
(100 pmol, iv) accelerated upper gastrointestinal transit. This effect was absent in animals pretreated with [NPhe1]NOC (100 pmol, iv) at a dose that had no effects 
when given alone and in the AS ODN-treated mice; C: Nociceptin (100 pmol, iv) slowed colonic bead expulsion. This effect was absent in animals pretreated with 
[NPhe1]NOC (100 pmol, iv) at a dose that had no effects when given alone and in the AS ODN-treated mice. Data are mean ± SEM of n = 5-8 mice/group. aP < 0.05, 
bP < 0.01, dP < 0.001, vs vehicle-treated mice; fP < 0.01, hP < 0.001 vs nociceptin alone. AS and MM ODN, antisense and mismatched deoxynucleotide, respectively. 
GI: Gastrointestinal; iv: Intravenous.

Sibaev A et al . Nociceptin effect on intestinal motility



77 August 6, 2015|Volume 6|Issue 3|WJGPT|www.wjgnet.com

ORL1 is co-expressed with NOS in mouse colon, but not 
ileum
In line with the single labeling, the RT-PCR data and 
the double labeling with the general neuronal marker 
PGP9.5 showed that a majority of myenteric neurons 
in mouse ileum and colon expressed IR for ORL1 
(Figure 3). This ORL1 labeling was mainly restricted to 
the neuronal somata. Double staining with a nitrergic 
marker revealed high level of co-expression of ORL1 
with NOS in mouse large intestine, but not in the small 
intestine. Corresponding single labeling studies, showed 
comparable staining, thus non-specific findings were 
ruled out (Figure 3). 

Moreover, the presence of the endogenous peptide 
nociceptin was confirmed intracellularly in the majority 
of the myenteric neurons of the mouse colon and both 
NOS and PGP9.5 double-labeled with nociceptin (Figure 
4A). A punctuate intracellular staining pattern suggested 
a localization in vesicles. Since granular staining was 
observed in 100% of the neurons, we performed 
additional control staining in cortex and hippocampus, 
i.e., regions where distinct subpopulations of neurons 
are known to stain positive for nociceptin (Figure 4B). 

Electrophysiological recordings show that nociceptin 
reduces excitatory and inhibitory junction potentials in 
the mouse colon
Under basal conditions, circular smooth muscle cells of 
mouse large bowel displayed stable resting membrane 
potentials (-53.9 ± 3.7 mV, n = 17). Stimulation of 
myenteric neurons with EFS gave rise to junction 
potentials sensitive to TTX.

In the colon (proximal), an EJP was followed by a 

biphasic IJP, with an initial fIJP followed by a sIJP. In the 
middle colon, EFS with the same stimulation parameter 
elicited a biphasic IJP without an EJP and in the distal 
colon only a monophasic IJP was seen.

The amplitudes of junction potentials were measured 
and compared to membrane potential prior to electrical 
stimulus application. The EJP represents excitatory 
cholinergic neurotransmission, the sIJP inhibitory 
nitrergic neurotransmission and the fIJP purinergic 
inhibitory neurotransmission as detailed earlier[33]. 

Increasing the nociceptin concentrations (1 nmol/L-1 
µmol/L), led to a significant reduction in EJP in the 
mouse proximal colon and this effect was reversed by 
addition of [NPhe1]NOC, (n = 6; Figure 5A). The fIJP 
was not affected by nociceptin, whereas the sIJP was 
significantly reduced. The effect of nociceptin on the sIJP 
was reversed by [NPhe1]NOC (n = 6; Figure 5A). In the 
middle colon, nociceptin (1 nmol/L-1 µmol/L) reduced 
the sIJP, an effect that was reversed by [NPhe1]NOC 
(n = 6; Figure 5B). The fIJP was not changed. Finally, 
in the distal colon nociceptin (10 nmol/L-1 µmol/L) 
significantly reduced the monophasic IJP, and this effect 
that was also reversed by [NPhe1]NOC (n = 6; Figure 
5C).

Influence of the ORL1 agonist nociceptin on the spatial 
distribution of EJP responses
The ORL1 agonist nociceptin was added in increasing 
doses (100 nmol/L-10 µmol/L) to the organ bath and the 
spatial distribution of the ascending EJP was reported. 
EJPs could be recorded up to a distance of 18-20 
mm. Incubation of the tissues with nociceptin caused 
a reduction in EJP responses to electrical stimulation 
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Figure 2  A representative gel for reverse transcriptase - polymerase chain reaction for opioid-receptor like-1 using total RNA. Two alternatively spliced 
mRNA variants of mouse opioid-receptor like-1 (ORL1) with a size of approximately 320 and 400 bp are expressed in mouse brain (lane 1), longitudinal muscle-
myenteric plexus layer (LMMP) (lane 2) and mucosa (lane 3) of mouse ileum and in LMMP (lane 4) of mouse colon. In the mucosa of mouse colon, only the short 
ORL1 isoform is present (lane 5), whereas the negative control (lane 6) showed no specific polymerase chain reaction product. Lower panel shows results for 
GAPDH, which was used as internal control. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.
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(Figures 6 and 7). For SE 1-6 this decrease represented 
an ORL1 activity on the motor neurons, whereas for SE 
> 7 the effects represented influences on interneurones, 
as characterized previously[34]. Furthermore, the distance 
over which the EJP was recordable, was concentration 
dependently shortened. This suggests that ORL1 
agonism reduces the excitatory responses not only on 
amplitude, but also on the spatial fast propagation in the 
myenteric reflex (ascending part) (Figure 7A). The ORL1 
antagonist [NPhe1]NOC (1 µmol/L), when given alone, 
did not change the spatial distribution of EJPs (Figure 
7B). 

Influence of TTX, hexamethonium, atropine, and 
nociceptin in the partitioned electrophysiological 
chamber
In additional experiments with two separately perfused 
electrophysiological chambers, TTX (3 mmol/L), when 
applied to the stimulatory chamber, reduced the 
EJP in the chamber where recording was performed 
(data not shown). Atropine (1 µmol/L) when added to 

the stimulation chamber did not alter the EJP in the 
recording chamber (data not shown). Hexamethonium 
(100 mmol/L) when given to the stimulatory chamber 
reduced the EJP significantly in the chamber where 
recording was performed [control 29.6 ± 4.3 mV, 
hexamethonium (100 mmol/L) 24.5 ± 4.7 mV; n = 5, P 
< 0.05]. In separate experiments nociceptin was given 
to the stimulatory chamber and significantly reduced 
the EJP in the chamber where the anal recording was 
performed [control 27.9 ± 5.3 mV, nociceptin (1 µmol/L) 
21.9 ± 4.5 mV; n = 7, P < 0.05]. 

DISCUSSION
Due to powerful actions on GI motility opioids are 
clinically used to slow increased GI transit. However, 
opioids are associated with side effects like addiction, 
respiratory depression and sedation, limiting their 
use. The ORL1 receptor and its endogenous ligand, 
nociceptin, have been known for approximately 15 
years, but their effects on GI motility are still not 
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Figure 3  Double-labeling of myenteric plexus whole-mount preparations (A-F; J-L) and cryosections (G-I) of mouse ileum (A-F) and mouse colon (G-L) 
demonstrating co-labeling in myenteric neurons of opioid-receptor like-1 immunoreactivity with the neuron-endocrine marker protein gene product 9.5 or 
nitric oxide synthase. ORL1: Opioid-receptor like-1; NOS: Nitric oxide synthase; PGP: Protein gene product.
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fully understood. Since ORL1 activation, unlike the 
classical opioids, appears to be devoid of central side 
effects, drugs targeting the ORL1 receptor may be of 
future use in humans. The present study showed that 
nociceptin and ORL1 are present in the mouse colon 
and both are involved in the regulation of motility and 
neurotransmission. Most importantly, this study for the 

first time proves that the co-expression of ORL1 with 
NOS is crucial for nociceptin effects on GI motility in 
vivo. It also demonstrates that not only motor neurons, 
but also interneurons are modulated by nociceptin in an 
ORL1-dependent manner.

The effect of nociceptin on the GI motility has 
already been investigated by several groups and the 

Figure 4  Double-labeling of myenteric plexus whole-mount preparations with nociception, nitric oxide synthase and neuron-endocrine marker protein 
gene product 9.5 immunoreactivity. A: Double-labeling of myenteric plexus whole-mount preparations of mouse colon demonstrating co-labeling in myenteric 
neurons of nociceptin (NOC) immunoreactivity with nitric oxide synthase (NOS) (A-C) and the neuron-endocrine marker protein gene product 9.5 (PGP9.5) (D-F); 
B: A granular appearance of the nociceptin staining in the myenteric neurons was also observed in brain sections, which served as additional controls. Individual 
immunopositive neurons are recognizable along the entire cortex, be it with slight region-dependent differences in staining intensity. In the hippocampal region also 
neuronal processes stain for nociceptin. The diffuse distribution of nociceptin corresponds with literature data (see also datasheet Abcam). No other structures apart 
from neurons appear to be stained.
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results are often contradictory, depending on the site 
of administration, dose used and the animal model 
employed in the study[23,26,35,36]. Our observations in vivo 
clearly showed a differential, ORL1-dependent action 
of nociceptin in the mouse ileum and colon, where 
it accelerates and decreases the intestinal motility, 
respectively. In an attempt to investigate the possible 
influence of the ORL1 expression patterns on the effect 
of nociceptin, RT-PCR and immunohistochemistry 
studies were then executed. We found that ORL1 mRNA 
and immunoreactivity are present in the GI tract and 
there is practically no difference in expression levels 
between small and large intestine, excluding this factor 
from further investigations. Interestingly, we found 
the expression of an alternatively spliced ORL1 mRNA 
variant[37] in mice that has not been reported in other 
rodents like rats[25]. It remains unresolved whether 
the presence of ORL1 splice variants is associated 
with different receptor functionality; however, in 
view of our latter findings this seems rather unlikely. 

Immunohistochemistry localized ORL1 staining in the 
majority of myenteric neurons of the colon and co-
localisation with NOS suggests that ORL1 is expressed 
on inhibitory neurons, what was previously suggested 
for rats[25]. Of note, there was no co-expression of ORL1 
with NOS in the mouse ileum, what may indicate the 
lack of involvement of nitrergic pathways in the action 
of nociceptin in the small intestine and may explain in 
part the effect that we observed in mice.

Using specific antibodies, nociceptin has previously 
been localized mainly on fibers of myenteric neurons of 
rat colon and neuronal cell bodies of guinea pig colon[9,36]. 
Our study extends these observations to mouse colon 
and for the first time reports that nociceptin appears to 
be present in vesicles in the cell body of the majority of 
myenteric neurons, where it double labels with NOS and 
PGP9.5. In contrast to the guinea pig, where nociceptin 
can be found only on a limited number of neurons, in the 
mouse nociceptin is present in the majority of neurons. 

We proceeded with our investigation by performing 
electrophysiological recordings and found that nociceptin 
significantly reduced electrically-induced contractions 
in vitro; moreover, these effects showed regional diffe-
rences. The notion that the ORL1 receptor is involved 
modulation of intestinal motility was indicated by the 
finding that [Nphe1]NOC antagonized the effects of 
nociceptin. Since the nociceptin effects were unchanged 
in naloxone presence no other opioid receptors are 
involved and this is in agreement with observations 
published by others[27,38,39]. Furthermore, we found 
in agreement with others no effect of nociceptin or 
[Nphe1]NOC on pharmacologically stimulated smooth 
muscle or basal tone[22,24,25,40] and are strongly supported 
by our immunohistochemical studies, which localize 
ORL1 receptors on neuronal, but not on smooth muscle 
cells.

The most important findings in our study were 
illustrated by further intracellular recordings in the mouse 
colon. Nociceptin produced a significant inhibitory effect 
on EJPs, which, in addition, was the lowest in the middle 
colon compared to effects in proximal and distal colonic 
tissues. Furthermore, sIJP were reduced by nociceptin, 
suggesting ORL1 involvement in excitatory cholinergic 
and inhibitory neurotransmission. The sIJP is known 
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to resemble the nitrergic inhibitory neurotransmission, 
which is further stressed by our immunohistochemical 
findings, showing that the ORL1 was co-localized with 
NOS, as well as our observations in vivo.

The present study shows am involvement of 
nociceptin and the ORL1 in ascending myenteric neuronal 
network circuits in the colon and increases our current 
understanding about ORL1 neurotransmission. EJP, which 
represents excitatory cholinergic neurotransmission was 
reduced by nociceptin[33], in a [Nphe1]NOC-reversible 
manner at all involved sites of stimulation, but also 
shortened the transmission distance. This observation 
leads us to postulate that not only motor neurons, but 
also interneurons are modulated by nociceptin. The 
nociceptin-induced reduction of the EJP amplitude at the 
shorter distances (SE1-6) points to an action at ORL1 
on motor-neurons. However, the shortened distance of 
transmission of the EJP was caused by ORL1 actions on 
inter-neurons. Here ORL1 activation reduced spreading 
of the electrical signal and excitatory neurotransmission. 
The shortened transmission distances reported here may 
be explained by different neuronal mechanisms, e.g., 
reduced pre- or postsynaptic neurotransmitter release or 
neuronal excitability as underlying mechanisms[41,42]. 

The experiments with hexamethonium show 
that transmission involving ganglions is involved in 
EJP transmission, since EJPs were abolished by hexa-
methonium beyond 10 mm. In our study EJPs at the 
closer stimulation sites were reduced and this reduction 
effect was found to be higher than the remainder 
amplitude in presence of hexametonium, which suggests 
that the ORL1 influenced neurotransmission on motor 
neurons. 

[Nphe1]NOC alone had no influence on the electro-
physiological parameter observed, but did antagonize 
the effect of nociceptin, lending clear evidence to the 
hypothesis that the receptors on motor neurons and 
interneurons are ORL1 receptors. Our experiments in 
the separatable electrophysiological chamber clearly 
indicated that ORL1 activation minimizes interneuron 
neurotransmission. This happens to an extent com-
parable to that seen with the ganglionic blocker hexa-
methonium. Therefore, our study shows for the first time 
that ORL1 receptors are located on myenteric plexus 

interneurons and additionally on neuromuscular junctions 
of motor neurons.

In summary, our study shows for the first time 
that nociceptin activates ORL1 on motorneurons and 
interneurons, which leads to a decrease in cholinergic 
excitatory and inhibitory nitrergic neurotransmission. In 
the cholinergic excitatory pathways nociceptin reduces 
not only the local transmission of EJP, but also the 
spatial spreading of ascending excitatory responses at 
distances up to 20 mm. Since ORL1 activation, unlike 
other opioid receptor-active drugs, is not associated 
with central side effects, compounds acting at the ORL1 
may be good candidates for the future treatment of 
disorders associated with increased colonic transit, such 
as diarrhea or diarrhea-predominant irritable bowel 
syndrome. 

COMMENTS
Background
The heptadecapeptide nociceptin, also known as orphanin FQ, is the only known 
endogenous agonist at the opioid-receptor like-1 (ORL1) receptor. From a 
structural perspective nociceptin is closely related to the dynorphin family, but 
differs from other endogenous opioids in that it does not possess the N-terminal 
tyrosine residue. Over the last decade, organ bath experiments revealed that 
nociceptin induces contractions by reducing inhibitory neurotransmission and 
causes relaxation by reducing cholinergic neurotransmission. More complex 
preparations disclosed that nociceptin reduces the excitatory components of the 
peristaltic reflex and thus slows gastrointestinal (GI) motility.

Research frontiers
The aim of the study was to investigate the endogenous nociceptin system in 
attempt to elucidate the role and function of ORL1 receptors in the GI tract. Based 
on the effects of nociceptin on the GI motility observed in vivo, localization and 
co-localization of the peptide and its receptor were examined in the mouse ileum 
and colon. Electrophysiology was employed to investigate whether cholinergic 
excitatory junction potentials, purinergic fast inhibitory junction potentials (IJPs) 
and nitrergic slow IJPs are changed by nociceptin, if nociceptin has effects 
on long-distance neurotransmission and motorneurons and interneurons are 
involved. The authors’ results shed new light on the endogenous nociceptin 
system physiology, what may have important clinical implications in future.

Innovations and breakthroughs
The present study shows that nociceptin and ORL1 are present in the mouse 
colon and both are involved in the regulation of motility and neurotransmission. 
Most importantly, this study for the first time proves that the co-expression of 
ORL1 with nitric oxide synthase is crucial for nociceptin effects on GI motility in 
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vivo. It also demonstrates that not only motor neurons, but also interneurons 
are modulated by nociceptin in an ORL1-dependent manner.

Applications
Since ORL1 activation, unlike other opioid receptor-active drugs, is not 
associated with central side effects, compounds acting at the ORL1 may be 
good candidates for the future treatment of disorders associated with increased 
colonic transit, such as diarrhea or diarrhea-predominant irritable bowel 
syndrome.

Terminology
The authors’ observations in vivo clearly showed a differential, ORL1-dependent 
action of nociceptin in the mouse ileum and colon, where it accelerates and 
decreases the intestinal motility, respectively. The authors proceeded with 
our investigation by performing electrophysiological recordings and found 
that nociceptin significantly reduces electrically-induced contractions in vitro; 
moreover, these effects showed regional differences.

Peer-review
Overall this manuscript is well conducted and written. The hypothesis is also 
interest and successful.

REFERENCES
1 Meunier JC, Mollereau C, Toll L, Suaudeau C, Moisand C, 

Alvinerie P, Butour JL, Guillemot JC, Ferrara P, Monsarrat B. 
Isolation and structure of the endogenous agonist of opioid receptor-
like ORL1 receptor. Nature 1995; 377: 532-535 [PMID: 7566152 
DOI: 10.1038/377532a0]

2 Reinscheid RK, Nothacker HP, Bourson A, Ardati A, Henningsen 
RA, Bunzow JR, Grandy DK, Langen H, Monsma FJ, Civelli 
O. Orphanin FQ: a neuropeptide that activates an opioidlike G 
protein-coupled receptor. Science 1995; 270: 792-794 [PMID: 
7481766 DOI: 10.1126/science.270.5237.792]

3 Reinscheid RK, Ardati A, Monsma FJ, Civelli O. Structure-
activity relationship studies on the novel neuropeptide orphanin 
FQ. J Biol Chem 1996; 271: 14163-14168 [PMID: 8662940 DOI: 
10.1074/jbc.271.24.14163]

4 Mollereau C, Parmentier M, Mailleux P, Butour JL, Moisand C, 
Chalon P, Caput D, Vassart G, Meunier JC. ORL1, a novel member 
of the opioid receptor family. Cloning, functional expression and 
localization. FEBS Lett 1994; 341: 33-38 [PMID: 8137918 DOI: 
10.1016/0014-5793(94)80235-1]

5 Guerrini R, Calo’ G, Rizzi A, Bigoni R, Rizzi D, Regoli D, 
Salvadori S. Structure-activity relationships of nociceptin and 
related peptides: comparison with dynorphin A. Peptides 2000; 21: 
923-933 [PMID: 10998526 DOI: 10.1016/S0196-9781(00)00229-1]

6 Chen Y, Fan Y, Liu J, Mestek A, Tian M, Kozak CA, Yu L. 
Molecular cloning, tissue distribution and chromosomal locali-
zation of a novel member of the opioid receptor gene family. FEBS 
Lett 1994; 347: 279-283 [PMID: 8034018 DOI: 10.1016/0014-579
3(94)00560-5]

7 Fukuda K, Kato S, Mori K, Nishi M, Takeshima H, Iwabe N, 
Miyata T, Houtani T, Sugimoto T. cDNA cloning and regional 
distribution of a novel member of the opioid receptor family. FEBS 
Lett 1994; 343: 42-46 [PMID: 8163014 DOI: 10.1016/0014-5793(9
4)80603-9]

8 Hawes BE, Fried S, Yao X, Weig B, Graziano MP. Nociceptin 
(ORL-1) and mu-opioid receptors mediate mitogen-activated 
protein kinase activation in CHO cells through a Gi-coupled 
signaling pathway: evidence for distinct mechanisms of agonist-
mediated desensitization. J Neurochem 1998; 71: 1024-1033 
[PMID: 9721727 DOI: 10.1046/j.1471-4159.1998.71031024.x]

9 O’Donnell AM, Ellis LM, Riedl MS, Elde RP, Mawe GM. 
Distribution and chemical coding of orphanin FQ/nociceptin-
immunoreactive neurons in the myenteric plexus of guinea pig 
intestines and sphincter of Oddi. J Comp Neurol 2001; 430: 1-11 
[PMID: 11135242 DOI: 10.1002/1096-9861(20010129)430:1<1::

AID-CNE1011>3.0.CO;2-H]
10 Allescher HD, Storr M, Brechmann C, Hahn A, Schusdziarra V. 

Modulatory effect of endogenous and exogenous opioids on the 
excitatory reflex pathway of the rat ileum. Neuropeptides 2000; 34: 
62-68 [PMID: 10688971 DOI: 10.1054/npep.1999.0789]

11 Grider JR, Makhlouf GM. Role of opioid neurons in the regulation 
of intestinal peristalsis. Am J Physiol 1987; 253: G226-G231 [PMID: 
2887119]

12 Kromer W. The current status of opioid research on gastro-
intestinal motility. Life Sci 1989; 44: 579-589 [PMID: 2564621 
DOI: 10.1016/0024-3205(89)90190-2]

13 Kaufman PN, Krevsky B, Malmud LS, Maurer AH, Somers MB, 
Siegel JA, Fisher RS. Role of opiate receptors in the regulation 
of colonic transit. Gastroenterology 1988; 94: 1351-1356 [PMID: 
2834257]

14 Manaka H, Manaka Y, Kostolanska F, Fox JE, Daniel EE. Release 
of VIP and substance P from isolated perfused canine ileum. Am J 
Physiol 1989; 257: G182-G190 [PMID: 2475029]

15 Donnerer J, Holzer P, Lembeck F. Release of dynorphin, 
somatostatin and substance P from the vascularly perfused small 
intestine of the guinea-pig during peristalsis. Br J Pharmacol 1984; 
83: 919-925 [PMID: 6083815]

16 Allescher HD, Storr M, Piller C, Brantl V, Schusdziarra V. Effect 
of opioid active therapeutics on the ascending reflex pathway in 
the rat ileum. Neuropeptides 2000; 34: 181-186 [PMID: 11021978 
DOI: 10.1054/npep.2000.0811]

17 Storr M, Hahn A, Gaffal E, Saur D, Allescher HD. Effects of 
endomorphin-1 and -2 on mu-opioid receptors in myenteric 
neurons and in the peristaltic reflex in rat small intestine. Clin Exp 
Pharmacol Physiol 2002; 29: 428-434 [PMID: 12010188 DOI: 
10.1046/j.1440-1681.2002.03681.x]

18 Coupar IM. The peristaltic reflex in the rat ileum: evidence for 
functional mu- and delta-opiate receptors. J Pharm Pharmacol 1995; 
47: 643-646 [PMID: 8583364 DOI: 10.1111/j.2042-7158.1995.
tb05851.x]

19 Clark SJ, Smith TW. The release of Met-enkephalin from the 
guinea-pig ileum at rest and during peristaltic activity. Life Sci 
1983; 33 Suppl 1: 465-468 [PMID: 6664225 DOI: 10.1016/0024-3
205(83)90542-8]

20 Clark SJ, Smith TW. Peristalsis abolishes the release of 
methionine-enkephalin from guinea-pig ileum in vitro. Eur J 
Pharmacol 1981; 70: 421-424 [PMID: 7227458 DOI: 10.1016/001
4-2999(81)90175-8]

21 Kromer W, Pretzlaff W, Woinoff R. Opioids modulate periodicity 
rather than efficacy of peristaltic waves in the guinea pig ileum in 
vitro. Life Sci 1980; 26: 1857-1865 [PMID: 6249985 DOI: 10.101
6/0024-3205(80)90614-1]

22 Zhang G, Murray TF, Grandy DK. Orphanin FQ has an inhibitory 
effect on the guinea pig ileum and the mouse vas deferens. 
Brain Res 1997; 772: 102-106 [PMID: 9406961 DOI: 10.1016/
S0006-8993(97)00858-5]

23 Yazdani A, Takahashi T, Bagnol D, Akil H, Watson SJ. A newly 
discovered neuropeptide orphanin FQ: its distribution and action in 
rat gastrointestinal tract. Gastroenterology 1997; 112: A1201

24 Osinski MA, Pampusch MS, Murtaugh MP, Brown DR. Cloning, 
expression and functional role of a nociceptin/orphanin FQ receptor 
in the porcine gastrointestinal tract. Eur J Pharmacol 1999; 365: 
281-289 [PMID: 9988113 DOI: 10.1016/S0014-2999(98)00869-3]

25 Yüce B, Sibaev A, Haaken A, Saur D, Allescher HD, Göke B, 
Timmermans JP, Storr M. ORL-1 receptor mediates the action 
of nociceptin on ascending myenteric reflex pathways in rats. 
Gastroenterology 2007; 133: 574-586 [PMID: 17681177]

26 Broccardo M, Agostini S, Petrella C, Guerrini R, Improta G. 
Central and peripheral role of the nociceptin/orphaninFQ system 
on normal and disturbed colonic motor function and faecal pellet 
output in the rat. Neurogastroenterol Motil 2008; 20: 939-948 
[PMID: 18410266 DOI: 10.1111/j.1365-2982.2008.01120.x]

27 Osinski MA, Brown DR. Orphanin FQ/nociceptin: a novel 
neuromodulator of gastrointestinal function? Peptides 2000; 21: 
999-1005 [PMID: 10998534 DOI: 10.1016/S0196-9781(00)00240-

Sibaev A et al . Nociceptin effect on intestinal motility



83 August 6, 2015|Volume 6|Issue 3|WJGPT|www.wjgnet.com

0]
28 Fichna J, Schicho R, Andrews CN, Bashashati M, Klompus M, 

McKay DM, Sharkey KA, Zjawiony JK, Janecka A, Storr MA. 
Salvinorin A inhibits colonic transit and neurogenic ion transport 
in mice by activating kappa-opioid and cannabinoid receptors. 
Neurogastroenterol Motil 2009; 21: 1326-e128 [PMID: 19650775 
DOI: 10.1111/j.1365-2982.2009.01369.x]

29 Kamysz E, Sałaga M, Sobczak M, Kamysz W, Fichna J. 
Characterization of the effects of opiorphin and sialorphin and 
their analogs substituted in position 1 with pyroglutamic acid on 
motility in the mouse ileum. J Pept Sci 2013; 19: 166-172 [PMID: 
23381913]

30 Saur D, Paehge H, Schusdziarra V, Allescher HD. Distinct 
expression of splice variants of neuronal nitric oxide synthase in the 
human gastrointestinal tract. Gastroenterology 2000; 118: 849-858 
[PMID: 10784584 DOI: 10.1016/S0016-5085(00)70171-5]

31 Saur D, Seidler B, Paehge H, Schusdziarra V, Allescher HD. 
Complex regulation of human neuronal nitric-oxide synthase exon 
1c gene transcription. Essential role of Sp and ZNF family members 
of transcription factors. J Biol Chem 2002; 277: 25798-25814 
[PMID: 11960979 DOI: 10.1074/jbc.M109802200]

32 Storr M, Sibaev A, Marsicano G, Lutz B, Schusdziarra V, 
Timmermans JP, Allescher HD. Cannabinoid receptor type 1 
modulates excitatory and inhibitory neurotransmission in mouse 
colon. Am J Physiol Gastrointest Liver Physiol 2004; 286: 
G110-G117 [PMID: 12893627 DOI: 10.1152/ajpgi.00148.2003]

33 Sibaev A, Franck H, Vanderwinden JM, Allescher HD, Storr M. 
Structural differences in the enteric neural network in murine 
colon: impact on electrophysiology. Am J Physiol Gastrointest 
Liver Physiol 2003; 285: G1325-G1334 [PMID: 12881230]

34 Sibaev A, Yüce B, Allescher HD, Göke B, Storr M. A new 
electrophysiological tool to investigate the spatial neuronal 
projections within the myenteric ascending reflex of the mouse 
colon. Clin Exp Pharmacol Physiol 2008; 35: 744-750 [PMID: 

18346174 DOI: 10.1111/j.1440-1681.2008.04919.x]
35 Osinski MA, Bass P, Gaumnitz EA. Peripheral and central actions 

of orphanin FQ (nociceptin) on murine colon. Am J Physiol 1999; 
276: G125-G131 [PMID: 9886987]

36 Yazdani A, Takahashi T, Bagnol D, Watson SJ, Owyang C. 
Functional significance of a newly discovered neuropeptide, 
orphanin FQ, in rat gastrointestinal motility. Gastroenterology 
1999; 116: 108-117 [PMID: 9869608 DOI: 10.1016/S0016-5085(9
9)70234-9]

37 Pan YX, Xu J, Wan BL, Zuckerman A, Pasternak GW. Identi-
fication and differential regional expression of KOR-3/ORL-1 gene 
splice variants in mouse brain. FEBS Lett 1998; 435: 65-68 [PMID: 
9755860 DOI: 10.1016/S0014-5793(98)01039-4]

38 Menzies JR, Glen T, Davies MR, Paterson SJ, Corbett AD. 
In vitro agonist effects of nociceptin and [Phe(1)psi(CH(2)-
NH)Gly(2)]nociceptin(1-13)NH(2) in the mouse and rat colon 
and the mouse vas deferens. Eur J Pharmacol 1999; 385: 217-223 
[PMID: 10607879 DOI: 10.1016/S0014-2999(99)00700-1]

39 Rizzi A, Bigoni R, Caló G, Guerrini R, Salvadori S, Regoli D. 
[Nphe(1)]nociceptin-(1-13)-NH(2) antagonizes nociceptin effects 
in the mouse colon. Eur J Pharmacol 1999; 385: R3-R5 [PMID: 
10607891 DOI: 10.1016/S0014-2999(99)00730-X]

40 Calò G, Rizzi A, Bodin M, Neugebauer W, Salvadori S, Guerrini 
R, Bianchi C, Regoli D. Pharmacological characterization of 
nociceptin receptor: an in vitro study. Can J Physiol Pharmacol 
1997; 75: 713-718 [PMID: 9276153 DOI: 10.1139/y97-055]

41 Vaughan CW, Ingram SL, Christie MJ. Actions of the ORL1 
receptor ligand nociceptin on membrane properties of rat 
periaqueductal gray neurons in vitro. J Neurosci 1997; 17: 996-1003 
[PMID: 8994054]

42 Yu TP, Xie CW. Orphanin FQ/nociceptin inhibits synaptic 
transmission and long-term potentiation in rat dentate gyrus 
through postsynaptic mechanisms. J Neurophysiol 1998; 80: 
1277-1284 [PMID: 9744938]

P- Reviewer: Lambrecht NW, Senates ES    S- Editor: Ji FF    
L- Editor: A    E- Editor: Liu SQ  

Sibaev A et al . Nociceptin effect on intestinal motility



Adeyinka O Laiyemo, Clinton Burnside, Maryam A Laiyemo, John Kwagyan, Carla D Williams, Kolapo A Idowu, 
Hassan Ashktorab, Angesom Kibreab, Victor F Scott, Andrew K Sanderson

Adeyinka O Laiyemo, Hassan Ashktorab, Angesom Kibreab, 
Victor F Scott, Andrew K Sanderson, Department of Medicine, 
Howard University College of Medicine, Washington, DC 20060, 
United States

Clinton Burnside, Carla D Williams, Kolapo A Idowu, Howard 
University Cancer Center, Washington, DC 20060, United States

Maryam A Laiyemo, Department of Biological Sciences, 
College of Arts and Sciences, Howard University, Washington, 
DC 20060, United States

John Kwagyan, Georgetown-Howard Universities Center for 
Clinical and Translations Science, Washington, DC 20060, 
United States

Author contributions: All authors contributed to this manuscript.

Supported by In part, the Bridge Funds and Pilot Study Awards 
Program  of Howard University, No. U400043; by grant awards 
from the National Center for Advancing Translational Science, 
Nos. KL2TR000102-04 and UL1RT000101; from the National 
Institute for Diabetes, Digestive Diseases and Kidney, No. 
R21DK100875; and National Institutes of Health (to Dr. Laiyemo 
AO).

Institutional review board statement: The study was approved 
by the Institutional Review Board of Howard University, 
Washington DC (Reference = IRB-12-MED-17).

Informed consent statement: All participants gave written 
informed consent prior to participation.

Conflict-of-interest statement: None.

Data sharing statement: No.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 

different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Adeyinka O Laiyemo, MD, MPH, 
Division of Gastroenterology, Department of Medicine, Howard 
University College of Medicine, 2041 Georgia Avenue, NW, 
Washington, DC 20060, 
United States. adeyinka.laiyemo@howard.edu
Telephone: +1-202-8657186
Fax: +1-202-8654607

Received: March 16, 2015   
Peer-review started: March 18, 2015  
First decision: April 10, 2015
Revised: May 26, 2015 
Accepted: June 9, 2015
Article in press: June 11, 2015
Published online: August 6, 2015

Abstract
AIM: To examine whether non-alcoholic beverage intake 
preferences can guide polyethylene glycol (PEG)-based 
bowel laxative preparation selection for patients.

METHODS: We conducted eight public taste test sessions 
using commercially procured (A) unflavored PEG, (B) 
citrus flavored PEG and (C) PEG with ascorbate (Moviprep). 
We collected characteristics of volunteers including their 
beverage intake preferences. The volunteers tasted 
the laxatives in randomly assigned orders and ranked 
the laxatives as 1st, 2nd, and 3rd based on their taste 
preferences. Our primary outcome is the number of 1st 
place rankings for each preparation. 

RESULTS: A total of 777 volunteers completed the 
study. Unflavored PEG was ranked as 1st by 70 (9.0%), 
flavored PEG by 534 (68.7%) and PEG with ascorbate by 
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173 (22.3%) volunteers. Demographic, lifestyle charac-
teristics and beverage intake patterns for coffee, tea, 
and carbonated drinks did not predict PEG-based laxative 
preference.

CONCLUSION: Beverage intake pattern was not a useful 
guide for PEG-based laxative preference. It is important to 
develop more tolerable and affordable bowel preparation 
laxatives for colonoscopy. Also, patients should taste their 
PEG solution with and without flavoring before flavoring 
the entire gallon as this may give them more opportunity 
to pick a pattern that may be more tolerable.

Key words: Bowel preparation; Laxatives; Colonoscopy; 
Taste tests; Colon cancer; Screening

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: There is a need to improve patients’ experience 
with bowel preparation process in order to optimize both 
colonoscopy uptake. Polyethelene glycol (PEG) is the most 
widely used laxative but many patients do not readily 
tolerate it because of its taste. We evaluated whether 
beverage intake preference pattern can be a useful guide 
for predicting tolerability of bowel preparation laxative 
in multiple public taste tests. Our study suggested that 
no demographic or lifestyle factors predicted bowel 
preparation taste preference for PEG-based preparations. 
We recommend that patients should taste PEG formulation 
before flavoring it to assist them in choosing a more 
tolerable pattern of ingestion.

Laiyemo AO, Burnside C, Laiyemo MA, Kwagyan J, Williams 
CD, Idowu KA, Ashktorab H, Kibreab A, Scott VF, Sanderson 
AK. Beverage intake preference and bowel preparation laxative 
taste preference for colonoscopy. World J Gastrointest Phar
macol Ther 2015; 6(3): 84-88  Available from: URL: http://www.
wjgnet.com/2150-5349/full/v6/i3.84.htm  DOI: http://dx.doi.
org/10.4292/wjgpt.v6.i3.84

INTRODUCTION
Colorectal cancer (CRC) remains a leading cause of 
cancer-related deaths[1] despite evidence from case-
control[2-4], cohort[5] and randomized control studies[6-8] 
that screening reduces the risk of death from the 
disease because a large proportion of age-eligible 
adults in the United States have not been screened[9,10]. 
This is a major public health problem. Although there 
are multiple acceptable options for CRC screening[11], 
colonoscopy is the only modality for surveillance, 
diagnostic and therapeutic purposes. 

Colonoscopy requires a full bowel preparation using 
oral laxative agents. However, a substantial percentage 
of patients do not readily tolerate their bowel laxatives 
for colonoscopy. Inadequate bowel preparation wastes 
limited endoscopic resources in addition to patients’ and 

providers’ time and reduces the enthusiasm for repeat 
screening among patients[12]. Furthermore, inadequate 
endoscopy has been associated with subsequent 
colorectal cancer[13] underscoring the importance of 
achieving a high quality preparation for colonoscopy. 

Given that the palatability of substances varies 
among people, we postulated that beverage intake 
preferences may be a useful guide to personalize bowel 
preparation recommendations for patients. We tested 
this hypothesis by conducting public taste tests among 
volunteers to correlate their beverage intake patterns to 
their preferred bowel preparations’ taste.

MATERIALS AND METHODS
Public taste tests
The study was approved by the Institutional Review 
Board of Howard University (IRB-12-MED-17). We 
conducted eight public taste test sessions at Howard 
University Hospital lobby from July 2012 to March 
2013. The objective of the taste test was to determine 
participants’ preferences for 3 commercially procured 
preparations of polyethylene glycol-(PEG) 3350 used 
for bowel preparation for colonoscopy. These were: (1) 
Unflavored PEG; (2) citrus flavored PEG; and (3) PEG 
with sodium ascorbate and ascorbic acid (Moviprep®, 
Raleigh, NC). 

The study was open to any volunteer (visitors, 
ambulatory care patients, students, and staff) if they 
were at least 18 years old. The study was explained 
to each participant and written informed consent was 
obtained. Each participant completed an intake form 
providing information on their demographic charac-
teristics (age, sex, self identified race, highest education 
attained, income, marital status and self reported weight 
and height), lifestyle choices (smoking status and 
alcohol intake) and their non-alcoholic beverage intake 
preferences and patterns for coffee, tea and carbonated 
drinks (soda). Subsequently, volunteers tasted and drank 
10 cc (equivalent to 2 teaspoons) of each laxative in 
randomly selected order (ABC, BCA, CAB) and rated the 
laxatives based on their preferences in an ordinal fashion 
with the preferred laxative rated as 1st, then 2nd for the 
next preferred and 3rd for the least preferred laxative. We 
offered confectioneries to each volunteer on completion 
of their participation in the study.

Exposure and outcome assessment
Information on how each volunteer prefers to drink coffee 
was collected with five options: (1) I do not drink coffee; 
(2) Without milk/cream; without sugar/sweetener; (3) 
Without milk/cream; with sugar/sweetener; (4) With 
milk/cream; without sugar/sweetener; and (5) With 
milk/cream; with sugar/sweetener. Similar information 
was obtained for tea intake. They were also asked if 
they drink regular carbonated drinks (soda), diet soda, 
and whether they prefer the taste of diet soda to regular 
soda. Our primary outcome was the number of 1st place 
ranking for each laxative preparation. 
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Statistical analysis
We calculated the percentages of volunteers who 
preferred each laxative’s taste and compared the 
characteristics of participants who selected each laxative 
as 1st vs those who did not. Missing variables were 
set to missing without the use of dummy variables. 
We used logistic regression models to compare the 
characteristics of volunteers who chose each laxative 
as 1st to the rest of the volunteers and calculated odds 
ratios (OR) and 95%CI. We performed similar analyses 
and compared the pattern of beverage intake for coffee, 
tea, and soda with those who did not drink these 
beverages. We evaluated the predictive accuracy of 
the models by calculating the area under the receiver 
operating characteristics curve (AUC). We used Stata® 
statistical software version 11.2 (College Station, Texas) 
for our analyses.

RESULTS
A total of 777 volunteers completed the taste test. The 
mean age of volunteers was 45.1 years (range 18-83 

years), 432 (56.0%) women and 657 (84.6%) blacks. 
Seventy (9.0%) participants preferred unflavored PEG 
as first choice, 534 (68.7%) preferred flavored PEG 
while 173 (22.3%) preferred PEG with ascorbate.

Overall, no demographic or lifestyle characteristics 
adequately predicted the preference for any bowel 
laxative. Volunteers who were older than 50 years 
(OR = 0.69; 95%CI: 0.49-0.97) and those with 
hypertension (OR = 0.53; 95%CI: 0.36-0.79) were 
less likely to prefer PEG with ascorbate as first choice. 
Although those with hypertension were more likely to 
prefer flavored PEG (OR = 1.65; 95%CI: 1.17-2.23) 
but the predictive accuracy was low (AUC = 0.55). 
Volunteers with college education were more likely 
to prefer PEG with ascorbate (OR = 1.50; 95%CI: 
1.06-2.12), but the predictive accuracy was also low 
(AUC = 0.55). Similarly, women were more likely to 
prefer unflavored PEG (OR = 1.90; 95%CI: 1.11-3.24), 
albeit with low predictive accuracy (AUC = 0.57) (Table 
1). The coffee, tea and carbonated drinks intake pattern 
of volunteers were not associated with laxative taste 
preferences (Table 2). 
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Table 1  Association of demographic and lifestyle characteristics with bowel preparation taste preference

Characteristics n Preferred unflavored PEG (n  = 70) Preferred flavored PEG (n  = 534) Preferred moviprep (n  = 173)

n  (%) OR (95%CI) n  (%) OR (95%CI) n  (%) OR (95%CI)
Age ≥ 50 yr
   No 421 32 (7.6) Reference 283 (67.2) Reference 106 (25.2) Reference
   Yes 356   38 (10.6) 1.45 (0.89-2.38) 251 (70.5) 1.17 (0.86-1.58)   67 (18.8) 0.69 (0.49-0.97)
Sex 
   Male 340 21 (6.2) Reference 242 (71.2) Reference   77 (22.7) Reference
   Female 432   48 (11.1) 1.90 (1.11-3.24) 288 (66.7) 0.81 (0.60-1.10)   96 (22.2) 0.98 (0.69-1.37)
Race
   Non-blacks 120   12 (10.0) Reference   83 (69.2) Reference   25 (20.8) Reference
   Blacks 657 58 (8.8) 0.87 (0.45-1.68) 451 (68.7) 0.98 (0.64-1.49) 148 (22.5) 1.10 (0.69-1.78)
Marital status
   Unmarried 455   38 (8.4) Reference 314 (69.0) Reference 103 (22.6) Reference
   Married 169 13 (7.7) 0.91 (0.47-1.76) 110 (65.1) 0.84 (0.57-1.22)   46 (27.2) 1.28 (0.85-1.91)
College education
   No 418 41 (9.8) Reference 299 (71.5) Reference   78 (18.7) Reference
   Yes 343 27 (7.9) 0.79 (0.47-1.31) 228 (66.5) 0.79 (0.58-1.07)   88 (25.7) 1.50 (1.06-2.12)
Yearly income < $25000
   No 437 33 (7.6) Reference 302 (69.1) Reference 102 (23.3) Reference
   Yes 268   29 (10.8) 1.49 (0.88-2.51) 181 (67.5) 0.93 (0.67-1.29)   58 (21.6) 0.91 (0.63-1.31)
BMI
   < 25 kg/m2 223 18 (8.1) Reference 150 (67.3) Reference   55 (24.7) Reference
   25-29 kg/m2 258 25 (9.7) 1.22 (0.65-2.30) 172 (66.7) 0.97 (0.66-1.42)   61 (23.6) 0.95 (0.62-1.44)
   ≥ 30 kg/m2 275 26 (9.5) 1.19 (0.63-2.23) 199 (72.4) 1.27 (0.87-1.87)   50 (18.7) 0.68 (0.44-1.05)
History of smoking
   No 485 38 (7.8) Reference 334 (68.9) Reference 113 (23.3) Reference
   Yes 286   32 (11.2) 1.48 (0.90-2.43) 195 (68.2) 0.97 (0.71-1.33)   59 (20.6) 0.86 (0.60-1.22)
Alcohol
   No 311 26 (8.4) Reference 216 (69.5) Reference   69 (22.2) Reference
   Yes 457 42 (9.2) 1.11 (0.66-1.85) 312 (68.3) 0.95 (0.69-1.29) 103 (22.5) 1.02 (0.72-1.44)
Health history
   Diabetes
      No 661 51 (8.8) Reference 453 (68.5) Reference 150 (22.7) Reference
      Yes 107   11 (10.3) 1.19 (0.60-2.35)   76 (71.0) 1.13 (0.72-1.76)   20 (18.7) 0.78 (0.47-1.32)
   Hypertension
      No 521 48 (9.2) Reference 341 (65.5) Reference 132 (25.3) Reference
      Yes 248 22 (8.9) 0.96 (0.57-1.63) 188 (75.8) 1.65 (1.17-2.33) 138 (15.3) 0.53 (0.36-0.79)

Missing data: sex = 5; marital status = 153; education = 16; income = 72; BMI = 21; smoking status = 6; alcohol = 9; diabetes = 9; hypertension = 8. PEG: 
Polyethylene glycol; BMI: Body mass index.
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tasted by 100 subjects, Diab et al[14] reported that the 
majority of subjects preferred the flavored products 
while 22% rated unflavored PEG as their first choice. 
Furthermore, Hayes et al[15] reported that flavoring PEG 
(Colyte®) solution did not improve bowel preparation as 
compared to unflavored PEG.

An approach to ameliorate this challenge will be 
for manufacturers to provide free samples of their 
laxatives for patients to try at their endoscopists’ offices. 
However, this may not be a viable option particularly as 
the relationship of pharmaceutical industries with care 
providers is under close scrutiny in many institutions 
and provision of free “test” samples medications has 
been abolished in many institutions. Therefore, it is 
imperative to develop palatable bowel preparation 
laxatives and make them affordable.

A notable strength of our study is that we studied 
the taste preference of a large number of volunteers. 
However, a limitation of our study is that we drew our 
inference from preferences that were based on tasting 
a small volume of laxatives by participants. However, 
if a small volume of a solution tastes really bad, it is 
highly unlikely that a large volume of it will be tolerable. 
Nonetheless, we acknowledge that it is conceivable 
that the sheer volume of solution to actually consume 
for colonoscopy preparation may further influence the 
overall experience of patients. Although our study was 
open to the general public, it was conducted at a single 
institution. Furthermore, the majority of our participants 
were black and the experience of other race-ethnicities 
may be different since beverage intake patterns and 
preferences may vary based on social characteristics.  

In conclusion, the demographic characteristics, 
lifestyle choices and beverage intake preferences 

DISCUSSION
In this large study of volunteers in public taste tests, 
demographic, lifestyle and beverage intake patterns 
of volunteers did not predict their taste preferences 
for the studied bowel laxatives commonly used in the 
preparation process for colonoscopy. This suggests that 
these characteristics are not clinically useful to guide 
the selection of laxatives for colonoscopy. It is unclear 
why beverage intake patterns of our participants 
did not predict their preferences for bowel laxatives 
examined in this study. However, we speculate that 
beverage intake patterns are probably more unique 
to the individuals and can be varied in composition 
more readily than the limited taste range of the bowel 
laxatives. It will be important to develop better tasting 
and more acceptable bowel preparation laxatives and 
make them available and affordable to all patients.

Improving bowel preparation experience of patients 
is an important step to enhance uptake of CRC 
screening using colonoscopy. Previous interventions 
have involved reduction in the salt content and flavoring 
of the solutions by manufacturers. For those with low 
socio-economic status, these newer products are often 
not accessible because they are generally not considered 
to be “preferred brands” and are either not covered by 
their third party payers or covered with substantially 
higher co-pays. Bowel preparations containing PEG is the 
predominant laxative used in the preparation process for 
colonoscopy but salty taste and large volume of these 
solutions limit their tolerability. PEG is generally covered 
by health insurance and is relatively inexpensive. The 
effect of flavoring of PEG on patients’ tolerability is 
uncertain. In a taste test involving 5 PEG preparations 

Table 2  Association of beverage intake preferences with bowel preparation taste preference

Beverage intake n Preferred unflavored PEG (n  = 70) Preferred flavored PEG (n  = 534) Preferred Moviprep (n  = 173)

n  (%) OR (95%CI) n  (%) OR (95%CI) n  (%) OR (95%CI)
Coffee intake pattern
   Don't drink coffee 265 22 (8.3) Reference 183 (69.1) Reference   60 (22.6) Reference
   No milk, no sugar   41   4 (9.8) 1.19 (0.39-3.66)   27 (65.9) 0.86 (0.43-1.73)   10 (24.4) 1.10 (0.51-2.38)
   With sugar, no milk   42   2 (4.8) 0.55 (0.13-2.44)   34 (81.0) 1.90 (0.84-4.29)     6 (14.3) 0.57 (0.23-1.42)
   With milk, no sugar   65     9 (13.9) 1.78 (0.78-4.06)   42 (64.6) 0.82 (0.46-1.45)   14 (21.5) 0.94 (0.49-1.81)
   With milk, with sugar 336 31 (9.2) 1.12 (0.63-1.99) 230 (68.5) 0.97 (0.69-1.38)   75 (22.3) 0.98 (0.67-1.44)
Tea intake pattern
   Don't drink tea 138   14 (10.1) Reference   96 (69.6) Reference   28 (20.3) Reference
   No milk, no sugar   89   6 (6.7) 0.64 (0.24-1.73)   63 (70.8) 1.06 (0.59-1.90)   20 (22.5) 1.14 (0.60-2.18)
   With sugar, no milk 336 30 (8.9) 0.87 (0.44-1.69) 240 (71.4) 1.09 (0.71-1.69)   66 (19.6) 0.96 (0.59-1.57)
   With milk, no sugar   25   2 (8.0) 0.77 (0.16-3.62)   16 (64.0) 0.78 (0.32-1.90)     7 (28.0) 1.53 (0.58-4.02)
   With milk, with sugar 153 14 (9.2) 0.89 (0.41-1.94)   96 (62.8) 0.74 (0.45-1.20)   43 (28.1) 1.54 (0.89-2.65)
Carbonated drinks
   Regular soda intake
      No 269   27 (10.0) Reference 180 (66.9) Reference   62 (23.1) Reference
      Yes 482 41 (8.5) 0.83 (0.50-1.39) 336 (69.7) 1.14 (0.83-1.57) 105 (21.8) 0.93 (0.65-1.33)
   Diet soda intake
      No 493 43 (8.7) Reference 336 (68.2) Reference 114 (23.1) Reference
      Yes 218 19 (8.7) 1.00 (0.57-1.76) 155 (71.1) 1.15 (0.81-1.63)   44 (20.2) 0.84 (0.57-1.24)
   Prefers the taste of diet soda to regular soda 
      No 582 47 (8.1) Reference 402 (69.1) Reference 133 (22.9) Reference
      Yes 111   13 (11.7) 1.51 (0.79-2.89)   76 (68.5) 0.97 (0.63-1.51)   22 (19.8) 0.83 (0.50-1.38)

PEG: Polyethylene glycol.
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of volunteers in this large taste test did not predict 
preferences for PEG-based bowel preparation laxatives 
to be a clinically useful guide to improve the experience 
of patients undergoing CRC screening. There is a need 
to develop palatable and affordable bowel preparation 
laxatives.
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This underscores the need to improve bowel preparation quality during 
colonoscopy, and overall bowel preparation experience of the population when 
undergoing colonoscopy.

Innovations and breakthroughs
The current study examined whether personalized uniqueness of beverage 
intake of coffee, tea and carbonated drinks can be useful to guide the selection 
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Abstract
Kaposi’s sarcoma (KS) of the gastrointestinal tract is not 
an uncommon disease among individuals with acquired 
immunodeficiency syndrome (AIDS). The majority is 
asymptomatic, and for this reason, gastrointestinal KS 
(GI-KS) remains undiagnosed. With continued tumor 
growth, considerable variation in clinical presentation 
occurs including abdominal pain, nausea, vomiting, iron 
deficiency anemia (either chronic or frank gastrointestinal 
bleeding), and rarely mechanical obstruction alone 
or combined with bowel perforation. Endoscopy with 
biopsy allows for histological and immunohistochemical 
testing to confirm the diagnosis of GI-KS among those 
with clinical symptoms. In previous studies, dual 
treatment with highly active antiretroviral therapy and 
systemic chemotherapy have been associated with 
improved morbidity and mortality in individuals with 
visceral KS. Therefore, investigators have suggested 
performing screening endoscopies in select patients 
for early detection and treatment to improve outcome. 
In this review, we describe a 44 years old man with 
AIDS and cutaneous KS who presented for evaluation 
of postprandial abdominal pain, vomiting, and weight 
loss. On upper endoscopy, an extensive, infiltrative, 
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circumferential, reddish mass involving the entire 
body and antrum of the stomach was seen. Histologic 
examination later revealed spindle cell proliferation, and 
confirmatory immunohistochemical testing revealed 
human herpes virus 8 latent nuclear antigen expression 
consistent with a diagnosis of gastric KS. Following this, 
we present a comprehensive review of literature on KS 
with emphasis on gastrointestinal tract involvement and 
management.

Key words: Kaposi sarcoma; Acquired immunodeficiency 
syndrome; Gastrointestinal endoscopy; Epidemiology; 
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Core tip: Gastrointestinal Kaposi’s sarcoma (GI-KS) is 
more common than originally thought and the majority 
of patients are asymptomatic and remain undiagnosed. 
Therefore, clinicians should maintain a high suspicion, 
especially among acquired immunodeficiency syndrome 
patients. Screening endoscopies are frequently per-
formed and a recent retrospective study suggested 
using certain clinical factors (low CD4 cell count of < 
100 cell/μL, men who have sex with men, and presence 
of cutaneous Kaposi’s) which may predict occurrence of 
GI-KS endoscopically. Endoscopy to detect GI-KS prior 
to clinical symptom development is desired as initiation 
of combined highly active antiretroviral therapy and 
liposomal doxorubicin therapy has shown to improve 
outcome.
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INTRODUCTION
Kaposi’s sarcoma (KS) is a low grade tumor of the 
vascular endothelium[1]. In the United States, the 
majority of affected individuals have human immuno
deficiency virus (HIV) infection[2]. Although KS can 
develop at any HIV infection stage, it occurs more 
commonly in the setting of advanced immune suppre
ssion[2,3]. In the Western population, the prevalence of 
acquired immunodeficiency syndrome (AIDS) associated 
KS is 6%30%, and affected individuals usually manifest 
with cutaneous disease and/or visceral involvement, of 
which the gastrointestinal (GI) tract is the most common 
extracutaneous site[4]. In untreated AIDS, the GI tract 
is involved in approximately 40%51%, but only one 
in five of affected individuals have GI symptoms[5]. The 
majority are clinically silent (79%), and therefore, most 
visceral KS remain unidentified[4]. In recent studies, 
treatment using combined highly active antiretroviral 

therapy (HAART) and systemic chemotherapy was 
associated with a significant improvement in morbidity 
and mortality[6]. Therefore some experts have suggested 
screening endoscopy in select patients for early 
detection and initiation of treatment to improve survival 
outcome[7]. 

CASE REPORT
A 44 years old man presented to the emergency 
department for evaluation of worsening abdominal pain 
following oral intake. Abdominal pain was described 
as cramping and associated with severe nausea and 
vomiting of ingested food. Clinical symptoms were 
unrelated to food type (acidic, dairy, or glutencontaining 
groups), and occurred after either solid or liquid intake. 
At evaluation, he was unable to tolerate anything by 
mouth and reported an associated 10 pound weight loss 
over a 1 mo period. Past medical history was significant 
for AIDS and cutaneous Kaposi sarcoma diagnosed 
by skin biopsy 4 years previously. Home medications 
included topical Imiquimod therapy for cutaneous 
KS, and recent initiation of HAART (2 mo prior to 
presentation) for low CD4 cell count which was poorly 
tolerated due to GI discomfort. On physical examination, 
multiple, plaquelike, violaceous, skin lesions were found 
in both lower extremities with associated edema in 
the right leg and foot. In addition, similar lesions were 
also found in the neck and trunk; the patient reported 
these lesions to be increasing in size. Laboratory studies 
revealed an absolute CD4 cell count of 101 cells/μL, HIV
RNA level of 168 copies/mL, and a mild anemia with 
hemoglobin of 11 g/mL. Other biochemical markers 
were normal including amylase, lipase, and liver function 
panel. Further evaluation with computed tomography 
imaging of the abdomen/pelvis with and without 
contrast was remarkable for a prominent, concentric 
gastric wall thickening involving the majority of the 
stomach. An upper endoscopy revealed an extensive, 
circumferential, infiltrative, reddish mass throughout 
the entire gastric body which extended into the fundus 
and antrum (Figures 13). Endoscopic biopsy specimens 
were obtained from the gastric lesions, and hematoxylin 
and eosin examination revealed spindle cell proliferation 
with extensive lymphoplasmocytic cell infiltrates (Figure 
4). A confirmatory immunohistochemical test showed 
human herpes virus 8 latent nuclear antigen (HHV8 
LNA) expression suggestive of HHV8, supporting the 
diagnosis of gastric KS (Figure 5).

DISCUSSION
Evolution of an old disease
KS was described in 1872 by a Hungarian dermat
ologist, Moritz Kohn Kaposi, who was the first to identify 
five cases of “idiopathic multiple pigmented sarcomas 
of the skin”[8]. In one case, the patient expired from 
gastrointestinal bleeding with a postmortem report that 
revealed unspecified visceral lesions in the lung and GI 
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tract. In 1981, with the onset of the HIV epidemic, the 
first case of AIDS-associated KS was described[9]. Since, 
an increasing number of KS among AIDS patients 
prompted speculations of a possible infectious agent 
involved in tumor pathogenesis[10]. By 1994, Chang et 
al[11] isolated a unique DNA sequence in KS tissue which 
was later classified as a new herpesvirus species now 
known as KSassociated herpesvirus or HHV8[11]. Since 
its discovery, HHV8 has been detected in over 95% of all 

AIDS and non-AIDS associated KS lesions, suggesting it 
as the causative agent in tumor development[12].

Epidemiology and prevalence
Numerous serological studies have demonstrated 
a direct correlation between HHV8 infection and KS 
incidence. This data also indicated significant geographic 
variation in HHV8 seroprevalence existed. Overall, low 
seroprevalence is reported in North America, Northern 
Europe and Asia, intermediate seroprevalence in Eastern 
Europe, Mediterranean, and Caribbean countries, and 
high seroprevalence in Central (Uganda, Zambia, and 
South Africa) and Southern Africa[12]. Although a cause 
and effect relationship between HHV8 and KS disease 
is clear, some exceptions to this pattern have been 
observed. For example in Africa, cases of endemic (or 
African) variant of KS were reported in Uganda and 
Zambia, but not in Gambia or the Ivory Coast although 
all four countries have similar seroprevalence rates[13]. 
Similar circumstances have been reported in Italy, 
Egypt, and Chinese subpopulations where despite high 
seroprevalence of HHV8, KS incidence is low[1416]. These 
discrepancies suggest that other, at present, unidentified 
factors may be required for clinical expression.
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Figure 1  Endoscopic image of the gastric cardia demonstrating Kaposi’s 
sarcoma lesion extension from the gastric body.

Figure 2  Endoscopic image of the gastric body showing an extensive, 
infiltrative, and circumferential Kaposi’s sarcoma mass involving the entire 
body. 

Figure 3  Endoscopic image of the gastric antrum with Kaposi’s sarcoma 
lesion infiltration from the body. Figure 4  Hematoxylin and eosin stain of slit-like spaces with spindle cell 

proliferation and associated red blood cell extravasation seen in the lamina 
propria.

Figure 5  Immunohistochemical stain for human herpes virus 8 showing a 
strongly positive latent nuclear antigen staining of the spindle cells along 
the slit-like spaces.
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not physically debilitating, but can cause severe disfi
gurement. Cutaneous KS are generally welldemarcated, 
erythematous to violaceous, as well as flat, plaque
like or nodular in appearance[2]. A solitary skin lesion 
is common in the early stage, but it can evolve into 
multicentric, coalescing lesions with progression. Large 
lesions are often associated with edema, but isolated 
lymphedema have been also reported in the absence 
of cutaneous disease. In most cases, these lesions 
present initially in the distal segment of the lower limbs, 
with proximal region involvement that parallel disease 
progression[23]. However, in AIDS-related KS, skin lesions 
more frequently affects the head, neck and upper torso 
regions[2]. 

Forty to fifty-one percent of patients with cutaneous 
lesions develop visceral KS which can involve the 
gastrointestinal tract, lungs, and less commonly the 
liver, spleen, kidney, and heart[5]. The GI tract is the 
most common extracutaneous site, and the majority of 
affected individuals are without clinical symptoms[4,5]. 
However, with tumor growth, considerable variations 
in symptoms can present including abdominal pain, 
nausea, vomiting, and iron deficiency anemia from 
chronic or frank GI bleeding. In rare cases, the 
tumor burden has also led to mechanical obstruction, 
intussusception, and perforation of the bowel wall[1].

Given such high incidence of GIKS, endoscopic 
evaluation is required in AIDS patients that present 
with GI symptoms. However, in patients that are 
asymptomatic, the benefit of endoscopy remain a topic of 
debate. In Japan, screening endoscopies are frequently 
performed in HIV infected patients with the primary aim 
of early detection and initiation of treatment. A recent 
retrospective study looked at predictive factors for GI
KS and reported that patients with low CD4 cell count 
of < 100 cells/μL, men who have sex with men (MSM), 
and presence of cutaneous KS were more likely to have 
GIKS, suggesting that clinicians consider endoscopy 
in these select patients even in the absence of clinical 
symptoms[7].

Endoscopy
Gastrointestinal KS can involve any part of the GI tract 
from the oropharynx to the rectum, but it occurs most 
frequently in the stomach and small intestine. In two 
case series of 83 AIDS patients, the incidence of GI-KS 
was 40%51%, of which 12%24% were in the upper 
tract, 8%12% were in the lower tract, and 15%20% 
had multifocal lesions involving both the upper and 
lower GI tract[5,24]. GIKS is endoscopically evident by 
appearance which ranges from a red maculopapular 
lesion to a darker, nodular or polypoid lesion. In more 
severe disease, patients may present with a volcano
like mass with a central umbilication or ulceration which 
can bleed on contact[1]. 

Although the majority of GIKS disease can be 
identified easily on endoscopy, in some situations it may 
resemble common benign lesions (peptic ulcer and/or 
granulation tissue) as well as malignant neoplasms 

Classification of KS
KS is classified into four clinical variants which have 
coevolved in certain human populations: classic KS, 
endemic (or African) KS, Iatrogenic (or immuno
suppression related) KS, and epidemic (or AIDS 
related) KS[12]. In the United States, AIDS and immuno-
suppressionrelated causes are the two most common 
forms of KS tumor, and also the more likely variants 
causing visceral organ involvement. Despite efforts to 
classify KS, all forms are associated with HHV8 infection, 
and differences are observed in primary tumor location 
and rate of disease progression. Therefore, these 
epidemiological variants of KS merely represent different 
clinical manifestations of the same pathologic process. 

Classic KS: The classic variant occurs predominantly 
in elderly men of Mediterranean, Eastern Europe, and 
Ashkenazi Jewish descent, and is uncommon in North 
America. It is a slow growing tumor which typically 
presents as a solitary or multifocal cutaneous lesion 
in the lower extremities. Systemic progression is rare 
and visceral disease is observed in less than 10% of 
cases[17]. 

Endemic or African KS: The African or Endemic 
KS variant consists of two disease subtypes, African 
cutaneous and African lymphadenopathic. It is more 
aggressive, and generally affects children of endemic 
African countries. These entities are not associated with 
HIV infection[18]. Cutaneous and nodal manifestations 
are common, with systemic disease less frequent.

Iatrogenic or immunosuppression-related KS: 
Iatrogenic or immunosuppressionrelated KS affect 
individuals with suppressed immunity as a result of 
organ transplantation or other medical conditions 
requiring long term immunosuppressant therapy. 
Cutaneous lesions are typically the presenting feature 
with systemic progression occurring in up to 50% of 
cases. In two case series of renal transplant recipients, 
KS developed in approximately 0.5%5% of organ 
recipients which occurred in a median time of 2931 
mo after surgery[1921]. In these patients, treatment 
with either reduction or discontinuation of the offending 
agent often led to tumor regression, and in some 
circumstances, complete resolution of disease. 

Epidemic or AIDS related KS: Epidemic or AIDS-
related KS is the most common form encountered in 
the United States. It can present at any stage of HIV 
infection, but more frequently in the setting of severe 
immune suppression[22]. Clinical features are similar to 
those with immunosuppressionrelated KS, presenting 
with cutaneous lesions and visceral KS disease arising 
as disease progresses[2].

Clinical features
The majority of patient with GIKS will have cutaneous 
lesions at diagnosis. In most cases, skin lesions are 
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(gastrointestinal stromal tumor, spindle cell melanoma, 
angiosarcoma)[25,26]. For these reasons, biopsy 
specimens should be obtained to allow confirmatory 
testing with histopathology and immunohistochemistry 
testing. However, an endoscopic biopsy diagnosis is 
possible in only 15%23% of cases, mainly owing 
to the submucosal nature of tumor growth[24,27,28]. In 
the absence of mucosal invasion, an endoscopically 
obtained biopsy may be too superficial and key features 
may be difficult to appreciate on histopathology. In 
such cases, an endoscopic ultrasound guided biopsy 
increases the diagnostic yield and is recommended[7]. 

Histology and immunohistochemistry
On histopathology, KS is classically characterized as 
spindle cell proliferation that forms irregular vascular 
channels or slits in the submucosal bowel layer. It is 
associated with extensive red blood cell extravasation 
and hemosiderinladen macrophage deposits which 
gives it a characteristic red to dark, bruiselike appea
rance. Additionally, significant lymphoplasmocytic 
infiltration occur which can lead to tumor swelling and 
cause pain response[25]. 

The presence of spindle shaped cells can exclude 
many benign and malignant lesions. However, in some 
circumstances, subtle vascularity and certain histological 
features of KS may overlap with other GI spindle cell 
tumors (gastrointestinal stromal tumorGIST, spindle 
cell melanoma, and angiosarcoma) causing diagnostic 
uncertainty. To make a diagnosis of KS, the presence 
of HHV8 is necessary and immunohistochemical testing 
is recommended for all specimens with spindle cell 
morphology. HHV8 LNA is an immunomarker for this 
viral agent, and expression in spindle cell nuclei is 
considered to be 99% sensitive and 100% specific for 
KS[29].

Other biomarkers that are expressed include CD34 
and CD117 (or c-KIT), which overlap with other stromal 
tumors making it a less reliable marker for KS diagnosis. 
Similar to GIKS, gastrointestinal stromal tumors also 
expresses CD34 and CD117, but it is distinguished 
by the absence of HHV8 LNA, and positive DOG 1 
expression[29]. Furthermore, spindle cell melanomas also 
share similar endoscopic and histologic features with 
GI-KS, but these tumors typically lack the CD34 marker 
and express S100 immunopositivity[29].

Management
The treatment approach varies depending on the epide
miological variant of KS, and therapy is individualized 
based on the disease profile. In this segment, we will 
be focusing on the current treatment options for AIDS-
associated KS with gastrointestinal tract manifestations. 

AIDS-related KS is currently not a curable malignancy 
and the rate of disease progression is variable. Treatment 
with HAART is recommended in affected individuals if 
not already on therapy at diagnosis. Aside from the 
obvious improvement in immune status, the use of 
HAART inhibits the production of HIV tat protein which is 
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responsible for HIV viral replication and KS cell growth, 
invasion and angiogenesis[28]. Since the introduction of 
HAART in 1995, the incidence of KS has substantially 
declined (25.6 cases per 100 personyears in the early 
1990’s to 7.5 per 100 personyears in 19961997), and 
patients stable on HAART with good virologic response 
had a slower rate of disease progression and prolonged 
survival[29,30].

Among patients with localized cutaneous KS, 
HAART with either topical gel therapy or local radiation 
may suffice. However, in patients with extensive 
mucocutaneous disease or visceral organ involvement, 
combined HAART and systemic chemotherapy is 
indicated. Liposomal doxorubicin is the chemotherapeutic 
agent of choice in which the pegylated liposome 
component allows for the drug to accumulate prefer
entially in KS tissue, reducing the dose requirement 
and drug toxicity. In one study, a combined HAART and 
liposomal doxorubicin therapy was superior to stand 
alone HAART therapy with an overall response rate of 
72% compared to 20% in the HAART alone group[6]. 
Chemotherapy with vinca alkaloids, bleomycin, and 
doxorubicin has fallen out of favor due to variable 
response rates and substantial drug toxicity[3134]. More
over, in randomized control trials, liposomal doxorubicin 
was also superior to combined chemotherapy regimens, 
further supporting liposomal doxorubicin as the drug of 
choice[35,36].

Despite favorable outcomes with dual HAART and 
liposomal doxorubicin treatment, the incidence of disease 
relapse is reported to be 13% per year with the majority 
in the first year after completing chemotherapy[37]. 
Among patients that require retreatment with liposomal 
doxorubicin, onethird will have treatment failure. In 
clinical trials, paclitaxel has demonstrated a comparable 
response rate of 59% and is currently the secondline 
agent approved by the Food and Drug Administration[38]. 
A third option is interferonalpha which was the initial 
medication approved for AIDS-related KS. It has a 
similar clinical response rate but requires several months 
for tumor response, limiting usefulness in clinical 
practice[2]. 

Other drugs have been studied including anti
angiogenic compounds thalidomide and IM862, and 
immunomodulators such as retinoid compounds[2]. All 
have shown suboptimal response rates. Antiviral agents 
have also been investigated in small trials, and in a 
single in-vitro drug sensitivity evaluation, HHV8 was very 
sensitive to cidofovir, moderately sensitive to ganciclovir, 
and weakly sensitive to foscarnet and acyclovir sugge
sting it as a possible alternative therapy[39,40]. However, 
currently no treatment recommendations have been 
drawn based on this study data for these compounds.

Conclusion
KS of the GI tract is far more common than originally 
thought, but the majority of patients are asymptomatic 
and remain undiagnosed. Therefore, clinicians should 
always maintain a high index of suspicion for GIKS 
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especially in patients with AIDS. In Japan, screening 
endoscopies are frequently performed, and a recent 
retrospective study has suggested using certain clinical 
factors (low CD4 cell count of < 100 cells/μL, MSM, and 
presence of cutaneous KS) may predict the occurrence 
of GIKS endoscopically. Performance of endoscopy to 
detect GIKS prior to development of clinical symptoms 
is desired as initiation of combined HAART and liposomal 
doxorubicin therapy has shown to improve outcome.

COMMENTS
Case characteristics
A 44 years old man with a history of acquired immune deficiency syndrome 
presented with postprandial abdominal pain and nausea with vomiting. 

Clinical diagnosis
Multiple plaque-like, violaceous skin lesions found in the lower extremities, 
trunk and neck suggestive of Kaposi’s lesions.

Differential diagnosis
Peptic ulcer disease, gastric mass (adenocarcinoma, stromal tumor, Kaposi’s 
sarcoma), and infectious esophagitis secondary to candida, herpes simplex 
virus, cytomegalovirus.

Laboratory diagnosis
Absolute CD4 cell count 101 cells/μL; human immunodeficiency virus-RNA 168 
copies/mL; hemoglobin 11 g/mL; amylase, lipase, and liver function test were 
within normal limits.

Imaging diagnosis
Computed tomography scan showed a prominent concentric gastric wall 
thickening, and follow up upper endoscopy revealed a circumferential mass in 
the gastric body extending into antrum and fundus.

Pathological diagnosis
Hematoxylin and eosin examination revealed spindle cell proliferation with 
extensive lymphoplasmocytic cell infiltrates, and immunohistochemical testing 
confirmed human herpes virus 8 latent nuclear antigen (HHV8 LNA) expression 
supporting the diagnosis of gastrointestinal Kaposi’s sarcoma (GI-KS).

Treatment
Patient was treated with highly active antiretroviral therapy and medical 
oncology referral was made to initiate systemic chemotherapy.

Related reports
Early diagnosis and treatment of GI-KS has shown to improve patient outcome. 
Since the majority of patients are asymptomatic, screening endoscopies are 
being performed in Japan. One retrospective study suggested using specific 
clinical factors to predict the occurrence of GI-KS which should be confirmed in 
a larger trial.

Term explanation
The HHV8 LNA stain is a confirmatory immunohistochemical test which is used 
to distinguish GI-KS from mimickers such as gastrointestinal stromal tumor, 
spindle cell melanoma, and angiosarcoma.

Experiences and lessons
This case suggests clinicians should maintain a high index of suspicion for 
GI-KS and a more judicious use of endoscopy may be helpful in improving 
patient outcome. Specific clinical factors have been shown to help predict 
the occurrence of GI-KS, which allows clinicians to identify at-risk patients for 
endoscopic evaluation. However, this should be confirmed in a larger trial.

Peer-review
It is a good case report of a gastrointestinal KS. Moreover, It is performed a 
comprehensive review and updating of literature about this.
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