
Online Submissions: wjg.wjgnet.com                                                                                                                World J Gastroenterol  2007 October 7; 13(37): 5003-5008
www.wjgnet.com                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                                         © 2007 WJG. All rights reserved.

Protective effects of ursodeoxycholic acid on 
chenodeoxycholic acid-induced liver injury in hamsters

Tomomichi Iwaki, Kaoru Ishizaki, Shuji Kinoshita, Hideki Tanaka, Atsushi Fukunari, Makoto Tsurufuji, 
Teruaki Imada

 BASIC RESEARCH

Tomomichi Iwaki, Kaoru Ishizaki, Teruaki Imada, Research 
Laboratory Ⅲ (Immunology), Pharmaceuticals Research Division, 
Mitsubishi Pharma Corporation, Yokohama, Japan
Shuji Kinoshita, Pharmacokinetics Laboratory, Pharmaceuticals 
Research Division, Mitsubishi Pharma Corporation, Chiba, Japan
Hideki Tanaka, Atsushi Fukunari, Makoto Tsurufuji, Discovery 
Technology Laboratory, Pharmaceuticals Research Division, 
Mitsubishi Pharma Corporation, Yokohama, Japan
Correspondence to: Tomomichi Iwaki, Research Laboratory Ⅲ 
(Immunology), Pharmaceuticals Research Division, Mitsubishi 
Pharma Corporation, 1000, Kamoshida-cho, Aoba-ku, Yokohama 
227-0033, Japan. iwaki.tomomichi@mh.m-pharma.co.jp 
Telephone: +81-45-9634739  Fax: +81-45-9634641
Received: April 5, 2007          Revised: July 12, 2007

Abstract
AIM: To investigate the effects of ursodeoxycholic 
acid (UDCA) on chenodeoxycholic acid (CDCA)-induced 
liver injury in hamsters, and to elucidate a correlation 
between liver injury and bile acid profiles in the liver.  

METHODS: Liver injury was induced in hamsters by 
administration of 0.5% (w/w) CDCA in their feed for 7 d. 
UDCA (50 mg/kg and 150 mg/kg) was administered for 
the last 3 d of the experiment. 

RESULTS: At the end of the experiment, serum 
alanine aminotransferase (ALT) increased more than 10 
times and the presence of liver injury was confirmed 
histologically. Marked increase in bile acids was observed 
in the liver. The amount of total bile acids increased 
approximately three-fold and was accompanied by the 
increase in hydrophobic bile acids, CDCA and lithocholic 
acid (LCA). UDCA (50 mg/kg and 150 mg/kg) improved 
liver histology, with a significant decrease (679.3 ± 
77.5 U/L vs  333.6 ± 50.4 U/L and 254.3 ± 35.5 U/
L, respectively, P  < 0.01) in serum ALT level. UDCA 
decreased the concentrations of the hydrophobic bile 
acids, and as a result, a decrease in the total bile acid 
level in the liver was achieved.

CONCLUSION: The results show that UDCA improves 
oral CDCA-induced liver damage in hamsters. The 
protective effects of UDCA appear to result from a 
decrease in the concentration of hydrophobic bile 
acids, CDCA and LCA, which accumulate and show the 
cytotoxicity in the liver.
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INTRODUCTION
It is generally accepted that ursodeoxycholic acid (UDCA) 
can improve values for clinical and biochemical indices 
in patients with cholestatic liver disease, such as primary 
biliary cirrhosis (PBC)[1-4], primary sclerosing cholangitis 
(PSC)[5,6] and viral hepatitis[7,8]. UDCA exerts its choleretic 
action on the cholestatic liver and consequently decreases 
the values for serum indices of  hepatotoxicity, such as 
alanine aminotransferase (ALT).

Cholestasis, defined as impairment of  bile flow in 
hepatobiliary circulation, is accompanied by the retention 
of  bile acids in the liver[9]. As mentioned above, cholestasis 
is observed widely not only in cholestatic liver diseases 
such as PBC and PSC, but also in viral hepatitis such as 
hepatitis C[10]. It is necessary to determine the changes in 
the bile acid amounts in the liver in liver diseases and how 
UDCA affects the bile acid pool changes. Such studies 
are limited clinically and interpretation of  the data from 
experimental animals is required. In studies using mice and 
rats, however, care should be taken in interpreting the data 
because bile acids have different metabolic profiles[11,12]. 
For example, β-muricholic acid is one of  the major bile 
acids, which is not produced in humans. On the other 
hand, hamsters have the advantage that their profile of  the 
bile acid metabolism resembles that in humans[13,14].

In this study, we fed CDCA, a hydrophobic bile acid, 
to hamsters to induce liver injury, and to investigate the 
efficacy of  UDCA administration using the model for the 
first time. We also evaluated the correlation between bile 
acid concentration in the liver and the protective effects of  
UDCA in the liver.

MATERIALS AND METHODS
Materials
Ursodeoxycholic acid (UDCA) was synthesized at 
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Mitsubishi Pharma Corporation (Osaka, Japan), and its purity 
was confirmed to be higher than 99%. Chenodeoxycholic 
acid was purchased from CALBIOCHEM (San Diego, 
California). 

Animals
Six-week-old Syrian golden hamsters (weighing 89-117 g) 
were purchased from Japan SLC Inc. (Hamamatsu, 
Japan). The animals were maintained in a 12-h day/night 
cycle, with standard powder chow (MF, Oriental Yeast 
Co., Ltd. Tokyo, Japan) and tap water given ad libitum. All 
animal experiments were approved by the Animal Ethical 
Committee of  Mitsubishi Pharma Corporation and 
performed in accordance with guidelines of  the Japanese 
Pharmacological Society.

Experimental protocol
After acclimation for 5 d, the hamsters were randomly 
allocated to four groups, 10 animals each. For 7 d, the 
animals in each group were fed a standard powder chow 
(MF) with or without 0.5% (w/w) CDCA as follows: chow 
without 0.5% (w/w) CDCA (normal group); chow with 
0.5% (w/w) CDCA (control group and UDCA-treated 
groups). UDCA was orally administered (50 or 150 mg/kg) 
to the CDCA-fed hamsters at a volume of  5 mL/kg 
between 3 pm and 5 pm, once a day for the last 3 d of  the 
experiment. Purified water was administered to hamsters 
in the normal group and control groups.

All animals were fasted for 18 h before sacrifice. The 
animals were weighed, and then anesthetized with diethyl 
ether. Blood was collected by cardiac puncture for the 
determination of  serum ALT which was analyzed with an 
autoanalyzer (FUJI DRI-CHEM 7000, FUJIFILM, Tokyo). 
Then the liver was rapidly removed, weighed and rinsed 
with saline. The liver was processed for histopathological 
examination and for bile acid analysis (other than the 
UDCA 50 mg/kg group).

Histopathological examination
Part of  the rinsed liver tissue was fixed in 100 mL/L 
formalin and embedded in a paraffin block. The paraffin 
section was stained with hematoxylin-eosin (HE) and 
examined microscopically. Histological findings were 
assessed blindly and independently by two pathologists and 
graded from (-) to (+++) for the severity of  vacuolation, 
cell infiltration and focal necrosis as follows: -: no change, 
±: slight change, +: mild change, ++: marked change, and 
+++: severe change.

Bile acid analysis
Bile acids in the liver were analyzed according to a method 
described elsewhere[15]. Briefly, 100 μL each of  methanol 
and 23-nordeoxycholic acid (the internal standard), and 1 mL 
of  0.2 mol/L NaOH (maintained at 80℃) were added 
to about 50 mg of  liver tissue homogenate. The mixture 
was immediately heated at 80℃ for 20 min to dissolve the 
liver tissue, then mixed with 3 mL of  water, and left to 
cool to room temperature. A 3-mL n-hexane extraction 
was performed three times to remove neutral lipids. Bile 
acids were then extracted from the remaining aqueous 
phase with a BondElut C18 cartridge. The methanol 

eluate was evaporated and the bile acids were analyzed 
by HPLC (Inertsil ODS-2 column). Examined bile acids 
were as follows: cholic acid (CA), CDCA, deoxycholic 
acid (DCA), LCA and UDCA. Concentrations of  these 
5 bile acids were calculated with summations of  the 3 
different types of  conjugates (i.e., unconjugated, glycine 
and taurine conjugated bile acid) and expressed per gram 
of  tissue weight. They were also expressed as composition 
percentages of  total bile acids detected.

Statistical analysis
During the experiment, data on one out of  every ten 
animals of  each group were removed due to experimental 
treatment failures. Data on 9 animals of  each group were 
processed as results in this study. Results were expressed 
as mean ± SE except the case for the bile acid analyses, 
which were expressed as mean ± SD. Differences among 
the group means were tested using Student’s t-test 
or Dunnett’s multiple comparison test. P < 0.05 was 
considered statistically significant.

RESULTS
Body weight and food intake changes during the 
experiment
The results of  body weight and food intake are shown in 
Table 1. No significant differences were found in those 
parameters among the hamsters in the four groups during 
the experiment.

Effect of UDCA on serum ALT in CDCA-induced liver injury 
in hamsters
As shown in Figure 1, feeding of  CDCA for 7 d induced 
liver injury, and the serum ALT level (679.3 ± 77.5 U/L) 
in the CDCA-fed group (control group) was significantly 
(P < 0.01) elevated as compared with that of  the normal 
group (61.4 ± 8.7 U/L). UDCA administration for the last 
3 d of  the experiment significantly (P < 0.01) reduced the 
serum ALT values (50 mg/kg: 333.6 ± 50.4 U/L, 150 mg/kg: 
254.3 ± 35.5 U/L) as compared to the control group 
(679.3 ± 77.5 U/L). 

Effect of UDCA on hepatic pathology 
Induction of  hepatic injury was confirmed histopath-
ologically. Slight to mild vacuolation in a broad area was 

Table 1  Body weight changes and food intake during the 
experiment (mean ± SE)

Group       Body weight (g) Weight gain Food intake
Before the
experiment

End of the
experiment

     (g)    (g/d)

Normal 104.8 ± 2.5 110.6 ± 3.3 5.8 ± 1.8 7.1 ± 0.2
Control 103.7 ± 2.5 106.9 ± 1.9 3.2 ± 1.2 6.5 ± 0.3
UDCA 50 mg/kg 103.1 ± 2.9 104.7 ± 3.1 1.6 ± 1.3 6.2 ± 0.4
UDCA 150 mg/kg 104.7 ± 2.1 107.2 ± 1.9 2.5 ± 1.6 6.2 ± 0.2

UDCA: Ursodeoxycholic acid. There was no significant difference between 
normal and control groups (Student’s t-test). There was no significant 
difference between the control group and UDCA groups (Dunnett’s multiple 
comparison test). 
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observed in the livers in the CDCA-fed group (control 
group), which was not observed in the normal group 
(Table 2, Figure 2A and B). UDCA treatment (150 mg/kg) 
led to a significant reduction in the grades of  vacuolation 
observed in the control group (Table 2, Figure 2C). 
No changes were observed in cell infiltration and focal 
necrosis by CDCA feeding.

Bile acid concentration and composition in the liver
Concentrations and compositions of  5 major bile acids in 
the liver in each group are shown in Table 3. Livers from 
the normal group contained CA 102.0 ± 41.7 nmol/g 
(68.2% ± 3.2% of  total bile acids), CDCA 36.0 ± 17.1 
nmol/g (23.8% ± 3.6%), DCA 10.3 ± 4.4 nmol/g (6.8% 
± 1.3%), and UDCA 1.9 ± 2.2 nmol/g (1.2% ± 1.3%). 
The concentration of  LCA was less than 1.0 nmol/g. In 
CDCA-fed hamsters, the total bile acids level was increased 
more than three-fold (484.7 ± 189.7 nmol/g). Analysis 
of  each bile acid concentration revealed that CDCA 
concentration increased ten-fold (364.9 ± 141.5 nmol/g), 
and LCA concentration also markedly increased (89.4 ± 
32.4 nmol/g). Compositions of  the two hydrophobic bile 
acids were increased to 75.3% ± 2.7% and 18.7% ± 2.0%, 
respectively. The concentration of  UDCA was increased to 
4.0 ± 0.9 nmol/g, whereas its composition did not change 
(0.9% ± 0.3%) by CDCA feeding. On the other hand, 
concentrations and compositions of  CA and DCA were 

decreased significantly (CA: 20.9 ± 13.8 nmol/g and 4.0% 
± 1.1%; DCA: 5.6 ± 3.2 nmol/g and 1.1% ± 0.3%).

When 150 mg/kg of  UDCA was administered, the 
total bile acids level was significantly decreased (P < 0.01) 
to 296.0 ± 88.0 nmol/g, which suggests the improvement 
of  cholestasis. Increase of  UDCA (27.4 ± 12.8 nmol/g) 
level was observed accompanied by decrease of  CDCA 
(196.4 ± 65.3 nmol/g) and LCA (56.0 ± 15.7 nmol/g) 
level. Concentrations of  CA (12.8 ± 3.8 nmol/g) and DCA 
(3.3 ± 2.2 nmol/g) did not change statistically from those 
of  the control group by the administration of  UDCA.

DISCUSSION
The liver injury model was produced by a 7-d diet of  0.5% 
(w/w) CDCA administered to hamsters, which have a 
similar metabolic profile of  bile acids as in humans. An 
increase in serum ALT was observed and the appearance 
of  liver injury was confirmed histopathologically, which 
was assessed (Figures 1 and 2, Table 2). These phenomena 
were in accordance with the results of  previous studies[16,17] 
which showed the toxicity of  CDCA in hamsters. First 
of  all, we determined the change in concentrations of  
major bile acids in liver of  the hamsters to clarify the 
correlation of  those bile acids and the liver injuries. We 
also administered UDCA in the hamsters to examine the 
improvement of  liver damage caused by CDCA feeding, 
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Figure 1  Effect of UDCA on serum ALT in hamsters fed CDCA. Data are 
expressed as mean ± SE (n = 9). aP < 0.01 vs normal group (Student’s t-test); 
bP < 0.01 vs control group (Dunnett’s multiple comparison test).

Table 2  Effect of UDCA on histological extent of CDCA-
induced liver injury in hamsters

          Grade
Findings - ± +

Normal
Vacuolation
(Hydropic swelling)

9  0  0
Control 0  2  7
UDCA 150 mg/kg 9  0  0

Normal 8  1  0
Control Cell infiltration 8  1  0
UDCA 150 mg/kg 7  2  0

Normal 8  1  0
Control Focal necrosis 8  1  0
UDCA 150 mg/kg 7  2  0

UDCA: Ursodeoxycholic acid; CDCA: Chenodeoxycholic acid. Grades are as 
follows: -: no change, ±: slight change, +: mild change. 

Figure 2  Effect of UDCA on light micrographic changes of the liver in hamsters fed CDCA. A: Normal; B: Control; C: 150 mg/kg UDCA (Hematoxylin-eosin staining). Bars 
indicate 100 µm.
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using the changes in the concentrations of  bile acids.
In terms of  bile acid concentration, CDCA feeding 

increased the amounts of  CDCA and LCA in the hamster 
liver; on the other hand, it decreased the amounts of  CA 
and DCA (Table 3). This might be explained as follows: 
At first, CDCA feeding itself  increases CDCA in the 
liver. The increased CDCA is transported from the liver 
to the digestive tract through the bile duct. CDCA is 
metabolized to LCA by the enterobacteria there. LCA, 
which is a potent hydrophobic bile acid[18], migrates to the 
liver by enterohepatic circulation. In contrast, a decrease in 
CA and DCA would be explained as follows: Oda et al[16] 
showed that CDCA was a potent inhibitor of  cholesterol-
7α-hydroxylase. Based on this inhibition of  the enzyme 
activity, feeding of  CDCA inhibited biosynthesis of  CA 
which is synthesized from cholesterol, and DCA which 
is formed by the bacterial 7α-hydroxylation of  CA in 
the intestine and migrates to the liver by enterohepatic 
circulation, resulting in decreased proportions of  these bile 
acids in the liver.

It is reported that cholestasis is believed to be an 
impairment of  bile transport or the molecular mechanism 
from the liver to intestine, consequently leading to 
intrahepatic accumulation of  hydrophobic bile acids, such 
as CDCA, DCA and LCA. Increase in the hydrophobic bile 
acids is reported to induce cytotoxicity in hepatocytes[16,19]. 
The mechanism of  hepatic damage by these bile acids has 
not been clarified completely; however, several possibilities 
have been presented. It has been reported that some bile 
acids induce mitochondrial perturbation[20,21]. More recently 
hydrophobic bile acids have been shown to regulate the 
expression of  several genes by acting as ligands of  some 
nuclear receptors in the liver. Through these mechanisms, 
they affect bile salt synthesis[22,23], detoxification[24,25], and 
transporting molecules[26,27].

UDCA is widely used for the treatment of  liver 
dysfunction in patients with primary biliary cirrhosis and 
acute and chronic intrahepatic cholestatic disorders[1-8]. The 
powerful choleretic effect of  the drug was also confirmed 
in this hamster model. Improvement of  liver histology 
associated with a significant decrease in serum ALT level 
was observed. The 150 mg/kg UDCA-administered group 
showed a significant decrease in the concentrations of  total 
bile acids in the liver as comparison with the control group. 
The concentration of  UDCA in the liver became 27.4 ± 
12.8 nmol/g liver by the administration of  150 mg/kg 
UDCA. Setchell et al[28] have shown that concentration 
of  UDCA became 40.1 ± 9.0 nmol/g liver when clinical 

dosage of  the drug (600 mg/d) was administered for 4 d 
in patients suffering chronic hepatitis C. These findings 
suggested that liver UDCA concentration after UDCA 
administration in hamster was not extremely different 
from that in human.

In the liver of  this group, the concentration of  UDCA 
was raised, whereas that of  the hydrophobic bile acids, 
CDCA and LCA was significantly decreased. UDCA is 
more hydrophilic compared to CDCA and LCA[12]. It 
was confirmed that the reduction in the concentration 
of  hydrophobic bile acids and the replacement with 
hydrophilic bile acids in liver might be the mechanism of  
UDCA.

In recent years, several studies have been conducted 
to determine the mechanisms of  action for UDCA at 
the molecular level. Schuetz et al[29] showed that UDCA 
activated the pregnane X receptor (PXR), and the reversal 
of  cholestasis in humans by UDCA might include PXR-
mediated activation of  CYP3A4 and perhaps drug 
transporter targets that lead to enhanced metabolism and 
efflux of  hepatotoxic bile acids. Rost et al[30] showed that 
UDCA might prevent impairment of  hepatic function by 
restoring the expression of  the hepatic transporter. Our 
next study will be the simultaneous investigation of  the 
transporter expression and the bile acid concentration in 
this hamster model.

In conclusion, this study showed that the liver injury 
model was successfully produced by a 7-d diet of  0.5% 
(w/w) CDCA administered to hamsters. In this model, 
liver accumulations of  two hydrophobic bile acids, CDCA 
and LCA, were observed. UDCA improved liver damages, 
which was confirmed with the decrease in serum ALT, 
and improvement of  the liver histology. The protective 
effects of  UDCA seem to result from a decrease in 
the concentration of  the hydrophobic bile acids which 
accumulate in the liver.
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 COMMENTS
Background
Ursodeoxycholic acid (UDCA) is widely used for the therapy of liver dysfunction 
in many types of liver disease. The mechanisms of this drug, however, have not 

                    Normal                     Control              UDCA 150 mg/kg

nmol/g liver      % nmol/g liver      % nmol/g liver      %

UDCA     1.9 ± 2.2   1.2 ± 1.3     4.0 ± 0.9a   0.9 ± 0.3   27.4 ± 12.8d   9.5 ± 4.9d

CA 102.0 ± 41.7 68.2 ± 3.2   20.9 ± 13.8b   4.0 ± 1.1b   12.8 ± 3.8   4.4 ± 1.2
CDCA   36.0 ± 17.1 23.8 ± 3.6 364.9 ± 141.5b 75.3 ± 2.7b 196.4 ± 65.3d 66.0 ± 4.7d

DCA   10.3 ± 4.4   6.8 ± 1.3     5.6 ± 3.2a   1.1 ± 0.3b     3.3 ± 2.2   1.1 ± 0.7
LCA         < 1       0.0   89.4 ± 32.4b 18.7 ± 2.0b   56.0 ± 15.7c 19.1 ± 1.9 
Total 150.2 ± 62.9 484.7 ± 189.7b 296.0 ± 88.0c

Table 3  Effects of UDCA on liver bile acids concentration and composition in hamsters fed CDCA (n  = 9, mean ± SD)

UDCA: Ursodeoxycholic acid; CA: Cholic acid; CDCA: Chenodeoxycholic acid; DCA: Deoxycholic acid; LCA: Lithocholic acid. aP < 0.05, bP < 0.01 vs normal 
group; cP < 0.05, dP < 0.01 vs control group (Student’s t-test).
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been fully clarified yet. Abnormal retention of bile acids in the liver is a common 
finding when hepatic function is impaired. In this study we investigated the 
hepatoprotective effects of UDCA, using chenodeoxycholic acid (CDCA)-induced 
liver injury in hamsters to elucidate a correlation between liver injury and bile acid 
profiles in the liver.

Research frontiers
It has been reported that the profile of bile acid metabolism in hamsters resembles 
that in humans. Administration of CDCA is known to cause liver injury in hamsters. 
Thus, we considered that it was possible to evaluate the relationship between 
hepatoprotective action of UDCA and liver bile acid profiles in hamsters.

Innovations and breakthroughs
There are some reports that the rate of UDCA increased and those of CDCA and 
DCA decreased in serum and bile by UDCA treatment. One of the mechanisms of 
action of UDCA for improvement of liver dysfunction is replacement hydrophobic 
bile acids [CDCA, deoxycholic acid (DCA) and lithocholic acid (LCA)] with 
hydrophilic bile acids including UDCA. Because the liver is thought to be the major 
target organ of UDCA, changes of bile acid concentrations in the liver must be very 
important. There have been, however, few reports to study the correlation between 
liver bile acids concentrations and the hepatoprotective effects of UDCA.

Applications
UDCA is widely used for the therapy of liver dysfunction in many types of liver 
disease, especially those with the accumulation of bile acids. Cholestasis is one of 
the typical diseases accompanied by the phenomenon. The results obtained in this 
study have shown that decrease of hydrophobic bile acids in the liver are correrate 
with the hepatoprotective action of UDCA and it may be one of the mechanisms of 
the drug. 

Terminology
Individual bile acids differ in hydrophobicity and hepatotoxicity. CDCA, DCA and 
LCA are more hydrophobic and hepatotoxic than UDCA.

Peer review
The manuscript written by Iwaki et al describes the protective effect of UDCA on 
liver injury induced by CDCA. Although UDCA is clinically used for many liver 
diseases, the mechanisms for actions have not been fully understood. Therefore, 
their study is important, and the results are interesting.
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