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INTRODUCTION

Clonorchis sinensis is a kind of liver flukes that are parasitic in 
the bile duct. The infection with C. sinensis leads to physical 
and chemical irritation, which brings on cholangitis and 
also the proliferation of bile duct epithelial cells around 
the parasite, desquamation, and inflammation and fibrosis 
around the bile duct (Hou, 1955; Bhamarapravati et al., 
1978; Lee et al., 1978; Min & Soh, 1986; Cha et al., 1991). 
Liver fluke infection leads to the irregular dilatation of the 
bile duct, severe fibrosis around the bile duct, the papilliform 
proliferation of bile duct epithelial cells, and the proliferation 
in the mucous gland of the bile duct wall (Kim et al., 1999; 
Watanapa & Watanapa, 2002). A study reported that once 
infected with C. sinensis, bile ducts might not to return to 
their original state, even though they were treated for the 

infection (Choi et al., 2004). 
The reason why it is hard to restore it to the original state can 
be explained by a report that bile duct fibroblast divide more 
slowly than normal fibroblast when the bile duct has sustained 
physicochemical damage and they are different in the pattern 
of expression of cytoplasmic processes (Kim & Min, 2004). 
Another explanation is that fibroblastic variant caused by 
infection with C. sinensis affects cytochrome-c-oxidase and 
porin and thus causes mitochondrial hypofucntion (Kim et 
al., 2007). In addition, it decreases the mitochondrial electron 
transferase in the bile duct epithelial tissue that multiplies 
abnormally (Min et al., 2010).
So far, many studies have dealt with the diseases of bile ducts 
infected with C. sinensis, but there have been few studies on 
reinfection with C. sinensis and the consequent proliferation or 
apoptosis in bile duct tissue and the pattern of morphological 
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changes. This study researched into changes that would occur 
in bile ducts that were reinfected with C. sinensis after being 
treated for the first infection, i.e., morphological changes, 
and changes in the distribution of mitochondrial electron 
transferase such as cytochrome-c-oxidase subunit II (COXII) 
and adenosine triphosphate synthase (ATPase), proliferating 
cell nuclear antigens (PCNAs), caspase-3 (a apoptosis factor), 
fibroblast growth factor 8 (FGF-8), etc.

MATERIALS AND METHODS

Preparation of C. sinensis Metacercaria and 
Experimental Animal
Pseudorasbora parva were digested by artificial gastric juice 
at 37oC for 6 hours, and then they were filtered and rinsed 
several times, from which C. sinensis metacercariae were 
separated. The separated 50 metacercariae were orally 
administered into each Sprague-Dawley (SD) rats (female, 
8 weeks). The SD rats were raised for 14 to 24 weeks to the 
experiment schedule. Bile ducts were extracted 4 weeks, 14 
weeks, 18 weeks, and 24 weeks after parasite infection, and 
were examined for infection with C. sinensis. The experiment 
was conducted only on the bile ducts infected with C. sinensis 

(Korea University, KUIACUC-20101001-1).

Experimental Group 
Experimental groups were as follows, and each group was 
composed of 5 SD rats (Fig. 1).

Immunohistochemistry
The extracted bile duct was fixed in 10% buffered neutral 
formalin (pH 7.4) and was ethanol-dehydrated, and then was 
paraffin-embedded. The paraffin-embedded tissue was cut 
into thin sections, on which deparaffinization, rehydration, 
antigen retrieval and peroxidase and protein blocking were 
conducted. The slide was reacted to primary antibodies to 
COXII (MS405; Mitoscience, USA) and ATPase (MS505; 
Mitoscience). EnVisionTM+ Kits (K5007; Dako, USA) was used 
for secondary antibodies and DAB (3,3'-diaminobenzidine) 
colorization. Zytochem Plus Double Stain Kit (POLDS-006; 
Zytomed, USA), DAB Substrate Kit (DAB057; Zytomed), and 
Fast-Red Substrate Kit (RED055; Zytomed) were used for the 
double staining of PCNA (CBL407; Chemicon, USA) and 
caspase-3 (9664S; Cell Signaling Technology, USA), PCNA 
and FGF-8. The prepared slide was observed through a light 
microscope (Zeiss Axio Scope; Zeiss, Germany) and the image 
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Fig. 1. Scheme of experimental group. Group A: Normal control group. Group B: Sprague-Dawley (SD) rat bile duct at 4 weeks after Clonorchis sinensis 
infection. Group C: SD rat bile duct at 14 weeks after C. sinensis superinfection. Group D: SD rat bile duct at 14 weeks after C. sinensis infection. C. sinensis 
were infected at 0 week and treated with praziquantel at 10 weeks after infection and then reinfection of C. sinensis was performed immediately. Group 
E: SD rat bile duct at 18 weeks after C. sinensis infection. C. sinensis were infected at 0 week and treated with praziquantel at 10 weeks after infection. 
Reinfection was performed at 4 weeks after praziquantel treatment. Group F: SD rat bile duct at 24 weeks after C. sinensis infection. C. sinensis were 
infected at 0 week and treated with praziquantel at 10 weeks after infection. Reinfection was performed at 4 weeks after praziquantel treatment. Group G: 
Praziquantel administration without infection. MC, metacercariae; Tx, treatment.
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was photographed through a digital camera (Zeiss AxioCam; 
Zeiss). Tissue analysis was conducted by MetaMorph software 
(Universal Imaging Co., USA).

Transmission Electron Microscopy
The extracted bile duct was fixed in 1% paraformaldehyde, 1% 
glutaraldehyde and 2% osmium tetroxide. The fixed tissue 
was ethanol-dehydrated and was embedded with lowicryl 
HM20. Then, the embedded tissue was cut into ultrathin 
sections (60 nm) by the use of an ultramicrotome (Ultracut 
E; Reichert-Jung, USA), and the ultrathin sections were 
stained with uranyl acetate and lead citrate and were observed 
through a transmission electron microscope (Zeiss EM 109; 
Zeiss).

RESULTS

Morphological Change of Infected Bile Ducts
Normal bile ducts were about 1.04 mm thick (Fig. 2A), 
but bile ducts infected with C. sinensis in the group B were 
about 5.68 mm thick (Fig. 2B). The bile ducts of the group 
C were 6.21 mm thick on average. Those of the group D 
were reinfected with C. sinensis after being treated for the 
first infection; they were 5.72 mm thick on average (Fig. 2C). 
Those of the group E and F, left for certain periods of time, 
were 4.79 mm and 4.32 mm thick, respectively.
For connective tissue and epithelial tissue constituting the bile 
duct, their thicknesses were comparatively analyzed in terms 
of infection aspect. The bile ducts of the group B, left for 4 
weeks after being infected, became about 546% thicker than 
normal. Connective tissue and epithelial tissue expanded by 
264% and 1,468%, respectively. Those of the group C, left 
for 14 weeks after being infected, were similar in thickness to 

those of the group B. Those of the group D, reinfected with C. 
sinensis metacercariae immediately after being treated for the 
first infection with anthelmintic ‘praziquantel’, were similar in 
thickness to those of group B and C that were not treated for 
C. sinensis infection. However, connective tissue and epithelial 
tissue became about 18% thinner. In the group E, bile ducts 
were reinfected with C. sinensis 4 weeks after being treated 
for the first infection, and then they remained infected for 4 
weeks. They became about 460% thicker than normal. The 
bile ducts of the group F, which remained infected for 10 
weeks, became about 415% thicker than normal. Those of the 
group G (a control group) were similar in size to normal (Table 
1).

Distribution of ATPase and COXII
In normal bile ducts, ATPase (Fig. 3A1) and COXII (Fig. 3A2) 
are distributed in connective tissues, but did not distribute 
in epithelial tissues. In bile ducts infected with C. sinensis, 
epithelial cells increased, and in dilated connective tissue, 
fibrosis was observed (group B to F). The group A (a normal 
control group) showed that ATPase (Fig. 3A1) and COXII 
(Fig. 3A2) were distributed in the connective tissues of bile 
ducts. In the group B, ATPase and COXII (Fig. 3B1 and B2) 
were decreased compared to the group A. ATPase and COXII 
were found distributed in some cells in the base of epithelial 
tissue (Fig. 3B1 and B2). The groups B, C, and D showed that 
ATPase (Fig. 3B1, C1, and D1) and COXII (Fig. 3B2, C2, and 
D2) were distributed in the connective tissues of some bile 
ducts; especially in the group C and D, COXII was distributed 
mostly around the outer part of connective tissue (Fig. 3C2 
and D2). The group E (Fig. 3E1 and E2) and the group F (Fig. 
3F1 and F2) showed that ATPase and COXII were distributed 
evenly in connective tissue. The group G showed similar 

A B C

Fig. 2. Extracted abdominal organs of a Sprague-Dawley (SD) rat, showing marked dilatation of the common and extra hepatic bile duct (B, C). Bile duct 
obtained from praziquantel treatment group was transparent than Clonorchis sinensis infected bile duct (C). A: Normal control group (group A). B: SD rat 
bile duct at 4 weeks after C. sinensis infection (group B). C: SD rat bile duct at 18 weeks after C. sinensis infection. C. sinensis were infected at 0 week and 
treated with praziquantel at 10 weeks after infection. Superinfection was performed at 4 weeks after praziquantel treatment (group E). Scale bars=1 cm.
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results to the normal control group (Fig. 3G1 and G2).

Distribution of PCNA and Caspase-3 
The group A showed that PCNA was distributed partially 
in connective tissue (Fig. 3A3), and the group B (Fig. 3B3) 
showed the distribution of PCNA in most epithelial tissues 
excluding ones near the lumens. The group C (Fig. 3C3) 

showed its distribution in epithelial tissue, and caspase-3 was 
observed in 8.75 cells per 100 μm2 (Table 2). The group D 
and E (Fig. 3D3 and E3) showed its distribution in epithelial 
cells near connective tissue, and its quantity was less than 
the group B. The group F showed its distribution in part of 
contracted epithelial tissue (Fig. 3F3). The group G showed 
similar result to the normal control group (Fig. 3G3). It was 
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Fig. 3. Light micrograph of the Sprague-Dawley (SD) rat bile duct which was reacted with adenosine triphosphase (ATPase), cytochrome-c-oxidase subunit 
II (COXII), proliferating cell nuclear antigen (PCNA), caspase-3, and fibroblast growth factor 8 (FGF-8). ATPase and COXII; group B (Fig. 3B1 and B2) was 
decreased compared to the group A (Fig. 3A1 and A2). Groups C and D, COXII was widely distributed in connective tissue (Fig. 3C2 and D2). The group E (Fig. 
3E1 and E2) and the group F (Fig. 3F1 and F2) showed that ATPase and COXII were distributed evenly in connective tissue. PCNA, caspase-3, and FGF-
8; PCNA is distributed in most epithelial tissues of group B (Fig. 3B3). Especially caspase-3 was observed only in the group C that was superinfected (Fig. 
3C3). FGF-8 was found in part of epithelial tissue and connective tissue (Fig. 3D4 and E4), and was distributed widely throughout bile duct epithelial cells 
in the group F (Fig. 3F4). The group G showed similar results to the normal control group (Fig. 3G1-G4). Scale bars=100 μm.

Table 1. Dilatation of Sprague-Dawley rat bile duct during Clonorchis sinensis infection and praziquantel treatment (n=5)

Group A Group B Group C Group D Group E Group F Group G

Width of bile duct (mm)

Thickness of connective tissue (μm)

Thickness of epithelial tissue (μm)

1.04±0.1

50.5±4.3

10.2±0.3

5.68±0.2

133.9±29.2

149.8±14.7

6.21±0.1

137.1±24.2

155.1±15.2

5.72±0.2

118.1±44.7

123.7±12.1

4.79±0.4

147.9±24.2

111.1±10.9

4.32±0.2

130.1±32.3

111.5±10.9

1.09±0.1

49.4±2.1

11.1±1.2

Values are presented as mean±standard deviation.
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found that the group C contained PCNA most, but its PCNA 
decreased as time passed after the treatment for C. sinensis 
infection. The distribution of caspase-3 was observed only in 
the group C that was superinfected (Table 2).

Distribution of PCNA and FGF-8
The group A showed the distribution of FGF-8 in part of 
epithelial tissue (Fig. 3A4). The group B showed a large 
number of PCNA in the base of epithelial tissue, and FGF-
8 was found distributed in very few of cells (Fig. 3B4). In the 
group C, the distribution of PCNA was similar to that in the 
group B. However, the distribution of FGF-8 was not detected 
(Fig. 3C4). As regards the groups D and E, PCNA in epithelial 

tissue decreased compared to the groups B and C. FGF-8 was 
found in part of epithelial tissue and connective tissue (Fig. 
3D4 and E4). The group F showed that FGF-8 was distributed 
widely throughout bile duct epithelial cells (Fig. 3F4). It was 
found that the groups E and F contained FGF-8 most (Table 2).

TEM Observation
In the group A, monolayered epithelial tissue was observed 
(Fig. 4A). The group B showed the fibrosis of connective tissue 
and increase in number of epithelial cells outside connective 
tissue (Fig. 4B). The group C showed that epithelial cells 
had been damaged by fibrous tissue and by the connective 
tissue of bile ducts that developed fibrosis (Fig. 4C). The 

Fig. 3. Continued.

Group
E
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F

Group
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F1
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Table 2. Distribution of PCNA, caspase-3 and FGF-8 (n=5) 

 Antibody
Group 

A B C D E F G

PCNA

Caspase-3 

FGF-8 

+

3.5±0.7

-

+

2.3±0.5

++++

24.5±16.1

-

-

++++

20.4±13.7

+++

8.75±3.5

-

+++

11.7±2.8

-

+++

15.9±5.1

+++

10.1±3.4

-

++++

27.3±4.7

++

5.7±1.5

-

++++

29.1±2.1

+

3.9±0.4

-

+

1.3±0.5

Values are presented as mean±standard deviation.

PCNA, proliferating cell nuclear antigen; FGF-8, fibroblast growth factor 8.

The number of the each antibodies were counted from ten separated areas of the sections.
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groups D and E showed epithelial tissue and the connective 
tissue of bile ducts that developed fibrosis (Fig. 4D and E). 
As compared to the group D, the group E showed a larger 
number of the cytoplasmic processes of bile duct epithelial 
cells (Fig. 4E). The group F showed bile duct epithelial tissue 
with cytoplasmic processes, as in the group E (Fig. 4E). The 
group G did not show morphological difference between its 
bile ducts and normal ones (Fig. 4G).

DISCUSSION

This study researched into changes that would occur in bile 
ducts that were re-infected with C. sinensis after being treated 
for the first infection, i.e., morphological changes, and changes 
in the distribution of mitochondrial electron transferase such 
as COXII and ATPase, PCNAs, an apoptosis factor (caspase-3), 
FGF-8, etc. 
C. sinensis infection is very common in Southeast Asian 
countries and Korea (Korea Association of Health Promotion, 

A B C

D E F

G

Fig. 4. Transmission electron micrograph of the Sprague-Dawley (SD) 
rat bile duct. (A) Bile duct of control group. It showed that damaged 
epithelial tissue of the rat bile duct at 4-weeks after Clonorchis sinensis 
infection (B) and 14-weeks after C. sinensis superinfection (C). (B-F) 
Developed fibrotic structure was observed in C. sinensis infected bile 
duct. Fibrosis was widely distributed in bile duct connective tissue (B-F) 
and cytoplasmic process was well developed (E, F). (G) The group G was 
similar to results of normal control group. Scale bars=5 μm.
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2009), and it causes clonorchiasis. In the process of lesion 
development, it causes physical and chemical irritation, 
leads to inflammatory cell infiltration in the mucosa and 
submucosa layer of the bile duct and to the proliferation 
and desquamation of the mucous epithelium (Rim, 1990). 
When infection lasts long, glandular cells and bile canaliculi 
newly form in the bile duct, and moreover fibrosis progresses 
around epithelial tissue, which dilates the bile duct and causes 
cystic changes (Rim, 1990; Cha et al., 1991). Also, a study 
reported that it was hard to restore the dilated bile duct to its 
original state (Choi et al., 2004).
Likewise, bile ducts used in this study were dilated by C. 
sinensis infection and could not return to their original state. 
On a histological examination, abnormal dilatations were 
observed in the connective and epithelial tissues of infected 
bile ducts, and also infected and re-infected bile ducts were 
having the thickest connective and epithelial tissues. The 
connective tissues of bile ducts treated for infection did not 
show a significant difference with those of untreated ones, 
but their epithelial tissues became thinner as time passed 
after treatment. That result may be explained by physical 
and chemical irritations caused by C. sinensis infection; such 
irritations seem to make connective and epithelial tissues 
dilated abnormally. As for the connective tissues of bile ducts 
infected with C. sinensis, their thickness hardly changes from 
the 4th week from infection, which lasts even after treatment. 
It implies that once infected, bile ducts may not return to the 
normal state though they are treated for infection.
Mitochondria produce ATP, necessary energy for cell 
metabolism, through the electron transport system. In case 
a problem arises in that process, a reduction occurs in ATP 
production efficiency (Navarro & Boveris, 2004a; Navarro et 
al., 2005). Bustamante et al. (2004) reported that apoptosis 
could occur when mitochondria worked abnormally. 
Moreover, it was reported that mitochondrial electron 
transferase decreased in bile duct connective tissue that had 
dilated abnormally after C. sinensis infection (Kim et al., 2007; 
Min et al., 2010).
Mitochondrial electron transferases such as ATPase and 
COXII were being evenly distributed in the connective 
tissues of normal bile ducts, and so they were having normal 
metabolisms. In contrast, in bile ducts infected with C. 
sinensis, fibrous tissue increases and electron transferases 
decreased. In the connective tissues of bile ducts treated for 
infection, ATPase and COXII increased in distribution. It 
may be related to a previous report that in bile duct tissue 
infected with C. sinensis, fibroblastic variant caused by the 
morphological damage of mitochondria and a reduction 
in the distribution of electron transferase, maintained the 
fibrosis of bile duct connective tissue (Min et al., 2010). 
In other words, it is presumed that fibrosis lasts due to the 
functional anomaly of fibroblasts in damaged connective 

tissue, even though C. sinensis infection has been cured.
The PCNA, used to observe the proliferation and apoptosis 
of cells, is a cofactor for DNA polymerases and is known 
as an important factor for DNA replication and repair. In 
immunohistochemical experiments, it is used for the marker 
of cell growth factors (Bacchi & Gown, 1993; Onuma et al., 
2001; Paunesku et al., 2001). Caspase-3 is an antigen that is 
expressed before morphological changes such as karyoclasis, 
a process of apoptosis, occur and is used to confirm apoptosis 
(Krajewska et al., 1997; Duan et al., 2003; Bulut et al., 2006).
In this study, cells remarkably proliferated in the epithelial 
cells of bile ducts infected with C. sinensis, bile duct epithelial 
cells decreased in number, and PCNA expression was reduced 
as time passed after treatment. However, such changes were 
not observed in normal bile ducts, ones left for 4 weeks 
after infection, and ones treated for infection. In the case of 
caspase-3, the widest distribution was observed in bile ducts 
that were infected again 10 weeks after the first infection. 
That result may be explained as follows: as C. sinensis directly 
irritated the bile duct, epithelial cells aggressively proliferated, 
which resulted in the dilatation of bile duct epithelial tissue. 
Also, that result seems to be related to animal studies that 
reported the proliferation of bile duct epithelial cells that were 
all induced by the ischemia or ligation of the bile duct (Alpini 
et al., 1989, Beaussier et al., 2005), the fibrosis of bile ducts 
infected with C. sinensis, the dilatation of connective tissue, 
and the increase in epithelial cells (Min et al., 2010). But in 
bile ducts of which C. sinensis infection was cured, bile duct 
epithelial tissue seems to hardly proliferate even though C. 
sinensis irritation vanished. In bile ducts reinfected 4 weeks 
after the first infection, infection becomes more intense, 
which means that C. sinensis gives physical and chemical 
irritations more strongly. As a result, it seems that epithelial 
tissue may be destroyed by stronger irritations. But during 
early reinfection, apoptosis is reduced. It may be because bile 
duct epithelial tissue is dilated during early reinfection and 
comparatively milder irritation is given to bile ducts treated 
for the first infection.
A wound is healed up after three stages, inflammation, 
granulation tissue formation and re-epithelialization (Singer 
& Clark, 1999; Clark, 2001). In particular, the FGF is known 
to get involved in tissue growth and repair, e.g., embryo 
growth, skeletal growth, wound repair, vasculogenesis and 
inflammation control (Xiao et al., 2007; Turner & Grose, 
2010). During this study, FGF-8 was not observed in the 
epithelial tissues of bile ducts infected with C. sinensis. 
Contrarily, in bile ducts treated for infection, FGF-8 was 
observed and tended to increase with time. Thus, in infected 
bile ducts, the parasites give more intense irritation and 
thus epithelial tissue proliferates more aggressively. It seems 
that after they were treated for C. sinensis infection with 
‘praziquantel’, bile duct epithelial tissue begins to repair the 
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wounds. Electron microscopy also showed that the epithelial 
cells of infected bile ducts had been damaged by fibrous tissue, 
and that connective tissue had developed fibrosis. In bile 
ducts treated for infection, epithelial cells were not damaged 
and cytoplasmic processes were well developed. These results 
imply that the epithelial cells of bile ducts given treatment 
get growth and repair, unlike those of infected bile ducts that 
repeatedly proliferate after infection.
It was reported that apoptosis could occur in cases where 
mitochondria inhibited ATP synthesis (Cottrell & Turnbull, 
2000; Navarro & Boveris, 2004a; Navarro et al., 2002, 2004b, 
2005; Dirks et al., 2006), where intracellular nitric oxide 
increased (mitochondria-dependent apoptosis) (Bustamante 
et al., 2004), and where mitoptosis (mitochondria suicide) 
occurred due to the malfunction of mitochondria (Skulachev, 
2006).
This study found that ATPase and cytochrome-c-oxidase 
decreased in the connective tissues of bile ducts infected with 
C. sinensis, PCNA increased in their epithelial tissues, and 
caspase-3 increased in the epithelial tissues of re-infected bile 
ducts. These results are presumed to be caused by the fibrosis 
of bile duct connective tissue and the abnormal dilatation 
of epithelial tissue. In particular, increases in cytochrome-c-
oxidase and caspase-3 seem to be related to following reports: 
mitochondria-dependent apoptosis causes abnormalities in 
the electron transfer system, by which cytochrome-c-oxidase 
is emitted and caspase-3 is activated (Duke et al., 1996; Green 
& Kroemer, 1998; Senaratne & Colston, 2002; Bustamante 
et al., 2004); apoptosis occurs when ATP is not produced by 
the deficiency of mitochondrial enzymes (Dirks et al., 2006; 
Skulachev, 2006).
C. sinensis infection causes physical and chemical irritations 
and then brings on the abnormalities of intracellular energy 
metabolism and cellular growth factors, which hinders 
bile duct tissue from functioning properly, and resultingly, 
fibrosis occurs and epithelial cells dilated abnormally. More 
intense infection makes tissue fibrosis chronical and activates 

apoptosis factors such as caspase-3 that destroy bile duct 
epithelial cells. But in case infection is cured and physical and 
chemical irritations wear off, it decreases abnormal growth 
factors that act on bile duct epithelial tissue and activates 
cell growth factors such as FGF-8 that are necessary for 
normal metabolism. As a result, it enables cells that form the 
connective and epithelial tissues of a bile duct to have normal 
metabolisms.

SUMMARY

This study researched into changes that would occur in bile 
ducts that were reinfected with C. sinensis after being treated 
for the first infection, i.e., morphological changes, and changes 
in the distribution of mitochondrial electron transferase 
(ATPase, cytochrome-c-oxidase), PCNAs, apoptosis factor 
(caspase-3), FGF-8, etc. As a result, C. sinensis infected rat bile 
ducts showed the features of chronic clonorchiasis including 
connective tissue thickening, ductal fibrosis and epithelial 
tissue dilatation. PCNA was increased in the infection group, 
and decreased after praziquantel treatment. Caspase-3 was 
distributed in reinfection group only. FGF-8 was distributed 
in the rat bile duct after praziquantel treatment but not 
distributed in infection and reinfection group.
Overall, C. sinensis infection causes physical and chemical 
irritations and then brings on the abnormalities of 
intracellular energy metabolism and cellular growth factors, 
which hinders bile duct tissue from functioning properly, 
and resultingly, fibrosis occurs and epithelial cells dilated 
abnormally. More intense infection makes tissue fibrosis 
chronical and activates apoptosis factors. 
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