
Abstract. Background: Opisthorchis viverrini (Ov) infection-
induced cholangiocarcinoma (CCA) is a major public health
problem in northeastern Thailand. Praziquantel was shown to
prevent CCA development in an Ov-infected hamster model;
however, the molecular mechanism remains unknown.
Materials and Methods: In this study, we used a hamster
model with Ov and N-nitrosodimethylamine-induced CCA to
study the mechanisms of praziquantel action. The liver tissues
from the hamsters with and without praziquantel treatment
were analyzed using 1H nuclear magnetic resonance
spectroscopy. Results: A total of 14 metabolites were found to
be significantly different between the two groups.
Furthermore, the combination of acetate, inosine and
sarcosine was shown to exert an anti-inflammatory effect
through interleukin-6 inhibition in a macrophage cell line,
suggesting a mechanism by which praziquantel may prevent
inflammation caused by Ov, cholangiocyte transformation and
further CCA develpoment. Conclusion: These findings might
avail the development of a preventive strategy for CCA in
high-risk populations.

Cholangiocarcinoma (CCA), a malignancy of bile duct
epithelial cells, is a major public health problem in Northeast
Thailand, which has the highest incidence in the world of this
disease (1). A parasitic infection caused by Opisthorchis
viverrini (Ov), a liver fluke, was identified as a cause of CCA
in 1994 and is associated with CCA development (1). Upon
liver fluke infection, CCA genesis is hypothesized to be
initially induced via multiple mechanistic pathways, including
mechanical damage caused by the fluke suckers, fluke toxic
secretory products, and the host immunopathological response,
leading to chronic inflammation (2). Moreover, the
overproduction of reactive oxygen species and reactive
nitrogen species from chronic inflammation results in tissue
injury associated with CCA initiation and progression (3). In
accordance with the hepatic changes first reported in 1978 in
an Ov-infected hamster model, hyperplasia, adenomatous
formations and periductal and portal scarring of the bile duct
epithelium were also observed at 22 weeks post infection,
although bile duct carcinoma was not seen at that time (4). In
addition, a previous study showed that alone, N-
nitrosodimethylamine (NDMA), a potential carcinogen, did not
induce tumor formation in hamsters, but together with Ov
infection, CCA was observed in a number of animals (5).
Furthermore, histological changes, such as inflammatory
reactions, bile duct proliferation, periductal fibrosis and
cholangiocarcinoma lesions, were all observed in this co-
treatment group (5). At the gene-expression level, we have
shown a single down-regulated and 23 up-regulated give
transcripts that were involved in Ov-induced CCA
development (6). The up-regulated genes include signal
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transduction protein kinases, a transcriptional factor, a protein
involved in lipid metabolism, a splicing regulatory protein, an
enzyme involved in protein degradation and cell skeletal
proteins (6). In addition, we demonstrated that praziquantel, an
anti-helminthic drug for liver fluke treatment, can prevent Ov
and NDMA-induced CCA in hamsters (7). However, the
molecular mechanism through which praziquantel prevents the
combinatory effect of Ov and NDMA in CCA development
remains to be elucidated. 

Metabolomics, one of the omics technologies in the
systems biology suite, has been used to investigate the
molecular mechanisms underlying the development and
progression of cancer (8). The metabolic profiling of bile (9),
serum (10) and urine (11) of CCA patients has been
investigated. Metabolomics is defined as the quantitative and
qualitative measurement of the small molecular weight
metabolites of cells, tissue, or the organism (12). NMR-
based metabolomics is less cost-effective and requires
minimum sample preparation compared to genomics,
transcriptomics and proteomics (13). The alterations in
metabolic profiles can be considered as the responses of the
biological system to genetic or environmental changes (14).
1H Nuclear magnetic resonance (NMR) spectroscopy, gas
chromatography- and liquid chromatography-mass
spectrometry are the main analytical platforms used in
metabolomics. In cancer research, metabolomics are used to
identify potential biomarkers for early detection and
diagnosis, and predictive markers for drug responses and
treatment monitoring and evaluation (15). Several
metabolites related to metabolic pathway alteration were
identified as potential biomarkers for detection of many
types of cancer, such as gastric (16), colorectal (17), breast
(18), pancreatic (19), and prostatic cancer (20). Moreover,
metabolomics can be used to obtain a more thorough
understanding of the molecular mechanism underlying
carcinogenesis (13). The metabolic profiling of bile acid in
patients with CCA compared with patients with other biliary
disease has been studied. It was found that altered bile acid
and phosphatidylcholine metabolism might play an important
role in the carcinogenesis processes of CCA (9). Moreover,
the urinary metabolic profiles in CCA compared with
hepatocellular carcinoma, metastatic secondary liver cancer,
pancreatic cancer and ovarian cancer revealed that the levels
of acylcarnitine, bile acid, and purine were significantly
elevated in CCA compared with controls (11).

The present study aimed to investigate metabolic profiles
during Ov infection in combination with NDMA
administration-induced cholangiocyte transformation in the
hamster model, as well as to investigate the molecular
mechanism by which praziquantel may prevent Ov and
NDMA-induced cholangiocyte transformation in the hamster
CCA model. The knowledge gained from this study will
benefit the prevention and control of CCA development. 

Materials and Methods

Animal experiment. Archived liver tissues from the hamster model
of Ov infection plus NDMA-induced CCA from our group’s
previous study were used (7). The protocol was approved by the
Animal Ethics Committee, Faculty of Medicine, Khon Kaen
University (approval numbers AEKKU23/2555 and IACUC-KKU-
61/62). Briefly, six- to eight-week-old male Syrian golden hamsters
were divided into two groups: One with Ov infection and NDMA
administration, and the other with Ov infection, NDMA
administration and praziquantel treatment. Firstly, hamsters were
treated with 50 Ov metacercaria using oral inoculation and received
12.5 ppm of NDMA (Sigma, St. Louis, MO, USA) in water, during
the first to the second month after Ov infection. After that, the
experimental group was treated with a single dose of 400 mg/kg
praziquantel after 1 month of Ov infection. Five of the animals per
group were sacrificed at 2, 3, 4 and 6 months after treatment and
hamster liver tissues were collected for further analysis. All liver
tissues were kept at −80˚C prior to metabolite extraction (Figure 1).

Extraction of metabolites from hamster liver tissues. The
methanol/chloroform/water method previously reported was used for
metabolite extraction in the current study (21). The median lobe of
frozen hamster liver (100 mg per sample) was chopped and mashed.
To extract the metabolites, a mixture of methanol:chloroform:water
(1:1:0.7) was added. Then the samples were left on ice for 15 min.
After that, the samples were homogenized at 40% amplitude, for 1 min
30 s, at 4˚C using a sonicator (Sonics & Materials Inc., Newtoen, CT,
USA). Next, the two-phase metabolites were separated using
centrifugation at 1,000 × g at 4˚C for 15 min. The aqueous phase was
separated and evaporated at 40˚C for 20 h using a speed vacuum
concentrator (Labconco, Kansas City, MO, USA). The extracts were
stored at −80˚C prior to NMR-based global metabolic profile analysis. 

NMR data acquisition, data processing and data analysis. Firstly,
the samples were mixed with 100 mM sodium phosphate buffer,
pH 7.4 in D2O containing 0.1% w/v 3-trimethysilypropionic acid
(Cambridge Isotope Laboratories, Tewksbury, MA, USA) as a
chemical shift reference, and optionally 0.2% NaN3. The mixtures
were centrifuged at 12,000 × g for 5 min and 550 μl of the
supernatant was transferred into a 5 mm NMR tube. Proton NMR
spectra were acquired using a 400 MHz NMR spectrometer
(Bruker, Ettlingen, Germany). The samples were detected in a
standard 1-dimension (1-D) pulse sequence as standard Bruker
pulse program or zg30 pulse sequence at a temperature of 298 K
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Figure 1. Experimental design of the Opisthorchis viverrini (Ov)
infection in the hamster model of N-nitrosodimethylamine (NDMA)-
induced cholangiocarcinoma. ON: Ov+NDMA, ONP: Ov+NDMA+
praziquantel, PZ: praziquantel, M: months.
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in 32 scans with spectral width of 20 ppm and 1 s relaxation decay
(22, 23). The chemical shift referencing, baseline correction and
phasing were conducted in TopSpin (Bruker, Germany). The NMR
spectra data were processed to adjust peak normalization with
probabilistic quotient normalization (24) and scaling with Pareto
scaling (25) in MATLAB (R2015a) environment (MathWorks,
Cambridge, UK). Next, the differences between samples were
investigated using multivariate statistical analysis, PCA and O-
PLS-DA, and the correlation between metabolic profiles and the
histopathological results were investigated using O-PLS regression
(26, 27). The correlated resonances of each metabolite was
identified using Statistical Total Correlation Spectroscopy
(STOCSY) and metabolite identification was performed using the
human metabolome database (HMDB) (http://www.hmdb.ca) and
Chenomx NMR suite v. 8.4 (Chenomx Inc., Alberta, Canada). All
candidate metabolites were selected for network analysis with the
Cricetulus griseus database using the MetaboNetworks tool in the
MATLAB environment (28). The candidate metabolites were
selected and used for further functional analysis using the U937
macrophage cell line as the model. 

Hematoxylin and eosin staining. Hematoxylin and eosin (H&E)
staining was performed as previously described (7). Briefly, hamster
liver tissues were sectioned, then fixed in 10% buffered
formaldehyde and embedded in paraffin. The sectioned tissues were
deparaffinized in xylene for 3 min, three times, and then rehydrated
in a dilution series of ethanol. The sectioned tissues were rinsed
with tap water and stained with Harr’s hematoxylin for 10 min and
then washed with running tap water for 2 min. Then, the stained
tissue sections were de-stained in ethanol containing 1%
hydrochloric acid. They were then washed with running tap water
and stained in saturated lithium carbonate for 3-4 s. After that, the
sectioned tissues were washed with tap water, stained with eosin
solution and dehydrated. The dehydrated tissue sections were
mounted with permount. Finally, the histopathological changes in
hamster liver tissue were observed under the microscope.

Histopathological grading. The histopathological features of
hamster liver tissues were graded as a percentage score by a
pathologist. The histological criteria were characterized into
frequency of inflammation (0, no inflammation; 1, mild (5-20% per
4× objective), 2, moderate (20-50% per 4× objective), 3, severe
(>50% per 4× objective), percent of severity of bile duct alteration
(normal area, hyperplasia, dysplasia and CCA area), and percentage
of fibrosis (0, no fibrosis; 1, portal fibrosis without short fibrous
septa; 2, portal fibrosis with short fibrous septa; 3, portal fibrosis
with fibrous septa) (29). The scores for the percentage of bile duct
alteration and fibrosis, as well as the frequency of inflammation,
were multiplied. The association between the histopathological
features was correlated with the metabolomics result using O-PLS-
regression analysis.

Human U937 macrophage cell culture. The human U937
macrophage cell line is commonly used as the model for an IL6
production and inhibition assay (30-32). The cell line was obtained
from the American Type Culture Collection and was cultured in
RPMI 1640 medium (Gibco Life Technology, Grand Island, NY,
USA) supplemented with 10% heat-inactivated fetal bovine serum,
100 U/ml penicillin and 100 μg/ml streptomycin at 37˚C in a
humidified incubator with 5% CO2. 

Cell treatment. Macrophage cells were seeded in 6-well plates (2.5×105
cells/well) for 24 hours. The cells were treated with a combination of
the candidate metabolites at different concentrations, including
sarcosine; 0, 5, 10, 15, 20, 25 μM, inosine; 0, 100, 200, 400, 800, 1,000
μM and sodium acetate; 0, 100, 200, 400, 800, 1,000 μM, respectively,
for 48 h at 37˚C in a humidified atmosphere with 5% CO2. The cell
pellet was collected for investigating the expression of interleukin-6
(IL6) by western blot analysis. The cultured media were collected for
investigating of the IL6 level using the ELISA technique. The cell
treatment was performed in three independent experiments.

Western blot analysis. Cells were lysed through the addition of 10%
NP-40 lysis buffer containing a protease K inhibitor cocktail. Then, the
cell lysate was centrifuged at 12,000 rpm for 10 min at 4˚C followed
by transferring the supernatant to a new 1.5 mL tube. The concentration
of total protein was determined using a Pierce BCA™ Protein Assay
Kit (Thermo Fisher Scientific, Hanover Park, IL, USA). Then, the
protein lysate was mixed with 4× sodium dodecyl sulphate buffer
containing dithiothreitol before being denatured at 95˚C for 5 min.
Fifteen micrograms of protein were electrophoresed by 12% (w/v)
sodium dodecyl sulfate-polyacrylamide gel and transferred to a
polyvinylidene fluoride membrane. Then, the membranes were blocked
with 5% skim milk plus tween for 1 hour at room temperature followed
by incubation with the primary antibody overnight at 4˚C. After that,
the membranes were shaken at room temperature for 1 hour, followed
by washing with tris-buffered saline containing 0.1% Tween 20 3 times
for 5 min. Next, the membranes were probed with secondary antibody
for 1 hour at room temperature, washed and the immunoreactive
materials detected using Enhanced Chemiluminescence Plus solution
(GE Healthcare, Buckinghamshire, UK). In this study, β-actin antibody
was used as an internal loading control for cytoplasm. The apparent
density of the bands on the membranes was captured by ImageJ
software (NIH, Bethesda, MD, USA). 

Enzyme-linked immunosorbent assay (ELISA). The IL6 secreted by
the macrophage cell line in the culture medium was detected using
commercial ELISA kits (R&D System, Minneapolis, MN, USA)
according to the manufacturer’s instructions. Briefly, 100 μl of
cultured medium were incubated in pre-coated 96-well plates for 2
h. The plates were then washed four times with washing buffer
followed by incubation with human IL6 conjugate for 2 h. After
four washes, the substrate solution was added and the plates
incubated for 20 min in the dark before the stop solution was added.
The level of IL6 was determined at 450 nm using a Tecan Sunrise
ELISA Reader (Triad Scientific, Manasquan, NJ, USA).

Univariate statistical analysis. The maximum intensities as relative
concentrations of each metabolite were analyzed by Mann–Whitney
U-test. The histopathological score, level of protein expression in the
western blot analysis and ELISA were analyzed by Student’s t-test
using SPSS software version 17 (IBM Corporation, Armonk, NY,
USA). The data are illustrated as a graph of the mean±SD using
Graph Pad prism 5 (GraphPad Software, Inc., San Diego, CA, USA).
All of the analyses were two-tailed and a p-value of less than 0.05
was considered as statistically significant.

Results
Histopathological changes. The hamsters were infected with
Ov and administered NDMA prior to random grouping into



either praziquantel-treated or non-treated groups, as shown
in Figure 1. Five animals from each group were culled at
each time point for histopathological examination of the liver
tissues. The histopathological changes of the hamster bile
duct tissues obtained from the untreated group revealed both
hyperplasia and dysplasia of the bile duct epithelia
throughout the study period at 2, 3, 4 and 6 months. One of
five hamsters in this group (1/5, 20%), exhibited CCA at 6
months. In contrast, the most severe pathological appearance
observed in the praziquantel-treated group over the 6-month
period was bile duct hyperplasia, while no dysplasia was
observed. Although one of the hamsters (1/5, 20%) exhibited
CCA at 4 months, the other animals did not develop CCA
(Figure 2A). The percentages of bile duct change,
inflammation and fibrosis scores were lower in the
praziquantel-treated group compared to the untreated group
(Figure 2B). These results indicate that praziquantel was able

to suppress the severity of the Ov and NDMA-induced
histopathological changes in the bile duct.

Metabolic profiling of praziquantel-mediated prevention of
Ov and NDMA-induced CCA in a hamster model. Metabolic
profiling of hamster liver tissues was determined using 400
MHz 1H-NMR spectroscopy-based metabolomics. The
proton NMR spectra were analyzed using multivariate
statistics, including unsupervised principal component
analysis (PCA) and supervised orthogonal partial least
squares analysis (O-PLS-DA). The PCA scores plot of the
model between the two groups demonstrated a clear
separation along the second principal component (PC2)
(Q2=0.68, R2; PC1=60.1%, PC2=7.4%) (Figure 3A). PCA
was also carried out based on each time point (Figure 3B-E)
and, as time progressed, the clustering between the treated
and untreated with groups became clearer. 

CANCER GENOMICS & PROTEOMICS 18: 29-42 (2021)

32

Figure 2. Histopathological changes in hamster liver tissues. A: Representative images of histological changes in hamsters with Opisthorchis viverrini
and N-nitrosodimethylamine-induced cholangiocarcinoma treated with (ONP) and without praziquantel (ON). B: Bile duct alteration, inflammation
and fibrosis scores of the ON and ONP groups. Significantly different at *p<0.05, **p<0.01 and ***p<0.001, respectively, using Student’s t-test.



In order to further investigate the significantly altered liver
biomarkers between the praziquantel-treated and untreated
groups, pairwise O-PLS-DA models for the different time
points were constructed. The cross-validated scores plots
provide a visualization of the separation between the two

groups and the loadings plots show the significant
metabolites contributing to the separation. Significant
differences between the groups with all the time points
combined were observed (Figure 4A, left; R2X=0.67,
Q2Y=0.62, p=0.002). The praziquantel-treated group showed
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Figure 3. Principal component analysis (PCA) score plots for liver tissues from untreated (ON; red) and praziquantel-treated (ONP; blue) hamsters
with N-nitrosodimethylamine-induced cholangiocarcinoma for all months (A), and at (B) 2 months, (C) 3 months, (D) 4 months and (E) 6 months.
Q2 represents the predictive ability of the model. The percentage on each PC represents the variance explained by each.

Figure 4. Orthogonal partial least squares discriminant analysis (O-PLS-DA) cross-validated score plot (left) and the loading plot (right) for hamster
liver tissues. The O-PLS-DA cross-validated score plot and the O-PLS-DA loading plot demonstrate the significant metabolites contributing to the
separation between hamsters with Opisthorchis viverrini and N-nitrosodimethylamine-induced cholangiocarcinoma treated with (ONP) and without
praziquantel (ON) considering all months (A) and at 6 months (B), respectively. Peaks pointing upwards represent relatively high levels of metabolites
in the ON group, whereas peaks pointing downwards represent relative low levels of metabolites in the ON group. Tosc: T orthogonal signal
correction; Tcv: T cross validation.



higher concentrations of inosine, N-acetyl-glycoprotein, an
unknown peak at 2.761 ppm (UN1) and lower levels of
citrate compared to the untreated group (Figure 4A, right).
In addition, pairwise O-PLS-DA analyses of the groups at
each time point were performed. A statistically significant
model based on samples collected at 6 months post treatment
was obtained (Figure 4B, left; R2X=0.71, Q2Y=0.61,
p=0.020) with the O-PLS-DA loadings plot demonstrating
higher levels of acetate, inosine, N-acetyl-glycoprotein,
sarcosine and UN1 in the ONP group, together with lower
levels of alanine, citrate, creatine, betaine, glycine,
isoleucine, leucine, valine, uracil and valine (Figure 4, right).
However, no significant metabolic alteration was detected at
the other time points (p>0.05). 

The relative concentrations of the significantly changed
metabolites were analyzed using univariate statistical methods.
Higher relative concentrations of inosine, N-acetyl-glycoprotein,
sarcosine and UN1 and lower relative concentrations of citrate
and uracil were observed in the praziquantel-treated group
compared with the untreated group (Figure 5A). Moreover, the
relative concentrations of acetate, inosine, N-acetyl-
glycoprotein, sarcosine and UN1, the unknown peak (δ1H
2.761) in the praziquantel-treated group, at 6 months were
significantly higher than those in the untreated group, whereas
the relative concentrations of citrate, glycine, isoleucine,
leucine, valine, uracil and valine were lower (Figure 5B). The
chemical shifts with multiplicities of all identified metabolites
are listed in Table I.

Correlation of metabolic profiles and histopathological
changes. The correlations between the metabolic profiles and
histopathological scores, including the severity of bile duct
changes, inflammation and fibrosis, were carried out using
O-PLS regression analysis. The metabolic profiles of the
hamster liver tissues were significantly positively correlated
with bile duct changes, inflammation and fibrosis (p=0.001,
0.003 and 0.02, respectively). The O-PLS regression loading
plot demonstrated that N-acetlyl-glycoprotein, inosine and
sarcosine levels were negatively correlated with the severity
of bile duct changes. Furthermore, the concentration of
sarcosine was also negatively correlated with tissue
inflammation and fibrosis scores (Figure 6).

Biological network analysis of the Ov and NDMA-treated
and praziquantel-treated CCA-bearing hamster groups. The
significant metabolites from all models, alanine, betaine,
citrate, creatine, glycine, inosine, isoleucine, leucine,
sarcosine, uracil and valine, were selected for the biological
network analysis using the MetaboNetworks (28), a tool to
create sub-networks from the main reaction based on the
Kyoto Encyclopedia of Genes and Genomes. It calculates the
shortest pathway between a set of metabolites, then plots the
connectivity between them and links in a network graph. The
main altered pathways include amino acid metabolism,
branch-chain amino acid metabolism, choline and betaine
metabolism, glutathione metabolism, glycine and serine
metabolism, lipid and fatty acid metabolism, purine
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Table I. The summary of metabolic changes in liver tissues from untreated (ON) and praziquantel-treated (ONP) hamsters with N-
nitrosodimethylamine-induced cholangiocarcinoma. 

Metabolite                                            Chemical                                                                                     O−PLS model
                                                                  shift
                                                                                                         ON vs. ONP        At 6 months           Bile duct          Inflammation          Fibrosis 
                                                                                                        (permutation        ON vs. ONP             severity            (permutation      (permutation 
                                                                                                           p=0.002)           (permutation        (permutation           p=0.003)             p=0.020)
                                                                                                                                         p=0.012)               p=0.001)

Acetate                                                    1.92(s)                                                               −0.774*                                                                                
Alanine                                            1.48(d); 3.79(q)                                                        +0.6829                                                                                
Betaine                                              3.27(s); 3.9(s)                                                         +0.8859                                                                                
Citrate                                                     2.66(d)                              +0.6946***            +0.8275*                                                                               
Creatine                                           3.04(s); 3.93(s)                                                        +0.6574                                                                                
Glycine                                                   3.57(s)                                                             +0.8017**                                                                              
Inosine                                       6.1(d); 8.24(s); 8.34(s)                 −0.7805***           −0.9703**              −0.7532                                                  
Isoleucine                                0.94(t); 1.01(d); 1.26(m);                                             +0.8677**                                                                              
                                                1.48(m); 1.98(m); 3.68(d)
Leucine                                     0.96(t); 1.71(m); 3.73(t)                                               +0.9264**                                                                              
N-Acetyl-glycoprotein                           7.95(d)                              −0.7593***           −0.8446**               −0.655                                                   
Sarcosine                                         2.74(s); 3.61(s)                       −0.6701***           −0.8547**               −0.687                 −0.6152               −0.6312
Unknown                                               2.761(s)                              −0.6701**             −0.8404*                                                                               
Uracil                                               5.81(d); 7.54(d)                       +0.5941***           +0.9033**                                                                              
Valine                                       0.99(d); 1.04(d); 3.62(d)                                               +0.8486*                                                                               

Significantly different at *p<0.05, **p<0.01 and ***p<0.001, respectively.
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Figure 5. The relative concentrations of significantly changed metabolites in liver tissues from untreated (ON) and praziquantel-treated (ONP)
hamsters with N-nitrosodimethylamine-induced cholangiocarcinoma. The maximum intensities of the significant metabolites from multivariate
statistics were analyzed by univariate statistics from entire model (A) and that for 6 months (B). Significantly different at *p<0.05, **p<0.01 and
***p<0.001, respectively.



metabolism, pyrimidine metabolism, pyruvate metabolism,
tricarboxylic acid (TCA) metabolism, TCA anaplerotic
metabolism and the urea cycle (Figure 7).

The anti-inflammatory effect of inosine, sarcosine and
acetate and their combination on the prevention of CCA
development. Increasing levels of inosine, sarcosine and
acetate were found in the ONP group. Interestingly, an anti-
inflammatory property of inosine and acetate was identified
in previous studies (33, 34). Moreover, our result
demonstrates that the sarcosine level was negatively
correlated with inflammation. Therefore, we further
investigated the anti-inflammatory effect of inosine,

sarcosine and acetate for the prevention of CCA
development. An absolute concentration of these metabolites
was calculated from their maximum intensity compared to
the maximum intensity of the 3-(trimethylsilyl)-2,2,3,3-
tetradeuteropropionic acid peak. The U937 macrophage cell
line was treated for 48 h with an absolute concentration of
each metabolite or a combination of the three metabolites.
Then, the expression of IL6 in treated and untreated cells
was investigated using western blot analysis. The combined
treatment condition significantly reduced the expression of
IL6 at 48 h (Figure 8A and B). The IL6 levels in the culture
medium after combined metabolite treatment was measured
using ELISA. We observed that IL6 significantly decreased
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Figure 6. Orthogonal partial least squares (O-PLS)-regression analysis. O-PLS-regression loading plot of the histopathological results, including
severity of bile duct alteration (A), inflammation (B) and fibrosis (C).



following 48 h of treatment (Figure 8C). These results
collectively indicated the combinatory anti-inflammatory
effects of inosine, sarcosine and acetate on the inhibition of
IL6 production in the macrophage cell line.

Discussion

The strategies for CCA prevention and treatment are still
ineffective. One of the best potential strategies for CCA
prevention is praziquantel administration. Praziquantel is an
anti-helminthic drug that has been used for Ov elimination
(35). Current reports suggested that praziquantel treatment can
prevent CCA development in the CCA-induced hamster model
(7). This is in accordance with a previous study which
demonstrated that liver fibrosis and egg granulomatosis
observed in hamster liver tissues with liver fluke infection were
reduced after praziquantel treatment (36). Similarly, this study
indicates that praziquantel can suppress the severity of Ov and
NDMA-induced CCA development despite the fact that one
hamster had CCA after praziquantel treatment. Praziquantel is

an effective therapy, with the cure rate for opisthorchiasis being
95% in hamsters with a single 400 mg/kg oral dose (37),
71.4% with a 40 mg/kg standard single dose and 96.6% with
a 75 mg/kg total dose in school children (38).

In cancer cells, central metabolism reprogramming is the
enhancement of glycolysis in order to support rapid cell
proliferation (39, 40). TCA intermediates are also used as
precursors for fundamental cellular biomolecule synthesis
(41). Cancer cells require carbon atoms from the TCA
anaplerotic pathway to supply the TCA cycle. The present
study demonstrated increasing levels of citrate and the
intermediate molecules in the TCA cycle in the praziquantel-
treated group at 6 months. The oxidation of the branch-chain
amino acids alanine and serine can be a source of carbon for
the anaplerotic flux as they are converted to TCA cycle
intermediates to support the glycolytic flux (42). Our study
also demonstrated that the increased levels of the six amino
acids, leucine, isoleucine, valine, alanine, glycine, and serine,
in the praziquantel-treated group may support an increased
glycolytic flux which conforms with the needs for up-
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Figure 7. A biological network analysis of metabolic profiling of hamster liver tissues. All significant metabolites were mapped onto the Kyoto
Encyclopedia of Genes and Genomes (KEGG) database for the biological network analysis using MetaboNetworks software.



regulation of protein synthesis in cancer cells. A previous
report demonstrated that an increased glycine level from
altered glycolysis is associated with a poor prognosis in
patients with breast cancer (43). Moreover, increasing levels
of leucine and isoleucine can activate the mammalian target
of rapamycin signaling pathway, resulting in enhanced cell
growth in pancreatic cancer cells (44).

Up-regulation choline metabolism has been investigated in
cancer, demonstrating that choline is used for phosphocholine
synthesis or oxidized to betaine, resulting in a low
concentration of choline and high concentrations of
phosphocholine and betaine (45). In this study, the betaine level
was increased in the untreated group. The increases in choline
and betaine levels may serve as providing greater
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Figure 8. The anti-inflammatory effect of a combination of inosine, sarcosine and acetate on the prevention of cholangiocarcinoma development.
A: Western blot analysis demonstrated the reduction of expression of interleukin-6 (IL6) after treatment with the combined metabolites in the U937
macrophage cell line. B: Relative expression level of IL6 after treatment with the combined metabolites in macrophage cells. C: IL6 level in culture
media after treatment with combined metabolites. Significantly different at *p<0.05, **p<0.01 and ***p<0.001, respectively, using Student’s t-test.



concentrations of methyl group donors, which may affect
carcinogenesis through the influence of methylation and the
synthesis of DNA (46). Furthermore, an increased creatine
level was observed in the untreated group, which corresponds
to previous studies showing that increased creatine levels in
lung cancer tissues (47) and in urine of patients with
hepatocellular carcinoma (48). Creatine functions in cellular
energy transport and interacts with adenosine triphosphate to
form phosphocreatine and adenosine diphosphate (48).
Creatine synthesis requires three amino acids including
methionine, glycine, and arginine. In the liver, guanidinoacetate
acid, a product from arginine and glycine, is methylated to
produce creatine (49). Therefore, high levels of creatine may
be a result of high levels of glycine and serine metabolism, as
shown in the biological network.

The uracil level was found to be increased in the untreated
group. Uracil serves as the precursor in ribonucleic acid and
is a basic unit in protein structure. The breakdown of
pyrimidines provides malonyl-S-CoA and methylmalonyl-S-
CoA, which enters the TCA cycle (50). An increased level
of uracil might reflect the rapid proliferation of cancer cells.
Furthermore, high levels of uracil were reported in gastric
cancer tissues, which similarly suggests the state of rapid
growth and proliferation of cancer cells (16). 

Our study also demonstrated increased levels of acetate,
sarcosine, and inosine in liver tissues from hamsters treated
with praziquantel. Acetate, a salt of acetic acid, is produced
by bacterial fermentation in the intestines, alcohol metabolism,
and the endogenous metabolism of cellular components, such
as long-chain fatty acids (51). Increased levels of acetate and
inosine/adenosine have been reported in lung tissues compared
with adjacent lung cancer tissues (47). Moreover, the acetate
level was found to be reduced in the urine of patients with
prostate cancer (52) in whom acetate might be used by cancer
cells as a source of lipid biosynthesis in tumors (53).
Moreover, the acetate level was found to be reduced in the
feces of patients with colorectal cancer, which was caused by
a disturbance of the intestinal microbiota and host tissues
associated with colorectal tumorigenesis (17). In addition,
acetate treatment significantly suppressed histone deacetylase
activity and enhanced global histone acetylation in human
macrophages, corresponding to a decrease in inflammatory
cytokines, including IL6, IL8, and tumor necrosis factor-α
production (54). Inosine is an endogenous purine nucleoside,
which is formed during the degradation of adenosine through
adenosine deaminase activity. A high concentration of inosine
was found in inflamed tissues or under ischemic conditions
(55). The deamination of inosine provides hypoxanthine,
which is further oxidized to uric acid through the enzyme
xanthine oxidoreductase. An association of xanthine
oxidoreductase expression and oxidative stress, cancer
aggressiveness, and poor clinical outcome has been reported
(56). A previous study suggested that purine metabolites in the

urine of patients with CCA showed increased levels of uric
acid and 7-methylguanine, and reduced levels of hypoxanthine
compared with a control group (11). In the present study, the
higher levels of inosine in the praziquantel-treated group were
negatively correlated with inflammation. Another study
showed the anti-inflammatory effect of inosine on peritoneal
macrophages that was able to inhibit the overproduction of
proinflammatory cytokines while enhancing the production of
protective cytokines (57). In addition, an anti-inflammatory
effect of inosine in human monocytes, neutrophils, and
epithelial cells has been reported (33). A decreased
concentration of sarcosine in the ON group was observed in
the present study. Sarcosine or N-methylglycine is an
intermediate and byproduct in the synthesis and degradation
of glycine. Sarcosine is formed from the methylation of
glycine through N-methyltransferase (GNMT) activity and can
be converted back into glycine via the oxidative demethylation
of S-adenosylmethionine (58). In patients with CCA, 18.2%
of CCA tissues showed no expression of GNMT, whereas a
higher expression level of GNMT in epithelial cells was
observed in normal bile duct cells (59). A biological network
showed the shortest link between the increase of glycine and
reduction of sarcosine in the praziquantel-treated group,
suggesting that the decrease of sarcosine may be caused by
reduced demethylation of glycine. Our results also found a
negative correlation between sarcosine and the severity of bile
duct change, inflammation, and fibrosis. 

Chronic inflammation after liver fluke infection has
clearly been demonstrated to be involved in CCA
carcinogenesis (60-62). During inflammation, there is an
overexpression of inflammatory cytokines, especially IL6,
which can promote tumor growth by inducing signal
transduction and activation of the transcription of protein
expression, resulting in CCA carcinogenesis and progression
(63). IL6 can also up-regulate myeloid cell leukemia-1. It is
an anti-apoptotic B-cell lymphoma/leukemia 2 family
member protein leading to cell death resistance (64).
Techasen and co-workers reported that the cytokines secreted
by activated macrophages, including IL4, IL6, IL10, tumor
necrosis factor-α, and transforming growth factor β1, can
induce epithelial–mesenchymal transition through the altered
expression of epithelial–mesenchymal transition -related
genes in CCA (30). In the current study, we report for the
first time, the anti-inflammatory effect of combined acetate,
inosine, and sarcosine treatment on a macrophage cell line.
The combination of acetate, inosine, and sarcosine can
inhibit the production of IL6, which is a proinflammatory
cytokine that plays an important role in CCA carcinogenesis. 

Conclusion

Collectively, our data indicate that praziquantel can suppress
the severity of Ov and NDMA-induced CCA development. The
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1H-NMR metabolomics results revealed that nine metabolites
were significantly increased and five metabolites were
significantly reduced in the praziquantel-treated group, which
may phenotypically reflect CCA carcinogenesis. In addition,
we also demonstrated that the combination of acetate, inosine
and sarcosine exerted an anti-inflammatory effect through the
inhibition of IL6 production in a macrophage cell line, which
underlies the mechanism of praziquantel in preventing Ov and
NDMA-induced cholangiocyte transformation and CCA
development in this hamster model.
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