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Abstract

Project Code : RMU5480002
Project Title : Effect of Thunbergia laurifolia on pathogenesis of hamster
opisthorchiasis cholangiocarcinogenesis and anti-cholangiocarcinoma
Investigator : Associate Professor Thidarut Boonmars
Department of Parasitology, Faculty of Medicine, Khon Kaen University
E-mail Address : bthida@kku.ac.th

Project Period : 3 years

To clarify the effect of Thunbergia laurifolia on pathogenesis of Opisthorchis viverrini and
cholangiocarcinoma (CCA) development therefore, the present study was performed to
evaluate the efficacy of T. laurifolia in vivo and in vitro studies; i) in vivo, this study was
evaluated the efficacy of T. laurifolia in various hamster models; hamsters infected with O.
viverrini alone (OV), OV and praziquantel, OV-induced cholangiocarcinoma models and
infection-induced cholangiocarcinoma and praziquatel models through gross and
histopathological changes using H&E, sirius red, PCNA and CK19 staining and liver and
kidney function tests. Moreover evaluation of the T. laurifolia effect in allograft hamster
model using tumor volume i) in vitro, T. laurifolia inhibited cell growth in human
cholangiocarcinoma cells (M214) and hamster cholangiocarcinoma cells (Ham-1) using SRB
assay, flow cytometer and real time PCR to detect gene expressions after T. laurifolia
treatment. Results showed that T. /aurifolia had an antioxidant and anti-inflammatory
properties which improve liver function in hamsters with liver fluke infection and/or combination
with praziquantel, as evidenced by a reduction of the inflammatory cells surrounding the
hepatic bile ducts and inhibiting CCA development in hamster model that correlated with the
results of the liver function tests. In addition, T. laurifolia inhibited cell proliferation with dose
dependent and induced G2/M phase arrest which correlated with the results of apoptotic and
cell cycle correlate to gene expressions. The present study suggests that T. laurifolia may
useful for CCA prevention and treatment however; further study should focus on clinical trial.

Keywords: Thunbergia laurifolia, pathogenesis,opisthorchiasis, cholangiocarcinoma
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Specimen’s collection 1,2,3,6 months
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Liver - RNA — tumor relevant genes Blood (serum) - liver function test Kidney Feces
- Gross pathology (ALP,ALT) - histopathology -EPG
- Histopathology(H&E, - Kidney function
Sirius red staining) (BUN,creatinine)
- Immunohistochemical
staining (CK19,
COX2,PCNA)

Determination of treatment outcome

- Survival rate
- Hamster body weight - Hamster vital organ weight

- Tumor weight - Tumor size
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Syrian hamster

l

Primary cell culture of hamster CCA

Intradermal injection into Syrian hamster back with

optimal number of cancer cells

' }

Control: Thunbergia laurifoliatreatment

No treatment

\ 4 v \ 4

Treatment 1: Treatment 2: Treatment 3:
100 mg/kg/day of | 100mg/kg/day of 100 mg/kg/day of
Boiled Fresh Rang Jued Dried Rang Jued

N —/
—~

Determination of treatment outcome
- Hamster body weight - Hamster vital organ weight
- Tumor weight - Tumor size

Histopathological examination including hematoxylin and eosin staining and bile duct marker

staining (CK19)
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Effect of TL on cell cycle of human cholangiocarcinoma cell after 48 hour post-treatment

90

80 4

70 A

60 -

50 G2/M
40 S
BGl

30 4

20 4

TLO TL1:160 TL1:80 TL1:40 TL1:20

Control TL1.25 mg/ml

TLS mg/ml

TL25 mg/ml

TL 10 mg/ml

G1 phase S phase G2/M phase
(MeanxSD) (MeanxSD) (MeanxSD)

Control 41.1+4.66°

TL 1.25 42.5540.072
TL 2.5 54.8+1.27°
TLS 50.25+0.6320
TL 10 41.65+0.07°

11.05+1.4720
13.45+0.21°
9.8540.632
9.1+0.422
13.74+0.42b

ANN 2 HAVDIRIIRNAINTNIATULILTRANZLS I aTNGvaIan

17.5+0.842
19.554+0.91°
20.440.56P
24.5+0.70°
24.55+0.77¢



NaYITNINABNITUENIDANVDY apoptotic proteins

NANIANHINLIEITENATIANANUTNT AN g laun 0 25 5 uaz 10 Hadniuda
8803 femadamstnihliiAansaauuy apotosis lagwuiniinsuaasaanvaslisin Akt

& A < o A
p53 p27 p57 4T 1IN 24 T3 AIATNN 3

Effect of TL on protein expression of human cholangiocarcinoma cell after 24 post-treatment

TL2.5 TL5 TL10 TLO (mg/ml)

After treatment increase of p57, p27, pS3 and Akt with dose-dependent

ANN 3 WNAVBIFNIRNAIINTNIAARSNTURAIBBNVEYS P57, p27, p53 WAz Akt
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Effect of TL on migration of human cholangiocarcinoma cell after 24 post-treatment

40X 40X
60

Nmber of migration

40

20

Control TL 5 mg/ml

100X 100X
control TL 5 mg/ml

After treatment TL inhibited migration of CCA cell

AN 4 HABITHIARBNTUNINTZANBRINZITI LlaunI¥in migration assay



WauaJ apigenin @a Cell cycle arrest

NANNTAN®INLINENT apigenin finnuidududsg laun 5 10 uaz 20 lulasnsudeladans

3

6

Lag TINALLAUUELTI Cycloheximide FINAGBNINYAHIIYINTTAANULANG1IN® NTIIVDS
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%0 -
80 | [
70 4 [
60 |
50 |
o y £62/M
40 | Y
X B as
30 4 px -1
10 | [ O R
0 ‘ ‘ L L s
> &
[y ) ~ v N ~ V>
¥ L LN
¥R S
Control 50.80+1.554

Cycloheximide 160 pM
APG 5 uM
APG 10 uM
APG 20 pM
Cy+APG 5 pM
Cy+APG 10 uM
Cy+APG 20 uM

AN 5 WaVa3 apigenin 6o

45.85 & 1.342bd

47.7041.41bd

45.10+0.982b¢
41.30+2.682
57.8+2.12¢
49.0+3.674

43.55+0.77%

Control Cycloheximi APG 5uM APG 10 uM

APG 20 uM CyAPG 5 uM CyAPG 10 uM CyAPG 20 uM

13.6+0.14¢ 18.25+0.21%
10.85+0.35¢ 20.6+0.42¢¢
10.55+0.35b 20.4+0.28
10.4:£0.28 19.7+0.98
7.4+0.282 22.05+1.20¢
8.7+0.282b¢ 17.45+1.062
8.6+2.12% 20.45+0.63%
13.35+1.06¢ 16.95+0.352

Cell cycle arrest
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Effect of apigenin on gene expression of human cholangiocarcinoma cell after 24 post-treatment
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WauaJ apigenin b apoptosis

NANNTAN®INLINENT apigenin AnNudNdudsg laud 5 10 uaz 20 lulasniuda
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Effect of apigenin on apoptosis of human cholangiocarcinoma cell

Control APG 5 uM APG 10 uM . APG 20 uM

| L PR L DL ol L L LILLLL BRI 7T LI pRARLL =R L)L T T T

B T T [N S [T R VR T 00wt

Annexin ' FITC-A i Annexin W FITC-A ’ Annexin FITC-A Annexin V¥ FITC-A

(MeansSD) | Q1 (necrosis) | Q2 (dead cell) | Q3 (living) | Q4 (on going to dead)
Control 0.1:0.0016 | 22:0.17 [95.27:0.05 2.43:0.32

APG 5 uM 0.03:0.05 23:0.06 | 95.2:0.5 2.43:0.38

APG 10 uM 0:0 1.67:04 | 94.4:1.35 4:1.5

APG 20 uM 0:0 2.17:1.05 | 95.6:1.27 2.3:0.36

NN 7 WaVad apigenin §an1ILNa apoptosis



Wa2ad apigenin ABNISUENIDDNVDY apoptotic proteins
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Effect of apigenin on protein expression of human cholangiocarcinoma cell after 24 post-treatment

Akt —
P53 D G = S
p27

P57 — G

B-actin _—_——
G3P — s ——

’AZOuM AI0uM ASpM  AOpM

After treatment increase of p57, p27, p53 and Akt with dose-dependent

NN 8 HAVD apigenin aNIULEAIDANVAYI apoptotic proteins
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Effect of apigenin on migration of human cholangiocarcinoma cell after 24 post-treatment

140

40X 40X

o
S

Number of cell migration
%
8

40

control APG 40 uyM

100X 100X

control APG 40 uM
After treatment apigenin inhibited migration of CCA cell

AN 9 WAZBY apigenin GANNTLNINTZANLVBINTI Ia8A1IYiN migration assay



A o & a & ¥ a & o 1 [
ANIAYUHINTIILIFIYVDINSLIIN a%"lﬂi%ﬁk‘buaﬂﬁlﬁaiﬂﬂﬂﬂq‘iﬂﬁﬂﬂqﬂ&lzlﬁﬂ

NANMIANEIWLIEIENATNIaNANIdLdudg g ldun 100 waz 500 Hadnsudailaniy
: o @ a & & 4o AadN v, & Y
sanaildmaasnesmasuzisiiai@nlavia allograph El,mwl,ammma@m nnsian

ssanansiadadanmduna 1 eu laslisinadensaiyidulazeamy  danwd 10

back

250 neck 300
e 200 = 250
3 3
c c 200
ERED i
S S 150
o o
£ 100 £
E ) 100

50 50

0 0

0 1 2 3 4 Weeks 0 1 ) 3 4 Weeks

w===water e=ffmRC500 ==ghe=RC100 —o—water —=RC500 —&—RC100

c 160 D
-
140
120
mE 15 = @
£ 5 100
£ = =@ water
c S 80
EREE g
> S =—-RC500
) 2 60
5 5
£ s 40 =#—RC100
20
0 T T 1 0
control RC another plant 0 1 2 3 4 Weeks

A A o & a & 145 . a a @ =
2NN 10 HAVYBNIINNIGYUEINTIILIITYVBINSLINNDUIN I@]Uﬂill'](ﬂi“ﬂaﬁﬂau&]zlﬁ@ (A ae B)

maSeuiisuiuaywlnssiiadu (C) wntinvaimunasss (D)



[
o A

a { 1% { o & a & 1
WEl'lﬁﬂﬂ'l‘W?Jaﬂﬂhbﬂﬂﬂa\‘lﬁvl(;fiﬂi'l\‘i%ﬂLﬁaﬂlﬂ SINIIIIVVDINELTNBUIN

Namﬂmﬂﬁmiaﬁ'@mﬁ@lﬂuL@amaomsﬂgﬂmwu%ﬁaﬁﬁmawwauama%
WU NITIHT19902UI0 100 INdann was 500 NNGANN FINAGaNITIANNTIWINTDY

6 & A
LTRRNZLIIANNINN 11

AN 11 wenSanmaasrunaaasi ldsunsdaiaduginsaiyresunsviend lay

N3 allograft cholangiocarcinoma luﬂ@;Nﬂ’JUQN (A,D,G) uaz ﬂﬁjuﬁIﬁaﬁiaﬁ@ﬂﬂﬁu

[Ntk 100 In@ann (B,E,H) and 500 ungann (C,F,l)



nansdandayludaladrmiu PCNA uaz CK19

Namﬂmﬂﬁmiaﬁmw%lﬂwL@amaamsﬂgﬂmmmﬁwiaﬁwﬁmamku,l,auama‘§
WU NI UUIA 100 Andann Waz 500 UNGanN FINAGaNIIIANNIIWINTA
\maANzIs lasnsdan PCNA uaz CK19 lauwy positive area #asninlunguaiuqu 6

Mwh 12

NN 12 ﬂﬁiﬁam‘émﬂuﬁﬂmﬁm%’u PCNA 18z CK19 luﬂ'@:umuqu (AD) ua mﬁuﬁ

Iwasanaanududs 100 undann (B,E) and 500 yn@ann (C,F)



¢ Al

o & a & 1 & o 1 [
Apigenin gugin1staigzasnnSevianidlungiandniinisdanateasse

v
o

NANIANHIWLIIANTIAET apigenin s'mNaﬁﬂﬁmnﬁmﬂaamaﬁmﬁaﬁamamﬁﬁﬂ xenograph
lunydahdanas LLa:L‘E’mﬁfﬂmaamL‘%ﬂa@aaLﬁaLﬁUuﬁ'umjumuqu nm3ilaus1s apigenin
dadanuduna 22 T laglidnadanmaadydulavemy  anuaneine lasmsday
H&E 1% wud'f'l,sj@iamﬁumwmmﬂ@mluuémaagﬂé’num:mawu‘%m{wﬁ URZIINNITHON NN
unsdaueay  ki-67 ‘%G(ﬂﬂ’]i proloferative 284 cell lag positive 14 cell ﬁag}is:mwmiuﬂoé’a
lugn4 late G1, S, G2 phase Waz negative 1% GO phase IINNTNARBILIIUEIUVILVD
#2881493% positive mnn’hﬁhuﬂmaLLafzﬁhuﬂmwaaﬂﬁjwﬁvl,éﬁuU’]ﬁlzwuﬁaﬁ@"l,@i”mnﬂiﬁﬂﬁjm

GRMEE! AINTWN 13



Body weight Tumor growth Tumor weight
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Abstract Worldwide, the highest incidence of cholangiocar-
cinoma (CCA) is found in northeast Thailand, the endemic
area of Opisthorchis viverrini infection. Cumulated clinical
data revealed that the majority of CCA patients are men.
However, many other types of cancers are more commonly
found in women. In this study, we investigated the sex differ-
ences in the development of CCA, induced by O. viverrini
infection and N-nitrosodimethylamine administration, in
Syrian hamsters. Histopathology, liver function tests, and
fecal egg counts were analyzed. The results showed that there
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are no sex differences in hamsters responses to O. viverrini
infection and no prevalence of CCA development. Even
though serum ALT level in O. viverrini-infected or CCA
hamsters was significantly increased in female compared to
male (p <0.05) and uninfected control (p <0.05), our results
may imply that the higher prevalence of opisthorchiasis and
CCA in men than in women in northeast Thailand may
depend on behaviors of an individual exposed to risk factors
rather than gender difference.

Introduction

Many reports have shown that men and women differ in their
susceptibility to certain diseases, including cancers (Eliassen
et al. 2006; Giannitrapani et al. 2006; Green et al. 2012). For
example, females have a much greater risk of breast cancer,
and men have a risk of prostate cancer (Eliassen et al. 2006;
Green et al. 2012).

Opisthorchiasis, caused by Opisthorchis viverrini which is
one of the risk factors for cholangiocarcinoma (CCA), is
highly prevalent in northeast Thailand (Vatanasapt et al.
1990; Sriamporn et al. 2004; IARC 2011). Previous study
has shown that the majority of opisthorchiasis and CCA cases
are found in men (Poomphakwaen et al. 2009). This may be
caused by different behaviors such as smoking, excessive
drinking, and raw fish consumption. However, actual reasons
for this sex differences in CCA remain obscure. Thus, the
present study is intended to clarify the effect of sex differences
on the pathology of opisthorchiosis and CCA development in
an animal model. Previous studies using the hamster,
O. viverrini model have used only male hamsters; here, we
compare the results from male and female hamsters. We used
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Table 1 Experimental groups

Group® Administered OV Administered ND in Serum sample Sacrificed at day Sacrificed at day
drinking water taken at 30 (n, sex) 120 (n, sex)

1,0V* 50 mc at day 0 - Day 30 5459 -

2, ND° - Day 0-30 Day 30 538,59 -

3, OVND™ 50 mc at day 0 Day 0-30 Day 120 - 53,59

Symbol & indicates male and symbol @ indicates female
mc metacercariae

#Five each of male and female hamsters per group

® Groups 1 and 2 intended to show differences in inflammatory cell responses between male and female

¢ Group 3 intended to show differences in CCA development between male and female

data obtained from histopathology, liver function tests, and
fecal egg counts for analysis of sex difference.

Material and methods
Animals and rationale for the experimental design

Fifteen male and 15 female Syrian hamsters, 6 to 8 weeks old,
from the Animal Unit, Faculty of Medicine, Khon Kaen
University (Table 1), were divided equally into three groups
with two purposes: (1) for inflammatory cell response of
hamsters infected with O. viverrini (OV) (group 1) and ham-
sters administered N-nitrosodimethylamine (ND) (group 2)
and (2) for CCA development of hamsters infected with O.
viverrini and administered N -nitrosodimethylamine (OVND)
(group 3). To induce hamster CCA development,
N-nitrosodimethylamine was given daily in drinking water
at day O to 30, and O. viverrini was given in a single dose at
day 0. Five male and 5 female hamsters of each group were

Fig. 1 Representative gross
anatomy of livers of female (¢—c)
and male (d—f) hamsters infected
with O. viverrini (OV) (a, d),
hamsters administered with
N-nitrosodimethylamine (ND)

(b, e), and hamsters infected with Female
O. viverrini and administered
N-nitrosodimethylamine
(OVND) (c, f). Gb gallbladder
Male
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sacrificed at day 30 or 120 postinfection; photographs were
taken for comparison of the gross anatomy of the livers
(Fig. 1). The experiment was conducted according to the
guidelines of the Committee of Animal Ethics, Khon Kaen
University (ethical clearance no. AEKKU 23/2554).

Parasite infection

Cyprinoid fishes (such as Henicorhynchus siamensis and
Cirrhinus jullieni) were bought from a local market in Khon
Kaen province. The digestion process followed the method
used in our previous studies (Wonkchalee et al. 2012). In brief,
fishes were digested with pepsin—HCl at 37 °C for 1 h. Aftera
complete digestion followed by filtration, O. viverrini
metacercariae (a double-walled cyst, oval shape, oral, and
ventral suckers were clearly seen, and excretory bladder ap-
pears as containing black brown granules; the average size of
the encysted metacercaria is 201 umx 167 um) were collected
under a stereomicroscope. Male and female hamsters were
orally infected with 50 O. viverrini metacercariae each.

ov ND OVND
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Table 2 The average eggs per gram of feces from female and male
hamsters infected with O. viverrini (OV) and infected with O. viverrini
combined with N-nitrosodimethylamine hamster (OVND)

Groups EPG (mean = SD)
Female Male
OV at day 30 1,977.4+218.2 1,927.75+40.2

OVND at day 120 8,956.6+1,406.2 8,091.38+425.2

Time points (1 or 4 months) are indicated

N-nitrosodimethylamine preparation and administration

ND, purchased from Wako Pure Chemical Industries,
Osaka, Japan, was used for inducing CCA development in

Female

oV
days 30

ND

days 30 v

Fig. 2 Representative of histology of female and male hamsters’ livers
after infected with O. viverrini (OV') and administered with ND for 30 days.
The liver sections were stained with hematoxylin and eosin (a—d, i—/) and
Sirius red (e—h, m—p) in hamsters infected with O. viverrini (a—d, e—h)

hamsters (Thamavit et al. 1978). N-nitrosodimethylamine
was prepared in distilled water at a final concentration at
12.5 ppm for administration to the assigned hamster groups
(daily for 30 days).

Fecal egg count

Two fecal pellets were collected from the rectum of each
infected hamster (groups 1 and 3) after euthanasia. A formalin
technique was employed for the quantitative O. viverrini egg
count. In brief, fecal pellets were weighed, fixed, and broken
up in 1 ml of 10 % formalin. Then, 0.2 ml of this solution with
10 pl of 1 % iodine solution was sampled and smeared on a
glass slide, and the number of O. viverrini eggs was counted
under a microscope.

Male

v \4

and administered N-nitrosodimethylamine hamsters (ND) (i—/, m—p). V
portal vein, P parasite, Bd bile duct. Red stars indicate inflammatory cell
aggregation. Black head arrow indicates fibrosis
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Table 3 Histopathological grading of female (F) and male (M) hamsters’ livers after infected with O. viverrini (OV) and administered with

N-nitrosodimethylamine (ND) for 30 days

Histopathology  Criteria OV (F) (%) OV(M)(%) ND (F)(%) NDM) (%)
Inflammation 0 =none
1 = mild (hepatocyte, 1-4 small foci per 4x objective or 5-20 % per field) 40 50
2 =moderate (hepatocyte + portal area, 14 foci per 4% objective or 20-50 % per field) 60 80 60 50
3 = severe (hepatocyte + portal area >5 foci per 4x objective) or >50 % per filed 40 20
Bile duct changes 0 = no proliferation 100 100
1 = mild proliferation (1-5 foci per 4% objective) 20 40
2 = moderate proliferation (610 foci per 4x objective) 60 60
3 = severe proliferation (>10 foci per 4x objective) 20
Granulomatous 0 = absent 100 80 100 100
reaction 1 = present 20
Fibrosis 0 = no fibrosis
1 = portal fibrosis without fibrous septa 20 40 40 50
2 = portal fibrosis with short fibrous septa 80 60 60 50

3 = portal fibrosis with fibrous septa

Light microscopic observation

Liver sections stained with hematoxylin and eosin (H&E)
were used for the histopathological study. In brief, liver tissue
from each hamster was fixed with 10 % formalin, dehydrated
with an ascending ethanol series, cleared in xylene, and then
embedded in paraffin. Liver tissue sections were cut at 5 um
thickness, deparaffinized and rehydrated, and then stained
with H&E. Histological grading followed to the previous
report (Boonjaraspinyo et al. 2010; Wonkchalee et al. 2012).

Sirius red staining for collagen

To compare the fibrosis between male and female hamsters,
liver sections were first stained with hematoxylin for 8 min to
show nuclei, and then, the slides were washed in running tap
water for 10 min. Then, the slides were stained with a saturat-
ed aqueous solution of picric acid containing 0.1 % Sirius red
(Sigma-Aldrich, St. Louis MO, USA) for 1 h, washed in two
changes of acidified water (5 ml of glacial acetic acid in 1 L of

Fig. 3 Representative histology
of livers at day 120 of female and
male hamsters infected with

O. viverrini and administered
with N-nitrosodimethylamine
(OVND) (a—d). V portal vein,

P parasite, Bd bile duct, CCA
cholangiocarcinoma area. Red
stars indicate inflammatory cell
aggregation
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distilled water), dehydrated, cleared with xylene, and
mounted. Collagen fibers in the connective tissues were
stained red. The sections were observed and digitized under
a light microscope (Olympus BX51; Tokyo, Japan) for grad-
ing fibrosis.

Measurement of serum liver enzymes

Hamster sera were obtained from groups of normal male and
female hamsters, groups 1 and 2 at day 30 and group 3 at day
120 to determine liver damage through alanine aminotrans-
ferase (ALT) and bile duct proliferation or obstruction through
alkaline phosphatase (ALP). Measurement of the ALT activity
using Alanine Aminotransferase Activity Assay Kit (Cayman,
Michigan, USA) is carried out by monitoring the rate of
NADH oxidation in a coupled reaction system employing
lactate dehydrogenase (LDH). The oxidation of NADH to
NAD" is accompanied by a decrease in absorbance at
340 nm. Under circumstances in which the ALT activity is
rate limiting, the rate decrease is directly proportional to the
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Table 4 Histopathological grading of livers at day 120 of female (F) and male (M) hamsters infected with O. viverrini and administered N-

nitrosodimethylamine (OVND)

Histopathology Criteria

OVND (F) (%) OVND (M) (%)

Inflammation 0 =none

1 = mild (hepatocyte, 1-4 small foci per 4x objective or 5-20 % per field)

2 = moderate (hepatocyte + portal area, 1-4 foci per 4x objective or 20-50 % per field) 80 80
3 = severe (hepatocyte + portal area >5 foci per 4% objective) or >50 % per filed 20 20
Goblet cell proliferation 0 = absent
1 =mild (+) 20
2 = moderate (++) 60 80
3 = severe (+++) 20 20
Bile duct change and 0 = absent proliferation
cholangiocarcinoma | — niiq proliferation without cholangiofibrosis
2 = moderate proliferation with cholangiofibrosis 40 60
3 = CCA area 5-20 % per 4x objective 20 20
5= CCA area 30-50 % per 4x objective 20
6 = CCA area >50 % per 4x objective 20 20
Granulomatous reaction 0 = absent 100 100
1 = present

ALT activity in the sample. In the measurement of the ALP
activity using Alkaline Phosphatase Assay Kit (Abcam,
Cambridge MA, USA), ALP cleaves the phosphate group of
the non-fluorescent 4-methylumbelliferyl phosphate disodium
salt (MUP) substrate, resulting in an intense fluorescent
signal.

Statistical analysis

All data were analyzed by SPSS version 19.0 using the
correlation, one-way ANOVA, and generated mean and stan-
dard deviation. Grading of gross and histopathology was
followed by previous reports (Boonjaraspinyo et al. 2010;
Wonkchalee et al. 2012).

Results
Fecal egg count

Table 2 shows that the eggs per gram of feces (EPG) of
infected female hamsters were similar to those observed in
males in the same experimental group with no statistically
significant difference. In group 3 at day 120, the numbers of
eggs per gram of feces were four to five times higher when
compared with the eggs per gram of feces in group 1 at day 30.

Gross pathology

The abnormal liver surfaces of group 2 at day 30 were similar
to those of the O. viverrini-infected group (group 1) with

some dilation of the common bile duct and gallbladder. In
group 3 at day 120, the common bile duct and gallbladder
were similar in being opaque, as shown in Fig. 1.

Histopathological changes

Figure 2 shows the results of the O. viverrini-infected or
N-nitrosodimethylamine-administered group (groups 1 and 2).
Inflammatory cell infiltration surrounding the hepatic bile ducts
was observed at day 30 in group 1 (Fig. 2(a—d)). Inflammatory
cells were more often observed in female hamsters
(Fig. 2(a, b)) than in males (Fig. 2(c, d)), especially at the
common bile duct and hilar region. Fibrosis in infected

Table 5 The average (mean + SD) of serum alanine transaminase (ALT)
and serum alkaline phosphatase (ALP) level in livers of female and male
hamsters 1 and 4 months after the start of experiment

Groups ALT (U/) ALP (U/1)

Female Male Female Male
N 108.8+39.7 104.4+19.4 169.8+23.0 93.2+8.43
OV? at day 30 1,056+83.4* 587.0+68.2 139.4+44 1052+7.8
ND° at day 30 1,238.0+£138.5%  899+17.3 99.2+3.6 72.7+£30.4
OVNDYatday 120 315.8+322% 213.6+46.8 91.4+62 77.3+8.7

*p<0.05

#Normal hamster

® Hamsters infected with O. viverrini

¢ Hamsters administered N-nitrosodimethylamine

9 Hamsters infected with O. viverrini and administered
N-nitrosodimethylamine
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female hamsters (Fig. 2(e, f)) was higher than that in males
(Fig. 2(g, h)). Atday 30, aggregations of inflammatory cells
around the hepatic bile ducts were observed in both females
and males of group 2 (Fig. 2(i-1)); in female hamsters
(Fig. 2(i, j)), inflammatory cell infiltration was more pro-
nounced than in males (Fig. 2(k, 1)), especially at the com-
mon bile duct and hilar region. Fibrosis accumulation in
infected female hamsters (Fig. 2(m, n)) was similar to that
in male (Fig. 2(o, p)). Histopathological grading of female
and male hamsters’ livers 1 month after infection with O.
viverrini and administration of ND are shown in Table 3.

As shown in Fig. 3, the group 3 of hamsters showed
inflammatory cell infiltration and an increase of bile duct
number and bile duct cancer at day 120 (Fig. 3(a—d)). A large
area of CCA was more evident in female hamsters
(Fig. 3(a, b)) than in males (Fig. 3(c, d)), especially near
the hepatic bile ducts and subcapsular region.
Histopathological grading of livers at day 120 of female
and male hamsters is shown in Table 4.

Liver function tests

ALT and ALP levels in male and female hamsters in groups 1,
2, and 3 as shown in Table 5 were higher than those in normal
uninfected male or female hamsters. Both serum ALT and
ALP levels in all experimentals were always higher in females
than in males. ALT serum levels were invariably significantly
higher in females than in males (p <0.05). In the case of ALP
serum levels, these were usually higher in female hamsters,
but not statistically significantly.

Discussion

Male hamsters were commonly used as an animal model in
previous studies on opisthorchiosis and CCA (Thamavit et al.
1978). Our present study is the first to show the different
pathologies between male and female hamsters. We found
that females tended to exhibit a greater inflammatory infiltra-
tion in OV-infected group and earlier CCA development than
males as evidenced by histopathological results and liver
function test levels, ALT. Sex had no effect on parasite devel-
opment as evidenced by EPG.

Estrogen in female does cause elevated liver damage leading
to increasing liver enzymes (Lee et al. 2012; Cho et al. 2013);
therefore, our present data showed that female in normal,
groups 1, 2, and 3 had a higher level of ALT and ALP than
those of observed in male. This is consistent with several
reports showing that females are more susceptible to liver
injury, e.g., from drugs and many xenobiotics (Kono et al.
2000; Miller 2001; Lorbek et al. 2013). In the case of alco-
holics, females develop the symptoms of alcoholic liver injury
more rapidly and severely than males (Gallucci et al. 2004;
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Muller 2006; Eagon 2010). Females also have a higher risk of
the incidence of diabetes as well as anemia and hypertension
which are common side effects of diabetic disease (Kumar
1996). In a recent report, diabetes was found to increase the
risk of the occurrence of gallbladder cancer and extrahepatic
cholangiocarcinoma (Ren et al. 2011). In cases of bile duct
ligation, females had slightly more advanced states of fibrosis
and inflammation than males (Zivna et al. 2001). This is in
agreement with our present results, which showed early and
severe pathology of the liver after O. viverrini infection as well
as enhanced CCA development.

In contrast, several diseases are more prevalent in males;
this may depend not only on physiology but also on behaviors
that make males more susceptible to infections, diseases, or
cancer (Roberts et al. 2012; Walter et al. 2013). Several reports
have shown a greater intensity of parasitic infection in males
(Daniels and Belosevic 1995; Poulin 1996; Travi et al. 2002;
Klein 2004; Liu et al. 2006; Klein et al. 2008; Idris et al. 2012;
Morton and Garcia-del-Pino 2013). In addition to physiolog-
ical factors, severity of disease might be associated with many
other determinants such as lifestyle and environmental factors.
The higher incidence of opisthorchiasis and CCA in men is
likely due to behavioral differences, such as higher consump-
tion of raw fish by men, often in a social setting that involves
high intake of alcohol.
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Abstract Thunbergia laurifolia Linn (Rang Chuet) pos-
sesses antioxidant and anti-inflammatory properties as well
as anticancer activities. The aim of the present study was to
evaluate the efficacy of T_ laurifolia in reducing inflammation
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from pathological changes in Syrian hamsters infected with
the human liver fluke Opisthorchis viverrini. Hamster groups
were also administered N-nitrosodimethylamine (NDMA)
and treated with 7. laurifolia. Light microscopic observation
of histopathological changes, liver function tests for alanine
transaminase (ALT) and alkaline phosphatase (ALP) and kid-
ney function tests for blood urea nitrogen (BUN) and creati-
nine were performed. Antioxidant effects of both fresh and
dried Rang Chuet solutions were observed. Analysis of the
histopathological changes showed anti-inflammatory proper-
ties, both in the case of O. viverrini infection or with NDMA
administration, by reducing the aggregation of inflammatory
cells surrounding the hepatic bile ducts as indicated by normal
serum ALT, ALP, BUN and creatinine levels in treated Syrian
hamsters. The present study found that fresh and dried Rang
Chuet solutions clearly reduced the inflammatory cells in both
O. viverrini-infected and NDMA-administered groups and
was correlated with the total antioxidant capacity. These find-
ings suggest that 7" laurifolia possesses antioxidant and anti-
inflammatory properties and that its application may be useful
for prevention of the inflammatory process, one of the risk
factors of O. viverrini-associated cholangiocarcinoma (CCA).

Introduction

Thunbergia laurifolia Linn, commonly known as laurel clock
vine or blue trumpet vine, is native to India (Starr et al. 1999),
and in the Indomalaya ecozone, the species occurs from Indo-
china to Malaysia (Schonenberger 1999). It is locally known
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as “kar tuau” in Malaysia and “Rang Chuet” in Thailand
(Chan and Lim 2006). In Malaysia, juice from crushed leaves
of T' laurifolia are taken for menorrhagia, placed into the ear
for deafness and applied as a poultice for cuts and boils
(Burkill 1966). In Thailand, leaves are used as an antipyretic
and for their detoxifying effects, e.g., as an antidote for poi-
sons (Ussanawarong et al. 2000; Ussanawarong and Thesiri
2001; Kanchanapoom et al. 2002). Several Thai herbal com-
panies have started producing and exporting Rang Chuet tea
(Chan and Lim 2006). The tea has been claimed to counteract
the harmful effects of drugs, alcohol and cigarettes.
Opisthorchis viverrini, a human liver fluke, is the primary
risk factor for cholangiocarcinoma (CCA), a rare but highly
fatal disease most prevalent in Southeast Asia including Thai-
land (IARC 1994). Humans are infected by ingestion of raw
cyprinid fish, which are contaminated by the infective stage
known as metacercariae. After O. viverrini metacercariae in-
gestion, the excysted juveniles migrate to the bile canal at the
duodenum and grow to adulthood at the common bile duct or
gallbladder, an area which is suitable for their survival. At the
early stages of infection, liver changes are due to the inflam-
matory response (eosinophils, monocytes and neutrophils)
around the juvenile flukes in the intrahepatic bile ducts. The
severity of inflammation gradually increases and reaches a
maximum at about 3 to 4 weeks post-infection, as evidenced
by the accumulation of mononuclear cells and eosinophils
which infiltrate the intrahepatic bile ducts. The virulence of
the disease also depends on the number of parasites and the
duration of infection, which involves the host's immune re-
sponse such as cytokine expression and free radicals (Pinlaor et
al. 2004). Chronic infection with O. viverrini for many years is
associated with hepatobiliary diseases (Sripa 2003) including
the development of hepatobiliary cancer and CCA. Reducing
the behavior of eating raw fish has proven to be difficult, so the
infection rate of this parasite remains high. Therefore, reducing
the pathogenesis from an O. viverrini infection may be one of
the preferred options to reduce the risk of CCA development.
Our previous report (Boonjaraspinyo et al. 2009) showed
that a traditional medicine, a mixture of turmeric and fingerroot,
reduced the inflammatory cells surrounding the hepatic bile
duct but could not be used for prevention of cholangiocarcino-
genesis. Thus, the present study was performed to evaluate the
efficacy of another Thai medicinal plant, 7. laurifolia or Rang
Chuet in Thai. 7. laurifolia is widely used for detoxification
from lead poisoning or other toxins (Ussanawarong et al. 2000;
Ussanawarong and Thesiri 2001; Chattaviriya et al. 2010;
Tangpong and Satarug 2010; Palipoch et al. 2011). Recently,
several papers have reported that apigenin, one of the flavonoid
compounds in Rang Chuet (Oonsivilai et al. 2007), has antiox-
idant (Chan and Lim 2006; Oonsivilai et al. 2008) and antican-
cer properties (Ujiki et al. 2006; Ruela-de-Sousa et al. 2010).
The anti-inflammatory and antioxidant effects of Rang
Chuet were studied in a Syrian hamster opisthorchiasis model
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and in hamsters with N-nitrosodimethylamine administration
(NDMA). Histopathological changes were observed. Liver
function tests for alanine transaminase (ALT) and alkaline
phosphatase (ALP) and kidney function tests for blood urea
nitrogen (BUN) and creatinine were performed. Total antiox-
idant capacity was measured by FRAP assay.

Materials and methods
Parasite preparation

Parasites were prepared following the method in a previous
report (Wonkchalee et al. 2011a). In brief, O. viverrini meta-
cercariae were obtained from naturally infected cyprinid fish
in an endemic area of Khon Kaen, northeast Thailand. Fresh
fish were digested in 1% pepsin/HCI and incubated at 37°C
for 1 h and then filtered and precipitated with normal saline in
a sedimentation jar. Afterwards the metacercariac—oval-
shaped, with large, black excretory bladders—were identified
under a dissecting microscope.

Rang Chuet preparation

Rang Chuet was acquired from a farm in Khon Kaen prov-
ince, Thailand. Fresh and dried leaves were used; fresh
leaves were minced in distilled water and dried leaves were
ground into a powder and then kept until used. Rang Chuet
powder was diluted with distilled water, then boiled for
30 min and 0.5 ml (or 100 mg/kg/day) of the solution was
used for oral treatment of the assigned groups.

FRAP assay

The ferric-reducing antioxidant power (FRAP) of extracts was
determined following the previous method of Chan and Lim
(2006), with modifications. Samples had to be diluted because
precipitation occurred upon color development. Dilutions of
extracts (1 ml) were added to 2.5 ml phosphate buffer (0.2 M,
pH 6.6) and 2.5 ml of potassium ferricyanide (1% w/v). Each
mixture was incubated at S0°C for 20 min. A total of 2.5 ml
trichloroacetic acid solution (10% w/v) was added to the mixture
to stop the reaction. The mixture was then separated into aliquots
of 2.5 ml and diluted with 2.5 ml water. A total of 500 ul ferric
chloride solution (0.1% w/v) was added, and the resulting solu-
tion was allowed to stand for 30 min until the color was fully
developed. Absorbance measured at 700 nm in triplicate was
used to normalized with the Fe*" standard curve. Results of the
FRAP assay were expressed as millimoles per Fe*" per gram.

Infection with O. viverrini

Fifteen Syrian hamsters were each administered 50 O. viver-
rini metacercariae by oral intragastric intubation, as in a
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previous protocol (Wonkchalee et al. 2011b) and then fed
with the assigned herb.

Animal groups

Thirty Syrian hamsters were divided into six groups: 1)
infected with O. viverrini alone (OV), 2) infected with O.
viverrini and administered with fresh Rang Chuet solutions
(OVFRC), 3) infected with O. viverrini and administered
with dried Rang Chuet solutions (OVDRC), 4) administered
with NDMA alone (NDMA), 5) administered with NDMA
and fresh Rang Chuet solutions (NDMAFRC) and 6) ad-
ministered with NDMA and dried Rang Chuet solutions
(NDMADRC). Hamsters were sacrificed on day 30; whole
liver tissues were collected for observation of histopatho-
logical changes, and sera were tested for liver and kidney
function. The protocol was approved by the Animal Ethics
Committee of the Faculty of Medicine, Khon Kaen Univer-
sity, Thailand (Ethical Clearance No. AEKKU23/2554).

Light microscopic observation

Hamster livers were fixed in 10% buffered formalin. After
fixation, liver tissue was soaked with phosphate-buffered
saline and then dehydrated through a series of various con-
centrations of ethyl alcohol. The tissue was then embedded

in paraffin wax. Sections of 5 pum thickness were cut using a
microtome and then stained with hematoxylin—eosin and
observed under a light microscope, as in previous studies
(Boonmars et al. 2009; Boonjaraspinyo et al. 2011). Photo-
graphs of each slide were taken at 10x and 40x magnifica-
tion. The histological feature of liver biopsy and grading
criteria levels are shown in Table 1.

Biochemical estimation
Measurement of serum liver enzymes and kidney function

Syrian hamster sera were obtained to determine liver and
kidney damage; ALT, ALP, BUN and creatinine analysis
was performed at the Chemistry Room, Community Labo-
ratory, Faculty of Associated Medical Sciences, Khon Kaen
University.

Statistical analysis

The data on histopathological changes and serum levels of
ALT, ALP, BUN and creatinine were presented as means +
SD. Statistics were analyzed using one-way ANOVA (SPSS
version 13.0, USA). Values were considered statistically
significant when p<0.05.

Table 1 Histological feature of liver biopsy and grading criteria levels in the group of OV infection and administration NDMA with or without
fresh Rang Chuet solutions (FRC) and with or without dried Rang Chuet solutions (DRC) by microscopic observation

Histopathology Criteria ov OVFRC OVDRC NDMA NDMAFRC NDMADRC
Goblet cell proliferation 0 0 0 0 0 0 0
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0
Portal inflammation 0 0 0 0 0 0 0
1 0 25% (1) 40% (2) 33.4% (2) 50% (2) 60% (3)
2 50% (3) 25% (1) 40% (2) 66.6% (4) 50% (2) 40% (2)
3 50% (3) 50% (2) 20% (1) 0 0 0
Focal inflammation 0 0 0 0 0 0 0
1 0 0 0 33.4% (2) 50% (2) 60% (3)
2 33.4% (2) 50% (2) 60% (3) 66.6% (4) 50% (2) 40% (2)
3 66.6% (4) 50% (2) 40% (2) 0 0 0
4 0 0 0 0 0 0
Hepatic bile duct proliferation 0 0 0 0 100% (6) 100% (4) 100% (5)
1 33.4% (2) 25% (1) 50% (2) 0 0 0
2 66.4% (4) 75% (3) 50% (2) 0 0 0
3 0 0 0 0 0 0

Goblet cell proliferation: [0=absent, 1=single or discrete group, 2=two or more group, 3=diffuse], portal inflammation: [0=minimal/no portal
inflammation, 1=mild (sparking of inflammatory cells <1/3of portal tract, 2=moderate (increase in inflammatory cells 1/3-2/3 of portal), 3=severe
(dense packing >2/3 of portal tract)], focal inflammation: [0=none, 1=one focus or less per 10x objective, 2=two to four foci per 10x objective, 3=
four to ten foci per 10x objective, 4=more than ten foci per 10x objective], hepatic bile duct proliferation: [0=absent, 1=focal, 2=scattering, 3=

diffuse]
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Results
Total antioxidant capacity

The effect of the temperature of diluents on total antioxidant
capacity was evaluated. Fresh and dried Rang Chuet solu-
tions using room temperature water resulted in 10.36 and
95.12 mmol Fe*'/g sample, respectively, while fresh and
dried Rang Chuet solutions using boiling water showed
15.72 and 156.29 mmol Fe**/g sample, respectively. There-
fore, boiled dried Rang Chuet solutions were used to treat
animal models.

Fig. 1 Gross and
histopathological changes in the
group of O. viverrini infection
(OV; a, d), O. viverrini infection
with fresh Rang Chuet solutions
(OVFRCG; b, e), O. viverrini
infection with dried Rang Chuet
solutions (OVDRC; ¢, f) and the
group of administration NDMA
(NDMA; g, j), administration
NDMA with fresh Rang Chuet
solutions (NDMAFRC; h, k),
administration NDMA with dried
Rang Chuet solutions (OVDRC;
i, I). GB gall bladder, CBC
common bile duct, P parasite. *
Asterisk indicates inflammation.

Magnificationx 10

GB

CBC

50 uM

©

GB

CBC

50 uM
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Inhibitory effects of Rang Chuet on inflammation

Observation of the gross pathology of the livers revealed
few differences between groups with O. viverrini infection
(OV) and those treated with Rang Chuet (OVFRC and
OVDRC(). Liver surfaces were smooth and shiny, with
slightly opaque common bile ducts and straw-colored bile
fluid. However, a reduction in thickening of the wall of the
common bile duct was evident in both OVFRC and OVDRC
groups (Fig. 1b, c).

Analysis of histopathological changes focused on the
aggregation of inflammatory cells surrounding the hepatic
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bile ducts and liver tissue, and hepatic bile duct prolifera-
tion. Histopathological changes in the O. viverrini-infected
groups (Fig. la—f) were similar to those observed in the
NDMA groups (Fig. 1g-1). Aggregation of inflammatory
cells surrounding the hepatic bile ducts was observed both
in O. viverrini-infected groups (Fig. la, d) and in those
receiving NDMA administration (Fig. 1g, j). A reduction
of inflammatory cells surrounding the intrahepatic bile ducts
was observed in the OVFRC, OVDRC, NDMAFRC and
NDMADRC groups (Fig. le, f, k, 1). The degree of inflam-
matory aggregation is shown in Table 1.

Effects of Rang Chuet on liver enzyme and kidney function

Table 2 shows the activities of serum ALT, ALP, BUN and
creatinine, which correlate with histopathological changes
(Fig. 1). The liver and kidney serum markers (ALT, ALP,
BUN and creatinine) in the Rang Chuet group remained
within normal levels. Serum ALT levels increased about 3-
to 10-fold after Syrian hamsters were administered with
NDMA or infected with O. viverrini. There was a significant
decrease in serum ALT in the groups of OVFRC (p=0.012),
OVDRC (p=0.001) and NDMAFRC (p=0.000) at 1 month.
Serum BUN, ALP and creatinine levels in the OV, OVFRC,
OVDRC, NDMA, NDMAFRC and NDMADRC groups
remained within normal levels.

Discussion

The present study clearly shows that Rang Chuet has anti-
inflammatory and antioxidant properties which improve
liver function in hamsters with liver fluke infection or after
administration of NDMA. Pathological changes, as
evidenced by a reduction of the inflammatory cells sur-
rounding the hepatic bile ducts, were correlated with the
results of the liver function tests (especially ALT) showing

Table 2 Blood chemistry test tests serum levels of alanine transami-
nase (ALT), alkaline phosphatase (ALP), blood urea nitrogen (BUN),
creatinine (Cr), levels in the group of O. viverrini infection alone (OV),
O.viverrini infection with fresh Rang Chuet solutions (OVFRC), O.

decreased liver cell damage. Higher antioxidant activity, as
shown by FRAP analysis, was due to the reduction of
inflammatory cells surrounding the hepatic bile duct and to
the reduction of ALT levels.

Examination of pathological changes in the livers
revealed the anti-inflammatory property of Rang Chuet in
Syrian hamsters with inflammatory cells induced by O.
viverrini infection or NDMA administration. This was in
agreement with a previous report in which Rang Chuet,
administered at 5 g/kg to mice with induced paw edema,
demonstrated anti-inflammatory activity at 3 h (»p>0.01) and
6 h (p>0.001) (Pongphasuk et al. 2005). Histopathological
results, supported by liver function tests, showed that Rang
Chuet has no toxic side effects; this was in line with previ-
ous reports where Rang Chuet demonstrated no toxic effects
in a mouse model at 8 g/kg/days for 30 days (Pongphasuk et
al. 2005) and in a rat model at up to 2 g/kg/days for 6 months
(Chivapat et al. 2009). The administration of NDMA was
directly toxic to liver tissue and induced the infiltration of
inflammatory cells surrounding the biliary tree and hepatic
tissue by day 30, similar to the findings of Boonmars et al.
(2009). Moreover, NDMA administration in rats induced
chronic inflammation and led to liver tumors (Peto et al.
1991), bile duct proliferation and liver fibrosis (George et al.
2001). The anti-inflammatory property of Rang Chuet was
clearly demonstrated by the reduction of inflammatory cells
in hepatic tissue, leading to decreased serum ALT (Table 1)
in all groups treated with a Rang Chuet solution. This result
agrees with a previous study in which the extract com-
pounds from Rang Chuet showed anti-inflammatory effects
as well as antioxidant effects as determined by FRAP assay
(Oonsivilai et al. 2007). In addition, phenolic profiling of
Rang Chuet water extract revealed the presence of apigenin
and apigenin glucosides as well as phenolic acids such as
caffeic acid, gallic acid and protocatechuic acid (Oonsivilai
et al. 2007); these compounds are involved in its anti-
inflammatory and anticancer properties. About eight steroid

viverrini infection with dried Rang Chuet solutions (OVDRC) and
administration NDMA alone (NDMA), administration NDMA with
fresh Rang Chuet solutions (NDMAFRC), administration NDMA with
dried Rang Chuet solutions (NDMADRC) compared normal control

Group BUN (mg/dl) Creatinine (g/dl) ALT (UN) ALP (U/)
Mean+SEM Mean+SEM Mean+SEM Mean+SEM
Normal 22.0+4 0.3+0.1% 90+15% 172.5+47.5%
ov 26.0+1.14° 0.24+0.02% 1,121.1+88.9%4 139.4+4.79%
OVFRC 21.67+0.88" 0.26+0.03* 605.33+44.86>° 204.67+37.7°
OVDRC 22.4+0.81° 0.38+0.02° 853.75+56.73" 130.25+116.85*°
NDMA 18.6+0.6° 0.22+0.02° 1,238+1549 99.20+3.97*
NDMAFRC 17.4+0.68° 0.26+0.02% 1,016+77.57¢ 142+18.03*
NDMADRC 22.4+0.51° 0.3+£0.0% 258.8+52.81% 137.8+£9.29%

Mean with different superscripts are significantly different (P<0.05)
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substances have also reportedly been found by thin-layer
chromatographic study of the extracts.

The histopathology of Syrian hamsters infected with O.
viverrini was similar to previous reports (Boonmars et al.
2007; 2008; 2009). At 30 days post-infection, a peak of
inflammatory cells (mononuclear cells and eosinophils) was
observed surrounding the hepatic bile ducts as well as epithe-
lial hyperplasia, goblet cell metaplasia, adenomatous metapla-
sia and thickened periductal fibrosis (Fig. 1), findings which
correspond with increased serum ALT level. A slight decrease
in inflammatory cells was observed, both in the case of O.
viverrini infection and NDMA administration, when a Rang
Chuet diet was administered. Although the results were sim-
ilar for all Rang Chuet-treated groups, different inflammatory
inducers may trigger different host immune response mecha-
nisms. The metabolized product from NDMA is directly toxic
to the liver and subsequently generates an inflammatory cell
response, whereas O. viverrini induces a host immune re-
sponse, as evidenced by inflammatory cells surrounding the
hepatic bile duct. Moreover, the present study shows that the
antioxidant property was in agreement with previous reports,
which found that Rang Chuet powder diluted with boiling
water had a high antioxidant capacity with low toxicity (Wong
et al. 2006; Oonsivilai et al. 2008).

The present study demonstrates the advantages of Rang
Chuet as an antioxidant and anti-inflammatory agent in
Syrian hamsters that were administered NDMA as well as
in those infected with O. viverrini, leading to a reduction in
liver pathology and an improvement in liver function.

Acknowledgements This work was supported by the Thailand re-
search fund through RMU5480002, Khon Kaen University (KKUS55)
and the Royal Golden Jubilee-Ph.D. program (Grant No. PHD/0280/
2552) to Miss. Orasa Wonkchalee and Associate Professor Thidarut
Boonmars. We thank the Department of Parasitology, Liver Fluke and
Cholangiocarcinoma Research Center, the Animal Experimental Unit,
Faculty of Medicine, Khon Kaen University for their support.

References

Boonjaraspinyo S, Boonmars T, Aromdee C, Srisawangwong T,
Kaewsamut B, Pinlaor S, Yongvanit P, Puapairoj A (2009)
Turmeric reduces inflammatory cells in hamster opisthorchia-
sis. Parasitol Res 105:1459-1463

Boonjaraspinyo S, Boonmars T, Aromdee C, Puapairoj A, Wu Z
(2011) Indirect effect of a turmeric diet: enhanced bile duct
proliferation in Syrian hamsters with a combination of partial
obstruction by Opisthorchis viverrini infection and inflammation
by N-nitrosodimethylamine administration. Parasitol Res 108
(1):7-14

Boonmars T, Boonjaraspinyo S, Kaewsamut B (2009) Animal models
for Opisthorchis viverrini infection. Parasitol Res 104:701-703

Boonmars T, Srirach P, Kaewsamut B, Srisawangwong T, Pinlaor S,
Pinlaor P, Yongvanit P, Sithithaworn P (2008) Apoptosis-related
gene expression in hamster opisthorchiasis post praziquantel treat-
ment. Parasitol Res 102:447-455

@ Springer

Boonmars T, Srisawangwong T, Srirach P, Kaewsamut B, Pinlaor S,
Sithithaworn P (2007) Apoptosis-related gene expressions in
hamsters re-infected with Opisthorchis viverrini and re-treated
with praziquantel. Parasitol Res 102:57-62

Burkill L.H (1966) A dictionary of the economic products of the Malay
Peninsula. Volume II (I-Z). Ministry of Agriculture and Cooper-
atives, Kuala Lumpur.

Chan EWC, Lim YY (2006) Antioxidant activity of Thunbergia laur-
ifolia tea. Journal of Tropical Forest Science 18(2):130-136
Chattaviriya P, Morkmek N, Lertprasertsuke N, Ruangyuttikarn W
(2010) Drinking Thunbergia laurifolia Lindl. leaf extract helps
prevent renal toxicity induced by cadmium in rats. Thai J Toxi-

cology 25(2):124-132

Chivapat S, Chavalittumrong P, Attawish A, Bansiddhi J, Padungpat S
(2009) Chronic toxicity of Thunbergia laurifolia Lindl. extract.
Journal of Thai Traditional and Alternative Medicine 7(1):18-25

George J, Rao KR, Stern R, Chandrakasan G (2001)
Dimethylnitrosamine-induced liver injury in rats: the early depo-
sition of collagen. Toxicology 156:129-138

IARC (1994) Infection with liver flukes (Opisthorchis viverrini, Opis-
thorchis felineus and Clonorchis sinensis). IARC monographs on
the evaluation of carcinogenic risks to humans 61:121-175

Kanchanapoom T, Kasai R, Yamasaki K (2002) Iridoid glucosides
from Thunbergia laurifolia. Phytochemistry 60(8):769-771

Oonsivilai R, Cheng C, Bomser J, Ferruzzi MG, Ningsanond S (2007)
Phytochemical profiling and phase Il enzyme-inducing properties
of Thunbergia laurifolia Lindl. (RC) extracts. J Ethnopharmacol
114(3):300-306

Oonsivilai R, Ferruzzi MG, Ningsanond S (2008) Antioxidant activity
and cytotoxicity of Rang Chuet (Thunbergia laurifolia Lindl.)
extracts. As J Food Ag-Ind 1(02):116-128

Palipoch S, Jiraungkoorskul W, Tansatit T, Preyavichyapugdee N,
Jaikua W, Kosai P (2011) Protective efficiency of Thunbergia
laurifolia leaf extract against lead (II) nitrate-induced toxicity in
Oreochromis niloticus. Journal of Medicinal Plants Research 5
(5):719-728

Pongphasuk N, Khunkitti W, Chitcharoenthum M (2005) Traditional
medicine and nutraceuticals. WOCMAP Congress on Medicinal
and Aromatic Plants—Volume 6, Palaniswamy UR, Gardner ZE.
Craker LE eds. ISHS, Acta Horticulturae, p 680

Peto R, Gray R, Brantom P, Grasso P (1991) Dose and time relation-
ships for tumor induction in the liver and esophagus of 4080
inbred rats by chronic ingestion of N-nitrosodiethylamine or N-
nitrosodimethylamine. Cancer Res 51:6452—6469

Pinlaor S, Hiraku Y, Ma N, Yongvanit P, Semba R, Oikawa S, Murata
M, Sripa B, Sithithaworn P, Kawanishi S (2004) Mechanism of
NO-mediated oxidative and nitrative DNA damage in hamsters
infected with Opisthorchis viverrini: a model of inflammation-
mediated carcinogenesis. Nitric Oxide 11:175-183

Ruela-de-Sousa RR, Fuhler GM, Blom N, Ferreira CV, Aoyama H,
Peppelenbosch MP (2010) Cytotoxicity of apigenin on leukemia cell
lines: implications for prevention and therapy. Cell Death Dis 1:19

Schonenberger J (1999) Floral structure, development and diversity in
Thunbergia (Acanthaceae). Botanical Journal of the Linnean So-
ciety 130:1-36

Sripa B (2003) Pathobiology of opisthorchiasis: an update. Acta Trop-
ica 88:209-220

Starr F, Martz K, Loope LL (1999) New plant records from East Maui
for 1998. Bishop Mus Occ Pap 59(2):1-15

Tangpong J, Satarug S (2010) Alleviation of lead poisoning in the brain
with aqueous leaf extract of the Thunbergia laurifolia (Linn.).
Toxicol Lett 198(1):83-88

Ujiki MB, Ding XZ, Salabat MR, Bentrem DJ, Golkar L, Milam B,
Talamonti MS, Bell RH, Iwamura T, Adrian TE (2006) Apigenin
inhibits pancreatic cancer cell proliferation through G2/M cell
cycle arrest. Mol Cancer 29:5-76



Parasitol Res (2012) 111:353-359 359

Ussanawarong S, Thesiri T, Mahakunakorn T, Parasupattana S (2000) Wonkchalee O, Boonmars T, Kaewkes S, Chamgramol Y, Pairojkul C,

Effect of Thunbergia laurifolia Linn on detoxification of para- Wu Z, Juasook A, Sudsarn P, Boonjaraspinyo S (2011a) Opis-

quat. Khon Kaen University Research Journal 5. thorchis viverrini infection causes liver and biliary cirrhosis in
Ussanawarong S, Thesiri T (2001) Effect of Thunbergia laurifolia Linn gerbils. Parasitol Res 109(3):545-551

on detoxification of parathion in rat. Khon Kaen University Re- Wonkchalee O, Boonmars T, Kaewkes S, Chamgramol Y, Aromdee C,

search Journal 6:3—13 Wu Z, Juasook A, Sudsarn P, Boonjaraspinyo S, Pairojkul C
Wong CC, Li H, Cheng K, Chen F (2006) A systemic survey of (2011b) Comparative studies on animal models for Opisthorchis

antioxidant activity of 30 Chinese medicinal plants using the viverrini infection: host interaction through susceptibility and

ferric reducing antioxidant power assay. Food Chem 97:705-711 pathology. Parasitol Res Sep 1. [Epub ahead of print].

@ Springer



A combination of praziquantel and the
traditional medicinal plant Thunbergia
laurifolia on Opisthorchis viverrini
infection and cholangiocarcinoma in a
hamster model

Nadchanan Wonkchalee, Thidarut
Boonmars, Porntip Laummaunwai,
Chantana Aromdee, Chariya
Hahnvajanawong, Zhiliang Wu, et al.

Parasitology Research
Founded as Zeitschrift fr
Parasitenkunde

ISSN 0932-0113
Volume 112
Number 12

Parasitol Res (2013) 112:4211-4219
DOI 10.1007/s00436-013-3613-y

@ Springer



Your article is protected by copyright and

all rights are held exclusively by Springer-
Verlag Berlin Heidelberg. This e-offprint is
for personal use only and shall not be self-
archived in electronic repositories. If you wish
to self-archive your article, please use the
accepted manuscript version for posting on
your own website. You may further deposit
the accepted manuscript version in any
repository, provided it is only made publicly
available 12 months after official publication
or later and provided acknowledgement is
given to the original source of publication
and a link is inserted to the published article
on Springer's website. The link must be
accompanied by the following text: "The final
publication is available at link.springer.com”.

@ Springer



Parasitol Res (2013) 112:4211-4219
DOI 10.1007/500436-013-3613-y

ORIGINAL PAPER

A combination of praziquantel and the traditional medicinal
plant Thunbergia laurifolia on Opisthorchis viverrini
infection and cholangiocarcinoma in a hamster model

Nadchanan Wonkchalee - Thidarut Boonmars - Porntip Laummaunwai -
Chantana Aromdee - Chariya Hahnvajanawong - Zhiliang Wu - Pranee Sriraj -
Ratchadawan Aukkanimart - Yaovaluk Chamgramol - Chawalit Pairojkul -

Amornrat Juasook - Pakkayanee Sudsarn

Received: 13 August 2013 /Accepted: 10 September 2013 /Published online: 21 September 2013

© Springer-Verlag Berlin Heidelberg 2013

Abstract Cholangiocarcinoma (CCA) associated by
Opisthorchis viverrini remains a health problem in Southeast
Asia including Thailand. At present, there is still no efficient
treatment for CCA. Thunbergia laurifolia is a traditionally used
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medicinal plant; its aqueous leave extract possesses the antiox-
idant activity and anti-inflammatory on hamster opisthorchiasis
had been reported previously. Here, we demonstrate the com-
bined effects of the 7. laurifolia extract plus antihelminthic
drug, praziquantel (PZ) on hamsters with opisthorchiasis and
hamsters with opisthorchiasis related-cholangiocarcinoma
through light microscopic observations of histopathological
changes, as well as liver function tests for alanine transaminase
(ALT) and alkaline phosphatase, and kidney function tests for
blood urea nitrogen and creatinine. Results showed 7. laurifolia
extract combined with praziquantel reduced inflammatory cell
aggregation and inhibiting CCA development, which were
correlated to the serum ALT level. These present studies sug-
gest that administration of 7. laurifolia after praziquantel treat-
ment clearly improve the hepatobiliary system and could re-
duce the risk of subsequent CCA development in human.

Introduction

Thunbergia laurifolia (laurel clock vine or blue trumpet vine is
locally known as Rang chuet in Thailand) is widely used for
detoxification from poisoning or other toxins (Tejasen and
Thongthapp 1979; Ruengyutthakan 1980; Chanawirat 2000;
Thongsaard and Marsden 2002; Srida et al. 2002; Khunkitti
et al. 2003). In addition, 7_ laurifolia contains phenolic com-
pounds which are involved in anti-inflammation and antioxi-
dant (Oonsivilai et al. 2008). Our previous report (Wonkchalee
et al. 2012) showed that a traditional medicine, derived
from T laurifolia, reduced the aggregation of inflammatory
cells surrounding the hepatic bile duct in hamster with
opisthorchiasis without any observable toxic side effects; this
finding was in agreement with several previous reports
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(Chattaviriya et al. 2010; Tangpong and Satarug 2010; Palipoch
et al. 2011). However, it was unable to kill the parasite
Opisthorchis viverrini, which is the cause of opisthorchiasis.
Praziquantel is an effective antihelminthic drug for liver flukes
such as O. viverrini; moreover, it can improve liver pathology
by reducing hepatic fibrosis and collagen contents (Pinlaor et al.
2009). However, the adverse effect is due to the presence of
dead worms which increase the inflammatory response of the
cells surrounding the hepatic bile ducts containing dead worms
which resulted in the liver cell damage (Pinlaor et al. 2004;
Boonmars et al. 2007, 2008). Hence, the advantages and dis-
advantages of praziquantel treatment are of great concern.

It has been established that inflammation from any etiology
constitutes the primary risk for several cancers, including chol-
angiocarcinoma (CCA). Prevention of CCA associated with O.
viverrini in Thailand by changing the habit of eating uncooked
raw cyprinoid fish is not well cooperative. Moreover, the CCA
treatment remains a big problem because of many factors, the
CCA stage, less efficacy chemotherapeutic drugs, and so on.
Therefore, the present study was performed to evaluate the
prevention, treatment, and adverse effects of 7. laurifolia on
hamster with opisthorchiasis treated with praziquantel and on
hamster CCA induced by N-nitrosodimethylamine administra-
tion and O. viverrini infection.

Materials and methods
Parasite preparation and animal infection

Parasites were prepared as described in the previous report
(Wonkchalee et al. 2012). In brief, metacercariae were obtained
from naturally infected cyprinid fish in an endemic area of Khon
Kaen, northeast of Thailand. Fresh fish were digested in 1 %
pepsin/HCI and incubated at 37 °C for 1 h, then filtered and
precipitated with normal saline in a sedimentation jar.
Afterwards, the O. viverrini metacercariae oval-shaped, with
large black excretory bladders were identified under a dissecting
microscope. Each Syrian hamster was administered with 50
O. viverrini metacercariae by oral intragastric intubation.

T’ laurifolia preparation

T laurifolia leaves were collected from Khon Kaen province,
Thailand. They were dried at 60 °C using hot air oven. Dried
leaves were ground into a powder and then kept at —20 °C
until used. For CCA prevention purpose, 7. laurifolia powder
was suspended in distilled water to get final concentration
100 mg/kg/dose or orally fed with 0.3 ml/hamster to the
assigned groups on the day of infection. For CCA treatment
purposes, 7. laurifolia was used for oral treatment of the
assigned groups started on 3 months after infection and diary
continued fed until to the end of time point (around 6 months).
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N-nitrosodimethylamine preparation and administration

N-nitrosodimethylamine (NDMA), purchased from Wako
Pure Chemical Industries, Osaka, Japan, was used for induc-
ing hamster CCA development (Thamavit et al. 1978). N-
nitrosodimethylamine was prepared in distilled water at
12.5 ppm for administration to the assigned hamster groups
(daily for a month started on day 30 to day 60).

Praziquantel preparation

Praziquantel was diluted with 2 % chemophor, a nonionic
solubilizer and emulsifier (Sigma-Aldrich, St. Louis MO,
USA). One month post-infection, a single dose of 400 mg/kg
was administered orally to the assigned treatment groups.

Animal groups

Male Syrian hamsters, 68 weeks old, were divided into six
groups: (a) infected with O. viverrini plus praziquantel
(OV_PZ), (b) infected with O. viverrini plus praziquantel and
T laurifolia (OV_PZ _TL), (c) infected with O. viverrini plus N-
nitrosodimethylamine (OV_NDMA), (d) infected with
O. viverrini plus NDMA and T laurifolia (OV_NDMA TL),
(e) infected with O. viverrini plus NDMA and praziquantel
(OV_NDMA _PZ), and (f) infected with O. viverrini plus
NDMA, praziquantel, and 7. laurifolia (OV_NDMA PZ TL),
as shown in Fig. 1. Five hamsters in each group were sacrificed
on days 60, 90, 120, and 180. Whole liver tissues were collected
for observation of gross pathology and histopathological
changes, and sera were tested for liver and kidney function.
The protocol was approved by the Animal Ethics Committee
of the Faculty of Medicine, Khon Kaen University, Thailand
(ethical clearance no. AEKKU 23/2554).

Macroscopic observation

Four lobes of the liver (right, left, caudate, and quadrate) were
carefully studied for color, appearance of the margins, pres-
ence or absence of nodules, and granularity of surfaces, both
visually and from photographs taken with a digital camera.

Light microscopic observation

Hamster livers were fixed in 10 % buffered formalin. After
fixation, all pieces of liver tissues (5 mm thickness) were
soaked with phosphate-buffered saline and then dehydrated
through a series of various concentrations of ethyl alcohol.
The tissue was cleared then embedded in paraffin wax.
Sections of 5 um thickness were cut using a microtome, then
stained with hematoxylin and eosin and observed under a light
microscope, as in previous studies (Boonmars et al 2009;
Boonjaraspinyo et al. 2010). Photographs of each slide were
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Fig. 1 Scheme of the treatments
to animal groups

taken at x4 and x 10 magnifications. To evaluate the degree of
liver fibrosis, liver sections were stained with Sirius red,
which stains collagen fibers in red color. After nuclear staining
with hematoxylin for 8 min, the slides were washed in running
tap water for 10 min, and then they were stained with a
saturated aqueous solution of picric acid containing 0.1 %
Sirius Red (Sigma-Aldrich, St. Louis MO, USA) for 1 h. The
slides were then washed in two changes of acidified water
(5 ml of glacial acetic acid in 1 L of distilled water). After
dehydration and clearing with xylene, the liver sections were
mounted. The sections were observed and digitized under a
light microscope (Olympus BX51; Tokyo, Japan). The histo-
logical criteria for liver section were characterized into inflam-
mation [ 0, no inflammation; 1, mild (small foci or 5-20 % per
4x objective), 2, moderate (some portal area or 20-50 % per
4x objective), 3, severe (most portal area or >50 % per 4x
objective)], bile duct change [ 0, absence proliferation or
dilatation; 1, dilatation; 2, proliferation and dilatation], gran-
ulomatous [ 0, absence; 1, appear] and fibrosis [0, no fibrosis;
1, portal fibrosis without short fibrous septa; 2, portal fibrosis
with short fibrous septa; 3, portal fibrosis with fibrous septa].
In addition, the histological studies of cholangiocarcinoma
model are divided into inflammation criteria as above, goblet
cell proliferation [0, absence; 1, mild; 2, moderate; 3, severe],
bile duct change and cholangiocarcinoma [0, absent prolifer-
ation; 1, mild proliferation without cholangiofibrosis; 2, mod-
erate proliferation with cholangiofibrosis; 3, CCA area
5-20 % per 4x objective; 5, CCA area 30-50 % per 4x
objective; 6, CCA area >50 % per 4x objective], granuloma-
tous, and fibrosis criteria as above.

Liver and kidney function measurements

Hamster whole blood were collected from heart puncture of
anesthesia hamsters in each group, and then sera were

determined to verified any damage on liver and kidney which
were ALT, ALP, BUN, and creatinine by using Spectrophotometer
(Automate RA 100) at the Chemistry Room, Community
Laboratory, Faculty of Associated Medical Sciences, Khon Kaen
University.

Statistical analysis

To have statistically significant difference (p <0.05), five ham-
sters in each group and each time point were followed by manual
of animal technology (Barnett 2001). The data on histopatho-
logical changes and serum levels of ALT, ALP, BUN, and
creatinine are presented as means + SD. Statistics were analyzed
using one-way ANOVA (SPSS version 16.0, USA). Values
were considered statistically significant when p <0.05.

Results

Gross and histopathological changes in hamster
opisthorchiasis treated with praziquantel and 7. laurifolia
on months 2, 3, and 4

Observation of the gross pathology of the livers revealed few
differences between the O. viverrini-infected group treated
with praziquantel (OV_PZ) and the group also administered
T. laurifolia (OV_PZ _TL) and sacrificed after 2, 3, and
4 months. Liver surfaces were smooth, shiny, and straw-
colored bile fluid similar to normal but slightly opaque com-
mon bile ducts (Fig. 2). Histopathological changes in all time
points consisted primarily of aggregations of inflammatory
cells surrounding the hepatic bile ducts and liver tissue and
hepatic bile duct proliferation. Histopathological changes in
the OV_PZ group by month 2 (Fig. 3a) were similar to those
observed in that group on months 3 and 4, with a different
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Fig. 2 Representative hamster
livers from the infected plus
praziquantel (OV_PZ) group and
the infected plus praziquantel and
T. laurifolia (OV_PZ_TL) group
at 2, 3, and 4 months post-
infection, red arrows indicate
gallbladder

Fig. 3 Representative
histopathology of hamster livers
as revealed by hematoxylin and
eosin and Sirius red staining.
Shown are sections from the
infected plus praziquantel
(OV_PZ) group and the infected
plus praziquantel and 7. laurifolia
(OV_PZ TL) group at 2, 3, and
4 months post-infection. Red
stars indicate inflammatory cell
aggregation; black arrows
fibrotic areas; Bd bile duct; v
portal vein
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degree of inflammatory cell infiltration but no statistically
significant difference. The highest aggregation of inflamma-
tory cells surrounding the hepatic bile ducts was observed in
month 4 (Fig. 3c), followed by month 3 (Fig. 3b). Hepatic
fibrosis was observed at all time points; it was predominantly
observed on month 2 (Fig. 3d), followed by months 3 (Fig. 3¢)
and 4 (Fig. 3f), respectively, but no statistically significant
difference. In the OV_PZ TL group on months 2 (Fig. 3g), 3
(Fig. 3h), and 4 (Fig. 31), a few inflammatory cells surrounding
the hepatic bile duct were observed, which increased in a time-
dependent manner after praziquantel treatment. A degree of
hepatic fibrosis was less observed than the OV _PZ group at
all time points with statistically significant difference (p >0.05).
Histopathology which focused on inflammatory cell aggrega-
tion and fibrosis of OV_PZ_TL group seemed to be better than
OV_PZ group with statistically significant difference (p >0.05).
The histological criteria for liver sections have shown in
Table 1.

Gross and histopathological changes in a hamster CCA model
(opisthorchiasis and NDMA administration) treated
with praziquantel and 7. laurifolia

The liver surface of the CCA model (OV_NDMA) was red-
dish brown similar to all treated groups (OV_NDMA TL,
OV_NDMA PZ and OV_NDMA PZ TL), but a CCA mass
was found in the hepatic tissue. Opaque gallbladder and
dilated bile ducts were observed in both groups of
OV_NDMA (Fig. 4a) and OV_NDMA TL (Fig. 4d), but
not in both praziquantel treated groups: OV_NDMA PZ
(Fig.4g)and OV_NDMA PZ TL (Fig. 4j). The entire section
in groups of OV_NDMA (Fig. 4b) and OV_NDMA PZ

(Fig. 4h) were observed CCA area. The aggregations of
inflammatory cells with or without small CCA foci were
found in both 7. laurifolia treated groups, OV_NDMA TL
(Fig. 4e) and OV_NDMA PZ TL (Fig. 4k) but in different
degree. The group of OV_NDMA PZ TL had an inflamma-
tory cell aggregation, goblet cell number (p <0.00), bile duct
proliferation, and CCA area less than OV_NDMA_TL group
with statistically significant difference (p <0.00, p <0.00, and
p<0.01, respectively). The degree of fibrosis was correlated
with the CCA area predominantly in OV_NDMA (Fig. 4c¢),
followed by OV_NDMA_PZ (Fig. 4i), OV_NDMA_TL
(Fig. 4f), and OV_NDMA PZ TL(Fig. 41) groups, respec-
tively, but no statistically significant difference. The histolog-
ical criteria for liver sections are shown in Table 2.

Liver and kidney functions

Table 3 shows the levels of serum ALT, ALP, BUN, and
creatinine, which correlate with histopathological changes
(Figs. 2, 3, and 4). The kidney serum markers (BUN and
creatinine) in all 7. laurifolia groups remained within normal
levels indicating no renal toxic effect of 7. laurifolia. The
highest serum ALT levels were observed in the OV_PZ group
at 2 months (492.5+136.5), followed by OV_NDMA PZ
(183.0£14.1), OV_PZ at 3 months (161.0+88.1), and
OV_NDMA (139.0+54.9) groups, respectively. For the
OV_RC PZ group at 2, 3, and 4 months, serum ALT levels
gradually decreased within normal levels (88.0+12.8, 82.5+
14.8, and 76.0+31.1, respectively). Moreover, the serum ALT
level in a CCA model, induced by O. viverrini infection and
NDMA administration, was significantly decreased with
T’ laurifolia and/or praziquantel treatment (p <0.05).

Table 1 Histopathological grading of hamster liver from the OV infection plus praziquantel group (OV_PZ) and the infected plus praziquantel and

T. laurifolia group (OV_PZ_TL) at 2, 3, and 4 months post-infection

Histopathology  Criteria

OV PZ OV PZ TL OV PZ OV PZ TL OV PZ OV PZ TL

2M 2M 3IM 3IM 4 M 4M

Inflammation 0=none
1=mild (small foci or 5-20 % per 4% objective) 50%  66.7 % 50% 100 % 100 %
2=moderate (some portal area or 20-50 % per 4% objective) 50 % 333 % 50 % 100 %
3=severe (most portal area or >50 % per 4x objective)

Bile duct change O=absent proliferation/dilatation 333 % 50% 100 % 50% 100 %
1=dilatation 100 % 66.7 % 50 % 50 %
2=proliferation and dilatation

Granulomatous ~ O=absent 100 % 100 % 100 % 100 % 100 % 100 %
1=present

Fibrosis 0=no fibrosis
1=portal fibrosis without short fibrous septa 50%  66.7 % 50 % 100 % 50 % 100 %
2=portal fibrosis with short fibrous septa 50% 333 % 50 % 50 %

3=portal fibrosis with fibrous septa

Hamster which showed effect of PZ (no parasite in bile ducts) were including for histopathological grading
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Fig. 4 Representative gross and
histopathology of hamster livers
inferred from digitized photos (a,
d, g, j) and sections stained with
hematoxylin and eosin (b, e, h, k)
or with Sirius red (c, f, i, 1).
Sections shown are from the
infected livers treated with V-
nitrosodimethylamine
(OV_NDMA) group, the infected
plus N-nitrosodiethylamine and 7.
laurifolia (OV_NDMA_TL)
group, the infected plus N-
nitrosodimethylamine and
praziquantel (OV_NDMA PZ)
group and the infected plus N-
nitrosodimethylamine,
praziquantel and 7 laurifolia
(OV_NDMA PZ TL) groups. All
specimens are from animals
sacrificed after 6 months. CCA
cholangiocarcinoma; Red arrow
gallbladder; red stars indicate
inflammatory cell aggregation; Bd
bile duct; p parasite

OV_NDMA TL

OV_NDMA PZ_TL

Discussion

The present study clearly shows that 7 laurifolia could reduce
inflammatory cell aggregation after praziquantel treatment,
resulting in improvement and protection in the hepatobiliary
system. Pathological changes, as evidenced by a reduction of
inflammatory cells surrounding the hepatic bile ducts, were
correlated with serum ALT level, showing decreased liver cell
damage. Moreover, the present study is the first report to show
that 7" laurifolia has anti-CCA properties, as evidenced by a
reduction of CCA area and inhibition CCA development as in
sectioning slide.

Previous studies (Pinlaor et al. 2004; Boonmars et al. 2007;
Boonmars et al. 2008) have shown that inflammatory cell infil-
tration surrounding the hepatic bile ducts increased after
praziquantel treatment. Importantly, the present study shows that
the use of T_ laurifolia could reduce inflammatory cell infiltration
after praziquantel treatment, resulting in a reduction of CCA risk.
This is in agreement with our previous report (Wonkchalee et al.
2012) in which T laurifolia administered at 100 mg/kg/day
to hamsters with opisthorchiasis demonstrated anti-inflammatory
activity at 1 month in which 7. laurifolia administered at 5 g/
kg to paw edema mice demonstrated anti-inflammatory activ-
ityat3h (p>0.01) and 6 h (p >0.001) (Chivapat et al. 2009) and
in which 7. laurifolia administered to rats treated with ethanol
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demonstrated hepatoprotective activity (Pramyothin et al.
2005). Moreover, this result was similar to another previous
report in which crude curcumin and finger root administration
exhibited anti-inflammatory activity in hamster opisthorchiasis
or NDMA administration alone (Boonjaraspinyo et al. 2010).
These results were consistent with the normal levels (25-70 U/L)
of serum ALT found in the 7. laurifolia treated groups (Table 3).
Moreover, from the serum levels of BUN and creatinine suggest
that 7" laurifolia had no renal toxicity, a finding which was in
accordance with previous studies (Pramyothin et al. 2005;
Chivapat et al. 2009). In 6 months, CCA hamster which were
treated with OV_NDMA, CCA areas are found as shown in
Fig. 4b, which was in agreement with previous reports
(Boonjaraspinyo et al. 2010; Juasook et al. 2013). Interestingly,
in the OV_NDMA TL, a CCA treatment model by giving
T laurifolia during CCA appear, had reduced CCA areas more
than the OV_NDMA PZ. Although praziquantel can kill the O.
viverrini parasite and reduce the pathology below the level seen
in the OV_NDMA, CCA development was still observed in the
OV_NDMA PZ. Interestingly, praziquantel treatment followed
by T laurifolia treatment in the OV_NDMA PZ TL could
inhibit CCA development. This may be due to a lack of inflam-
matory activation from parasites after praziquantel treatment and
even it had immune response from parasite death. 7. laurifolia
could inhibit this host immune response during chronic stage
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Table 2 Histopathological grading of hamster liver at 6 months post-OV
infection of the infected plus N-nitrosodimethylamine (OV_NDMA)
group, the infected plus NDMA and 7. laurifolia (OV_NDMA TL)

group, the infected plus NDMA and praziquantel (OV_NDMA_PZ)
group, and the infected plus NDMA, praziquantel and 7. laurifolia
(OV_NDMA_PZ_TL) group

Histopathology Criteria OV_NDMA OV_NDMA TL OV_NDMA PZ OV_NDMA PZ TL
6 M 6 M 6 M 6 M
Inflammation O=none
1=mild (hepatocyte:1-4 small foci per 100 % 37.5 %50 % 50 %50 % 100 %
4x objective or 5-20 % per field)
2=moderate (hepatocyte+portal area: 1-4 foci 12.5 %
per 4x objective or 20-50 % per field)
3=severe (hepatocyte+portal area >5 foci per
4x objective) or >50 % per filed
Globlet cell proliferation 0=absent 12.5 % 100 %
1=mild (+) 50 % 87.5% 50 %
2=moderate (++) 50 % 50 %
3=severe (+++)
Bile duct change and O=absent proliferation
Cholangiocarcinoma | =pjjq proliferation without cholangiofibrosis 100 %
2=moderate proliferation with cholangiofibrosis 50 % 100 % 50 %
3=CCA area 5-20 % per 4x objective 50 % 50 %
5=CCA area 30-50 % per 4x objective
6=CCA area >50 % per 4% objective
Granulomatous O=absent 100 % 75 % 100 % 100 %
1=present 25 %
Fibrosis 0=no fibrosis
1=portal fibrosis without short fibrous septa 50 % 25 % 50 % 62.5 %
62.5% 50 % 375 %
2=portal fibrosis with short fibrous septa 50 % 12.5 %

3=portal fibrosis with fibrous septa

In praziquantel treatment group, only hamster which showed no parasite in the sections was histopathological grading

from its anti-inflammatory property; the resulting improvement
in liver pathology was correlated with liver function tests, espe-
cially for ALT levels.

Although the metabolized product from NDMA is directly
toxic to the liver and subsequently generates an inflammatory

cell response, our previous studies showed that 7. laurifolia
had high antioxidant and detoxification properties (Oonsivilai
et al. 2008). Those results correlated to the anti-inflammatory
property of 7. laurifolia which was clearly demonstrated by
the reduction of inflammatory cells in hepatic tissue, leading

Table 3 Serum liver enzymes

and kidney function Groups ALT (U/L) ALP (U/L) BUN (mg/dl) Creatinine (mg/dl)
Normal 104.4+19.41a 93.2+8.43a 22.4+1.9ab 0.36+0.08ab
OV PZ2m 492.5+£136.5b 320.0+369.1a 17.3+1.4ab 0.45+0.07ab
OV PZ TL2m 88.0+12.8a 86.3+25.1a 20.9+1.6ab 0.36+0.05ab
OV PZ3m 161.0+88.1a 72.0+17.5a 22.9+1.3ab 0.56+0.15b
OV PZ TL3 m 82.5+14.8a 59.0+5.7a 23.5+2.4ab 0.40+0.00bc
OV PZ4m 116.5+19.1a 50.0 +£3.5a 21.5+0.35ab 0.35+0.07ab
OV PZ TL4 m 76.0+31.1a 49.5+2.1a 23.7£0.7b 0.25+0.07a

. OV_NDMA 6 m 139.0+£54.9a 105.3£59.9a 16.5+1.4a 0.40+0.00ab

Results from treated animals were -

compared with normal hamster. OV _NDMA TL 6 m 124.4+60.4a 72.8+13.7a 23.1£1.3b 0.34 £0.05ab

Group with different lowercase OV_NDMA PZ 6 m 183.0+14.1a 75.0+7.0a 21.7+1.3ab 0.40 +£0.00ab

letters is statistically significant OV NDMA PZ TL 6 m 107.2+41.9a 69.6+8.4a 23.842.6b 0.28 +0.04a

difference (P <0.05)
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to decreased serum ALT in all 7. laurifolia treatment groups
(Table 3).

Praziquantel has been used for many years to treat liver
fluke infections even through the cure rate of praziquantel
treatment is not 100 % in both human (Bunnag and
Harinasuta 1981; Bunnag et al. 1984) and hamster
opisthorchiasis (Duenngai et al. 2013) which correlate to our
present result. Several recent reports have shown that it can
reduce liver fibrosis and egg granulomas in the liver of pa-
tients with blood and liver fluke infections (Pinlaor et al.
2010). However, other previous reports found that in the acute
phase of post-praziquantel treatment, there was an increase in
serum ALT level and inflammatory cell infiltration (Pinlaor
et al. 2008; Boonmars et al. 2008). Those findings agree with
our present findings (Fig. 3 and Table 3). Therefore, using 7.
laurifolia which has antioxidant and anti-inflammatory prop-
erties could reduce inflammation after praziquantel treatment.
The outcome of this treatment is better than the combination
of curcumin and praziquantel which was also shown to im-
prove liver pathology (Charoensuk et al. 2011).

The present study is the first report to demonstrate the
advantages of 7. laurifolia post-praziquantel treatment by
inhibiting inflammation and retarding cholangiocarcinoma de-
velopment in a hamster CCA model. However, further studies
on the identification of the active constituents in 7. laurifolia
that involves in the activity, as well as the mode of action should
be carried out.
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Thailand Research Fund Senior Research Scholar Meeting 2014
Professor Dr. Wanchai Maleewong
“Basic and Applies Knowledge of Parasitic Diseases and Agents: Frontier Research
on Parasites in Greater Mekong Sub Region”
Venue: 8.00 - 16.00, 8 May 2014, KKU-MED-Alumni Association Meeting Room,

Third floor, Conventional Academic Building, Faculty of Medicine, Khon Kaen University, Khon Kaen

08.00 - 09.00 Registration
09.00 - 09.10 “Reception and Reporting Remarks” by Professor Dr. Wanchai Maleewong
(TRF Senior Researcher, Thailand Research Fund, Chairman of Organizing Committee; Department of
Parasitology and Research and Diagnostic Center for Emerging Infectious Diseases, Khon Kaen University)
09.10 - 09.25 “Opening and welcome Remarks” by Assoc. Prof. Charnchai Panthongviriyakul, MD.
(Dean, Faculty of Medicine Khon Kaen University)
09.25 - 10.00 1.“How to publish your research work in a peer-reviewed journal ?”
by Prof. Wanpen Chaicumpa, D.V.M. (Hons.), Ph.D.
(Chair Professor and Research Consultant, Department of Parasitology, Faculty of Medicine Siriraj Hospital,
Mahidol University)
10.00 - 10.35 2.“Pathogen and animal Toxin Act: laboratory role and responsibility” (W.5.U. Wolsauaziwandas:
UNUIMLAZANSURAYIUYDSWRIUHURANTS) By Dr. Patravee Soisangwan
(Director Bureau of Pathogen and Animal Act, Department of Medical Sciences, Ministry of Public Health)
10.35 - 10.55 Coffee / Tea Breaks
10.55 - 11.25 3. “Current status of Capillariasis in Thailand” by Prof. Pewpan Maleewong, MD.
(Professor of Parasitology, Department of Parasitology and Research and Diagnostic Center for Emerging
Infectious Diseases, Faculty of Medicine, Khon Kaen University)
11.25 - 11.55 4. “Opisthorchiasis Associated Cholangiocarcinoma : Risk Factors for Cholangiocarcinoma (CCA),
Promising Herbal Medicine for CCA Prevention and Treatment” by Assoc. Prof. Thidarut Boonmars, D.V.M., Ph.D.
(Department of Parasitology, Faculty of Medicine, Liver Fluke and Cholangiocarcinoma Research Center,
Khon Kaen University)
12.00 - 13.00 Lunch Symposium
13.00 - 13.20 5. “Detrimental Effect of Water Submersion of Stools on Development of Strongyloides stercoralis”
by Assist. Prof. Witthaya Anamnart
(Department of Medical Technology, School of Allied Health Sciences and Public Health, Walailak University)
13.20 - 13.40 6. “Acanthamoeba Diagnosis” by Dr. Porntip Laummaunwai
(Department of Parasitology, Faculty of Medicine, Khon Kaen University)
13.40 - 14.00 7. “Rapid Molecular Identification of Human Taeniid Cestodes by Pyrosequencing Approach”
Assist. Prof. Dr. Tongjit Thanchomnang
(Faculty of Medicine, Mahasarakham University)
14.00 - 14.20 8. “A Recombinant Matrix Metalloproteinase Protein from Gnathostoma spinigerum for
Serodiagnosis of Human Gnathostomiasis” by Dr. Penchom Janwan
(Department of Parasitology and Research and Diagnostic Center for Emerging Infectious Diseases, Khon Kaen University)
14.20 - 14.40 9. “Molecular Variation in the Paragonimus heterotremus Complex in Thailand and Myanmar”
by Dr. Oranuch Sanpool
(Department of Parasitology and Research and Diagnostic Center for Emerging Infectious Diseases, Khon Kaen University)
14.40 - 15.00 Coffee / Tea Breaks
15.00 - 15.30 10. “Current Status of Human Hookworm Infections, Ascariasis, Trichuriasis, Schistosomiasis
Mekongi and Other Trematodiases in Lao People's Democratic Republic”
by Dr. Sakhon Laymanivong
(Centre of Malariology, Parasitology and Entomology, Ministry of Health, Lao PDR)
15.30 - 16.00 Closing Remark, Professor Dr. Wanchai Maleewong
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