M mmﬁ%’mﬁuauystﬁ

NAUBIEN Praziquantel #an1IuaaiaanvadiuiiNeITaInuNNTANLUBILTAE b

(;:!I a a nﬂy a v g’ . B . .
vxwammai'ﬂm@mm@mawmﬁ‘luvlmum (Opisthorchis viverrini)

lag

=

HELAT.AN.TY. TANTAI Yryane

ﬁqmw 2551



MRG 4980156

2"
=
=h.

TR

M mmaﬁuauystﬁ

NAUBIEN Praziquantel an1IuaaiaanvadiwiiNeITaInuNNTANLUDILTAE bib

niuansiaaIifiansfataneslulddudn (Opisthorchis viverrini)

lag

HELAT.EW.7). TanTaud yana

a‘II‘.Uﬁ‘LguI@U§1ﬁﬂx‘]’]%ﬂﬂ,LZﬂii&JﬂﬂiﬂﬂiQ@INﬁﬂﬁ’] LLazéﬁﬁfﬂmunamuaﬁfua%umﬁﬁ' e



UnAAga

% & A = o A a A4 v @ a .
TandszasdiNadnsnisuaasaanluszauiusesdunineatasiunianfia apoptosis 1u
wpuausaasnaaranmsluliduuaznaomliwndaiwna  (praziquante)  ALaan
da9nu NunIMIdadeuazinmdn  lasvinsdagewtlulddulunuuanasiaaiuazld
praziquantel WadnswensaawrasmIaaanensluldauuaznainslasuen
. v a . . =) [ A
praziquantel laonsdaud hematoxylin and eosin (H&E) @NE1IQUAIILIAIDNUDIYW
@19 G]GT’JEJ":J% reverse transcription polymerase chain reaction (RT-PCR) L8 real time RT-
PCR AN immunohistostaining U84 excretory and secretory (ES) antigen 284w
luldauinaidunmstuduinaemslasusuaiinmsuannizansvad antigen vasnendluld
> £ { 1 =) J {
duuazld TUNEL assay WWaANENNNIANELTARIWAAUUNLTAR b9
HamMIMIAnsMaasuLlasiuwenTanwaadaltiadunuimynnguninGe
dgl/ al o 6 o . o . . .
wawentluldluduiiiwadaniay (inflammatory cells) 472N eosinophils, neutrophils L&
mononuclear cells 781U 9NkIviaMILGUWINANTINeTanAvag lagd U3 inflammatory cells
QI J A Q = Q =Y ¥ t:il 1 ] Qs { > { {
WugIIUIRNRUE LT Bz AT IdiTalagaziTugiatadutan 21 Tuuazgengad
307UUAZABY GAAAIAINBE0IBULAZI0TUANE1A LLa:éﬁ%%'uiunﬁjuﬁ%'ﬂﬁwﬁauﬂw praziquantel
1A A' J 6 o AQ'/ dl < dl [ [ =
WUNHMIAVD UV ILTARDNLRUNTI LUINGUAZANRI LUT LN 24 BRINIINEN MTANTA
immunohistostaining Y84 ES antigen vasnensluladauwud positive staining Nesaa
epithelial bile ducts LLaz inflammatory cells mM3aneluIzAUMRNA 835 RT-PCR LAz
real time RT-PCR lanazannaainuda wunsuaadaanvadiin Bel-2-associated protein X
(BAX), caspase 9, p53, Wasr protein kinase B (PKB) slmlﬂmjum‘smaao LEIZAUNT
usasaanvasduluudaznguniinasssnulduanedrsnuasd suuuuMIuEasaanvastiv
BAX, PKB uaz p53 nilungufidaiansninasanniimifaiansndszaunuaadoanyas
a & P a £ o A A £ A o A [ o A
Bunsmuriiosfindutzanaiudl 14 waniRalugsNgaluiuil 30 UATAARINAINTUN
60 vasmidate  lunundazaiduaiooiuuasinmwedlyldaudqne praziquantel 7
A9 9% WUIRRINTINEN T2 U9 6-12 Jnsuaasaanvas apoptosis-related genes
oy » - , . .
WNUTULELaaINTI LN 24 NaVBITUNEL assay WUTN3 apoptotic cell NHRLaRa &2 LTa8
HOMILAWINAUALTRRONRY  §IRSLUMINTANEINIGUNENTaA NV baLladuNang
AaLratazIN¥IGI8 8 praziquantel WU LORA ML aNEINUINNNTAAL T ATILINLED
Tnwdrnadsgineniis dinflammatory cells gaanAniIMIAaTanTILINLALINTIYE
mMaawihaNnunIiiasnszezna lunsiaamnuasfairanan2 ARtk
praziquantel  zlUszlomitlunmssnslsanedlulddy  wdnasnssnmenalinanesau

TUT2932 82T U Y



Abstract

The aim of this study was to investigate the apoptosis-related gene expression
in hamster opisthorchiasis and after praziquantel treatment at various times including
reinfection and retreatment. Hamsters were infected with Opisthorchis viverrini
metacercariae then treated with praziquantel. Histopathological analyses of liver tissues
were studies by staining the sections with hematoxylin and eosin using light microscopy.
The expression of apoptosis-related genes [i.e., Bcl-2-associated protein X (BAX),
caspase 9, p53, and protein kinase B (PKB)] was detected by reverse transcription
polymerase chain reaction (RT-PCR) and real-time RT-PCR. The immunohistostaining of
excretory and secretory (ES) antigen of O. viverrini used to confirm the parasite broken
and antigen spread out. TUNEL assay was used to localize the apoptotic cell death.

The histopathological changes of liver tissues show the aggregation of
inflammatory cells (i.e., eosinophils, neutrophils and mononuclear cells) surrounding the
hepatic bile ducts were observed in all infected hamsters. The number of inflammatory
cells is correlated with the time of infection, the highest was on day 30 and gradually
decreased on day 60 and 90 respectively. In treatment group, the highest was 6 hr post
treatment and gradually decreased at 24 hr post treatment. The immunohistochemiacal
staining shows the positive staining at the parasite bodies, epithelial bile duct and
inflammatory cells. TUNEL assay was positive reaction at inflammatory cells and nuclei
of epithelial bile ducts. The mRNA expression results show that BAX, Akt/PKB, p53,
and caspase 9 expression were observed in all groups but difference in expression level.
Those genes significantly increased on day 30 post infection and gradually decreased on
day 60 and 90 respectively. In treatment groups, Those genes significantly increased at 6
hr post treatment and gradually decreased nearly to the uninfected control and 24 hr post
treatment, perhaps due to a decrease in inflammatory cells.  The results of reinfection
an retreatment were the same as that of single infection and treatment excepted the
inflammatory cells were higher and fibrosis surrounding the hepatic bile duct was thicker.
Although using praziquantel has an advantage in killing parasites, our results show the
effect of praziquantel treatment from host immune response that induces increased

apoptosis-related genes in the short term.



31&lA39n17 (Project Code): MRG 4980156

#alas9n13: WavILN Praziquantel #oMILRAI88NVBIHUANITRINLUNTANLDILTAR

(ai a a d? a v s ‘: . . . . m
luﬂkm,auamaimﬂ@mmmmw onSluld@uesn (Opisthorchis viverrini)

Project Title : Effect of Praziquantel on apoptosis-related gene expressions in Golden
hamster reinfected with liver fluke (Opisthorchis viverrini)

o A e

ZawnIVy wardan1Uw (Investigator) :

1. WAL.ALEW.DQ. Dansaib Ygana
Assistant professor Dr. Thidarut Boonmars
MAATUIFAINGT AUNNOEAT WAIANLALTOWLA
Department of Parasitology, Faculty of Medicine, Khon Kaen University

E-mail Address : bthida@kku.ac.th

2. 390y Iwyad &nons
Associate professor Dr. Paiboon Sithithaworn
MAITIUTRAINGT ATUZUWNLFEAT URIINLIRLVD LA
Department of Parasitology, Faculty of Medicine, Khon Kaen University

E-mail Address: paib_sit@kku.ac.th

szaz19a1lA39n13 ( Project Period) : 2 1) (years)

ANAaN (Keywords) : opisthorchiasis, praziquantel, re-infection, indirect effect



naanssndszne

NBINBMITILEBY WAV8ILN Praziquantel @anmIuaadaanuadduninglItasnuny

anavedmas lunguanmaasiiiansaaraninslulaidusy (Opisthorchis  viverrini) 10w
lo o & o @ o

Tas9n13NIaringn I@ﬂmummuuagumnmummﬂmzmiumimsq@wﬁﬂm LA
f%’]ﬁfﬂmuﬂamuaﬁfumguﬂ’]ﬁ%‘ﬂ 1Jyzdntauilszunns 2549-2551 Lﬁaﬁﬁagavlﬂlﬁﬂuaaﬁ
mmj’l,milumﬂ"ﬁm%'ﬂmﬁmmzau nanadluilaaegs eIt InUM TN WL T aztS
1 :/ = d' v £ =3 =) A a a 1
7iaiina Lwalﬂﬂsm‘mvlmmmmwammmam@aumw@aqmmw

2 o ¢ a A A v o = ° ' A

AIILUBVBUNIZATE 36197, VL‘WHMI ANTDNNT N LA RANUSN BN LR T AR
AROAN mauqmmﬂ%wﬂs%m%m AR LNNYFIRNS WANINYIRLVDWLALN L6 LRRDIWN
Tun1svinewiae uanmnﬁmauqmgmﬁ%'ﬂwm%sluvlﬁéfmmzmﬁwiamﬁ ﬁmm”?%’mp
1 U v d' a 1 d' U A & ] A a s 1 d' v
mmm‘mmwmﬂﬂsamnmuﬂ@mUmaaimamil,ﬂuammuazwn‘nmawammu‘nl%
nuaﬁumgumﬁ{s

2BVALIA QmWaLa‘% ATBULANTTM uazasauas? Nidwitasla inlwseuwisadn

o

agl/ =3 1 3 A v d' = a v g: a? a v 1@ 6 s d' =
o 1Liﬁ]qmavl,ﬂmm qu@lummﬂmawmm Vo e MLLﬂamﬂ@aamﬂmmaﬂaa:
Aaa 1 v Aa a o o A J
FAana WA UITL AW AT NN

LA (% ] a o = dy I v v o K

AI3unIIh '5'1smmamuum:Lﬂuﬂiﬂﬂmﬂmmgaula WNANB  wazlIT TN
My Feazidunwinmeluwnisdnuunaiduda bl vinawluiltaianaialsznisle A3

maaﬁw%ﬂuaﬂngd

HT8man13d avTenTan Yyoyuna
WNANLR VAU

ﬁqmﬂu 2551



d13U L399

unAatanm ngy
UNAAEaNHIAING
oz duAlATIINT
naanITNUTEmMe@
CARITERN
R1IUYAIII
RISUNIN
UN
ABNMINARDY
2 | A
NANTANEIEIWT 1
= . A
NANTANEEINT 2
a a 6
anAUTaLazINTH
CRIIILEGITLIITE
UTTINUNI
AMANWIN
Output 1InlATsMITufldiunuan an.
MIULEBONEI
MIANUNHAINY

385370 I uRAINaaa

8] 9 D L D 2 I

—

11
20
25
28
29
32
33
34
36
51



13U WA

el
o579 1 IndwesilElumsdnen apoptosis-related genes lag3s RT-PCR 7
o397 2 IwSwesildlunsdnen apoptosis-related genes lag3s
real time RT-PCR 7
a3197 3 "lwiua%ﬁl%ﬂuﬁumuqﬂ@sﬁ"ﬁ RT-PCR & real time RT-PCR 7



~
MWN 1
AN 2

MNN 3

NN 4

P
AN 5

MNN 6

MWD 7

NN 8

AN 9

130NN

e a dgl/

wm%amwma\iLf':aé'uﬁlu%wauamaimmﬁjawm%sluvlﬁéfu
wm%amwmadLﬁaﬁuluﬁwamma%ﬁa@L%awm’%’Lﬂﬁé‘u
cIfiéufavl,(éqf%ﬁ_lmprazuquantel

ANSEBNF Immunohistochemical maaﬁaé’uluﬁwmmma%ﬁ

a@n‘%i}w o5l lday aqe anti-excretory secretory polyclonal antibody
NN agarose gel electrophoresis ﬁﬁa&lﬁ"m ethydium bromide
371nN13Y11 RT-PCR

ATWMTULEAIBBNYBY apoptosis-related genes lag kG

RT-PCR (AalBauasinunasousn)

JTAUNIUEAIBANUBIEW apoptosis-related genes lagld

real ime RT-PCR (Aalfauaz3nunassusn)

Yoy apoptotic celllasld TUNEL analysis IuLﬁaLﬁaﬁu
wensanwaelwitoifedy Tasnsdousd HE Iwkl,l,l,awama%ﬁam%a
wen sl ldeudn

LEAINWANIETaY apoptotic cell death #a83% TENEL lwiitaifiady

eda A& a v
?JQGWELLLSNNL@QSV]@@L%QW ﬂ’]‘ﬁlllvlsll@lllsﬁ’]

MWA 10 ITAUNILEAIBBNUBIEY apoptosis-related genes lagld

real time RT-PCR  (@alTauazInusnegn)

v
B

11

12

13

14
16

18
19
20

21

24



N

wenSlu'ldau  (Opisthorchis viverrini; OV) HuiladsiassdanisiialsanziSviaing
(IARC., 1994 ; 1997) Falludymdanlunaazineanidanitavasilyzinelng (WHO,
=) ¥ 1 ) ~a g =y g/ 1 é v s =
2004) m‘m@L%alwgmumulmym@mﬂmmm%awmﬁsmuaﬂ6] FINMIIFNTNEIWLNT
aghiludzdn mﬁﬁﬂixaﬂ%mwLLazif%‘ﬂuﬁﬂuﬁaawUﬁluvl,ﬁé‘uvlﬁwaa‘luﬁaﬁ;ﬂ‘uﬁa
<, o . .
Praziquantel I@mmﬁ]zﬁtmﬁﬂ’la’mwml,sﬁaa(“nadwmﬁ (Apinhasmit and Sobhon, 1996) n13
dl C 6 a 1 o 1 1 1 =) d! & a a
fntiaadvasnentuananoihazih lugnmsddes liuaslusdudadunaudiauvasnes
2NNITIUINNIN LLazmmsn"LﬂﬂszéjmzuuQﬁﬁuﬁuma\ﬁ"’mmﬂ MlRinIeauawaIvad
a o 1 a a c§ ) v A £Z a v >
LTRRDNLRUITWIUNINADLAUALAUVDINGNT sﬁwzmhﬁm@]msﬂsz@;mzuugwqmmaa
umsagiruag Tagduiinangudanwimdadadunamwu 9 vildfansdniay
WUDISBSIULAZANNUENUMSIAANLLSS  (Bunnag et al, 1984:Jongsuksuntigul and
Imsomboon, 1997;0hshima and Bartsch, 1994; Upatham et al.,1988) laayyadaszaiia
AONTLAWATD bl ATLAUNFTIINNLTAR O NLRL LU LN LI TYIN A UL ANIZTWENTHI A LA AL
A 1w o . A < . . A
YBINENTUATINAULTARY DI LTFA LALHIUNTZUIUNNTOONTLATY (oxidative damage) &9
o =) v = 1 1 A = L
mmmmmmmﬂmyl%ﬂumsmimaqa@m 9 15w aawe ldsauuasluin laganns
asi'mﬁomimﬁﬂuuﬂawaaﬁLﬁmaﬁﬂﬁlﬁﬂmsmma"maaﬁul,l,azm"l,ﬂgjmﬂﬁﬂmﬁamum
¥ =) 1 { v J U
(Pinlaor et al., 2003) wanininavedayyadaszuazlolaladdng 9 Nedvluszwing
NITUIUNIITONLRY éTammvaﬂmzéjuﬂm,Lamaaﬂmaaﬂﬁjuﬁu@m 9§ NN 1B stress
response genes Waz cell proliferation genes w6 (Lodish et al., 2000) NIUEAIAEN
A A @ A \ & dl & 1 o A
voInguuiazaugumsuiiduazmaasuulasgliiuedsss  mManmadulidiLing
L = o v Aa . = a a ¥ eaa ' a as
AU ARG hyperplasia SsnulumsGanendlulday wazimasnilzlIiaUndng
Lﬁﬂ‘ﬁfﬁﬁLLaxvl,&immmﬂ’mqwnnzam;amaai’mmmiﬁﬁ%awamadﬁlﬁmaﬁgﬂﬁﬁmUﬁ
aanIn lUnIzgdun1suaadaanaadngsl cell cycle regulatery genes 1Zw p53 Tailu tumor
suppressor gene Lﬁaiﬁmaﬁvaq@mﬂu_iaéhLLa:ﬁmiﬂiauLLmuaLﬁuLaﬁﬁ@ﬂﬂa N@LaWLaN
Aaun@limanndeuusyldazlnizdungy apoptotic genes iialWifiaminnovasiaas
A o oa A Y = A A & o o & a Y
AN mmﬂmmuqummmmLLa:wmimmjaoLsﬁaaw@ﬂﬂm"l,ﬂﬂwfl%Lsﬁaagtyl,awmw
wasyinliiianz59l9ann19its (Sandri and Carraro., 1999)
= o & Aa a ) . & da £
nuamIanslugainaaasnaanensluladluadunuinnisrzuials uniiadwan free
. ' o o o o [ a { a a a &L
radicle Ga@LAWLA FUNBITNUIIUWIRLTARANLRUATIUSIIMNTNITANLRY ﬁa%aamuwmu
LAY RINAMLAANITUIALI U I N ﬁ’ﬂﬁl,ﬁaLﬁaﬁugﬂﬁwmmamagmm ARFSIGISIER
¥ & | o o a ¥ A . . a g
ﬁﬁ]zmuagﬂmwmmmammm% FITWLAIL oxidative damage NNnluNIRALTaTLE
WUUNEY  %NNRIINLINNIABUABEIN NN TAUABUAZANE  oxidative damage 2
QI J 1 { ~ ¥ g’ 1 a ¥ ¥ = U ¥
WNaudnagiTasulaimifaisadn g LL@Iumm@L%aizU:L‘%aiam’mgmmmmﬁﬁ]xa@m

(Pinlaor et al ., 2004b) Wasannssmeiisruudu losflunmssenuoy (scavenging enzyme



system) wiMslFesnEwensluadaneuuazuaadliiininglen Praziquantel a9l
[ Q ] 1 Qs 1 1 Ag o = =) 1 v 1
Wusuanodelaad wadsliinadnsdnsningndnsmdanendvessnazdinaniidanda
lasdlaonanszgduzuundduiu uaziianzuiwmaanisy udvhliiianmuaasaanses
ﬂﬁjuﬁu@h\‘ls] LT apoptosis genes, cell proliferention genes WAz cell cycle regulatory
S A o A nhlL. o A ) aa Y
genes Tamadvuudadluszaviuitldsnunsng ldanfsuudaimedunessala &
1 ¥, g; a ¥ s a ‘3‘ :’ Q | I
wamInhiguiidenimifaouaznmslasuonfietudt g Awduszozoamuwu azduns
- Y . “ & . . .
nlamaldifanmaiansdidwendu lasinamieaihnuaasaanvainguiiuedng o
A A & o a v = o a £ A ) '
winit Seraduihivsnsiulinennldheiau  wenanfamzdidodinuiinig
a =) QL = =) g ‘3’ @ & v Q
THUTIVBIMAAANITZLIUMNIBNFLATURNINIAAL T UUB L NUTLHZNIATIREAANBINUNNT
AOUAKOIVDITTUUNTAUNY AIUUNTINWIGIUEN Praziquantel 813sLANNEAINg A8
oxidative DNA damage WHIRINAGENT LAAIDANHBULANAINBANTZLZIAIRAINT LA TL
pmzninis@ate Jagtumsnaanfiiimsldun Praziquantel fuataunIna1Banriy
Wanurnvesneslulddusassudad@nmanivasmafauzSevaihanudslddumldun
TALAWINIZRAR uanmﬂﬁmiﬁﬁmquwm%sﬁ'\w‘iﬂﬁﬂiwwuvlsjLﬁﬂ%'uﬂi:mummiqn 9
a 2 & A A A, Y a o o & 1 o Aw '
du 9 Fududnaungnikfivhlienunzesminiluldauuazuznimaiddinigiaglu
Taqiin
v & 2 & A, =2 =2 o a @ o = %
asnundadunvinanladnufnavasonlunissnesnensluldaulasdnunluszau
lutanaigeulodlunisifiansss  lasslunis@insinsuaaseanvesbudig 9 13u
. . . =3 A L @ 1
Apoptosis, cell proliferation genes, cell cycle regulatory genes UNT®Ha TINIYAINIIL
a 1 o p.{' = d' a J o A d! =1 d' a
AAANNNTZI9 Tanenuraninatuluseaududsnsdnsnalfouudainanens
RN C M
FnALAenks liganTauanaNuLanans e
dq‘w a v & g ' [ a v
waniniifigailiiiutainnlunasassensazdigalilunsinmlianesluldau
3 a p.?qz o R KR c.l' > v v a A
domriaidasdiisfimudasuudatiuszavluenadin  wazenazlinisfiasanvie
dils fanslimsdunsaniauuazanduayyadase aaaduaTenmitineandlad
' [ [ A ! { . A ] ' d { a =
Pufumninswenlunguanidanunmudusasnnsann  Jadunguiasinaziiiouzs

& Iy o wn & & . o AaaA 4
"ilzl,lluﬂqﬁllaﬁﬂuLLaZﬂ@]E;]J(ﬂﬂ’]‘im"llaﬁllﬁfﬁd‘ﬂau’](ﬂaﬂﬂ’mﬁ%ﬂ



A5N1Inaaad

1. aunsoluazarsiad
1.1 dainaaad
ﬁku,l,mlamaﬂwmj mqﬂizmm 6-8 FUMRIUIB 40-80 @1 NAUE
UNNEANRAS NAINLIREVD WL
1.2 darlurnddaraziian
wdanunasszunevasmensluldauludmiavouunn
1.3 aUnsatuazansialidwiunsia3unaIdanszas metacercariae
10 % pepsin, 0.85% NaCl, 0.1% HCI, Lﬂ%adﬁu (blender) shaking water bath
AzLLNIY sedimentation jar Na8y stereomicroscope
1.4 qﬂnsnfua:a'mﬂﬁ‘lun'mgmél’m'fﬂmaaa
NN TTLaiasl ifau mm{’l
1.5 qﬂmnifuaxmimﬁﬁm%'umim%‘lumsﬁﬂ polymerase chain reaction
(PCR) ua real time RT-PCR
TRIZOL reagent, TRIZOL reagent (Invitrogen, USA), Chloroform, Isopropanal, 75%
ethyl alcohol, absolute alcohol, Diethyrocarbonate (DEPC), DNase, human placentra
ribonuclease inhibitor (HPRI) (Invitrogen), I0x DNase buffer, phenol + chloroform, Olig (dT)
((Invitrogen), M-MLV Reaction Buffer, RNase inhibitors, M-MLV RT (Invitrogen), Sterile
water, Tag DNA polymerase (Takara, Japan), Forward primer, Reverse primer, glass
homogenizer, water bath, Thermal Cycler, Vortex mixer, Automatic pipette, Pipette Tips,
Microcentrifuge, Microcentrifuge tube, sybergreen, multi- real time plate
1.6 aUnIniuaza1sLARa1MILN13111 Gel electrophoresis
Wy agarose, 1x TBE buffer, gel tray comb, 6x loading dye, loading buffer,

ethidium bromide

2. N1528NLUUNISNARDY

' A = ae € A9 o & . X

dun 1 miﬂm:naﬁlUﬂ‘mul“ﬁméuauama‘s (Syrian hamster, Mesocricetus auratus)
meq;JT g 6 114 8 FUAR MNRUNILFATNARDI ATBSULANNLANFNT VRIINLIFEVAWLA ¥
nmifloudiden  szpzfada metacercariae vaiwenTlulday lasuvadungudnsgasii
NENAILAL BRIAALTD 14, 21, 30 WAz 90 I% dm%‘nnsﬁiumimaawuﬁm%ﬂ’hﬂunm
3 100% ®adNuUinMTIReN Praziquantel (Biltricide®, Bayer) 211@ 400 JaaN3N ¢a

%

ninen 1 Alansu ‘[@mmmg}aamﬂu 4 ngu NJNAz 3 M ﬁmjumaaa a9tk



mjw?'i 1 ﬁgﬁﬁmiam‘%@wﬂﬂ%luvlﬁé'ULL@ivlaivlﬁ%'um Praziquantel laslé 2 %
cremophore Ui annynasilan fe 6 Tl

miuﬁl 2 %Hﬁﬁmsam%awm"‘ﬁsl,u"lﬁéfuLLa:%é’dﬁ]’m"L@i”%'um Praziquantel uaatiuiaa16
a9

oA Aa a & N Y @ ) . v
ﬂQSJ‘H 3 %H‘Y]Nﬂqi@]@l»ﬁﬂwU’]ﬁll]vl,l]@]l]LLaxﬁﬂﬂ'ﬂ’]ﬂvLﬂijJﬂ’] Praziquantel LaLLwLIaN

12 T2l3d
VoA Aa a dgl/ a v s 04 Y . Y &
ngufl 4 wyndinsdarannluliduuaznaannldiue Praziquantel ududuaan
24 133

1 P & A A g ' A ° o a & ¥ o a
dn 2 L‘IJWVSHVIL%ﬂﬂ'ﬂ?ﬂﬂﬂiiﬂi&ﬂluﬁ?u‘ﬂ 1 WINININIIAALDTRDINRRINIIINTN

Yz 1 sanduassnunglaslien Praziquantel (Biltricide®, Bayer) 2u1@ 400

[
[ ] o L%

N3y @alinnine 1 nlandu I@ml,ﬂmy;aamﬂu 4 ngu nguaz 3 a2 ﬁﬂ@:m@aao

baid )
ihe ()

3]

=€

nguf 1 %hl,ﬁﬁmiam%awm‘ﬁluvl,ﬁé‘mwivl,ajvlﬁ‘{um Praziquantel lasl® 2 %
cremophore LLf,ﬁ”’gs;d’mwé'aﬂau a1 6 Tl
1 d' d'd a dql/ al v i Y . 3 g
NN 2 %Emwmmmﬂjawmﬂu”[wuLLazmamﬂVLmum Praziquantel waatduiian6
1304
1 dl t:llt:l a d‘y a v s [ Qs . v I
ngun 3 %wumsmmawmﬂu"l,muLLazmaanﬂ"Lmum Praziquantel waatduiian
12 Tl
oA Aa a & N Y @ ) . v
g 4 %hmumsmmawmﬂu"l,mmLLa:mamﬂ"Lmum Praziquantel waatiluiaan
24 139
"y o
Taafauaawn1IMaaadnats
1. ¥MINUIIN AsauIzys metaceriae VoINS Sluay O.vivierrini LNaiuN
Hangainaaas
2. L'é‘mmaaﬂuﬁaamaaoﬁﬁqmﬂgﬁ 22-28 AJANTALTUR  9IUANWITIALNA
E%ﬂﬁﬁlgﬂl,ﬂuimﬂﬁﬁuﬂ%mmmﬂwaLLa:ﬁﬁﬂmiﬁ]agﬂumaLﬁm%kﬂ,ﬁauﬁmaa@nm iy
A g oA @
Lﬂaﬁumaaﬂlummmﬂ 3 1%
3. ﬁﬁmsmﬁmﬁﬂﬁ%%ﬁmsa@wm‘ﬂmmsﬂauéﬁdamwz metacercariae 31434
50 Taddany 1 dailowdimathnuaany Tagnslaaaeng
4. FMINUAIBE19NTZELIANG GuINTAALTE
5. AAUWATUMARAAINTELZIAT 3 Laautseunm 1 sUa¥ asagaumIaanens
I@smmﬁuga%gmmwm"[ﬂwm%lu"lﬁé’u LAWIZAINATIINY L We5I9vin N1 Tl awen
Praziquantel 241a 400 §a8n33 da1iminéa 1 Alansy I@mdmhl,ﬁwﬁma%ﬁnm 6, 12,
) o ) o o Ve A v o o A & o A
24 Tlud HAIINIATULT  WRAINNITHNAALT AR Y BNEInLIII N T I LTI %

u‘%nmﬁﬁwm%mﬁﬂagmﬁﬂm



6. thauluvinisana Total RNA udalSaanududu uazildoudu cDNA Tag
anAuLdulod Revese Transcriptase (RT)

7. ¥in RT-PCR Lﬁa@mmamaaﬂﬂnaaﬁuﬁa apoptosis-related genes ; p53 BAX,
Caspase 9 Wz Caspase 3 %delu mitochondrial apoptotic gene &% PKB \Jw anti-
apoptotic gene °11amHLL@iaxﬂﬁjwmaaﬂmwzmm@i’mﬁu Wisufgunuiuwiing
LLa@maaﬂamoaﬁﬂLam ﬁﬂﬁiLﬂ‘é‘lﬂuLLﬂmﬁaﬂ (house keeping gene) fo glyceraldehyde-3-
phosphate dehydrogenase (MG3PDH)

8. 11 PCR Product % uenlu agarose gel @ uwaniwld UV ligth  @nanw
agarose gel ﬁ"léfmi’@mmﬁmao band laglfluUsunsn Scion Image (Scion Co.,
Frederick, MD, USA.)

9. vmstudunaiilasnasslagls real time- RT-PCR 1% 1a%as ABI 7500

3. A5n1Inaaad (Methods)

31 NMSASUNAIDaNIE: metacercariae vaswa15lulailuay Opisthorchis
viverrini

o 1 [ a dld a d%/ 1 3’ Aa [ [ '

idalunguidazidsuniins@asaauunasiisrsumaludniaveuntu lag
Uanf dazshanaulmiuguawaidan annuwin luduwldazidoadioniastu (blender) Tu
fyazaneldUgun (1 % pepsin, 0.85 % NaCl, 0.1% HCI) tJw% 1281 3-5 w171 UaINFULHE
Uafazidoaaisasazasidddudnass luaandw 4:6 lasdSuas wanildueslu
shaking water bath figaunnd 37 aseaaifos uaa 1 Talus niwihdafidesud
ANTBITILAZUNTINTIIWA6E199 Aoamwraazunss 1,000, 425, 106 uaz 50 lulasiwuas
muieu  lagldinie (0.85% NaCl) tHud3eas shaznewd ldunanaznaunly
sedimentaton  jar  tWaldan®w1  metacercarise  vaInenTluldlududiondas

. AN o = by A A A =

stereomicroscope  1at metacercariafl ldazgniiuliluiinfafgunnd 40 asenimaiGus
A ° A o S o R o &
WaATuMuIWInAGaINTIIMLLENIELANTE metacercaria NITAMYN lUeulhuanainas

o ) . 4 o
lastlan 50 metacercariae ADNUNUIAT

& ! . al % . . . Yo ¢

3.2 n1silowAldawIzus metacercariae 2a9Wa5lulalway O.viverrini Tvida’d

NAfDY

AAAa & A

WU metacercaria l@WzANTIA (NaIAUMTIAREW I8 IUTRE) S1uIu 50 Tad N

a L) U 6 Aad o o 2’ A a 1 Aa
sy lhhandewnyuausaat  lasganeiniudwinliluiunfesTinaline - 1
faddny Jaunentmiethnlasgaarie polyethylene tibe fdaarnyasidudnnistin i
waaaamIzasny  uidsldeswen i ldlusnsiuansaetaauanniaudisdines

PRINHWUITZI 1-3 W wausaasnazNunauu I dwlné



3.3 n13anm Total RNA a1naulaaly Trizol® reagent (Univitrogen,USA)
1. Homogeniztion : AAAUWUIIA 0.5 x 0.5 LondluaT Wwinlszanas 300
a8nTW #7101 homogenize @28 glass homogenizer LaILAY Trizol® reagent 1.5 NafaaT

Ymsuaialdoasuan inunla tube 2w1@ 1.5 NaRAAT é’ovﬁﬁqmwgﬁﬁauﬂunm 10

]
=

w7 s liwwand 12,000 Yau/w7 Nannil 4 IANTRLTUR W% 10 W &N
1ala tubelwal

2. Separation phase : L@% Chloroform 300 bulasans waulidnu aelin

v

wrnIRadwiag 2-3 win i luiwuani 12,000 sau/wf ﬁqmvxgﬁ 4 AIFNTRLTER

U

W
w1 10 w1

)

3
fvinanlanlald ubelnal

3. DNA, RNA Precipitation : L& Isopropanal 750 ‘lulasdas aanalh
pawnnivaailniian 10w inluflowusnfi12, 000 sau/mf ‘ﬁamwgﬁ 4 RIFANLTALTUR
Wk 10 w7 leaznaw RNA uaz DNA %“ﬂnagﬁﬁwaa@ sl vinmsdanznam
@28 75% ethyl alcohol ﬁLﬁuI@mﬂ’liﬂg’JLU’le] WAITIN 75% ethyl alcohol ‘ﬁy\‘i ﬁ]’mﬁ?uﬁy’dﬁ\‘i
1lAuksnlszanm 10-20 w#

4. Re-dissolving DNA L8z RNA: 8zaN8azNauale DEPC-treated water 100
lulasaas ieazanenuaua? s heat shock lapvinluuuluie3es water bath ﬁqmwgﬁ
70 a9ALTaLEUE Wik 10 Wil %a991niUrnas DNA fe DNase 12.5 lulasaas HPRI
25 lulnsans, 10x DNase buffer 2.5 'lulasans lasld DNA 210 lulasaas 49
U5na3590 iy 250 lulasaas annsiwialuvaluwedes water bath ‘ﬁ'qmﬁ{]ﬁ 37 84A
LOALTOR W1 60 W17

5. Stop reaction: ‘v‘hmwq@ﬂﬁﬁ%mLmzﬁﬂmnmnﬂﬁgﬂﬂiauﬁm phenol+
chloroform  (1:1 lapU5aes125+1251lasaas) shluduuent 12, 000 saumf @
gunnd 4 ssenoaiFos win 10 wiudwhaulals wubelwnal

6. RNA precipitation: inn1Ianaznaw RNA ¢y 1/10 lagdSunasvad 2.5M
Sodium acetate Laz 2.5 U8y absolute ethyl alcohol ﬁﬁvLﬂLﬁUﬁaqu]ﬁ -20 19 -80 89FN
waSes wiw 30 w1 warvinlduuendi12,000 saumnd ﬁqmﬁgﬁ 4 2IFLTALTUR W%
10 W ldaznan RNA %mna%iﬁ'ﬁuma@ inaulaie imIseaznausae 75 % ethyl
alcohol Taamsvinluilwuandl 12,000 sau/md ‘ﬁqmﬁgﬁ 4 2IFLTALTEE W% 10 WA L1
saulanaasnal3lsuds

7. Re-dissolving RNA : Hazauaznawaiy DEPC-treated water 100
lulasans ieazannuauds s heat shock  lasvinluualuwe3as water bath 7
gunnd 65 asrialBaa win 10 w1t azld RNA udihludasn ob fnuENIAE 260
Wae 260/280 WlUAT UEIEIWIAINNITNTUEY total RNA tiavin cDNA aia'ly)



TwsineszgaanzRanniiousnns 31n W (Bioservice  Unit,  BSU
http://bsu.biotec.or.th) lwsiuasudazgnlFldauILaLAZAMNL1I789 PCR products 2u14
{199 AIOITN TI9E

aen 1 Iwswesiltlunsénun apoptosis-related gene lag3% RT-PCR

Gene Product Sequence GenBank
length upper line: forward primer Accession
bottom line: reverse primer number/refer
ence

Akt /PKB 434 bp 5'GCCTTGCTTCGCTCTGTGACS' Boonmars et
5'AGCCGAGCGGTAAAGGATTC3' al.,2005

BAX 419 bp 5' CACCTGAGCTGACCTTGGAG 3' Boonmars et
5" GAGGACTCCAGCCACAAAGA 3 al.,2005

Caspase 9 474 bp 5' ACCAATGGGACTCACAGCAA 3' Boonmars et
5" AGGATGACCACCACAAAGCA 3' al.,2005

A1519N 2 Twswasnleluns@nm apoptosis-related gene 1a837 real time RT- PCR

Gene Product Sequence upper line: Reference
length forward primer

bottom line : reverse primer

Akt/PKB 201 bp GGTGATCCTGGTGAAGGAGA M94335
GCGTACTCCATGACAAAGCA

BAX 215 bp AGCTGCAGAGGATGATTGCT AJ582075.1
CTCTCGGAGGAAGTCCAGTG

Caspase 9 205 bp GATGCTGTCCCCTATCAGGA NM 015733
GGGACTGCAGGTCTTCAGAG

P53 232 bp AAGGCGATAGTTTGGCTCCT Y08900
CTGGGGTCTTCCAGTGTGAT

A15191N 3 VI;W%L&Ja%ﬁl"ﬁlﬂuﬁumuqui@ﬁ% RT-PCR a2 real time RT-PCR

Gene Product Sequence upper line: Reference
length forward primer

bottom line : reverse primer

MG3PDH 228 bp 5'GGCATTGTGGAAGGGCTCAT Boonmars et al.,2005
5' GACACATTGGGGGTAGGAACAC3'




3.4 N13711 Reverese transcription Taaly M-MLV

RNA ﬁvlﬁﬁl:gnﬁﬁmﬁmﬂu cDNA ~ @uATMIVaIUIENGNEA  M-MLV
(Wordmedic) #3#¥in Total RNA anasansludaaimw 1:7 lasga RNA w1 1 lulasias
Wsznnm 3 lwlasnin) uaz OligodT) 1 lulasdas YSudSunasmiuwinnu 15 lulasaas
Tasmsiduin LLﬁaﬁwvl,ﬂﬂuﬁaqmﬁgﬁ 65 srnwaldos Wi 10 widl waasulslwiuds
MNEWINMTA3N aTazanoasih M-MLY RT 1 lulasaas dNTP, dCTP, dGTP, dTTP
atnaaz 1.25 lulasdns) UsudSinassurindn 25 lalasaaslasnisidusia snniwinly
Unluie3os water bath ﬁ'qmﬁgﬁ 37 aseaalTus ww 60 wifl ¥nns heat shock 7
gunnd 65 aseioaiBus win 10 w1fl wasnntuezld  cDNA %w:gnﬁwﬂ"ﬁlﬂu
template lie¥in PCR uaz real ime RT-PCR da'ly

3.5 n13711 PCR
1. 11 cDNA template 3nazaaluaasaln 1:10 dau walrintn@3ey PCR
reaction mix 1% tube aw1a 1.5 adaas 695 cDNA 1 lulasaas dNTP mix 1 lulasaas,
10x buffer 1 'lulaseas sterile distiled water 5 lulasa@s Taq DNA polymerase 0.04
lulasdas Forward primer 1 lulasaasuaz Revese primer 1 lulasaas wazuSudSanas

gavinewiny 10 lulasaans druiiinan

2. dudne3es Themal cycler wazvinmsaslusunsudsit
2.1 ﬂmﬁqmﬁgﬁ 94 aseniaaltaaiduian 3 win
2.2 i1 PCR cycle (25-35 cycles)
94 adiTalTaadwIan 30 A
56 -60 avetaaLTaawIan 30 Awn
(WANAINW L LALE InTiuas)
72 aseniaaldasiduiag 1w

a

2.3 §'uﬁejmvsgﬁ 72 IANTRLTHE LUWIAN 7 W LLazLﬁu"le’ﬁqm%m 4

U

IFLTRLTR

3.6 N19%1 Gelelectrophoresis
L3N 1.5-2 % agarose gel electrophoresis lagsinwg agarose ¥1aza18 | X TBE
1aunn3LE microwave AuH4 agarose AZANE ialﬁLﬁuLLﬁﬁdmﬁﬁumlu gel tray 1% comb
Fa9uaTINTULTIAIUEY A9 comb niuih gel lday electrophoresis tank Taglst
well ﬁLﬁ@mﬂ comb aQiﬂma%mmwﬁﬂmmﬁw LRIVINNIILEW electrophoresis buffer
#a IX TBE buffer adlu electrophoresis tank a4 baunau gel ﬁ]’lﬂf?uﬁ’mmd 1oading dye
2 lulasaasiu PCR product 8 lulasaasasly well 289 gel a3y nuurimsdarh



asouualdaasaslinszualnindomnu gel lasltnszualwidn 100 Tad Duiian 30-40
Wil J9hanthandandis  ethidium bromide LHwiaan 30-40 w1l uswna19Kiaan waL

ﬁﬁmémwmmzdwgﬂmmlﬁ UV light

3.7 msawialdIguNgusEAUNISUEAIBaNYIL
¥n PCR product auenly agarose gel  wangunanield UV light anaaw
aguose gel flduniaenuiduuas band lagldldsunsy  win 3.2 udrdmwaimszauns
wRAdaaNaId U UTHUBUNUNTLRAIEENYEY MG3PDH I@ﬂ"ﬁgmﬁaﬁ

= Gene sample/MG3PDH of sample

3.8 n199anuuUU Apoptosis related primers wWoaldluauiwn1s RT-PCR
Apoptosis-related primers a:gﬂaammumﬂﬁ published sequence lapold
. { a 1% o o A ¥
program oligo 4.1 LLa:mﬂﬁLﬂﬂawu‘W{Lmeadgwmad F9 laun BAX, PKB caspase9,

L g o A
caspase3 ez Endogenous control gene: MG3PDH Sﬁﬂmﬂuﬂumuqu

3.9 nIas9dau Specific primers
cDNA ﬁm'%mﬂ’?%gnﬁmﬂﬁﬂu template tAavin PCR product u& #&sandi
& PCR product Y1 agarose gel electrophoresis L‘ﬁlag} specific band ﬁLﬁ@ﬂIu
3.10 137 real time RT-PCR
M3 real time RT-PCR a:l% SYBR® Green uazlfie3a9 ABlprism 7500
sequence detector system (Applied Biosystems, Foster City, CA) lun13¥n real time RT-
PCR reaction U3znauas 3 lulasdas ¥a4 single strand cDNA, uae 1 lulasaas vas 1X
PCR buffer (20 mM Tris-HCI pH 8.3, 20 mM KCI, 5 mM (NH,),SO,), 5 mM dNTPs, 5
pmole forward LRs reverse primer, 0.5X SYBR Green, Wz 1 U U84 Hot start Tag DNA
polymerase (MBI Fermentous, St. Leon-Rot, Germany) 113U PCR cycling conditions
Ao 95 asemuwalTus for 10 W §14I% 40-50 cycles 71 95 asenwalTus (Huian 15
AN 60 avenioalTea LHwan 30 N, waz 72 avewalea LHwan 1 Wi aueae
72 adesalTas LHuwaa 10 Wil NSLEAIeanvEnlUY Relative expression Uad8
BAX, Akt/PKB, p53 and Caspase 9 A UIULasaNAsAN comparative Ct method (Gerard
et al.1998)lasiUSuuiinuny  G3PDH gene



3.11 MM paraffin block Lﬁaﬁmsmlight microscopic observation LLa% apoptosis
Tag TUNEL assay
o A A A A ' o o Y . @
duaIniiniannyLdazaazihuesdis 10 % fomalin Tidszunm 24
T3 71 4 DIALTALTUF NRINUUITINNTINONTUABYK NNT YN paraffin block LNa LT bis

M3 HauR hematoxylin and eosin staining (H&E ) wazn13gaa TUNEL

3.12 ianeH 2oy
o Ay o & o a & v a & . .
Tayaf lananuaazhuniienzidisaaaiuees ldsunia Scion image,

STATA version 6.0 uaz SPSS version 10.0 tU3outNauaLady mean aadlszs1nI8ad

ﬂﬁjﬂﬂ? student pair T-test maamﬂ%mmﬁﬂumju I Anova analysis

10



NAN1IANE

#2%N 1

NMSANEIANHWENINL15INL1N18IAa (Histopathology)
=< v a d'r di o v -:l' 1 Adl
msanmsunenTrnwneluveaitaibeau lduaas b3 lunini 1 WuIwun@n
o A ' & o « ¥ a P ' AA a & A x>
ldsumalainuimasanisusoy guiIriasng (nwn 1A) muvmhmumm@Lmawmﬂuvl,mu
A & o v 4 & a o A A A o & o o
i I radeniausay 9 Nsvievndluwiui 14 (A wh 1B) lagazlisiwiwioasaniausinan
eosinophils, neutrophils L&z mononuclear cells 381U § WHIYaNILAWINANANSTaFE
= a L o o gao a & P A % P
ot m%uwugwuauwuﬁﬂmwznmmaaﬂ’lmmmaimﬁ]:gam’m 30 7% (NWN 1D) Uae
fag 9 aad1a9N 90 1% MASIALOIWATF) laaf 90 % sswuLTaRanLELLANandIwlng)
& . . A o v , aa X a
i1 Lymphoid follicles lLaz plasma cells LAZIMTRRIAIVDINUIVIDUNALANTY lasd
q . a l&/ { o o
fibrosis LA@UW (MWN 1E Waz1F auU&1AL)

Non-infection 14 days post infection

< i

21 days post infection

30 days post infection 90 d

60 days post infection ays post infection
l:l a d? d; et v o‘d'ta 4%/ a
nmwn 1 wesanwmoluraadteiiodu laoniaden HEE lunuuausiaainfaizansn
lldau amnmwuaas ngunydnd (A) nundasanenTluldaun 14 u (B), 21
% (C), 30 7% (D), 60 1% (E), Waz 90 1% (F) lasdnus P ununens

O. viverrini, BAWN®YIaNISLGWING, * WNULTARONLFUNITNANRIVLNY 10x
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a

NMSANBIANBHENWNYISINYIN #In1AYIRRNAALTAN gnsluldaunanasnisln

81 Praziquantel (Histopathology)

uwsasnafsuudasmanenianwnoluesiebadulunyuaumaainfaizanes
lu'ldauuasnlasuen  praziquantel (Mwh 2) wuiniimsifia fibrosis Jau 9 viannd

a g’ a nid a d‘ly Al v s d'A d%/ al Cd cl' L
muduiharasmyninsdazenmluliduusslunundaranmslulidunlasoe
praziquantel  uazwuilunyfidamensFluldaunldium  praziquantel Fdwanimad
anuaudausnningunundadenentlulidun 90 Tu (nwmn 2a) lash 6 Talus

'V Y . 1 ' [ a ° PN J o

W N led30eN praziquantel dulngjudanenTazgninae  wazaziimaiadusasiuomn

[ 1 a :/ dn‘d 04 a cl' 4 . ' 1
LIRNONLRY 38U ¢ VIaNIdanIaniuaIned (NN 2B) o3 inflammatory cells mulmy
WENNWUTTAING 6-12 TALNIRAINT LALLM praziquantel T4 eosinophils, mononuclear
cells WAz neutrophils N lymphoid aggregation (mwﬁ 2B uar 2C m&lﬁﬂﬁu) uazh 24
< [ [ . ' ' o ad L] o
Tluanendaldivm praziquantel wolinudweniieradulyldiensszgnians
lUnuaud (nwi 2D)

i 2 wensanwneluiiialbedy lasnisden HEE lunuuaumaasnaaranenTlyld
au nawuEad ngununimIaadawensluldauud laléTue prazuquantel
n;d a d%’ a ¥ s et £ Ig
(A nyndnisdaisa wenslulidunasanldiuen prazuquantel  udnuam
6 13139 (B) 12 331409 (C) az 24 33139 (D) lasanss P wnw wend O. viverrini

Bd UN% viamat@uiing * uni Loasantay NWRIeIuLY 10x
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msﬁﬂmé’nﬂmzmaSugfuwmﬁﬁﬂm (Immunopathology)

mdnsmeduteninuussnatlulidumelusesiiafssunsn mvianedwing
mamﬁﬁmsa@L%awm%‘luvlﬁﬁmwivl,&ivlﬁ%‘um Praziquantel (nW# 3B), %hl,ﬁﬁmiam‘%a
wendluldaunssanlesuen praziquantel  udndunsn 12 Tlusndl 3C) usr 24
g2 lug (Mwiad) Teamssan immunology $9as¥inns@s1ama Opisthorchis antigen lag
1% Excretory Secretory (ES) antibody wsadlilumwdl 3 wuinfilfAsenmasuiusas
LaUALA LA LaRA AR ANITIRITaINENT (mwﬁSB Waz 3C MUR1aL) Faazhasunys
nmmaa‘lﬁ'aqﬁwﬁfmamuauﬁﬂﬁ (epithelial cells bile duct) LLﬂZLGﬁmﬁ{é'ﬂLﬁU&Luﬂ@;N%LLﬁﬁ
myaadanensluldwasmslven  praziquantel %\1LLa@ﬂﬁLﬁudﬁwm%ﬁmign‘ﬁwmmmz
fimsuanaazvasuandanagenn ldwunisdedi lolawsauas epithelial cells 189

oA A & o @ ! A & . A a A
YIaUN@ WasNLTaaant&uads &I3BNINN 3A 1w negative control nuseanLausvad

Bd

Bd

4 y _ _ X oA e eda & aa wa

Al 3 n13fan Immunohistochemisty vaiiaibadulunyuaumaasnazanensluld
AUAE anti-excretory secretory polyclonal antibody ﬁl"mmWLLamﬂﬁjsmhLﬁﬁmi
a & a v A = . A A A Aa
Aaawin® lu'ldaunidu negative control Aatlmeanuaudived (A) nynidnig
date wensluldaunlalasusn@) wasnldTuen praziquantel waiduiian

. < 4 ¥ y “

12 Tala9 (C) WAz 24 TN (D) TIRUAINAALFAINA positive Laudnus P
W WeND O. viverrini  Bd un ian9ianiing IC uNuLTasantay

ANINRIVENE 10X
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aQ . . . 1 { o ¥ & o
msAnslag35 semiquantitative RT-PCR  Gan1suandaanaddwiaunwsnuns

a . & a $ al o 1 (Y
\fin apoptosis Tunnuanainasnamdawedluladou araaia1 9nn

=2 o A A A v 0/ a .

nnMIAansIMILEasaanluIzdl mRNA vas8uNeaTasiun19ia apoptosis luwny
wausiaasnaatranensluldauidunan 0, 7, 14, 21, 30, 60 waz 90 11 wAIAALTD lAHA
Q dq‘
A9%h

NUNILRGIDANVDY MG3PDH s'fjal,ﬂuﬁumuqu (house keeping gene) Wi.l’i’ﬂ%“(]ﬂ
ngunInaaasinIuaataanveibuit wazIzaUvaINIIUAAIEaN (expression level) atlu
SzAUNINAlALITU (MW 4) wunsuaadeanvaddu BAX, PKB uaz p53 lunnngums
Nanad LL@iizﬁumsLLamaanmaaﬁulmwiazmjumimaaoﬁfuﬁ@i’n,mn@mﬁ'u a9t uluuy
miuaasaanuaiiin BAX, PKB, caspase9 uaz p53 Nilunguiidaiansnnudn nasani

Aa g ~ o Ed a ' A £ o A
InifalransntizaunILRaIaanTIdunIRThazAoy INLIBUTzAN B 7 uaz

A & A o A o o A a &
LWN“II%@EGY]Q@GLWJTWI 30 LAZAARINAIIINIUY 60 VBINIIAALTD

A pS3
Caspase9
PKDB
BAX
MG3PDH
0 7 14 21 30 60 90
Days post infection
B
Apoptosis-related genes expression relative
to MG3PDH
= 17
7]
& 0.8
- —e— BAX
S 06
= —m—PKB
g 0.4 4 —i— Caspased
b ——pa3
O 0.2 4
]
a T T T T T T )
0 T 14 21 30 60 90

Days post infection

AMNN4 NN agarose gel electrophoresis ndauaae ethydium bromide 3nnN1%1 RT-
PCR  w848u BAX, PKB, caspase9, p53 Uaz MG3PDH lunyuauainainga
danensluladauduian 0, 7, 14, 21, 30, 60 waz 90 TuRAIRALTE
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a . . . 1 { o %] 6 o
msAnslag3s semiquantitative RT-PCR @an15uanIaandaddniaunwsnun1y
a . eda A& a @ o o o :Y
\fin apoptosis Tunnuanainasnandaneisluladauuaznasnasnislnen

. v & <
Praziquantel walniutaan 6, 12 uaz 24 #1819

mIdnWanIIuaedaanvasbulungy  apoptosis  vasnunfaimawelu iy
AMERAINTHAEN Praziquantel La1dwiian 6, 12 uaz 24 2189 Wudunuuwuuvad PCR
products wWaLLAER I ULARzEY LAZIUIAVEI PCR products kiaziuiluwiaassnunaadnis
= A o A & A 2 o A AN o A
lag Wisuifisunuunu@iduesiasgv dusuenisanusiwizassiwswednls  lasd
a > d'd d'n A & A 3; 1 =3 Qs
miusasaanvasdunafidnmlununfansmidunm 3 eunslunguildiueuas
] s U g; J 1 o 1 Q o v
lald3uen uaznsusaseanvasdwmanuuazgsliu uandwnuluudaznnmasaninnsli
g praziquantel Lﬁal,ﬂ%ﬂmﬁﬂuﬁ'uﬁumugu glycemldehydcs-3-phosphate
dehydrogenase (MG3PDH ) lasiiszaunsuaadaan a9ih (MW 5A)
1. S2AUNISUEAIBaNYBIE® BAX WUINNITAUNILERI0an28d8un BAX LAY
& ' [ v . { < { {
gwuluﬂqwm"l,mum praziquantel 381 6, 12, 24 1419 Imﬁmmamaaﬂgaﬁq@ﬁ
< o A & Aa a & Aad) vo
a1 12 Tlusuazaadiasnna 24 Tlus lunundnisdemanninldiuen
. a = o A a & a @ o W V] e i
praziquantel {ai/Foununufiinifaansnsluldduudldlasue praziquantel
2. STAUNSUEAIDBNVBIEW AKUPKB WUINI=AUMILEAIaan1addn Ak/PKB
PN £ ' [ o . { <4 {
ngsulungunaslaiuen praziquantel Niaan 6, 12, 24 Talug lasfiniuaasaangsnga
A < o A < Aa a & ad e .
1 1981 6 Talwsuazandasniag 24 T luslunygidnndaiiawesnlaiue praziquantel
wWisunuwuniins@aranmnluliduudlalédTue praziquantel
3. ISTAUNTUEAIDBNVAIEW Capase 9 WUINAUIZTAUNIUEAIDENVEIEH Capase
A ; ' % Q/ . { )
9 wn geulungundaliuen praziquantel N1aa1 6, 12, 24 Tlwd lasiimIuaaseangd
P P o o A < Aa a & A Al ve
figafinan 12 Tilws wazaediasnen 24 mluslununiindaansnlasuen
praziquantel Tawen5huldauwe L ld3uen prziquantel
4. 3TAUNISUEMIDONVDIHW Capase 3 WUINIZAUNIUEAIBaNVBIEW Capase
a £ ] o W o . { @
3 v getulungundaliuen praziquantel a1 6, 12, 24 Talud lasiimiuaasaangs
P P o o A < AA a & A A) ve
figafina 12 Tlws wazaediasnnm 24 Tl lununins@agewndnlasumn
praziquantel tTawendluldauue lildsuen prziquantel
lasmsuaaIaanuadds BAX, AkUPKB Caspase 9 Waz Caspase 3 W3z@UNNT

a £ o ¥ .
LRQINY E]Gg%LWSJgG?J%ﬁﬂGﬂ’ﬁI% &)1 prziquantel
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Apoptosis related genes
PKB = 1 expression relative to MIG3PDH
09 4
Caspase 9 % g? |
E D:E ] ——PKB
W 05 ——BAX
2 034 —— Caspase3
. w02 -
D T T T T
NM 0 6 12 24 MM 0 G 12 54
Hour post treatment Hour post treatment

HAX éxpression réiatve 1 MEIFDH E PKB expression relative to MG3PDH

24hr

12

Ehr

dhr

MarHrfection MorHrfection
6 DI1 DIE DI3 D.Iai D.I5

. Expression level
Expression level
E F

Caspased expression relative to MGIPDH Caspased expression relativeto MG3PDH

2hr Apr

12hr 12hr

ki Bhr

Ohr

Mor-irfec tion Morvirfection
6 DI1 DIE DIS DI4 D.I5 D.IB D.IT

_L M
[~ Ioa
= =

Post treatment
=

Post treatment

=
=

Post treat ment
Post treatment

=
=
=

0.09 0.1 015 0z 0.25

Expression level Expression level

—
—

AINN 5 semi-quantitative RT-PCR LL&A3NT1W agarose gel electrophoresis Ndauaag
ethidium bromide (A) LAZHNINITAIUATNRRINBUBIENIAVWIALAZANULTUTY
2849 band udIANzAIBUNBUFAsIUDRIB U gL HUAIIQUUI NN

nMWBaINILEAsaanYaIEwa1d 9ash B BAX (B), PKB (C), caspase9 (D),

¥ 1
A A

caspase3 (E) lunguanmaainaairanmluliauluim 90 Tunasiaizai o,
6, 12 WAz 24 THLNIRAINIINBG8EN praziquantel
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a . . 1 { o s 6 a
ns@ne1laais Relative real time PCR 6lan130a@ndaanyadannaunws nUN1ILAA
. 6 IA g Al %) H ¥ [-%) (%)
Apoptosislunnuanainasnamdanadluladaui 14, 30 uaz 90 I wazRAINAS

L7 . v & <
N3N Praziquantel WaaLiuiaan 6, 12 waz 24 72l

MIUFAI8aNVAIU BAX, caspase9, p53 WAz AKUPKB  lunyuausaaindeiie
wensluladau ﬁnﬂmwLLammjwthﬂa%Hﬁam%awm%‘lﬂﬁﬁuﬁ 14,30 WAz 90 I LA
winhfimsfarenenluldaunaannlaue praziquantel uwdnduian 6, 12 uaz 24
TI9 (MWA BA) WUIN MTUEAIBanveddn BAX luv;ﬂmjmmsmaaaﬁizﬁu g

1 e { L QI J {
LEAIDANVBIDULANGIINY (ANN 6A) lasIzauMITLEAIaaNVIEH BAX qugwuﬁ 14
s v ) et d s ﬁ Qs { a g > %

M uaziumliuaaiiasn 90 1 TenasnnninseaiTa (14, 30, 90 Tu) NIzauMy
LEAIBaNVAIEN BAX gom?m&jmhmna T,mmm@n@"maﬂﬁaﬁﬁfﬂéwﬁq{mmﬁaﬁ 307%
LﬁaLﬂ%ULﬁm.lﬁ'umjwkl,ﬂﬂaﬁ%ﬁﬁmsa@L%a‘wm%ﬁ 14 U8z 90 % AUR1AU (p<0.05)

A o A o = a £ M ' ' Ao o @

wazh 14 Julizaunsusaseanyadin BAX LRNFIUL ue Liuanavasneivedranig

aa A ~ ~ ') . a o = a o A
siala WisuisuAungunulng TagveaunTugadInantadtn BAX Nuwiliuaaadn
90 % muﬂéjw%ﬁﬁmia@L%awm%ﬁmwé’ﬂﬁ%’um praziquantel i 6 T34 NyzaU

AI J‘ 1 Q o Q aa { Q 1 { a
mmamaaﬂmaoﬁmwwgwuamaﬁuﬂmmymaanmﬁmﬂ%muLﬁwﬂuwhmqwhkﬁﬁmm@
dawenTluldiaunasanlauen praziquantel usnduiaa 12 uaz 24 THlusngunylnd
wuhins@aiawensn 14, 30 uaz 90 3 MUAGU (p<0.05) FIUNILEAIDANVDIDU
caspase9 (MW 6B), p53 (MWN 6C) Waz Akt/PKB (NMWN6ED) ﬁgﬂLLuumiLLamaaﬂ
= o 2 o A o = s = Aa a &

PDIDU ARLARINUE L BAX I@mmummamaaﬂmaawmmm:gwulu%wumsmma
wWen 30 Fuuaznuninsdeiewuneslulddundianldiuen praziquantel udauiu
IR 6, 12 WAz 24 T2lu9 (P<0.05)
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>
W

B AX expression level relative caspased expression level
to MG3DPH relative to MG3PDH
v d _
5 6 5 385 b b
= g % =
E 4 ¢ ¢ E 25
E 3 h h o 2 a i |
Bzqa a 2" a a a
C1EAND .l [
di o - T T T T T T 1 |jEjL -EI 1 T T r] T |_I—| l_:[-l
1 2 3 4 5 B 7 1 2 = = S 5 B
Groups Groups
P53 expression level relative to PHKE expression level relative
MG3PDH to MG3PDH
w b w5 L
i : . b
= = ﬁ
c a a a i gz a
I |-I—| H a "11‘ a 1 |-I_| I'I‘I o a
=3 o r-| h [ & o4 . . . o .
w T . T R T R T a T s T R T - 1 = = a 5 5 E

Groups
Group=

AN 6 SeUMILEAIannvasin BAX (A), caspased (B), p53 (C) uaz PKB (D)

(2

Wisuisuiuguaiugy MG3PDH (ivi)las 1 ununuind, 2 unu nundeite
wenBluldaud 14 w3 unu nqundaenenTlulddun 30 7w 4 unu wun

a d‘y a v d' [ =) 1 t:lld a d‘y al v [ '
@I@L“HBWEI’]ﬁIﬁJVL&I@]‘]JY] 90 % %I ﬂiﬂ&l%kk?l&lﬂ?ﬁ@]@lmawEl’]ﬁFLﬁJVL&I@]‘]J 9071 U4
A a

1ald3uen praziquantel , 5 unw nyndnsdaansnTlulday 90 Tu waaan

Y . v & o Aa a d?/ a v s
165uen praziquantel udaiduiian 6 Talud 6 unu nundn1sdaisanesluldey
90 TWRAIINMETULN praziquantel HETWIAN 12 TALN9 7 wnu wunlinsda
wanend  lulsdau 90 Junasanldsuen praziquantel wadiduiia 24

VYRR
MsANBINTAUVBILTAS (Apoptotic assay)

Lﬁaﬁnmﬁammauauawaai:uugﬁ@‘jwﬁ'mmi’mm HUAIINNNANTAALTaNLNT

v o o [ v . g a & &
1ﬂmmﬂunm 90 mmamﬂ"l,mum praziquantel @8aAIINITILNNVBYBINITIANYULTAR

L

NN 7 ugaImatiia apoptosis vaditiaibaduluudaznguniinanss fa wuniindaize

wenFlulidunlaldsuen  praziquantel  (A) nyniimGaiawanTluldaduuasldiuen

)
A a d?’
EN)

praziquantel U&7 \uiia1 6 Talus (B) wuniins@aimawenslulaidu 90 Juuazldium
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praziquantel u§alwm 12 72lug (C) me%ﬁﬁmiam%awm%lu"[ﬁéfu 90 TURRILAZ
l&5uen praziquantel uanduiaan 24 Falus (D) wudfiaws posiive i nucluse Vo9
inflammatory cells LLas epithelial bile duct WUINLLNANR positive Lﬁﬂﬁaﬂﬁ inflammatory
cells Waz epithelial bile duct el,mﬁhbﬁﬁmiam‘%awU’l%sluvlﬁﬁ'uﬁivlsjv[ﬁ%'um praziquantel
ez i 24 TlasmondannlaSuen praziquantel  Tapwuindaulwajazd apoptotic cells
284 inflammatory cells Waz epithelial bile duct mamgﬁﬁmia@L%awm%sluvlﬁﬁml,a:"lﬁ%'u

fN praziquantel LAWDWIAY 6 AT 12 TALNI AINAIGU

awd 7 msdan apoptosis lagld TUNEL assay 1uLf:aLﬁaé’waoﬂ@;w%ﬁﬁmiaﬂﬁa
wenFluldauua ldSuen praziquantel (A), ﬁ&ﬁﬁmsa@L%awm%luvl,ﬁﬁu%éhmn
&5uen praziquantel udaduiaan 6 Talug (B) 12 T9lus (C) uaz 24 Talas (D)
%ﬂgﬂﬂmﬁmwa positive Tauans P unu wens O. viverrini, Bd UnH vi9

NILAUING
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NAN1IANE
#20N 2

n3AnNEINILEAIBBNVBY apoptosis —related genes TunufiAaizanasluldaus

NURAINIIT WAL Praziquantel W3auNI LWN1ITNEIEN

[] U v
NTENHIANBIRENIINYISINYIN ﬁmﬂmamwﬁﬁm%aw g5l ausin1anas

N13ME Praziquantel W3aanalwn135nB1%1 (Histopathology)

muﬂ'&‘wuﬂmmawm%amwmawguauama%ﬁamﬁawm%’tﬂﬁé’u%mé’omnmi
$nwnduen praziquantel LazSNENEY (MR 8)  wudndnsifia fibrosis Aoudnsnmn
I vau 9 viama"maLauﬁwﬁmaaﬁy’m%ﬁﬁmsamﬁawm%‘l,uvl,ﬁé'u%mamktﬁa@L°‘§awm%
Tuldaudndilasuen  praziquantel  uazwanIINAEINLIN I WIBITaSSNIALTO 9 Vi
‘Vm‘maLﬁm‘fﬁﬁmﬂﬂdﬁmjw%ﬁamﬁawm%lu"lﬁé’u%m@i"l&i"lﬁ%’um praziquantel (Nl
8A) Taufi 6 T luswasanlésuen praziquantel saulngudinenTazgniiane uazasd
s usassIwINITaReNLELTaY griamstauinaffiaanens (nnit 8B) Gl
inflammatory  cells & WIWYUAIDTWLTZWING 6-12 2 lusnasn3lasuen praziquantel
L7 eosinophils, mononuclear cells L&z neutrophils nu lymphoid aggregation (nﬁwﬁl 8B
ez 8C MWEeU) uash 24 Talusnenaslasuen praziquantel wudnlinudawensd
ondulyldhenazgnimelunuauds (MW7 8D)

Untreated control 6 hr

12 hr . 24 hr
ﬂ; a A A e v =
NMNN 8 wmmmwmm‘lul,uamamu I@]Elﬂ’ﬁilﬂ&]ﬁ H&E IN%HLLSNE{L@IQT{]@]@L‘H

[
e a A

a v s :/ 1 d'd a d%’ Al v :’ 1 [ Qs
wenFluldaudn anawuseingunygiinisiazewnlulddusud laldsuen
prazuquantel (A), wuniimidaranenTlulidudmatanldsue prazuquantel
udtduiian 6 walas (B), 12 T2lud (C) uaz 24 2las (D) lasanss P uni

a , . . ' a oa > 0 o
WeINTD O.viverrini, BAN NaNISL@UBIA, * LN LEIRNONLEL NIWANRIVIIEY 10X
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NMSANBINTANUYRITAS (Apoptotic assay)

{ o A 2L A o d
Wardumstiunguirinsifiansansvesoasinass lasld TUNEL assay (Mwi 9)
LEAIN1ILia apoptosisluiitatiaduvainyuaumaasnaarawsndluldausiud laldium
praziquantel uazwunaairansnFluldaudnldium praziquantel wudnfiana positive

) S X { .

lunﬂﬂﬁgumiw@aaa PIILNU apoptotic cells 1 nucluse 284 inflammatory cells U8z
. . N A:lld a dv a v 2’ dln tﬂq‘ a v :/ 4:{‘
epithelial bile duct vasnuninsdazanmnluliauduaznunfaransntluldaudn

l@suen praziquantel

NN 9 uFAINIWNNIan apoptotic cell death 183% TENEL lulitaiiaduvainyiay
{d‘n d%’ Al ¥ :’ 04 v . t:l' [
sinaindaianesluldauduazinmdiom praziquantel  lasfilaoignas

LLE® apoptotic cell death

a . . 1 o o o
n3@ns1lag3s Relative real time RT-PCR @lan15ua@ndaanyasduaunusnunis
1 U 1 U
LNi® Apoptosis ‘lum‘ﬁ.ﬁﬁﬂL“S’awsﬂﬁslulﬁmuﬁt'saﬂ 14, 30182 90 IBKAINITAALTD LA
{a $ Al o & Y . @
wniaasanensluldauduazlasuen Praziquantel waailuiian 6, 12 uaz 24

Flag

AMNMIANBINTURAIDBNVEIOULLL  Relative expression 8381 BAX, PKB,

A A o ) a . Aa & N vo A
caspase9 Uz p53 MNEITasnun1afia apoptosis vasnunaaiTawmslulidunnam 14,
30uaz 90 Junasn1idaize uazwunfaawesluldaudiualaiuen Praziquantel i
& < Y A . . A o '
Wwan 6, 12 usx 24 mIm I@sfl"mmﬂuﬂ Relative real time PCR D3N I04AN
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comparative Gt YhnswSeuiisuniuBuaiugy G3PDH udwawr1 lasfiszaunis
LEAIADNAIN
1. FTAUNSHEAIBENVAISW BAX WU I32AUNTHEAIaanTaIdn BAX 1wqﬂ
miwmimaaoI@ﬂﬁs:é'ummamaaﬂmaaﬁmmﬂ@i’mﬁu (MWD 10A)  lapszauns
o X ' o ' ' o o ! ' o
LEAIABNVAIE BAX qugwuﬁ 14 auiﬂﬂgaﬁq@ﬁ 30 Tuuaziuwl liuaad1adn 90 1
[ a & a A L a & A a A & Aa vao o
BRINITAALT D LLﬂz&lﬂ’]‘JLW&lgdﬂluﬂﬂﬂidluﬁhm&lﬂ’ﬁ@@L°ITE]‘WUWﬁIUVLSJ@IUGﬁWLLazﬁQG’QWﬂ
18@3uen praziquantel 71 6 Laz 12 TANIANNE 1AL Lazaad1aIN 24 Trlus WatdTouiisy
NIRDANLIN %@(‘?}@L%awmﬂﬂﬁﬁu 71 30 AuilAUNILFAIENANYIDUFINGY Tag
' ' Ao o @ Aaa A = = [ ' a Aa a rg
uanedateiiidRYN19aDa (p<0.05) WallIsuinsuiungunylnd, wunlinideize
W3 14 uaz 90 Tu, nundnsdaraninsluldauduaznasanlaiue praziquantel
M 6, 12 uaz 24 TlusuaznyndameneFluliduswdlaildTue  praziquantel lag
o @ A a o a & e
fautasasNfliszaumiuaaiasniaitn BAX galuouausas
2. ITAUNIUEAIDDNVDIEW caspase9 WUTT A32aUNIUEAIaaNYBIa
' = [ = ' ') A
caspase9 ’Lunﬂﬂqwmsmaaﬂ@Um:@umma@aaaﬂmawmwmemnu(mww 10B) lag
Q AI J { Qs v DI { Q
JLAUNILEAIDONVBIE caspase9 wagwuﬁ 14 % uazduw lhuaadiadn 90 1 Lay
A £ a & A A a & a v o v . A
LwugwuaﬂﬂiﬂumwuﬂﬁmLﬁawmﬂﬂmumLLawaaﬁnﬂvlmum praziquantel 71 6
~ A < o A ) A = P Aaa ' Aa
LazgInganiae 12 T34 LAZAAAIAIN 24 TN taTauAsuNIIRAGWLIN Wunaa
wawensluldaudiuaznasainlaTuen praziquantel fi 6 32109 Fszaunsuaadeanaan
a A ' ' Ao o @ an ~ = a o ' a
V090UgINgQ laguanadvadelinefamnIsia (p<0.05) WalFsuisuAungunylng,
aid a dql/ Ad‘ s aid a d%’ a v g’ el
wuhinsfaimawensn 14, 30 uaz 90 u ﬂwumwm‘*ﬁawmﬂﬂmumua:mamﬂ
d5uen praziquantel 71 12 uaz 24 THlasuaznundaanedluldaudualalasoen
praziquantel lag&1ALTBIRINNINTLAUMTURAIBENVBIEU caspase guﬂué’ué’maa fa
wundaizawensluladidy 1 30 Tundin1sdaise lasuandrsadafifaddyniaia
(p<0.05) LflE]Lﬂ%UULﬁﬂUﬁUnﬂﬂﬁiNﬂ’ﬁﬂ@aad
3. JTAUNSUEMIAaNVDIE® p53  WUI NIzAUMsLaadaanuedds p53 luﬂﬂ
m\jmmsmaaﬂ@ﬁﬁi:é]’ummamaaﬂmaaﬁml,@m@ifmﬁu(mwﬁ 10C) Tagszaunis
- (o o oA e XX 2 -
LEAIBaNVDIDU p53 LANFINFAT 30 Tu WazaAd 1N 90 Tu uaziiugIIuanaTIlunyn
fnsfaranentluldauduasnasannlasuen praziquantel a1 6 Taluduazfay 9aa
el dl ‘1'4 o et dl' =l =) aa 1 n:l'n:: dly al v
a9 12 uaz 24 Tlug aNAIeU tallIuuisunIgianuIn %kmm@mawmﬂuvlmu
730 i'uﬁs:é'ummamaanaanmaaﬁugeﬁqw lasuandsaealingfamnvaia (p<0.05)
dl' = = o 1 a d'd a dgl/ nd' L d'd a d?’
WalSsusunundunydnd, nyhlinns@aranendn 14 uaz 90 Ju, wynlinidaize
wensluldduduaznasannldiue praziquantel Naa1 6, 12 waz 24 Tlu9 uazwunda
Wwawensluldaudiua lai'lasusn praziquantel lasd1ausaIasNINNTsaUMILIAI8aNY DY

a ® e @ A Aa A a vao o v i A
gu p53 E‘T\TLU%Q%@U@@\‘] e %‘I‘;JW]@@L%QWUqﬁiuvLN@lUGﬁ']LLﬂzﬁﬂ\‘]"i]']ﬂvLﬂijJEl'] praziquantel N

o L a

6 Tlauslasuanedsatalivuidyneada (p<0.05) WalffuuifiuiunnngumMmasas

2
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4. SzAUNIUEAIBDNVDIEW Akt/PKB WU UILAUNTLRAIBANVAID Y
Akt/PKB 1unnmjwm5maaﬂmyﬁs:ﬁummamaanmaaﬁmmn@mﬁu(mwﬁ 10D) lag
% AI J { Q AI { { Q
JLAUNILFENIDANVAIEW AKY/PKB qugwuﬁ 14 W I@muwwgaﬁq@ﬁ 30 2% LAZAN
ul n:ll s nl J =) 3; n:{ld a g =y v s 3’ >3 Qo
da9n 90 LLaszugwuanmﬂu%&mmsmnjawmﬂu”l,mumLLazmaﬁnﬂvl,mum
praziquantel 11781 6 T2lNILATABE Jaad1aIN 12 WaE 24 TN ANNRIGU i
WIHUNgUNIFRaNLIN %hl,ﬁam%awm%‘luvlﬁﬁu 7 30 WWNILAUNSLRAIADNBNVAID
~ ' ' Ao o w An A = A @ . A Aa
gaNga lasuanasad9linufmayn1eaia (p<0.05) WallSsunsunungunylng, nyni
AMIAALTaNLITN 14 waz 90 1w, %Hﬁﬁmi@m%awm’ﬂuvlﬁﬁueﬁ’]LLamé'amn"léT%'um
praziquantel fiian 6, 12 uaz 24 TlusuaznygidadawenTlyldausud laldasuen
praziquantel lagdnausasasnnfifiszaunisuaaseanvasin AkPKB  gaiduduausas fie
wih@arawesnslulidusuaznasainlaiuen praziquantel 71 6 Taluslasuaneniadngd
wdAYNWEna (p<0.05) WallisuneununnnguMInanes
lasnTuaadInanvadIdn BAX, Caspase 9, p53 waz AkY/PKB 15:AUNNITLEAd88n
maammugwﬂu%wmmawmﬂuvl,muLLazfﬂ:Qamuanmﬂu%ﬂ@mmm@Lﬁawmﬂuvl,u
AUBIAWAINN LALLM praziquantel tasudazdnaziszaunILaaiaanuaIdunaanasg
. . R A X o .
N I@mz@ummamaaﬂmadsmmmm:nwgwu‘lwhmumm@L°na‘wmﬁ‘ﬂ 14 THUATEY
ﬁq@ﬁ 30 TBLATIZAAGIAIN 90 TWAFINNTAALTD ﬁ]’]ﬂ‘fﬁb%Lﬁ&lgdgﬂﬂ%‘dluﬂﬁﬁﬁﬂ’l‘iaﬂL%a
a @ o % o ~ é’ { < & )
wunwenFlulddunatanlaiue praziquantel lasaziiugadui 6 Mlusaniuazdas 9

AAGIRIN 12 LAz 24 T2 LNIANNAIAU
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A BAX gene expression level relative B Caspase9 expression level relative to MG3PDH
to MG3PDH

6 | e
- 47 b g 91 _I_
£ 354 3
§ 3 & 4 |
= 3]
g 2.5 4 3 31 .
= 2 A a a 2 .g 29 b b b
2154 a a a
K a w14 b
g 11 E H_‘ ’—T—‘ m ’—H a
::? 0.5 ﬂ u"j 0 T T T T T T T ==
Yoo . L 411t 2 3 4 5 6 T 8
1 2 3 4 5 G 7 g Groups
Groups
C p53 gene expression level relative D PKB gene expression level relative
to MG3PDH to MG3PDH
5 ¢
7. g z
: £
g 251 ¢ i b
= 27 a = a
2512 by g s ? 2
w7 a a g a
Al 1 :
E DS - T ﬂ T T T T T T m 1 i 0 T T T T T T T |—I—| 1
1 7 3 4 5 g 7 8 1 2 3 4 5 [} 7 a
Groups Groups

n’l‘wﬁl10 Relative real time PCR WRO4IZAUNIUEAI8aNTBIEW BAX (A), caspase9 (B),
p53 (C) uaz PKB (D) iwisuifisunuduaiugy MG3PDH (i+1) lag 1 ununy
Un, 2 unu %Kbﬁam%awm’%luvlﬁﬁuﬁ 14 3 unu ﬂéwﬁam%awm?ﬂuvlﬁﬁu
730 5% 4 unu ukbﬁam%awmﬂuvlﬁﬁuﬁ' 90 T, 5 UNW %%ﬁﬁmsam%a
wensluldaudualaldiuen praziquantel , 6 unw %Hﬁﬁmia@ﬁawm’ﬂﬂﬁ
Guin naanlesumn praziquantel udnilnan 6 92189, 7 UN ﬁhl,ﬁ'ﬁmsa@
oy ldauduaznasanlasuen praziquantel wdndwna 12 dalus, 8
WN %Hﬁﬁmsa@L%awﬂﬁ%luvlﬁél'usgmé'aa']ﬂvlﬁ%'um praziquantel u&2LTuwiaan
24 $7l39
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a a -4 . .
anuds1a/79190 (Discussion)
grUnaninasasuazanlsngnaniimaaas

Ta91iuiimildin praziquantel iWainwn1sdiaiTanent laukavade praziquantel i
£ ' Al ° @ o a A o o A o {
ant lumssiwentluldlasluviaonisdraivenend Sixeandadnunan1IiTy (WA
2 uaz 3) lauNan1sAN®eN praziquantel ARNUNNGENTRANENTRNNNYBINTAALTANENT
ldun  shistosomiasis (Richards et al. 1989; Richter 2000) &¥  opisthorchiasis
. A \ A
(Hutradilok et al. 1983; Pungpak et al. 1998) FINAVDILNAHA LU THIN T UG
a [ A o A Aa & a o wal a a a ) a
uzfenu Inadhadesiieiufe Mldlniande ayyadas: uazlinisaiieluainesn
6 d'd o nd! Id > (% v @ c?; SR A =1
Mo sanunnluvaeninismaaneidionaduduasany host la a9mu3sfin1sdnm
A d"v @ 6 o a a a dgl/ al v AA d'd
SungunusnunszunmafaneFanwlumsdaene slulday  leasfdunineas
MIANBNEUIN AaNBuNNeIny free radicals (iNOS, NO), growth factor signaling
(TGFBI, PGF, IGFBP1, IGFBP3), signal transduction pathways(TGF-beta)] (Pinlaor et al.
2004a, b; Jinawath et al. 2006; Thuwaijit et al. 2006) @91 9TANVFRLRINANI WAV
#1 Praziquantel @iammamaamlaaﬁuﬁLﬁmiTaaﬁ‘umwnwawﬁaﬂu%wamma%ﬁa@
awenFlu'lsiau (Opisthorchis viverriniaInIIN®NG28EN praziquantel luIzEIaR 9
o n:lld a g a Y a = 0‘/ a o v
waanniindaewenslulidy  wenSazlimanaueudiaueanan lildnszdu
wuupiiduinsasivmaliiimineuaues sswarhliimisfiiluaineanlodaanin lag
finmsfnsnehuumsluausd uazludainaaas (Pinlaor et al. 2006) lasanananaiii
c.l' v 1 & [ d' dln o v Aa 6 d! n' J
auf lenannnduilaspnianginarin liiiansanave o s TINTLANYUV DS
v v o o % { & J & Y a
NITUIUNMINUVDILTRRFNAUTTUTIWIBITRR O NLRUNLAAIUNIRNG DILTIMNOBEianvad
MIMBvaITas azwuIN i Tasnuaasontay waanuluanutduasiuds wuiioas
ANLRUENNNTOYINAELTAR b ANBAIUNNIFTNAYNABAITZNG ROS Uaz NO (Hussain PS et
al 2004; Kim Y et al., 2000; Forrester et al.,1996) LLazﬁnvlﬂg&mzmumimwawﬁaﬁ
lauNauaINIANE LRAINIUIEANSAWEN praziquantel KAINTINBINTZOLIANEH
wuhniinalunszdunenlilinimas ES uaz crude antigen aananann sswaliiinig
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EFFECTS OF PRAZIGUANTEL ON APOPTOSIS-RELATED GENE
EXPRESSION IN HAMSTER OPISTHORCHIASIS

Thidarut Boo rs'?, Pranee Srirgj', Butsara Kaewsamut', Somchai Pinlaor' <,
Puangrat Yongvanit®?, Tuanchai Srisawangwaong', Paiboon Sithithaworn™2

"Department of Parasitology, Liver Fluke and Chalangiocarcinarma Research Center; *Department of
Biachemistry. Faculty of Medicine, Khan Kaen University, 40002, Thailand
Email: boonmars@yahoo.com

PISTHORCHIASIS is caused by Opisthorchis viverrini {(OV), which in turn

is a risk factor for cholangiocarcinoma (CCA). Despite the effectiveness

of praziquantel, the drug of choice for opisthorchiasis, the prevalence of
opisthorchiasis and CCA remains high. Using praziquantel appears to affect the host's
cells as cell walls are degraded and inflammation, also apoptotic cell death. Free radicals,
such as nitrogen radicals and cytokines, cause DNA damage leading to cell death and
also DNA mutation which are a risk factor for CCA. Animal models of opisthorchiasis
were conducted to investigate apoptosis-related gene expression profiles. Hamsters were
divided into two groups: (i) the untreated praziquantel group {control, non-infection
and post-infection with OV for 3 months); and, (ii) the treated praziquantel group
{praziquantel post-treatmentat 6, 12, 24 hr) and fed ad libitum at the Animal Unit, Faculty
of Medicine, Khon Kaen University. Liver samples were collected at each time point.
The reverse transcription polymerase chain reaction (RT-PCR) was performed to detect
the apoptosis-related gene expression in hamster livers [ie., the apoptosis gene Bcl-2
associated protein X (BAX), protein kinase B (PKB), Caspase 9 and Caspase 3]. The
results showed that the housekeeping gene was observed in all samples with a similar
density. BAX, PKB, Caspase 3 and Caspase 9 were decreased at 6 hr post-treatment
and then increased slightly at 12 hr and gradually decreased to near untreated control
levels and 24 hr post-treatment, perhaps due to a decrease in inlammatory cells The
present study has shown a significant disadvantage of using praziquantel for hamster
opisthorchiasis; that it may indirectly affect the hosts cells through apoptosis-related
gene expression by liberating free radicals and inducing inflammation. Ry
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Abstract The aim of this study was to investigate the
apoptosis-related gene expression in hamster opisthorchia-
sis after praziquantel treatment. Hamsters were infected
with Opisthorchis viverrini metacercariaec then treated
with praziquantel. The expression of apoptosis-related
genes [i.e., apoptosis gene Bcl-2-associated protein X
(BAX), caspase 9, p53, and protein kinase B (PKB)] was
detected by real-time reverse transcription polymerase
chain reaction. Histopathological analyses of liver tissues
were studies by staining the sections with hematoxylin and
eosin using light microscopy. Apoptotic assay was used to
localize the apoptotic cell death. The results show that
BAX, Akt/PKB, p53, and caspase 9 expression level were
significantly increased on day 30 post infection and at 6 h
post treatment and gradually decreased nearly to the
uninfected control and 24 h post treatment, perhaps due to
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a decrease in inflammatory cells. Apoptotic staining was
positive reaction at inflammatory cells and nuclei of
epithelial bile ducts. Although using praziquantel has an
advantage in killing parasites, our results show the effect of
praziquantel treatment from host immune response that
induces increased apoptosis-related genes in the short term
due to an increase in inflammatory cells surrounding the
bile ducts.

Introduction

Opisthorchiasis caused by Opisthorchis viverrini (OV) is
prevalent mainly in Thailand, Lao People’s Democratic
Republic, and Cambodia. In Thailand, approximately
8 million people are infected with OV (WHO 2004);
moreover, the distribution of opisthorchiasis has marked
regional clumping and is highly endemic in Northeast
Thailand, where the occurrence of cholangiocarcinoma
(CCA) is the highest in the world (IARC 1994, 1997).
Although praziquantel, the drug of choice for opisthor-
chiasis, has been widely used (Pungpak et al. 1998),
opisthorchiasis and CCA remain the leading cause of death
in this region. This may be due in part to local eating habits,
which increase the risk of OV re-infection and, relatedly,
the development of CCA. Although recent reports showed
that praziquantel could reduce a risk factor for the
pathogenesis of CCA (Pinlaor et al. 2006), frequent
treatment with praziquantel may be detrimental to the host
through inflammation.

People are infected with OV by ingesting raw or
inadequately cooked cyprinoid fish infested with metacer-
caria, the infective stage of flukes. After ingestion, the
metacercariac were excysted as a result of gastric and
intestinal juices. The excysted juvenile flukes migrate up
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the common bile duct into the intrahepatic bile ducts where
they mature and fertilize. Some worms were found in the
common bile duct, cystic duct, or gall bladder. During
infection, at the early stages of infection, the liver is
changed due to the inflammatory response around the
juvenile flukes in the intrahepatic bile ducts. The severity of
inflammation gradually increases and reaches a maximum
about 1 month post infection (as evidenced by proliferation
of mononuclear cells and eosinophils infiltrates around the
intrahepatic bile ducts). The virulence of the disease also
involves the host’s own immune response such as cytokine
expression, resultant free radicals, and apoptosis through
the Fas ligand, TNF« and mitochondrial pathways (Lodish
et al. 2000). Chronic infection for many years is associated
with several hepatobiliary diseases (Sripa 2003), which are
in turn associated with the development of hepatobiliary
cancer and CCA, albeit the precise genesis remains obscure.

Praziquantel is an effective antihelminthic widely used
for treatment of opisthorchiasis. The chemoactivity of the
medication damages the tegument of worms, leading to
vacuolization, swelling, and finally disruption and detach-
ment of the tegument and parasite death (Apinhasmit and
Sobhon 1996). Although praziquantel is useful for treat-
ment of trematodes, its side effects include mild headache,
lassitude, sleepiness, and diarrhea (Supanvanich et al. 1981;
Pungpak et al. 1998).

Moreover, our preliminary findings indicated that inflam-
matory cells were more numerous surrounding the hepatic
bile duct after praziquantel treatment; therefore, we hypoth-
esized that after praziquantel treatment, residual parasite
antigens stimulated the host cellular immune response and
the release of free radicals leading to cell damage and
apoptosis. This would be a distinct disadvantage of
praziquantel treatment of persons infected with OV, which
we intended to investigate using a hamster model. Real-time
reverse transcription polymerase chain reaction (real-time
RT-PCR) was used to investigate apoptosis-related gene
expression [i.e., Bcl-2-associated protein X (BAX), Akt/
PKB, p53, and caspase 9] during OV infection, pre- and
posttreatment. Light microscopy was used to investigate the
histopathological change, immunolocalization of OV excre-
tory secretory (ES) protein, and apoptotic cell death.

Materials and methods

Parasites and infection

OV metacercariac were obtained from naturally infected
cyprinoid fish captured from a fresh water reservoir in an
endemic area of Khon Kaen, Northeast Thailand. Fresh fish

were minced and digested with pepsin HCI, filtrated, and
then washed with normal saline until it was clear.
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Metacercariae were isolated and identified under a dissect-
ing microscope. Finally, they were divided into groups of
50 metacercariae for infecting hamsters by intragastric
intubation. Male hamsters, aged 6-8 weeks, from the
Animal Unit, Faculty of Medicine, Khon Kaen University,
were used in the experiments. The protocol was approved
by the Animal Ethics Committee of the Faculty of Medi-
cine, Khon Kane University, Thailand (Ethical Clearance
no AEKKU0023105).

They were divided into three groups: uninfected group,
OV-infected group, and praziquantel-treated group. Ham-
sters were killed 14, 30, and 90 days post infection (dpi)
and the sample prepared according to conventional methods
for light microscopic observation, immunohistolocalization,
and real-time RT-PCR.

Praziquantel treatment

Praziquantel purchased from Medicpharma, Bangkok,
Thailand was used in this experiment. A dosage of
400 mg/kg was orally given to each hamster. Uninfected
hamsters treated with praziquantel constituted the control.
OV-infected hamsters at 3 months were divided to four
groups as follows: (1) infected control group; (2) 6 h post
treatment; (3) 12 h post treatment; and, (4) 24 h post
treatment. All of the hamster groups were fed ad libitum
and maintained at the Animal Unit, Faculty of Medicine,
Khon Kaen University, Thailand. Hamsters were killed on
schedule, and the sample prepared according to conven-
tional methods for light microscopic observation, immuno-
histolocalization, and real-time RT-PCR.

Light microscopic observation

Liver samples were processed for light microscopic
observation according to Boonmars et al. (2004) i.e., fixed
with 10% formalin solution and the liver samples processed
in a conventional manner and stained with hematoxylin and
eosin staining.

Immunohistochemical staining for OV-ES protein

Deparaftinized sections of infected hamster livers from the
infected control group and the 6-, 12-, and 24-h post
treatment groups were processed for immunostaining. The
sections were blocked with 5% skim milk in phosphate-
buffered saline (PBS), incubated with 1:50 dilution of the
rabbit polyclonal antibodies against OV-ES antigen (per-
formed in our laboratory according to the conventional
method) for 1 h at 37°C, and washed three times with
0.05% Tween 20 in PBS. The labeled second antibody used
was 1:100 diluted goat anti-rabbit IgG—horseradish perox-
idase antibodies (ZYMED Laboratories, San Francisco,



Parasitol Res

CA, USA) and diaminobenzidene (visual marker) accord-
ing to the manufacturer’s instructions. The negative control
study was performed using rabbit normal serum instead of
the rabbit polyclonal antibodies against OV-ES antigen.

Primers for quantitative reverse transcription

The primer pairs for apoptosis-related gene expression
(BAX, Akt/PKB, p53, and caspase 9) and endogenous
control (MG3PDH, mouse glyceraldehydes-3-phosphate
dehydrogenase) were designed based on the published
sequence (Table 1).

RNA extraction and cDNA preparation

RNA extracted from whole liver at the hilar region (250 mg),
obtained from the uninfected group, the infected control
groups (0, 14, 30 and 90 dpi), and the treated groups (6 h,
12 h, and 24 h), was used for analysis. Total RNA was
isolated using TRIZOL (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions. The isolated
RNA was treated with DNase (RQ1 RNase-Free DNase,
Promega, Madison, WI, USA) and Ribonuclease Inhibitor
(Takara Shuzo, Kyoto, Japan) in buffer (400 mM Tris—HCI,
100 mM NaCl, 60 mM MgCl2, and 20 mM ditheothreitol,
pH 7.5). The treated RNA was extracted and precipitated with
phenol/chloroform and ethanol and dissolved in RNase-free
water (100 pl). Total RNA was reverse-transcribed into
cDNA using Oligo (dT)15 primers (Amersham Phamacia
Biotech, Piscataway, NJ, USA) and M-MLV (Invitrogen,
USA). The cDNA was kept at —80°C until use.

SYBR Green real-time RT-PCR assay

Real-time PCR using the SYBR® Green method on an
ABIprism 7500 sequence detector system (Applied Bio-

Table 1 Summary of the primer pairs for real-time RT-PCR

systems, Foster City, CA) was performed to analyze the
relative quantification of mRNA expression. The reaction
contained 3 pl of 1:5 diluted-single strand cDNA, 1x PCR
buffer (20 mM Tris—-HCI pH 8.3, 20 mM KCI, 5 mM
(NH4),S0,4), 10 mM dNTPs, 5 pmol forward and reverse
primer, 0.5 SYBR Green, and 1 U of Hot start 7ag DNA
polymerase (MBI Fermentous, St. Leon-Rot, Germany).
The PCR cycling conditions were 95°C for 10 min, then 40
cycles of 95°C for 15 s, 60°C for 30 s, and 72°C for 1 min,
followed by 72°C for 10 min. At each cycle, the
accumulated PCR products were detected by monitoring
the increasing in fluorescence of the reporter dye from
dsDNA-binding SYBR Green. After PCR, a melting curve
was constructed in the range of 60 to 99°C. All data were
analyzed using the Rotor Gene 5 software (Corbett,
Australia). Relative expression of BAX, Akt/PKB, p53,
and caspase 9 mRNA was calculated using the comparative
Ct method as previously described (Gerard et al. 1998). All
values were normalized to the G3PDH gene and reported as
fold change over background levels detected in untreated
control or before drug treatment as a calibrator.

Apoptotic assay

To confirm apoptosis-related gene expression profile result,
terminal uridine deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) analysis was used to evaluate
apoptosis on the liver sections using a commercially
available kit (Wako Chemicals, Tokyo, Japan), and sections
were examined by light microscope.

Statistical analysis
The data of relative gene expression level in each group

were presented in three hamsters as mean+SD. Statistic
comparison between normal control and OV infection

Gene Product length Sequence GenBank accession
Upper line: forward primer number/reference
Bottom line: reverse primer

Akt (PKB) 201 bp GGTGATCCTGGTGAAGGAGA M94335
GCGTACTCCATGACAAAGCA

BAX 215 bp AGCTGCAGAGGATGATTGCT AJ582075.1
CTCTCGGAGGAAGTCCAGTG

Caspase 9 205 bp GATGCTGTCCCCTATCAGGA NM 015733
GGGACTGCAGGTCTTCAGAG

P53 232 bp AAGGCGATAGTTTGGCTCCT Y08900
CTGGGGTCTTCCAGTGTGAT

MG3PDH 228 bp 5'GGCATTGTGGAAGGGCTCAT 3’ Boonmars et al. 2005

5" GACACATTGGGGGTAGGAACAC3'
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before treatment and parziquantel-treated hamster group,
was performed using one-way ANOVA, with Duncan tests
(SPSS v.11.5, USA; and EXCEL Microsoft, USA). Value
of p<0.05 was taken to be significant.

Results
Light microscopic observation

It was shown from Fig. 1 that the inflammation around bile
duct was not observed in uninfected group (Fig. la).
Inflammation around that parasite was clearly observed on
day 14 (Fig. 1b). The severity of inflammation gradually
increases and reaches a maximum on day 30 (Fig. 1d) by
proliferation of mononuclear cells and eosinophilic infil-
trates around the intrahepatic bile ducts. The inflammatory
reactions tended to decrease on days 60-90 post infection.
Lymphoid follicles, as well as plasma infiltration, were

__ Non-infection |

30 days post mfectlon
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14 days post infection

60 days post mfectlon
Fig. 1 Histopathological studies of infected livers at various stages
[on days 14 (b), 21 (c), 30 (d), 60 (e), and 90 (f) post infection]
compared to the normal liver (a). P Parasite; BD bile ducts; asterisk

predominantly observed (Fig. le,f). Thickened and dilated
hepatic bile duct was observed clearly (Fig. 1b—f). At 6 h
posttreatment, most of the parasites were killed, and the
host immune response increased by increasing inflamma-
tory cells surrounding the parasites and hepatic bile ducts
(Fig. 2b). Eosinophils, mononuclear cells, and neutrophils
with lymphoid aggregation were predominant at 6—12 h
post treatment (Fig. 2b and c, respectively). At 24 h post
treatment, parasite bodies could not be observed as if they
were degraded (Fig. 2d). Figure 3 shows apoptotic cell
death (condensed nuclei) of T cells, and bile duct epithelial
cell was observed in OV-infected and treated groups.

Immunohistochemical staining

Figure 4 shows the immunohistochemical staining of OV-
ES protein on deparaffinized sections of infected livers at
90 dpi (Fig. 4a), 6 h (Fig. 4b), 12 h (Fig. 4c) and 24 h post
treatment (Fig. 4d). The parasite body and its tegument

21 days post infection

90 days post infection

inflammatory cells infiltrate. Note the inflammations during infection
were observed at 14 dpi and predominantly at 30 dpi as that gene-
expression observation. Original magnification: x10
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Fig. 2 Histopathological study
of the livers of Opisthorchis
viverrini-infected hamsters.

a Untreated control at 90 dpi;

b treated with praziquantel at

6 h post treatment; ¢ 12 h post
treatment; d 24 h post treatment;
P parasite; Bd bile duct; asterisk
inflammatory cell. Original
magnification: x10

were positive for ES protein staining (Fig. 4a—c). Strong
positive staining for OV-ES protein was also observed in
bile duct epithelial cells and the inflammatory cells of the
praziquantel-treated group (Fig. 4b,c). At 24 h post
treatment, the parasites were degraded so that very light
positive staining was observed at epithelial cells of bile
ducts (Fig. 4d). The well-developed round nucleoli were
negative for staining. The negative control was negative for

Fig. 3 The apoptotic cell death in liver sections. Bd Bile duct; arrows
apoptotic cell (condensed nucleus). Original magnification: X10.
Upper right panel is apoptotic cell death with high magnification

the OV-ES protein staining which confirmed staining
specificity (data not shown).

Relative real-time RT-PCR of apoptosis-related
gene expression

Figure 5 shows the BAX, caspase 9, p53, and Akt/PKB gene
expression profiles on uninfected control, OV-infected (14,
30, and 90 dpi), and praziquantel-treated on short time (6, 12,
and 24 h) that were evaluated in the liver. The BAX
expression was observed in all groups but different in the
expression level (Fig. 5a). The BAX gene-expression level
was increased on 14 dpi and tends to decrease on 90 dpi.
After infection (14, 30, and 90 dpi), the BAX gene-
expression level was higher than the uninfected control. A
significant increased of BAX expression level in opisthorch-
iasis was observed at 30 dpi compared with in the uninfected
control and 14 and 90 dpi groups (P<0.05). On 14 dpi, the
BAX expression was increased but not significantly different
from normal control group. The BAX expression level tends
to decrease at 90 dpi. In treated praziquantel group at 6 h, the
BAX expression level was significantly increased when
compared with 12 and 24 h post treatment, 90 dpi before
treatment, uninfected control, 14 dpi, and 30 dpi (P<0.05).
Interestingly, the caspase 9 (Fig. 5b), pS3 (Fig. 5c), and Akt/
PKB (Fig. 5d) expression profiles were similar to BAX. In
brief, the highest gene expressions were observed at
30 dpi and 6-12 h post treatment (P<0.05).
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Fig. 4 Immunohistochemical
staining for anti-excretory
secretory polyclonal antibody
after reaction with deparaf-
finized sections of infected liver.
a Untreated control; b at 6 h
post treatment; ¢ 12 h post
treatment; d 24 h post treatment.
Dark color indicates the
positive reaction. P Parasite;
Bd bile duct; asterisk
inflammatory cells. Original
magnification: x10

Apoptotic assay

Apoptotic assay was done to clarify whether the immune
response post treatment enhanced the apoptotic cell death.
Figure 6 shows that the apoptosis was observed in all liver
tissue in each group. The positive reaction was observed at
the nuclei of inflammatory cells and epithelial bile duct.

Discussion

Up to date, disadvantages of using praziquantel for parasitic
treatment have been obscured. The advantages of prazi-
quantel as an anti-trematode (by destroying the parasite
tegument) are well known (Apinhasmit and Sobhon 1996)
that agreed with our present result (Figs. 2 and 3). It is
effective in reducing the pathology of parasitic infection,
such as shistosomiasis (Richards et al. 1989; Richter 2000)
and opisthorchiasis (Hutradilok et al. 1983; Pungpak et al.
1998), and free radicals and nitric oxide products (Pinlaor
et al. 2006). By contrast, praziquantel’s effectiveness in
killing parasites may also have uninvestigated disadvan-
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tages. There are many genes involved in pathological
process of OV infection, but a few genes had reported
[i.e., free radicals (iNOS, NO), growth factor signaling
(TGFBI, PGF, IGFBP1, IGFBP3), signal transduction
pathways (TGF-beta; Pinlaor et al. 2004a, b; Jinawath et
al. 2006; Thuwajit et al. 2006). Thus, we investigated
hamster opisthorchiasis on apoptosis-related gene expres-
sion in a short duration study of posttreatment.

The normally apoptotic mitochondrial pathway is started
from increased BAX which induces the opening of the
outer membrane pore of the mitochondria, and then
cytochrome ¢ would be released and bind with Apafl and
caspase 9, causing the cell-death cascade. There are many
kinds of apoptotic gene regulation in each pathway (i.e.,
BCL-2, MDM2). Akt/PKB is one of them that is well-
known in anti-apoptosis as it can inhibit apoptosis through
caspase 9 (Lodish et al. 2000; Boonmars et al. 2004, 2005).

It is known that OV infection induces host immunologic
activity, parasite-specific responses and/or parasite products
and NO synthesis in human and animal models (Pinlaor et
al. 2006). These causes constitute one range of factors that
predispose to apoptotic cell death. The increased apoptotic
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Fig. 5 The BAX (a), caspase 9 (b), p53 (¢) and PKB (d) expression
level (folds) relative to MG3PDH. / Non-infected control, 2 14 days
post infection (dpi), 3 30 dpi, 4 90 dpi or untreated control, 5 90 dpi,
6 h post treatment, 6 12 h post treatment, 7 24 h post treatment. Note
that all genes were increased during infection on 30 days post
infection and 6—12 h post treatment. Values are given as mean+SD
from three hamsters in each group. Values not sharing a common
superscript letter differ significantly at P< 0.05. Duncan procedure

Fig. 6 The apoptotic staining using TUNEL analysis in liver sections.
Bd Bile duct; arrows positive staining. Original magnification: x10

cell death correlated with the aggregation of inflammatory
cells. Although the old theory is that the apoptosis will
occur without inflammatory cell, the truth is inflammatory
cells can cause cell damage through free radicals such as
reactive oxygen species (ROS) and nitric oxide (NO) (Kim
et al. 2002; Kuwano and Hara 2000) which led to cell
death. Our results show the effectiveness of how prazi-
quantel treatment increases parasite ES and crude antigen,
leading to increased host immune response and aggregated
inflammatory cells as shown in histopathological changes
and the immunolocalization of OV-ES protein results
(Figs. 2b,c and 4b,c) especially at 6 and 12 h post
treatment; the tegument wall was broken that resulted in
the crude and ES antigen of parasite spreading out; that is
why the epithelial bile duct and inflammatory cells had
positive strong staining than that of untreated control and at
24 h post treatment. Surprisingly, the intensity of inflamma-
tory cells surrounding the hepatic bile duct in praziquantel-
treated group was higher than day 30 post infection which
was the peak time point of the inflammatory cell aggregation.

Our real-time RT-PCR result (Fig. 5) suggests that after
OV infection at early (14 dpi) and transient stage (30 dpi),
the apoptotic gene expression level (BAX, caspase 9, p53)
and anti-apoptotic gene (Akt/PKB) were increased due to
the increasing inflammatory cells surrounding the hepatic
bile duct (Fig. 1b—d). These results were supported by the
expression level of apoptotic genes, and anti-apoptotic gene
in treated praziquantel group at 6 and 12 h were similar as
that of 30 dpi which was correlated to the pathological
changes and aggregation of inflammatory cells. This may
suggest that the host immune response post treatment
caused apoptotic cell death.

Apoptotic staining result shows apoptotic cell in T cells
and nuclei of epithelial bile ducts (Fig. 6). The most
important point of our study is the increasing apoptosis-
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related gene expression level which was indirectly induced
by praziquantel treatment.

So far, our present results may suggest the possible way
of increasing cell death through apoptotic mitochondrial
pathway and its inhibitor in OV infection and OV infection
followed by praziquantel treatment. The parasite is dead by
praziquantel treatment, then antigenic material was released
from broken-down parasites, which increases a host
immune response as presented in aggregation of inflamma-
tory cells and increasing free radicals surrounding the
infected area (Pinlaor et al. 2004a, b, 2006). DNA damage
and fragmentation would immediately increase predispos-
ing cells to apoptosis, thus apoptosis-related gene expres-
sions (BAX, caspase 9, p53, and Akt/PKB) would be at
high levels and then decrease to nearly the same as the
infected control group.

Data supporting the increased aggregation of inflamma-
tory cells and free radicals increasing apoptosis-related
genes have been reported with respect to Trichinella
spiralis infection in mouse muscle, where the expression
of apoptosis-related genes (BAX, caspase 9, Apaf-1,
caspase 3, and Akt/PKB) occurred during aggregation of
inflammatory cells at the early stages of muscle infection.
Subsequently, levels reduced to near the uninfected control
during completed capsule formation with only a few
inflammatory cells being observed (Boonmars et al. 2004;
Wu et al. 2005a, b). However, apoptotic localization was
observed only in nuclei of Trichinella nurse cell but not the
inflammatory cells (Wu et al. 2005a, b). In addition, this
result could confirm that apoptosis happens in the cell
tissue but not the inflammatory cells. These apoptotic
staining data conversed with our result that its apoptotic cell
death localized at the nuclei of inflammatory cells and
epithelial bile duct (Fig. 6). Therefore, the expression of
apoptosis-related gene profiles in hamster opisthorchiasis
may involve both the increasing apoptotic T cell and
epithelial hepatic bile duct. Our study suggests that
praziquantel treatment was indirectly related to a short
duration increase in apoptotic cell death or cell damage
through host immune response.

It is well known that repeated healing many times
may cause DNA or protein mutation, leading to cancer
development. It is real that people, especially in
Northeast Thailand, are re-infected and re-treated many
times; that means many times, tissue repairing occurs.
This reason may lead to gene mutation and CCA
development. This new finding may be used to be aware
that the repeated praziquantel treatment in man may lead
to risk for CCA development. Interestingly, this host
immune response post praziquantel treatment may be one
kind of risk factor that may be associated with CCA
development. Therefore, further studies are needed to
explore this hypothesis.
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Abstract Our objective was to reveal whether host
immune response in hamster opisthorchiasis post-prazi-
quantel treatment could induce apoptotic cell death in
inflammatory cells. We, therefore, investigated apoptosis-
related gene expression in hamsters re-infected with
Opisthorchis viverrini (OV) and re-treated with praziquan-
tel. Hamsters were re-infected with OV metacercariae then
re-treated with praziquantel. The expression of apoptosis-
related genes (i.e. apoptosis gene Bcl-2 associated protein
X [BAX], caspase 9, p53 and protein kinase B [PKB]) was
detected by real-time reverse transcription-polymerase
chain reaction. Histopathological analyses of liver tissues
were performed by staining the sections with haematoxylin
and eosin using light microscopy. The results show that
BAX, Akt/PKB, p53 and caspase 9 expression levels were
significantly increased on day 30 post-infection and at 6 h
post-treatment and gradually decreased to a level near the
uninfected control and at 24 h post-treatment, perhaps
because of a decrease in inflammatory cells. Apoptotic cell
death was observed at the nuclei of epithelial cells of the
bile ducts and of T cells. Our results suggest that repeated
infection with OV and re-treatment with praziquantel
induces a host immune response that increases inflamma-
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tory cells, which in turn leads to increase, apoptosis-
related gene expression in the short term post-treatment.

Introduction

The occurrence of cholangiocarcinoma (CCA) is highly
endemic in Northeast Thailand and is the highest in the
world. Several risk factors for CCA, such as radiation,
parasite infection and chronic inflammation, have been
reported (IARC 1994, 1997; WHO 2004). Opisthorchiasis-
associated CCA was most often observed and remains the
leading cause of death in this region (WHO 2004), in part
because of local dietary habits, which increase the risk of
Opisthorchis viverrini (OV) re-infection, which is related to
the development of CCA.

Although recent reports show that praziquantel could
reduce the risk for the pathogenesis of CCA (Pinlaor et al.
2006), frequent treatment with praziquantel may be
detrimental to the host through the inflammation process.
The opisthorchiasis-pathological changes include the ag-
gregation of inflammatory cells surrounding the intra- and
extra-hepatic bile ducts. Chronic infection with OV for
many years is associated with several hepatobiliary diseases
(Sripa 2003), which are in turn associated with the
development of hepatobiliary cancer and CCA, albeit the
precise genesis remains obscure.

Praziquantel is an effective anti-helminthic drug widely
used for treatment of opisthorchiasis. The chemo-activity of
the medication damages the tegument of worms leading to
vacuolization, swelling and finally disruption and detach-
ment of the tegument and parasite death. Although
praziquantel is useful for treatment of trematodes, there is
no report about its virulent side effects (Supanvanich et al.
1981).
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Our preliminary findings indicate that inflammatory cells
were more numerous surrounding the hepatic bile duct after
praziquantel treatment; therefore, we hypothesized that after
praziquantel re-treatment, residuals of parasite antigens
enhance the stimulation of the host cellular immune
response and the release of free radicals, leading to cell
damage and apoptosis. This would be a distinct effect of
praziquantel treatment in persons infected with OV, which
we intended to investigate using a hamster model.

Materials and methods
Parasites and infection

OV metacercariac were obtained from naturally infected
cyprinoid fish captured from a fresh water reservoir in an
endemic area of Khon Kaen, Northeast Thailand. Fresh fish
were minced and digested with pepsin—HCI, filtrated and
then washed with normal saline solution until the solution
was clear. Metacercariae were isolated and identified under
a dissecting microscope. Finally, the metacercariae were
divided into groups of 50 for infecting hamsters via
intragastric intubation.

Male hamsters, 6 to 8 weeks old, from the Animal Unit,
Faculty of Medicine, Khon Kaen University, were used in
the experiments. The hamsters were divided into three
groups (i.e. the OV-infected group, the uninfected group
[normal control] and the OV-re-infected praziquantel
treatment or re-treated group). Hamsters were killed on
days 14, 30 and 90 post-infection. The liver samples were
prepared according to conventional methods for light
microscopic observation and real-time reverse transcription
polymerase chain reaction (real-time RT-PCR). This pro-
tocol was approved by the Animal Ethics Committee of the
Faculty of Medicine, Khon Kean University, Thailand
(Ethical Clearance no. AEKKU0023105).

Real-time RT-PCR was used to investigate the apoptosis-
related gene expression (i.e. BAX, Akt/PKB, p53 and cas-
pase 9) during OV infection and pre- and post-praziquantel
treatment. Light microscopy was used to investigate the
histopathological changes and apoptotic cell death.

Table 1 Summary of the primer pairs for real-time RT-PCR

Praziquantel treatment

Praziquantel, purchased from the Medicpharma, Bangkok,
Thailand, was used in this experiment. A dosage of 400 mg/
kg was given orally to each hamster. Uninfected hamsters
treated with praziquantel constituted the control. Three
months after infection, OV-infected hamsters were treated
with praziquantel and re-infected with OV within a week
then re-treated with praziquantel on day 30 post-infection.
Fours groups of hamsters were studied in this experiment:
(1) untreated control at 90 days post-infection (dpi), (2)
OV-re-infected praziquantel re-treatment at 6, (3) 12 and (4)
24 h post-treatment. All of the hamster groups were fed ad
libitum and maintained at the Animal Unit, Faculty of
Medicine, Khon Kaen University, Thailand.

Light microscopic observation

Liver samples were processed for light microscopic
observation according to Boonmars et al. (2004), i.e. fixed
with 10% formalin solution, processed in a conventional
manner and stained with haematoxylin and eosin.

Primers for quantitative reverse transcription

The primer pairs for apoptosis-related gene expression (i.e.
BAX, Akt/PKB, p53 and caspase 9) and endogenous
controls (MG3PDH, mouse glyceraldehyde-3-phosphate
dehydrogenase) were designed based on the published
sequence (Tables 1 and 2).

RNA extraction

Ribonucleic acid (RNA) was extracted from whole liver at
the hilar region (200 mg), obtained from the uninfected
group, the infected control groups (0, 14, 30 and 90 dpi)
and the treated groups (6, 12 and 24 h), were used for
messenger RNA (mRNA) analysis. Total RNA was isolated
using TRIZOL (Invitrogen, Carlsbad, CA) according to the
manufacturer’s instructions. The isolated RNA was treated
with DNase (RQ1 RNase-Free DNase, Promega, Madison,
WI) and Ribonuclease Inhibitor (Takara Shuzo, Kyoto,
Japan) in buffer (400 mM Tris—HCI, 100 mM NaCl, 60 mM

Gene Product length (bp) Sequence—forward primer; reverse primer GenBank accession number
Akt (PKB) 201 GGTGATCCTGGTGAAGGAGA; GCGTACTCCATGACAAAGCA M94335

BAX 215 AGCTGCAGAGGATGATTGCT; CTCTCGGAGGAAGTCCAGTG AJ582075.1

Caspase 9 205 GATGCTGTCCCCTATCAGGA; GGGACTGCAGGTCTTCAGAG NM 015733

p53 232 AAGGCGATAGTTTGGCTCCT; CTGGGGTCTTCCAGTGTGAT Y08900
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Table 2 Summary of the primer pairs for endogenous control (mouse glyceraldehydes-3-phosphate dehydrogenase, MG3PDH)

Gene Product length (bp)

Sequence—forward primer; reverse primer

Reference

MG3PDH 228

5'-GGCATTGTGGAAGGGCTCAT-3"; 5'-GACACATTGGGGGTAGGAACAC-3’

Boonmars et al. 2005

MgCl, and 20 mM ditheothreitol, pH 7.5). The treated
RNA was extracted and precipitated with phenol/chloro-
form and ethanol and dissolved in RNase-free water
(100 puL). The total RNA was reverse transcribed into
complementary deoxyribonucleic acid (cDNA) using
Oligo (dT)15 primers (Amersham Phamacia Biotech,
Piscataway, NJ) and Moloney Murine Leukaemia Virus
(Invitrogen, USA). The cDNA was kept at —20°C until
used.

SYBR Green real-time PCR assay

The real-time RT-PCR using the SYBR® Green method on
an ABIprism 7500 sequence detector system (Applied
Biosystems, Foster City, CA) was performed to analyse
the relative quantification of mRNA expression. The real-
time RT-PCR reaction contained 3 uL of 1:5 diluted
single-strand ¢cDNA, 1x PCR buffer (20 mM Tris—HCI
pH 8.3, 20 mM KCI, 5 mM (NH4),SO,), 10 mM
deoxynucleotide phosphates, 5 pmole forward and reverse
primer, 0.5 SYBR Green and 1 U of Hot start 7ag DNA
polymerase (MBI Fermentous, St. Leon-Rot, Germany).
The PCR-cycling conditions were 95°C for 10 min, then
40 cycles of 95°C for 15 s, 60°C for 30 s and 72°C for
1 min, followed by 72°C for 10 min. At each cycle, the
accumulated PCR products were detected by monitoring
the increase in fluorescence of the reporter dye from
double-strand DNA-binding SYBR Green. After PCR, a
melting curve was constructed in the range of 60 to 99°C.
All of the data were analysed using the Rotor Gene 5
software (Corbett, Australia). Relative expression of BAX,
Akt/PKB, p53 and caspase 9 mRNA was calculated using
the comparative Ct method as previously described
(Gerard et al. 1998). All values were normalized to the
G3PDH gene and reported as fold changes over back-
ground levels, detected in untreated control or before drug
treatment as a calibrator.

Statistical analysis

The data of relative gene expression levels in each group
were represented in three hamsters as mean+SD. The
statistical comparison between the normal control or
untreated control and the parziquantel-treated groups was
performed using a one-way analysis of variance, with
Duncan tests (SPSS v.11.5, USA; and EXCEL Microsoft,
USA). A p<0.05 was required for statistical significance.

Results
Pathological changes in OV infection

Figure 1 demonstrates that inflammation surrounding the
extra- and intra-hepatic bile ducts does not occur in the
uninfected group (Fig. 1a), while inflammation surrounding
the parasite was clearly observed on day 14 (Fig. 1b). The
severity of inflammation gradually increased and reached a
maximum on day 30 (Fig. lc) demonstrated by the
infiltration of mononuclear cells and eosinophils around
the intra-hepatic bile ducts. The inflammatory reactions
tended to decrease on day 90 post-infection. Lymphoid
follicles as well as plasma infiltration were predominant
and thickened, and dilated hepatic bile ducts were clearly
observed (Fig. 1d).

Pathological changes in hamster opisthorchiasis post
praziquantel treatment

Figure 2 shows the pathological changes in OV-re-infected
livers followed by praziquantel re-treatment. The fibrosis,

14 dpi

Fig. 1 Histopathological study of the livers of Opisthorchis viverrini-
infected hamsters. Uninfected control (a), OV-infected on 14 (b), 30
(¢) and 90 dpi (d), P parasite, Bd bile duct, asterisk, inflammatory cell.
Original magnification=x10
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Untreated control

12 hr

24 hr

Fig. 2 Histopathological study of the livers of Opisthorchis viverrini-
re-infected hamsters. Untreated control at 90 dpi (a), re-treated with
praziquantel at 6 h post-treatment (b), 12 h post-treatment (¢) and 24 h
post-treatment (d); P parasite, Bd bile duct, asterisk, inflammatory
cell. Original magnification=x10

surrounding the hepatic bile duct of OV-re-infected and
untreated control groups, was largest at 90 dpi with numerous
inflammatory cells (Fig. 2a). At 6 h post-treatment, most of
the parasites were killed, and the inflammatory cells
increased in number surrounding the parasites and the
hepatic bile ducts (Fig. 2b). The inflammatory cells
especially eosinophils, mononuclear cells and neutrophils
with lymphoid aggregation were predominant at 6 to 12 h
post-treatment (Fig. 2b,c). At 24 h post-treatment, parasites
could not be observed suggesting they were degraded
(Fig. 2d). It is interesting to note that the apoptotic cell
death (condense nucleus) were observed in all groups

(Fig. 3).

Relative real-time PCR of apoptosis-related gene
expression

Figure 4 shows that apoptosis-related gene expression in
uninfected control, OV-infected (14, 30 and 90 dpi) and
OV-re-infected praziquantel re-treatment (6, 12 and 24 h)
groups and the untreated control groups was observed in
the liver. The BAX expression was observed in all groups
but different in the expression level. The BAX gene
expression level increased on 14 dpi and tended to decrease
by 90 dpi and seemed to increase again at 6 and 12 h in the
OV-re-infected praziquantel re-treatment groups albeit not
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significantly (Fig. 4a). The highest expression level was
observed at 30 dpi. The caspase-9 gene expression profile
was the same as that of BAX gene, but the highest
expression level was observed 6 h post-treatment
(Fig. 4b). The p53 and Akt/PKB gene expression profiles
were similar to the BAX gene, but those increased by
14 dpi and tended to decrease by 90 dpi and significantly
increased again at 6 and 12 h in the OV-re-infected
praziquantel re-treatment group (Fig. 4c,d).

Discussion

The disadvantages of using praziquantel for parasitic
treatment have been obscured because of the well-known
advantages of praziquantel as an anti-trematode agent
(by destroying the parasite tegument; Apinhasmit and
Sobhon 1996). It is indeed effective in reducing the
pathology of parasitic infection such as shistosomiasis
(Richards et al. 1989; Richter 2000) and opisthorchiasis
(Pungpak et al. 1998). It also reduces free radicals and
nitric oxide (NO) products induced by OV-infection
(Pinlaor et al. 2004a, b). Recently, Pinlaor et al. (2006)
reported that after praziquantel, no effect on cell damage
through the pathological changes and inducible NO
synthase-dependent DNA damage via nuclear factor-
kappaB expression was observed for a long time.
Notwithstanding praziquantel’s effectiveness in killing
parasites, it may have uninvestigated, serious, short-
duration post-treatment disadvantages. We sought to
determine which key points may reveal the effect of
praziquantel on cell damage.

“.." . o ;“t"‘\ 8 Ay i
Fig. 3 High magnification of apoptosis in the hamster opisthorchiasis
and praziquantel-re-treated liver sample. Bd Hepatic bile duct, arrow,
apoptotic cell death (condense nucleus). Original magnification=x40
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a

Expression level (folds)

o

Expression levels (folds)

(2]

Expression level (folds)

Expression level (folds)

(7) and 24 h post-treatment (8). Values are given as mean+SD from

BAX gene e:::;s;:g: velrelative It is well established that OV infection induces host
immunologic activities, parasite-specific responses and/or
‘- b parasite products and NO synthesis in human and animal
36 models (Pinlaor et al. 2004a, b), which is why we observed
3 {‘ the aggregation of inflammatory cells 30 dpi. In the case of
2.5 4 praziquantel treatment, large numbers of inflammatory cells
24 a a a a were observed 6 h post-treatment, when the broken
154 4 T a | a tegument resulted in leakage of parasite waste products,
L 4 which might trigger a host immune response. Enlargement
0.51 ﬂ of the hepatic bile duct was observed after prolonged
o j ' 3 ' 5 ' i ' 3 ' i ' j ' i ' infection in a time-dependent manner (Sripa 2003; Pinlaor
— et al. 2006). Apoptosis was observed in T cells and the
nuclei of bile duct epithelial cells (Fig. 3). The most
Caspase9 expression level relative to MG3PDH important point of our study is that increasing apoptosis-
related gene expression level was indirectly induced by
67 ¢ praziquantel treatment through the host immune response
5 1 5 inflammatory cells.
a The normally apoptotic mitochondrial pathway starts
i d from increased BAX, which induces opening of the outer
C membrane pore of the mitochondria so that cytochrome ¢
21 b b b would be released and bind with Apafl and caspase 9
11 é |‘I‘| b Pj a causing the cell death cascade. There are many kinds of
0 : ; : [l - ; : == apoptotic gene regulators (either/or inhibitors or anti) in
411 2 3 4 5 6 7 8 each. pathway (i.e. BCL-2., MDMZ), anq Akt/PKB is one
o— that is well-known for inhibiting apoptosis through caspase
9 (Boonmars et al. 2004; Lodish et al. 2000).
p53 gene expression level relative Thus far, our present results suggest a possible way of
to MG3PDH increasing cell death through the apoptotic mitochondrial
pathway and its inhibitor in opisthorchiasis and opisthorch-
4 1 d iasis treated with praziquantel. Antigenic materials released
35 1 from broken-down parasites increase the host immune
3] response as demonstrated by the aggregation of inflamma-
25 A1 C . . ] .
24 a tory cells and increasing free radicals surrounding the
15 - a a b a - a infected area (Pinlaor et al. 2006). DNA damage and
1 4 fragmentation would immediately increase the predisposing
05 ’_I_’ r| H |_l_1 |{_| m of cells to apoptosis, which would lead to increase
0 ' R T y ' T ' expression of apoptosis-related gene expression (i.e. BAX,
L B 3 4 5 6 7 8 caspase 9, p53 and Akt/PKB) to nearly the same as the
Groups infected control group.
Our real-time RT-PCR result (Fig. 4) shows that after
PKB gene expression level relative OV infection, the apoptotic genes (i.e. BAX, caspase9,
to MG3PDH p53) and anti-apoptotic gene (Akt/PKB) expression levels
were significantly increased at day 30 because of
59 ¢ increasing inflammatory cells surrounding the hepatic bile
] &
3 b
a < Fig. 4 The relative real-time RT-PCR has shown that the BAX (a),
21 a4 a a a caspase-9 (b), p53 (c¢) and PKB (d) expression level (folds) relative to
’_I_‘ ’_h a MG3P"DH. Uninfected control (/), 'OV—infected.on 14 (2), 30 (3),
11 90 dpi (4), Untreated control at 90 dpi (5), OV-re-infected followed by
i ’-H |_]-| . |-E| . ’ . I_I-l . praziquantel re-treatment at 6 h post-treatment (6), 12 h post-treatment
1 2 4 5 7 8

Groups

three hamsters in each group. Values not sharing a common
superscript letter differ significantly at P<0.05". Duncan procedure
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duct (Fig. 1). It is surprising to note that the expression
level of apoptotic genes and the anti-apoptotic gene in the
praziquantel-treated group at 6 h were similar to that of
those treated 30 dpi because of increasing inflammatory
cells. This present report may be the first to document
these pathological changes after praziquantel treatment.

Data supporting the increased aggregation of inflam-
matory cells and free radicals inducing increased apopto-
sis-related genes have been reported (Kuwano and Hara
2000; Kim et al. 2002) with respect to 7. spiralis infection
in mouse muscle where the expression of apoptosis-related
genes (BAX, caspase 9, Apaf-1, caspase 3 and Akt/PKB)
occurred during aggregation of inflammatory cells in the
early stages of infection. Subsequently, the levels were
reduced to near the uninfected control after completed
capsule formation with only a few inflammatory cells
being observed (Boonmars et al. 2004; Wu et al. 2005a, b).

The immune system can result in excessive tissue re-
modelling, loss of tissue architecture because of tissue
destruction, protein and DNA alterations because of oxida-
tive stress and, under some circumstances, increase risk of
cancer development. Chronic inflammation is also a risk
factor for cancer development included in CCA (Shacter and
Weitzman 2002). Repeated healing may cause DNA or
protein mutation leading to cancer development. People,
especially in Northeast Thailand, are re-infected and re-
treated many times, indicating repeated tissue repairs, which
may bring about gene mutation and CCA development. This
new finding indicates a caveat on repeated praziquantel
treatments, as praziquantel may be associated with CCA
development by inducing the host immune response. Further
studies are needed to explore this hypothesis.
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