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{visceral) %dtﬂuLmaﬁﬂuﬂmlumLLa:mﬂﬁ’ﬂmmnmq iadUszanauna luniiluawsszany (axon)
fusnaeananfragaainazifiu motor neuron #aulMaRILAANAMLNAzITY neurosecretory cell
ilannlinwunsursameanaindamad Sruanteadiszanilsniuwuaanluluszam
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ABSTRACT

1. Immunopathobiology, syntheses and characterizations of Fasciola gigantica
antigens and encoding genes with diagnostic and vaccine potentials
1.1. Immunopathobiology of Fasciola gigantica infection in small laboratory animals

In order to find appropriate small laboratory animals suitable for testing vaccine
candidates for fasciolosis by F. giganfica, immunapathological as well as humoral immune
responses of hamsters, mice, and rats were evaluated. It was found that rats were the most
resistant to parasite infection probably because they posses strong innate as well as acquired
immunity, whereas hamsters were the most susceptible because they could generate only
weak immune response against the parasites. Mice exhibited intermediate susceptibility to the
infection and could produce certain leve! of immune responses.
1.2. Profiles of immune cells and antibody levels in response to infection by Fasciola gigantica
adult antigens in small laboratery animals

The strong immune responses in rats were characterized by high fevels of immune
cells, especially eosinophils, and antibody. Hence rats and hamsters were not suitable for
vaccine testing, but hamsters may be good model for testing the effect of drug because of
their low resistance. Mice were considered to be the most suitable small animals for vaccine
testing because cf their intermediate resistance.
1.3. Molecular cloning, characterization, localization, and vaccine potential of cathepsin B

Several vaccine candidates have been cloned and characterized. Cathepsin B posses
three genes in a single family, i.e., FG catB-1, FG catB-2, and FG catB-3. FG catB-1 was
expressed in all stages, while FG catB-2 and FG catB-3 were expressed in metacercariae and
newly excysted juvenile {NEJ), and older juvenile, respectively. The enzymes were detected
principally in the caecal epithelial cells, tegumental cells and cells of Mehlis and vitelline gland.
The enzymes could be responsible for parasite’s tissue invasion (FG cat-B2, FG catB-3) and
general digestion (FG catB-1}, and in as yet undefined reproductive process. When cDNA-pCI

vector were tested for vaccine efficacy in mice it showed 26% profection.
1.4. Molecular cloning, characterization, localization, and vaccine potential of cathepsin L
Three genes encoding cathepsin L were also cloned and characterized. CatL-1G and

Catl-1H were expressed in NEJ and metacercaria, while CatlL-1A was expressed in adult



stage. These enzymes were detected exclusively in cells of caecal epithelium, thus may
function mainly in digestion of nutrients. cDNA-pCI vector construct exhibited 40% protection.
1.5 Molecular cloning, characterization, localization, and vaccine potential of Glutathione S-
Transferase (GST)

A gene encoding glutathione S-transferase {GST) was cloned, characterized, and
recombinant GST synthesized. GST was presented in all stages of the parasite and was most
concentrated in the parenchyma, while its level in the tegument and caecum was decreased
as the parasiles grow older. Recombinant GST exhibited good vaccine potential with 84%,
80% and 79% protection for intfradermal, subcutaneous and intramuscular injections. Further,
it also exhibited strong cross protection against Schistosoma mansoni (58%).

1.6. Molecular cloning, characterization, localization and vaccine potential of fatty acid binding
protein

A gene encoding fatty acid binding protein (FABP) was cloned, characterized, and the
recombinant protein was expressed. Monoclonal antibody against FABP was produced and
used for FABP localization. FABP was detected in ail stages of the parasite, and was most
concentrated in parenchymal cells. In the adult, these cells were classified into 3 types based
on the quantity of FABP in their cytoplasm and ultrastructural features. c¢DNA-pCl construct
could provide 56% and 43% protection by intradermal and intramuscular routes, respectively.
MoAb exhibited cross reaction only with FABP of Schistosoma spp. hence is quite specific and
may be a good candidate for immunodiagnosis.

1.7. Molecular cloning, characterization and localization of Fasciola gigantica 14-3-3 protein

A gene encoding 14-3-3 protein was cloned and characterized, and the recombinant
protein expressed. An equivalent native protein was presented in the cells of all tissues of all
stages except muscle. It was highly concentrated in the tegument where it may have a role in
signal transduction. Because of its consistent presence in most tissues and fairly low identity
with the mammalian protein, it cowd be another vaccine candidate. A monoclonal antibody
against 28.5 kDa tegumental protein was produced. This protein was quite unique and
abundant in the tegument, and appeared 10 be quite distinct from 14-3-3 protein. Since this
MoAb was qguite specific to tegumental protein at 28.5 kDa and showed limited cross reaction
only with similar protein in Schistesoma spp., it is another good candidate for immunodiagnosis.

1.8. Molecular cloning, characterization and localization of Fasciola gigantica eggshell proteins
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A gene encoding an egg-shell protein, vitelline B1, was cloned and characterized, and
the recombinant protein expressed. MoAb against recombinant vitelline B1 was produced and
used for localizing the protein, which was presented in vitelline cells in vitelline gland and
vitelline cells as well as egg shell protein in and around the mature ovum. This MoAb may also

be a good candidate for immunodiagnosis in detecting the egg or egg shell antigens.

2. Neuroendocrine controls of gametogenesis and spawning in a tropical abalone,
Haliotis asinina

By dot-blot ELISA it was determined that the major neurotransmitters and
neuromodulators in the neural ganglia of the abalone were 5-HT, GABA, FMRFamide. 5-HT
and FMRFamide were also strongly present in the gonad, while GABA was presented in the
epipodial tentacles.
2.1. Distribution of serctonergic neurons and fibers in the nervous system, and gonad

Serotonergic neurons were immunohistochemically localized in the cerebral,
pleuropedal, and visceral ganglia. All were large size neurons which were the giant neurons
(NR,) and medium size neurosecretory cells (NS,). The 5-HT cells were most apundant in
cerebral and pleuropedal ganglia and least abundant in visceral ganglia. In addition, 5-HT
was presented in nerve fibers within the neuropil of all ganglia. In the gonad 5-HT was
detected in the connective tissue trabeculae and capsule of ovary, especially at proliferative
and premature stages, while the testis exhibited only low amount of 5-HT.
2.2. Distribution of GABAergic neurons and fibers in the nervous system and sensory organs
of tentacles

GABAergic neurons were also detected in the cerebral, pleuropedal, and viseral
ganglia, with the highest number in cerebral and visceral ganglia and lowest number in
pleuropedal ganglia. Most appeared to be neurosecretory cells (NS,). GABA could not be
detected in the gonad but was strongly presented in the neuroepithelial celis in the sensory

papillae of the tentacles, and in the nerve fibers within the tentacular core.
2.3. Distribution of FMRFamide neurons and fibers in the nervous system and sensory organs
of tentacles

FMRFamidergic neurons were presented in all three ganglia, with the most numerous

number in pleuropedal and least numerous in cerebral ganglia. Most appeared to be

bt
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neurosecretory cells (NS,, NS, and NS,). Strong immunoreactivity was also detected in the
ovarian and testicular capsule, and weak immunoreactivity detected in trabeculae.
2.4. Cloning, expression and localization of abalone egg-laying hormone (aELH) in the neural

ganglia and ovary

A recombinant abalone egg-laying hormone (aELH) was expressed as a fusion protein
GST-aELH from cDNA of Haliotis spp. AntiGST-aELH was produced by immunizing rabkbit with
the recombinant protein. This antibody was vigoriously preabsorbed with GST, so that only
anti-aELH activity remained and used for localizing aELM. It was found that akELH was
localized in neurosecretory cells (NS,, NS,), neurites in the neuropil, and blood sinuses in the
connective tissue sheath of cerebral, pleuropedal and viseral ganglia. The paositive cells were
most numerous in cerebral and pleuropedal ganglia and least numerous in viseral ganglia.
immunoreactivity to aELH was also detected in ovarian capsule and granular cells in
trabeculae, and follicular cells adjacent to mature oocytes, as well as in the cytoplasm of the
latter.

2.5. Effects of serotonin, FMRFamide, prostaglandin E (PG;) and egg-laying hormone (aELH)
on growth, and spawning induction

Administration of the 5-HT, aELH could stimulate the release of beih sperm and eggs in
sexually mature male and female, while FMRF and PG, could induce only spermiation. FMRF
tended to stimulate more somatic growth while 5-HT and aELH tended to promote maturation
of gonad early than usual.

2.6. The process of sperm-egg interaction in Haliotis asinina

When mature sperm and eggs were reteased, they fertilized externally, and the process
is completed within 10 minutes. The zygote began to cleave within 20 minutes. The highest
yield of fertilization (70%) was obtained at the ratio of egg to sperm at 1:200. The egg was
covered by jelly coat (EJ) and vitelline membrane (VJ). EJ most likely play role in stimulating

sperm chemoattraction and sperm motility, while VJ could stimulate acresomal reaction.
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wullsiuudnluwyandAn 135, 115, 100 uaz 66 Alamad uaneiluyumAalisiiuednd
200, 115, 97, 72, 66, 45, 21 UAZ 6 NIAAARU

nsinsauee el AnyreedTedluila uas sxduansueuiive Ay Idetnednimniu

o

Wy (szAuueuRuanudInIInszdu)iduiuluyusmiargandtlumgundia 55 i) ez

o

ol

o d‘ o ar ni o 2 =i 2 i = éil = 2 as I
dludnuousidrdyminiumiaausiuniuianisiiamewe s AU lRA NI s d

B

uananimsiinansideyaiildainmmasasminias 189 wiuandniAufuuliEamas

U

! v 5 Y -
(innate immunity) N@unrafunusenIsiamens B L liUleR udinlieelaiuiGewesoiin

'
o

funrieu Tueneinddutuuuuiisinszemyundissnsodununisiadenadenanals
Foulunsmaseafienadeusraninmaesiatulumstiesiunisindenanlulimdeens
Eanldmgundiitaiesldnananlszininmaasiiulfatidae
1.3. MsfLATER AuAnwME Mansyansuazlsz@nimnnisiduiafuaas cathpesin B
anzfiduldduariiu cathepsin B anwendslisiu £ gigantica szuzfusindy s
dotstez NEJ UALTZEY metacercariae GDNAs Aduamzildgnituuniaiiu FG cat-B1 FG cat-
B2 FG cat-B3 Fqudaemmdiouiuslizunns 64% 8 79%  dievihuieuiuiy cathepsin B
@ﬂnﬁaﬂ%ﬁminﬁﬁmwmnﬁﬁLLmiaLﬂww:‘ﬁﬁﬁﬁfy“lum?ﬁmﬁwﬁﬂﬂqﬁuﬂmng’l,u%ju cathepsin B
wiaah  neseilagdn Southern blot UEAIE 6 Aolungs family 18981 cathepsin B U89
We B LAY nseensvlan Northern blot LAAIALIATES MRNA transcripts Aunatlsznan

1400 Tralans Jugmaanunnlunedizey metacercaria WASFAIEaW NEJ N1IUARIADNYES
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wer WL n1emssilag Northern blot W@SMTUNATEY MRNA transcripts Atnatlszan
1400 fanaletns Teusmoanuinlunendssay metacercaria UAZAIEaN NEJ NIusnieanted
fufidrwnzianenezazsing Annflaedd RT-PCR %1ng primers Asnwizuaznisdainzdng
cathepsin B probe F9WU9N FG cat-B1 transcripts WAAIBAN IUNENENNTEL A= FG cal-B2
W@Y FG cat-B3 uansaanlunendsoy metacercariae sveir NEJ uassuzdadouwiniy nng
neageulneds RNA in situ WLIn cathepsin B transcripts g]nLmmaﬂﬂlmsmﬁl.ﬁﬂmiwmﬁu
23 'luwaﬂ'ﬂﬂgﬂﬁwi'a%uqmmqLﬁumm?dwﬁu ualumadiiin uenanniidonilumadses
et Auuiimaiiuanduedsiesgnunin Mehlis uaz vitetine Stumzuazll dafnemiiumis
menszanerasllsiiu cathepsin B TR indirect immunoperoxidase was immunofluorescence
fnutnilmonduiesiuntenezanadiarestiu transcripts  TU3Ru cathepsin B wulwlalalanadu
“II'BJL‘ﬁﬂﬁLﬂﬂ@;@uﬂﬂ%’NLauﬂ’m%‘ gadTuin m@uu@nqmm%uﬁq vazhuiiedaresatunsdy
Wuswilouinulunsinmniaedd RNA in sty hybridization BAnANE g o
cathepsin B (Ipgenw'z FG cat-B2 uaz FG cat-B3) fumumlunistesiieifiealaaviiedonlds
WenBrztizigauatNiTnle LLﬂzm%‘@ur.i'luiﬂzjﬁu d7u FG cat-B3 anavuihiinistosaiunsvialyl
dalildaremsuinendandng wy mice amnragnnazfiuleisuoulinediidumizie Cat B
a4 cat B cDNA-pCI vector constructs Frauingld cathepsin B cDNA anratiaiuniiia
deludminaaasld 26% dedteuiiunguaiuas
1.4, NeFATIER ANANHNE MsnsranguaslssRnianmaliuiaduaas cathepsin L
plsninnsdaassviiiu cathepsin L anwensluldishu £, gigantica srazdiadinde #in
881 (NEJ) uaz9ztiy metacercariae cDNA fifawamsildannnandsrasindindaiinmnumiiaui
FG cat-L1A ?ﬁa&’\uﬂ‘m:u’"%uimﬂ Grams uazanzTutl 2001 fia 100% ?sz‘ﬁ" cDNA ‘Tf’\lﬁ’amm:ﬁmn
wenBszas NEJ UAYSSES metacercariae HIAMNLANANAINEL FG cat-L1A adldfvuaiatuns
aaafly FG catl1G WAz FG catliH  arduninesiluresiiuseansiuansaammiionsy
Uszanme 70% 89 75%  dievhwnieufufiu cathepsin L an@aidamindideanudnsumi
mm:ﬁzﬁﬁﬁ’mhmiﬁ'\uﬁﬂﬁmmﬁué’qﬂﬁﬂghﬁu cathepsin L anidng nmageLlagis RNA
in situ WU cathepsin L transcripts LLﬂm’B'ﬂnLﬂW'}ﬂl&L‘ﬂﬁﬁié‘ﬂg}V}'ﬂm\?Lﬁumm? LAZATIE LU

] =

, X A o < - o
mMrkanseanyey cathepsin L lTwillsidietfnoduremeisiay wlluaadi@ayvaniadueiwns
dowsuvteluliedarasndaasRuiudsnefiaunnsneainnsnzaietes cathepsin B u@
nsAneld lfdudewled cathepsin L Huvuimudanlunistesaiunsveswens nsld Cat L

cONA-pCl vector constructs nessiuldiuymndaiauanfuediisnmizde Cat L 16 wazil
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UrsAvinmwifudedu Teannsatlasfunisisdeludnmasesinasauld 40% Wadouiungu
ALIAN
o s ar
15, MsABATIER MsAnEAmANwaE N1enszane waznsmasaudnamwnatiudady
2831158 Giutathione S-transferase (GST)
o ~ o i 1 A @ o ]
vimsdaamzd cDNA a¢llsfiu GST Iaeds RT-PCR fillmunn 657 Alua dlaviiundnse

Wugnesudn Ay ONA sauuABFuanewug pBluescript SK(-) e fFuns DNA uda Aawanng
finfia DNA Snasuilednelfdniesdluuuniite pET-21b(+) uasnrzfulfunafidasielisi
GST aanunWd Funamnn wdfathuintianalaeld giutathione beads

Unldsiuitlgannsnanlunuefide  (rGST) m%mn?w'jwwmﬁlﬁ@Nﬁmmﬂwﬁiﬂaﬁa
uBuALEF (PoAD) A MmN ien1 PoAb wnAmadeuAmdnEnzlatdE Immunoblot  Wud
amnsovfnFanfiu rGsT ﬁuamiﬁ%aﬁﬁwﬁﬂimaqﬁ 28 Alamasi lanmaaaumsnszans
189 GST ‘luLf'Z@Léﬂﬂi@ﬂﬂﬂ“ﬁlﬁiﬁﬁﬂi;ﬂﬁ@iﬂﬂ Tae% tmmunoperoxidase  wudnTusfiy GST &
Lﬁ‘mngqﬁegmimﬂmﬁﬂ parenchyma ﬁnn’]im:ﬂmwm‘ﬁ uenaniiluweFiniadonuns
nezarevesisitu GST uilaiila parenchyma lu 3 sz Ae FEALGY FTAMLNUNANY UATIZAL
1 usnanitaiEe parenchyma Ww&q flawudnTalsfu GST m:mmg"ﬁi:ﬁuﬁﬂmﬁﬂﬁ'af')’mm
warielirnaeniiadindy wildwud dhlsfiu GsT ﬂiujlu%uﬁq (tegument) &114 (caecum) ¥e
vitelline gland e 9tn9lsianuluszesfsauraneiaruisowunisnizatamaedilsfiu GST
Tudu tegument Fsriutnunan

et GST wmasaulszAnirwnindudaiu wudugendildfumsia GST wu
intradermal fimsAndensFlUliNUsnae 84.16% danFuufeuiud uoumendiildans
vaangluganoumai W HEasady ('iﬂu‘lﬁwuﬁiﬂzﬁqiﬁi‘uL%@wm%iuiﬁﬁuﬁm: 30 wanEea?
Gu)  wanwniinsadaiulaente subcutaneous WAz intramuscular FaAnaNTAAANNTARLTE
WeNT L6 80.45% uaz 78.80% RIHNAA

nmasaslupisildnaaaulsz@nsnmees  (GST  luntlesiulrewendluliiden
Schistosoma mansoni 3néne  Iasmdenniifinsdanszfulugenddag (GST ufa Aine
wendlultRend oy 200 weanFeseuyanduilen  avnnismmatud e Bl lddenlu
UYNAABIUFAZNGUWLAN AT IATL (GST amnsnannsAsitene s luliAea & 58.08%

uanmﬂéu"}{}'ﬂﬁmmlﬁﬁudﬂmiﬁ’\mg'mwnv:ymﬂamﬁ"l@]’%'un’li‘ﬂszﬁuimﬂmﬁm rGST
Wandinteaaias (intraperitoneal injection) ’Lﬁ’ﬁwwmmﬁ"l,u'Lﬂﬂiﬁ%’m%ﬂwm%mrifau RGN0
Heaffunsiaiawen s leu 1t 47.76% lapaiadninasiinalnfiendoueufives Wy Ufien

ADCC lutesinsigunsovinananeiisuiazidallinsyduiaTusuls
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1.6. N15HRATIZH MSANBIANANRIUE N1TNTTAE WAZNISNRRALANEMAMSTIUTATY
984 Fatty acid binding protein (FABP)

Fatty acid binding protein (FABPs) Fullsiurlaniieivtindas lunsrusansslesiy
sazpagamasaadlUluianediei W Funsuumeailafuresionenies 3eanadn
FABP wiraziluliianaiidnAny lumnihandnwussaninmnmnduieduieiiasiulsanad il
fuld  msduasziBuanstisfiu FABP TaedF RT-PCR finlHIX cONA fiflaunm 397 gua 9
annstdlusunsmedaasaumainliaalddnuduiudfusisdwiuldsiuiedleua 14.6 Ala
ARy Usznaumaansaasilu 132 FausziiAn isoelectric point WAL 5.2 a1nnsil3auiien
fsueantneziurase 3 i liFusiaiiumen S luldFuEnaeiuiuilie £ hepatica wuindl
srdunsnesilumileuiu 66-89%  ethunSeudsuiudrdunseesiluainwedlultden
(Schistosoma sp.) WUINHANHIMERULITZNN U 42% uasiiAniuiiau 27% Fietiun ey
fuRALNIABXHIMANNWaNERRAR (£, granulosus) uanvinaseldinddunsaasfiluaeanen?
uliFunnRuunauiuatsunsaaziiluanlaadeeawend 1y wgum ussayetl wodniiaou
wmiawRey  23-32%  Faygadendravinlinsiudiandunsaeriiuees FABP  Anweniimgnm
upnpingannansLnseeasiiuees FABP annlaadaeudianin asliinfidymiludiunes cross
reaction szuinalsfusaseduaisfuredlond wldiianudluldfiasis FABP iy
Satutlasumsinidana s lngbifiatyuiniiduiminefindulons

mssdntsi FABP Tatianneiiugidnssaiuuuad Govn AT sfuitiwinluana
14.5 Alamariu Wsiudsnaaldgninnldtunisudnlululrsiaiowsiues st fulasiia
sauRLeRn i lLunsAnmnnsnazaneaasllsiy FABP 'Lul,f‘:ﬂLﬁamﬂawaﬁlﬂﬁﬁm‘w:ﬁhﬂ
matdE immunocytochemistry wWu91 FABP ﬂmﬂgﬂgimmumLf,ﬂuﬁ‘ﬂ?mmgq@m’lu@mﬁﬂmzm
Taun (parenchyma tissue) ﬂ’lﬂ‘ﬁmﬁ’nﬁuLﬁﬂui:rﬁh'ﬂﬂm??ﬂ‘tﬁLﬁﬂmﬂuuﬂ: immunoelectron
microscopy anipreaiasideauazliununisazanaas FABP vnldarunsoudataanwiioule
weanldiily 3 wile wadwnlannaled 1 (Pet) dhumediiilninasustosmoudniien
nrzansag iy lalmlaaduuwiinalasuusndule oytokeratin avaueguan 3sanadn Pl Juiind
Lﬂu;ﬁLﬂmﬁ'gﬁumzLﬂumﬂﬁﬁm:ﬁuLLﬁ:ﬁquLﬁ'mmzmuma‘mmuaﬁ%mm‘lna‘iﬂmuu.a:
nalaa aswisulamnaiied 2 (Pe2) fdnunuzeedltinuasfuadrofuiivuly Pet wiifils
aaestegituduaunnnulaladanadn Tusnzidaafuwdniinsasanaes FABP e lutBunc
gunn auflulllddn Pe2 fudhitlunsauaunsziaunnusueddisediodfuiundn wad
wisuleunmiiad 3 (Pe3) Jlalmdanadumind electron stain Wi melumusrawmenin waain

(Endoplasmic reticulum) l3Tulau (ribosome) nasdmanwand uazns1ua (Golgi complexes and
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granules) ?quﬁ’qﬁqwuﬁhimﬂ@utm?ﬂ@giuuwuﬁuuﬂn‘llmﬂl,ﬁun@:mﬂﬁ"q%mﬁﬁ Fauradaiaiiae
enafndiasiussuunisairelusiufilsnouiludule (reticular fivers) Asamiflunsauyialase
é’]’iu adnusulamniaiuidededounvaswiones
TunsmaasussAnnmnistiesfunisindenandlulimiluuund Tauld FABPGDNA
wudwymdignaanszdulagd? intadermal anansosntinnnTRndeneall 55.88% uas
mmfus s ludutey R lTunsinnsefunduiulnedd  intramuscular  fawndnd
Brnnmenianas 43.13% andae euRouiteuiomglundurauaailallFFunsianssdusay
TAHL FABPCDNA
1.7. MdUATIZN MTANINANANHME uazn1snssateeadllssiu 14-3-3

TunmsAnendouts sudnnlulastiauweuiives (MoAb) Avinufjienfuueuiauaindi

'
ar ad

Angnanensluldiunduminliuanalugdas  29-30 kDa  whaniunisudnTwalaadiauauiuad
(PoAb) Feuaufivumnanduiionend a1 lunns screen wBuidamnzraawenslulyd
e ar G o ar = dn; = ot 3 ] = ?z “ d‘ ’0’ ar
Furasdainds  lwlulaadsueuRueinudnldfnnuaunizaeilsiuandutaidnuiniusna
28.5 kDa Feanunsanu i umnszuzasanend anfuluasfauds wdsanivawiinisaneniiy
v
yesldsiuduiinlnaniana immunoscreening lu aduit cDNA library uazguntawuiuYes Fg14-
3-3 protein, zeta isoform lagnirldiwalasiauauivfseneuiauduionsnd  wi ldwuBiung
AAnmzsaleuiiauliduisanmsldiniulasirueufived WeninslFauiauaifuaas
wHauranmaesiiiuseude Fg14-3-3  uavhlsdusilndeoiuludnddeagnaosunsiingi
wudiapumiasansaaziilueglutos 55.0-57.8% niwsz phylogenetic tree Wudn
fiu Fg14-3-3 protein atjlunguifeniu Schistosoma mansoni protein1 Way S. japonicum
protein1  N153AsIZUIALAE Southern blot ugmstiu 1 falungu zeta isofrom NsATIEAlng
Northern blot LAANTLIATAY RNA transcript AienmUszunns 1,250 fnadlatng dewuluszoia
Winduuazdadousiy 4 §land nimeaaulneds RNA in sitv wu Fg14-3-3 transcript Tuweng
sveiy NEJ, Fdeueny 4 dUanid, uazdoiude lTudnwusiindronasiufe iinsusnseanugad
= = -jlll dll o":’ = € 1 £ v cgﬁd
@ouniaiue g, wedludadenimulant  wazlwsadduie  wilinulumasndnaile
: o [ ) s s ar 2 &
usnanfifany Fg14-3-3 TugsasaugnunnuasdunzaasadunzRuiugdlumeag uavisadeag
*

Mehlis'gland, viteline wazldrssaduazduwugweids udsarniiuldduaziilsiiu 14-3-3 Tng
nsRnaaNAL Histidine (rFgi4-3-3-6xHistagged fursion protein) wudnlusAunduasizflaf
uwiinuaaluena 30 kDa tnlusfiulunAawdlaalanauivedlunsssne  Indlnstiaueusiven
Ao UfizeniuTusfiu 14-3-3 lunnszazaesnenliun svez metacercariae, NEJ, Aigau 4

W ! b ] '
waz 7 dla i uazdabingy sanfauauRiauresiulionendaiiuiniuanah 29 kDa aouxiity



20

ansfnudafiwulUlsiy 14-3-3 fhininTuana? 28 kDa TWsAu 14-3-3 u8As cross-reaction )
WeNFlungu trematode uananniidany ysiin14-3-3 ’Lmﬁmémmm%aﬁﬁmﬁfniuLaqﬂﬁu,mnwm
fu Tsfudaunssd Fg14-3-3  ansomsasuuauRLaTsmnzRenisiindanens Ui
F.gigantica Fausisves 2 dlnvivdansiindeunsziauasisnmulauiuaisoitenauias
éu@mmmmamﬁ 10 AlaidensAinde nsAnmiuiinanszasueLRiaY 14-3-3 Tag
A% immunostaining  WUINANRUSAUNIINTTAEYeY  Fg14-3-3 franscripts  1AedE in  situ
hybridization Tmﬂwuﬁ’qhﬂuﬁwﬂqwaﬁnm‘:ﬂzmu%\ﬂu%uaq anundaie, spines LAY
Tuadugtamnaad Bnveton lumastesefiazfuiuginaduazmadiaduieaiy ululasis
uauRLeRR e fuueuRiau 285 kDa dwudaliasnsovrtuliudfiniunsnlidnmnis
nsvanuredlsiuil 285 kDa anduls TaewunisnszanttskeuR auTiiailudufia taladan
AR TAGTUR mu*fu{ﬂurﬂaﬁlﬁlﬂqﬁqﬁﬂﬁﬂﬂ%uﬁqwm% (tegumental-type epithelium)
fuvnsduemsdiudy  @adRengnuinn, Iad Mehiisgiand waziadld (oocyte) vy
weufiauiineuthafinnasmn Amaasinnimininmnageunisindeld
1.8. MSALATIZA MIANHIAMANHIEZ NTudRsaanTasdiy Viteline B ussnsuanluly
ThatiauauAueRsa viteline B RaRRIUATNsasIanaunsAaianed

dlowen 3l Ty dundngrroziaiinluierndreddond  wendeunsoaild
wdotaasnanuniunasrzanalans lulFungean Tnusgeuiagnieuliusias luflu@onlid
u%qttidﬁ@m@umgLﬁ"aﬁmﬁué’um'}m’mﬁqﬁ@ﬂﬁ@mu“[.snﬁmniaﬂﬁ warduRTEAINAAdaL
menenld wudnlunsada@enlifasysaifuilisiy vietine 8 Wuasflsznauudn  Tas
Writusiaifiiwminbuanad 31 Alanasiu Femedrmiadnelugouiiazannsoi v
viteltine B anuszlamllunswmunganmaitadednidulanen sl sl

nansEAsZE cDNA 1asisiiu vitelline B Tatida RT-PCR sl cDNA Aifinunn 810
diwa  WatundunsulsaiiugiunsaasiluuazaBauiiaiy viteline B1 uas viteline B2
nIne N U ISRUAAUE £ hepatica wudafiaasAd 1uARaiu 93% wet 83% RINRNAL AN
neAnInedt in sitv hybridization Wu491 mRNA 2898iU vitelline B nszansaglumad vitelline
anmiuldvinssiasie cONA dilluuuafide Escherichia coli waznizfufnegns IPTG el
wuafiBundntlsiiu viteline B udrvihTlsiuildundrunszuaunasinlilusfiuAqvalaald Ni-
NTA-agarose affinity column uasAsagaugmuaNTAoddlsiulaeds  SDS-PAGE  uacr
immunoblotting ﬁﬂlﬁwmud’\zﬂuiﬂsﬁuﬁﬂﬁmﬁn‘[umqﬂﬂs:mm 31 Alamadiy uenaniilé
Dsitu viteline B sl lunimu@nlululratruoufved uanihinlulaadavenfvenunldlunis

mawInInIzatasesllifiu  vieline 8 wudle@ewensluldiussesdsiudey wudndnag
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nszanafaeesilsiiy viteline B Anwazetlu eggshell granule, eggshell globule Tedlaad
. | o o 4 ' = ' o v oA 2 i ° ar
viteliine  Madquiind  somialultuazul@aniede  Aviudeanuiullldgeiiasi i lulaada

wauAueAh il muaEnsRmanauLlfann egg antigen luthilsamsvieeasansy whaunlyl

]
= ol =

1 ! rdlﬂ g‘ﬂ’ o I <y o = g é‘
fianldnenifisieglugaatsrresdnifiada vnlinisleazianmiiamaasaanau

Thsan1#l 2 NM9ALANNTELIUNMSASILAL UAL TR A AUNUS Ipelseam
safluwlunaaithida

AN ANEEIE3E dot-blot ELISA wnlimaudnansiietlszamuszanssenadiymyio
ﬂi:mwﬁnﬁﬁ@fg’mﬂuﬂa:mwﬁ@ Wil niiu (5HT), GABA waz FMRFamide Wudni 5HT uae
FMRFamide Tusumzuazield dou GABA wuluijufududainazanuagaiuming uananduds
WU prostaglandin 2 luduyszamuas gonad  us liwugefluuiwe dinydrotestosterone kA
estradiol BELaY
2.1. MsAnEANMNENINITAIETRsETaailazam serotonin Tudlislszanaasuanihia
AALANIE

nsAnmmenranseamadssamislsniulussin e wmaamendlnda  H. asinina

e o

&
Fnelid  immunoperoxidase  WUIMHNTTNIZANLYRNARU T g nvedasTia TuluY e wmEuia

1
1=

(cerebral), WalsWAa (pleuropedal) uaz 3awada (visceral) aflanasunnia aRIUIA U AR
utihguenantsznn 10x20 ulanes wasimadsunAnasATdUE AU ATz 710
ulaswms wilinunsfiadlumadszamauaidn Aliduinguinansiennd vide dssano 6xs
Tulpswns  wadUszamauelugilowaesditdnenenad Faiszneudanladulasmnfvuy
euchromatin uasiluausds=av (axon) fugmeenaniumed  doumaguunanany Jeunazdy
neurosecretory celt  finiaRmaiiiidnmornay dlrznaulUfaanguresladulannfuuuy
heterochromatin nszaeagniety  warbifivewnlssamesnainingsd  lTulilizam@iusa
auluawunisnizanafatressarlszamalsingu fidneauresseuiulumasnssyan
dnululutlszammngliida  wunisnszanedresmasilzamielsindy Asnaeud iy uaz
fusageslulssamainanmoisan (horn}) @& miuluiszamineid wulasUssa1nials
Infiufitdnnmeuduaranrestlsyam Suouresaaduszamirlsiniiuiinnnludulszemd
Fuin uaswgleida Tnaluludizawndiufaisuawreuradiszamalsiniiudssinm 7012300
wadReniutuiaanansnay dauludllrzamnglidaidtuusesaadlszaialsingu
Uszanns 120/2700 188 sieviiautiufinaanmsanans udlutlulssamiaimesa wous e aras

Uszanlidasndlududszam@iuiauasnglsisa Tnewuaaurosmadsya i lsinilu
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Ursnnnu 50/400 1ad slautlsuduiinenmsanats sneansAneaengnagdladn wlsinfui
asdatszamudniiraziinud A ussuinlszawess H. asinina Sallegluadilszamawn
. -y o . g &
Tugd wazmnanaswindy  Tgsslszamunng lugjurazifaadestunisarugundtuiialunis
‘!:' v + = ai ' -il £ @
waaulnrasdoudeTiuiany dauslsindlu Anulu neurosecretory cells Waziiuadaariunis
AruAnMsudsssEefluuLlrzamiinsne Wy aELH Wesenldriugunszuaumsiadydivie
waznafuving  uenanluludrzamudaalsindudalsngeguivlilnsamwzlugeinuazuniu
d: A:il ar AI izqs T | ar v
iBeifieawl trabeculae  Aeradlulyldmalsniiufiunuvlunisaruaunsimuireslduasnis
1 ‘d‘ ‘J i ' 1 .
vaseaefluuiifaadeqdu aELH aanuianszgunisUsetly (spawning)
2.2, msAnwnisnszarafiresasietlszatm GABA lulluilszsmuazainiziududs
pasuuanlunesiihdesafude
g a4 % e
PINNTANHINITATEATEE GABA  Tuliadieyszam uwaz lumaasiaeat
[l 13
immunoperoxidase wudaiinienszatseqmadisza it GABA luvsduilszan cerebral uax
pleuropedal Tngfinntaszaneyialumureurestludsyam tuilszam viceral azwuIaddiansn
wnfgauiudiauasduly uazimadiil GABA Aa a8 neurosecretory uszim NS, Ty
tszam cerebral HauiuEadiRuAssaEasMNATULHLARTIWRTINAN9IWY 27/1585 Tu
pleropedal #a 11U 11/2269 uazlutluilszanw visceral Haunu 22/596 Felagrauudaiianuau
GABAergic cells tuduilszamidesaninmadialsniu nisAnenisnszaieens GABA luuuaas
aaeifle  (cephalic tentacle UMt epipodial tentacle) WLIWIAATIN GABA AB 1988
neuroepithelium  Fufluimadziispeduundagifmiinarrewenuiuaiufdn  (sensory
3 o o dotel o aif we v ; \ v e oar

papilla) fdoutlasreswadafiniiffon 4Fupnuiinatuunuiu wenantiufgasiuaouian
P reniuauiAniiaddon Tnenulfiawizlulalnlanadupeamadiviouu
wan¥ntungridutlszamluenusasiusfipaaooguiu douludumzuazflalingng
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Executive Summary

1. Immunopathobiology, syntheses and characterizations of Fasciola gigantica
antigens and encoeding genes with diagnostic and vaccine potentials
1.1. Immunepathobiotogy of Fasciola gigantica infection in small laboratory animals
Pathobiology of Fasciola gigantica infection was studied using hamsters, rats and mice
as the models. One hundred and eight, eight-week-old male golden Syrian hamsters were
randomly divided into two groups: group 1 comprising forty eight and group 2 comprising sixty
animals. Each animal in group 2 was orally infected with 15 metacercariae of F. gigantica.
Group 1 received only 0.5 ml of 0.85% NaCl solution (NSS) and served as the uninfected
control. Eight animals from group 1 and ten animals from group 2 were sacrificed at 1, 4, 7, 21,
35, and 49 days post infection (DPI). Hepatic lesions were initially observed in group 2 at 4 DPI,
when hemorrhagic foci were seen beneath the liver capsule especially in the left and median
lohes. By 7 DPI, the migratory tracks became wider, deeper, and paler. At 21 DPI, the liver
showed greyish-white irregular lines on the external and cut surfaces. Fine strands of fibrin and
fibrinopurulent exudate adhered to the liver capsules at the diaphragmatic surface. At 35 DPI,
the liver was markedly swollen; many grooves and sinuses were seen in both visceral and
parietal surfaces. The abdominal cavity of infected hamsiers showed a high degree of
hemoperitoneum. At 49 DPI, the livers were markedly distorted with irregular surface and
border, ana appeared much smaller when compared to the control. Histopathologically, at 4
DPI the fluke fracks contained red blood cells, some necrotic hepatocytes, and few infilirating
neutrephils. At the longer periods of infection, the migratory iracks became wider
corresponding to the size of the flukes. At 7 DPI, acute inflammalory response of the migratory
tracks was characterized by hemorrhage and marked neutrophil infiltration. The increasing
number of eosinophils in the tracks was observed at 21 DPI. At 35 DPI, acute and chronic
inflammaticn of the migratory tracks was found throughout the hepatic lobes. Hepatic cirrhosis
was quite evident at 49 DPI. Eosinophilia occurred from 21 DPI {(p = 0.00) and remained
elevated throughout the experiment. By 35 DPI, infected hamsters showed a degree of anemia.
There was a significant increase in serum alanine aminotransferase {ALT, p = 0.00) at 21 DPI
which remained significantly elevated until the end of the experiment, while serum albumin was

significantly decreased from 21 DPIl. Fluke recovery rate was highest at 21 DPl at 47.77%.
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One hundred and thirty-two, five-week-old male Wistar rats and 132, six-week-old iCR
mice were randomly divided into two groups each: group 1 comprising of sixty and group 2
comprising of seventy-two animals. They were treated by the same procedure as in the
hamster experiment. Ten animals from group 1 and tweive animals from group 2 in both rat and
mouse models were sacrificed at the same fime intervals as in hamster experiment. in rats,
gross pathology of the liver was initially observed at 7 DPI. The migratory tracks appeared as
hemorrhagic foci at the left and median lobes. By 21, 35 and 48 DPI, the pathology of the rats’
liver was similar to that of the hamsters, but there was a tesser degree of hemoperitoneum and
peritonitis.  Histopathologically, the migratory tracks were found at 7 DPI, they appeared

beneath the hepatic capsule and composed mainly of necrotic hepatocytes, red blood cells

and eosinophils. By 21 DPI, histopathology of the tracks in rats was similar to those in hamsters,

which were characterized by infiltration with eosinophils, neutrophils and macrophages. A{ 35
and 49 DPI, the appearance of the rats’ migratory tracks looked similar to that appearing in the
hamsters' liver, except that the acute inflammatory cells consisting mainly of ecsinophils. Blood
eosinophils was significantly increased from 21 DPI {p = 0.00). There was no difference in

serum alanine aminotransferase, alkaline phosphatase and serum albumin between the control

and the infected animals. Fiuke recovery rate was highest at 35 DP!, which was only at 17.33 %.

in mice, gross pathology of the liver was observed at 4 DPI. The minute hemorrhage

foci were found at the periphery of the left lobe. At 7 DPI, the white foci about 0.5 mm were

seen at the left and median lobes. By 21 DPI, the pathology of the mouse liver was similar to.

that of the hamster. By 35 DPI, the infected liver became shrunken and distorted with severe
degree of hemoperitonium, Histopathology of the mouse liver at 4, 7, 21 and 35 DPI was
similar to that of the hamster, but the main inflammatory cell type found in the migratory tract
was neufrophils. Infected mice showed a degree of anemia at 35 DPl. There was a significant
increase in serum alanine aminotransferase at 35 DPI (p = 0.049}, whereas serum albumin was
decreased at the same period. Fluke recovery rate was highest at 35 DPI at 26.67%.

This study showed that hamsters were the most susceptible to F. gigantica infection
with the severest pathological response and maximum number of parasite recovery. Rats were
the most resistant that showed the least severe pathological response and lowest parasite
recovery. Eosinophil infiftration arouna the migratory tract was the major characteristics and

this could be the primary immune effector cells that conferred innate resistance in rats. Mice

e
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were more susceptible than rats but more resistant than hamster. Thus mice may be a good
small animal model for testing the efficacies of vaccines as they could generate a certain level
of immune responses, while hamster could be used for testing drug efficacy, but not for
vaccine testing because of their poor immune responses.
1.2. Profiles of immune cells and antibody levels in response to infection by Fasciola gigantica
adult antigens in small laboratory animals

In the primary infection of Fasciofa gigantica in small iaboratory animals (section 1.1}, it
was found that rat was the most resistant host due to its innate immunity, whereas hamster
appeared to be the most susceptible animal that may mount minimal immune response against
the parasites. Mouse appeared to be in the middle which could generate certain level of
immunity. To find out the cause of innate immune resistance, mice and rats were selected as
the models in this investigation. Each species was divided into two groups. In the first group,
the animals were intraperitoneally injected once with 250 ug of crude extract from whole body
of adult F. gigantica. In another group, animals were intraperitoneally injected twice with 250
ng of this crude antigen at two-week intervals. The control groups were injected once or twice
with sterile PBS. The number of immune cells, antibody tevels and characteristics of antigenic
proteins in the peritoneal lavage fluid and serum were determined at days 4, 7, 14, 21, 28, 35,
49 after immunization. In the control group, the mean number of rat peritoneal celis was higher
than that of mice. After immunization, both mice and rats showed significant increase of
peritoneal cells at all experimental periods when compared with the control. However, there
was no significant difference in the number of total white blood cells between control and
experimental groups. Monocytes/macrophages were the highest celi types in the peritoneal
cavily, whiie lymphocyte was the most common cell in the blood. The immunization by the
adult parasite antigen caused significant increase of eosinophils in the peritoneal cavity and
blood of rats, but not in mice. By using indirect ELISA technigue, antibody levels in the
peritoneal cavity of the immunized mice were significantly increased from the control at 28 to
49 days post-immunization (OP1). The antibody response in the peritoneal cavity of double-
immunized mice was significant different from the control at 7 and 14 DPIl. In contrast, the
antibody level of the single and double immunized rats increased from the control with
significant difference at all periods of immunization. The results from SDS-PAGE and

immunoblotting showed that many antigenic proteins were found in various patterns at different
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periods of immunization. The antigenic bands in rats were observed at earlier periods than
those found in mice. The major bands of antigenic proteins screened by immunoblotting using
mouse antiserum were at 135, 115, 100 and 66 kDa, while the strong bands characterized by
rats’ antiserum were at 200, 115, 97, 72, 66, 45, 21 and 6 kDa.

In summary, the significant increase of eosinophils as well as the high level of antibody
production (reflecting intense humoral immune response} in rats (which was 5.5-fold higher
than that found in mice) might be the key factors that resulted in rats having strong innate
resistance to F. gigantica, while mice are more susceptible to the parasite infection. In this
respect mice could also be used as an experimental model for testing vaccines, and because
of its innate resistance rat is not a suitable medel.

1.3. Motecular cloning, characterization, localization, and vaccine potential of cathepsin B

The transcriptional products of F. gigantica genes encoding cathepsin B proteases
were cloned from adult, newly excysted juvenile (NEJ), and metacercarial stages. The obtained
cDNAs were named FG cat-B1, FG cat-B2, and FG cat-B3. The deduced amino acid
sequences of FG cat-B2 and FG cat-B3 showed identities at 64% to 79% compared to that of
FG cat-B1 from aduit. Sequence comparisoen with homologous proteins showed that all
functional important residues formerly described for cathepsin B are conserved. Southern blot
analysis confirmed the presence of a family of related cathepsin B genes in the genome of F.
gigantica. Northern blot analysis revealed a common transcript size of 1400 nuclectides with
abundani cathepsin B transcripts detected in metacercarial and NEJ stages. Stage-specific
gene expression was investigated by RT-PCR using gene-specific primers and hybridization
with a labeled cathepsin B probe. FG cat-B1 transcripts were detected in all stages, whereas
FG cat-B2 and FG cat-B3 transcripts were expressed in metacercariae, NEJ and juvenile
parasites only. Cathepsin B iranscripts were localizea by RNA in situ hybridization in the
caecal epithelial cells, in cells underlining the proximal part of the digestive tract, and in the
tegumental cells underlining the surface tegument. Furthermore, transcripts were detected in
the tissues of the reproductive system including cells of the prostate, Mehlis, and vitelline
glands, the testis, and the eggs. The localization of cathepsin B proteases by indirect
immunoperoxidase and immunoflucrescence also correlated with the distribution of the mRNA
transcripts. Cathepsin B proteases were localized in the cytoplasm of the caecal epithelial cells,

the tegumental cells, and the outermost layer of surface tegument. The proteases were also
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detected in the tissues of the reproductive organs as found by the in situ hybridization. The
results implicate that these enzymes may be involved in digesting host tissues during
penetration and migration to the liver, general digestive function for parasites’ nutrition, and in
as yet unknown reproductive processes. Mice immunized with Cat B cDNA-pCl vector
constructs could elicit antibodies against cathepsin B and the vaccine potential of these
constructs revealed 26% protection in challenged experimental animals when compared to the
unimmunized control.
1.4. Molecular cloning, characterization, localization, and vaccine potential of cathepsin L

The transcriptional products of F. gigantica genes encoding cathepsin L proteases
were cloned from adult, newly excysted juvenile (NEJ), and metacercarial stages. The obtained
cDNA from adult worm exhibited 100% identity to the FG cat-L1A which has been cloned by
Grams ef al., 2001. The cDNAs obtained from NEJ and metacercariae were different from
previous report angd were named FG cat-L1G, and FG cat-L1H, respectively. Their deduced
aming acid sequences showed identities at 70% fo 75% compared to ihat of adult. Sequence
comparison with homologous proteins showed that all functional important residues formerly
described for cathepsin L were conserved. Cathepsin L RNA transcripts were localized by in
situ hybridization in only the caecal epithelial cells, and it was not detected in other parasite
tissues. The results implicate that these enzymes may have the main function in digestion of
food for parasites’ nutrition. Mice immunized with Cat L cDNA-pCl vector constructs could elicit
antibodies, and the vaccine potential of these constructs was at 40% protection in challenged
experimental animals when compared to the unimmunized control.
1.5 Molecular cloning, characterization, localization, and vaccine potential of Glutathione S-

Transferase (GST)
A 857 bp cDNA fragment encoding a GST of F. gigantica was cloned by RT-PCR. It

was reamplified by PCR to infroduce a Nde [ recognition sequence at the 5 end of the
fragment. The reamplified GST DNA fragment was inserted in pBluescript SK (-} (Stratagene)
and, after sequence verification, isolated from the vector by digestion with endonucleases Nde
I and Bam Hi. Subseguently, it was subcloned into the Nde ! and Bam Hi sites of the
expression vector pET -21b(+) (Novagene). Upon induction by IPTG (1mM), rGST was
detected by SDS-PAGE analysis in the soluble pratein fraction. The fusion protein was purified

by glutathione beads.
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A polyclonal antibody (PoAb) against the recombinant glutathione S-transferase (rGST)
of F. gigantica was produced in ICR mice. The PoAb reacted with rGST at a molecular weight
of 28 kDa. The localization of GST in newly excysted juvenile (NEJ), 1,3,5,7 week-old juveniles
and adult F.gigantica was performed by immunopercxidase techniques, using polyclonal
antibody (PoAb) as probes. The parenchymal tissue in all stages of the parasite showed high
concentration of GST as revealed by the staining with PoAb. The parenchymal cells in the adult
stage showed three different staining intensities, high, medium and low, which might imply the
existence of subpopulations of this cell type. In adult stage the light staining appeared in the
testis and ovary, but no staining in the tegument, caecum and vitelline gland was noted. In
juvenile stages the moderate staining was present in the tegument, in addition to the
parenchymal tissue. The tegument of 3 week-old juvenile was stained relatively more intense
with PoAb than in other stages.

The rGST was evaluated as a vaccine candidate in combination with Freund’s adjuvant
in mice infected with £. giganfica via intradermal, subcutaneous and intramuscular routes. All
mice were challenged with 30 metacercariae of F. gigantica and killed 4 weeks after challenge.
The worm recovery was reduced significantly in all three groups, i.e. 84.16 %, 80.45 % and
78.80 % for intradermal, subcutaneous and intramuscular routes, respectively.

The rGST was also evaluated as a cross-protective vaccine against S. mansoni
infection by intradermal and intramuscular route. All mice were challenged with 200 cercariae
of S. mansoni and killed 8 weeks after chalienge. The worm recovery was reduced significantly
in the group vaccinated with rGST via intradermal route (58.08%).

In addition, passive intraperitoneal transfer of sera from rGST-immunized mice showed
the protection in naive mice from F. gigantica infection, the worm reduction was at 47.76%,
suggesting the parasite killing mechanism within the peritoneal cavity that was dependent on
the presence of specific antibody.

1.6. Molecular cloning, characterization, localization and vaccine potential of fatty acid binding
protein

Fatty acid binding proteins (FABPs} are candidate molecules for vaccines against
several parasitic platyhelminths including Schistosoma spp. and Fasciola spp.. A cDNA
encoding a specific isoform of fatty acid binding protein in Fasciola gigantica was cloned by

RT-PCR. The nucleotide sequence of the cDNA fragment contained 397 bp ORF, encoding a
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protein with a predicted molecular weight of 14.6 kDa and isoelectric point of 5.2. The deduced
amino acid sequence (132 residues) was compared by alignment with FABP from other
species, including ~. hepatica, Schistosoma sp., E. granulosus and mammalian hosts. The
FABP showed 66-89%, 42%, 27% and 23-32% identity with the corresponding proteins from
these respective species.

The recombinant FABP (rfFABP) was expressed in the bacterial expression system, and
the expressed protein exhibited molecular weight (MW) at 14.5 kDa. A monoclonal antibody
(MoAb) was produced against rFABP. This MoAb reacted with native FABP also at MW 14.5
kDa. It showed cross reaction onty with FABP of Schisfosoma spp., but not that of Eurytrema
spp. and Paraphistomum spp. Hence, it is believed to be a good candidate for
immunodiagnosis. MoAb was also used for localization of FABP by immunocytochemical
technigues in each developmental stage of parasites. FABP was present with the highest
concentraticn in parenchymai cells. Parenchymal cells were, therefore, investigated by
transmission electron microscopy ang immunogeld labeling. The parenchymai cells couid be
classified into 3 types based on their ultrastructural features and the different quantity of FABP
being stored, which could be related to their putative functions. Parenchymal cell type 1 (Pc,)
contained few mitochondria, numerous glycogen particles, and pale cytoplasm which was
enmeshed with a !large amount of cytokeratin fibers. This cell type might be specialized in the
storage and metabolism of glycogen and glucose. Parenchymal cell type 2 (Pc,) has similar
cytoplasmic features as Pc, but contained a lot more mitochondria, and showed high density of
immunogold labeling with MoAb against rFgFABP. It may, thus, specialize in the storage and
metabolism of fatty acids and lipid molecules. Parenchymai cell type 3 (Pc;) has dense
cytoplasm containing large amount of ER, Golgi complex and mitcchondria, which were
distributed throughout the cytoplasm. However, it has very little glycogen and exhibited no
positive staining by MoAb. It could, thus, be concerned with the synthesis of fipers, which form
the scaffold supporting the parenchyma. These observations implicate that each type of
parenchymal cells might have different important functions, and that Pc, may be the primary
target for damaging affected by FABP vaccine. When mice were vaccinated with FABPcDNA
the average protection (worm reduction) is 55.88% in the intradermal group and 43.13% in the

intrarmuscular group when compared with the control mice.



1.7. Molecular cloning, characterization and localization of Fasciola gigantica 14-3-3 protein

Monoclonal antibody {MoAb) against tegumental antigen (TA) at 28-29 kDa range and
polyclonal antibody {PoAb) against TA fraction were used for screening the genes encoding
specific TA antigens. MoAb against tegumental antigen at 28.5 kDa was genus-specific, and
reacted with the corresponding protein in all developmental stages of the parasite. By
immunoscreening adult cDNA library with MoAb and PoAb against TA, a zeta class Fg14-3-3
gene encoeding one major protein in TA was picked up by PoAb, whereas no speicfic gene
encoding TA was picked up by MoAb. Fg14-3-3 showed high amino acid sequence identity
with 14-3-3 zeta class isoform from various species, including mammals (55.0-57.8%). A
phylogenetic analysis grouped Fg14-3-3 protein, Schistosoma faponicum protein 1 and
Schistosoma mansoni protein 1 in one cluster.  Southern blot analysis of genomic DNA
indicated that only a single Fg14-3-3 zeta class gene exists. Northern blot analysis of total
RNA from adult and 4 week-old juvenile parasites showed a single transcriptional product of
1250 nucleotides in length.

Fg14-3-3 RNA transcripts were found, by in situ hybridization, in NEJ, juveniles and
adult parasites; and they were distributed in the caecal epithelial cells, parenchymal cells, as
well as tegumental cells underlining the tegumental surface, but absent in muscle cells and the
tegument. Moreover, transcripts were detected in cells of the male reproductive organs,
including the prostate gland and testes, and in female reproductive organs, including Mehiis
gland, vitelline glands, ovum and cells in the ovaries.

The rFg14-3-3-BxHis-tagged fusion protein could be expressed in prokaryotic system
at the predicted size of 30 kDa. The rabbit anti-rFg14-3-3 was produced, which recognized
this native protein in various developmental stages of F. gigantica, including Met, NEJ, 4 week-
and 7 week-old juvenile, adult worm, tegumental extract at molecular weight of 22 kDa. And it
aiso recognized this native protein in the ES at a slightly smaller molecular weight of 28 kDa.
Fg14-3-3 showed cross-reaction with the native protein in other trematode parasite exiracts,
and in all mouse tissues with different inlensities and molecular weights. Antibody against
Fgi4-3-3 protein was detected in the serum of rabbits as early as 2 weeks after infecting the
animals with metacercariae of F. gigantica, and the antibody titer became increasingly

elevated as the experiment progressed over the course of ten weeks.
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Corresponding with the distribution of Fg14-3-3 transcripts, immunostaining with anti-
rFg14-3-3 showed the corresponding native protein distributed throughout the body and the
tegument, but not in muscle, spines of the tegument of adult worm, 4 week-old juvenile, NEJ as
well as Met. In addition, Fg14-3-3 protein was present in both male and female reproductive
organs. Because of its consistent presence in most parasitic tissues, and fairly low identity
with mammalian protein, it could be considered as one strong vaccine candidate. Eventhough
MoAb against 28.5 kDa protein could not pick up genes encoding TA antigens, it was shown
that 28.5 kDa TA antigen was observed only in the tegument, tegumentai cells, their processes,
and the tegumental-type epithelium. It was aiso detected in the cells of prostrate gland of male
and Mehiis'gland cells and cocyte in the ovary of female. This MoAb showed limited cross
reaction with similar proteins in Schistosoma spp., but not with Euryfrema spp. and
Paraphistormum spp. Therefore, this antigen and corresponding MoAb are quite specific to
Fasciola and Schistosoma spp. and thus may be a good candidate for immunodiagnosis.

1.8. Molecular cloning, characterization and localization of Fasciola gigantica eggshell proteins

Fascicla gigantica, as other trematode parasites, is a prolific producer of eggs. The
embryo develops inside the egg which is covered by a strong eggshell. Eggshell formation is a
crucial step in the reproductive success of this parasite. Eggshell formation appears to involve
the orderly formation of soluble eggshell proteins by quinone-tanning process. At ieast 3
structural proteins precursors of eggshell proteins are synthesized and stockpiled in vitelline
cells. One of these, vitelline B is the major eggshell precursor pratein that represent 6-7% of
the total protein in the mature F. gigantica, and it has molecular weight of 31000 Da.
Understanding the eggshell formation is important as it could be applied in the development of
new diagnosis and vaccine development.

cDNA encoding a complete eggshell precursor protein, vitelline 81, was cloned and
characterized .This cDNA had an open reading frame of 810 bp, and the deduced amino acid
sequence shared similarity with vitelline B1 and B2 from F. hepatica at 23% and 83%,
respectively. The mRNA transcripts of vitelline Bt was detected specifically in the vitelline cells
within vitelline glands.

Vitelline B1 protein was expressed in Escherichia coli as a His-tag fusion protein. The
recombinant protein was purified using Ni-NTA-agarose affinity column, and the apparent

molecular weight of recombinant protein was determined to be 31,000 Da by SDS-
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polyacrylamide gel electrophoresis (SDS-PAGE). Immunoblotting of this protein showed the
band at the same molecutar weight as found in SDS-PAGE when probed by anti-Flag M2
monaoclonal antibody and/or antiserum against eggshell precursor proteins.

Monoclonal antibody (MoAb) against this protein was produced, and it showed specific
binding to eggshell antigen at the molecular weight 31,000 Da in Western biot. In
immunolocalization experiment, this MoAb bound to the eggshell granuies and globules of the
developing, and mature vitelline cells in vitelfine gland, and in the eggshell of mature egg.

Thus, this MoAb may be used in immunodiagnosis aimed at detecting the eggshell antigen.

2. Neuroendocrine controls of gametogenesis and spawning in a tropical abalone,
Haliotis asinina

It was determined by dot-blot ELISA that the major neurotransmitiers and
neuromodulators in the nervous system, expecially the neurcganglia of H. asinina were
serotonin (5HT), GABA and FMRFamide. 5HT and FMRFamide were also present in the gonad,
while GABA was not. However, GABA was present in the epipodial tentacles. Prostaglandin E2
was present in both neural ganglia and gonad, while dihydrotestosterone and estradiol could
not be detected in either tissues.
2.1. Distribution of serotonergic neurons and fibers in the nervous systemn, and gonad

The neurons containing serotonin were immunohistochemically localized in the cerebral,
pleuropedal and visceral ganglia of Hafiotis asinina. The large (about 10x20 Km in diameter)
and medium size (about 7x10 Um in diameter) neurons of these three ganglia contained
immunareactivity to antibody against serotonin, while the more numerous small-size neurons
{<6x8 Mm in diameter) did not show this immunoreactivity. The large neurons had oval-
shaped nuclei containing mostly euchromatin and fong cytoplasmic processes, whereas the
medium size neurons, which could be neurosecretory cells, contained round nuclei with
patches of heterochromatin, and lacked processes. The serotonin immunoreactive cells were
concentrated in upper half of the medial edge of cerebral ganglion, the edge of ventral and
dorsal horns of pleuropedal ganglion, and the right latero-ventral edge of visceral ganglion.
The 5-HT cells were most numerous in cerebral (about 70/2300 cells per section), and
pleuropedal ganglia (atbout 120/2700 cells per section), while they were least numerous in

visceral ganglion (about 50/400 celis per section). In addition, SHT was present in nerve fibers
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within the neuropil of all ganglia. The present study suggests that serotonin is a major
neurotransmitter in the neural ganglia, with only the large- and medium-sized neurons involved
in the production and storage. In the gonad 5HT was detected in the connective tissue
trabeculae and capsule of ovary, especially at proliferative and premature stages, while the
testis exhibited only low amount of 5HT.
2.2. Distribution of GABAergic neurons and fibers in the nervous system and sensory organs
of tentacies

In the nervous system, positive staining for GABA in the cerebral ganglion was
detected in granules of neurosecretory cells type NS,. The total numbers of immunoreactive
cells were 27/1585 cells in a cross section of the ganglion. In the pleuropedal ganglion, GABA
was detected in the neurosecretory cells and the total number of immunoreactive cells in the
cross section was 11/2269 cells. In the visceral ganglion, GABA immunostaining was found in
neurgsecretory cells at 22/596 celis per a cross section. The GABA immunoreactive cells in
cerebral and pleuropedal ganglia were distributed all over the cortex of the ganglia. In the
visceral ganglion, GABA immunoreactive cells were found in the left lateral and ventro-medial
edges. Immunoreactivity to GABA in tentacles was observed within the cytoplasm of
neuroepithelial cells concentrated in the middie part of the papillae and in neuroepithelial cells
seatterred in the simple columnar epithelium covering the tentacles. In addition, GABA
immunoreactivity was also observed in fibers within the nerve bundle in the neurogit of neural
ganglia, and in the cores of the tentacles.
2.3. Distribution of FMRFamide neurons and fibers in the nervous system and sensory organs

of tentacles

Immunohistochemical staining with antibody against FMRFamide revealed the
presence of neurons containing FMRFamide in the neural ganglia of H. asinina, incluging
cerebral, pleuro-pedal, and visceral ganglia. And FMRFamide immunoreactivity was also
detected in the peripheral tissues, including gonad, atriurn, gill, intestine and foot muscle. The
immunoreactivity was detected in the nerve cell bodies located in the cortical region, in the
neuropi! of the ganglia, and in the sheathes of blood sinuses around the ganglia. The number
of immunocreactive cells per total neurons in the mid-ganglion section were 76/2000, 130/2500,
and 60/1050 cells in cerebral, pleuro-pedal, and visceral ganglia, respectively. Histologically,

the FMRFamidergic neurons constituted three types of neurosecretory cells (NS1, NS2, and
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NS3). In non-neural tissues, strong immunoreactive nerve fibers were detected in the ovarian
capsule, whereas weak reactivity was localized in its trabeculae. The other peripheral tissues
that exhibited immunoreactivity were the varicosed nerve fibers in the neuropils of ganglia. This
finding suggests that the cerebral, pleuro-pedal, and visceral gangiia may be the main sites of
FMRFamide production. The presence of FMRFamide in the gonadal tissues also suggests
that this amide may also be involved in the regutation of the reproductive process, especially
spawning.

2.4, Cloning, expression and localization of abalone egg-laying hormone (aELH) in the neural
ganglia and ovary

The recombinant abalone egg-laying hormone (aELH) of Haliotis spp. was expressed
as a fusion pretein with Schistosoma japonicum GST, termed GST-aELH, with mofecular weight
at 33 kDa. Anti GST-aELH was produced by immunizing rabbits with the recombinant protein.
The obtained antiserum showed immunoreactivity to both GST-aELH and GST protein.
Preabsorbed anti GST-akELH with GST recognized only an intense single band of
approximately 33 kDa which was the marked size of GST-aELH fusion protein but not to GST
band, hence the preabsorbed antibody was specific only to aELH. No cross-reactivity with
other bacterial lysate protein was observed. This result confirmed the success of GST-aELH
expression in the bacterial system and its purification process.

Iimmunoreactivity against aELH was detected in the fine granules of type 1 and 2
neurosecretory (NS,, NS,) celis, neurites in the neuropil, and blood sinuses in the connective
tissue sheathes of the cerebral, pleuropedal, and visceral ganglia. The number of positive NS
cells, and the intensity of staining in the ganglia, varied, and might be reiated to the stage of
ovarian cycle. At any stage, positive cells were most numerous in the pleuropedal, and least
numerous in the visceral ganglion. In addition, several cells of the statocyst and associated
nerves alsc exhibited the immunoreactivity. In the ovary, the most intense reactivity was
detected in the foliicular cells adjacent to mature oocytes, in granular cells within trabeculae
and the ovarian capsule. The cytoplasm of mature oocytes was also moderately stained. The
results indicated that the cerebral, pleuropedal, and visceral ganglia were the main sites of
aELH-producing neurosecretory cells. The ovary might also produce aELH locally and might

be the targel organ that was affected by aELH.
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2.5. Effects of serotonin, FMRFamide, prostaglandin E (PG;) and egg-laying hormone (ELH)

on growth, and spawning induction

To study the gonadal maturation and spawning of H. asinina, the stimulating effects of
several neuroendocrine factors were investigated. In this experiment, we studied the effect of
four neuroendocrine factors, including serotonin {(5-HT), FMRFamide, prostagiandin (PGg), and
egg laying hormone (aELH) on growth, gonadal maturation and spawning induction. For
spawning, administration of all four factors could induce the release of eggs and sperm. 10°
M 5-HT induced spawning in male approximately 2 to 4 hours after the injection, whereas the
release of eggs occurred at least 5 hours after the injection. As well, gametes were released
from both sexes at similar intervals after the injection with 100 ug akLH. injection of 10° M and
10° M FMRFamide induced spawning only in male. Sperms were released after 2 to 4 hours
after the injection. Injection with 10° M PG, caused the release of only sperms similar to the
effect of FMRFamide injection. Besides, the effect of 5-HT, FMRFamide, aELH and PG, on the
abalone body growth was studied in juveniles. In comparison with the controi group, the
higher body grawth (both in size and weight) could be induced by these four neurohormones.
The order of effectiveness in stimulating growth are 200 ng/g BW FMRFamide, 20 ng/g BW PG,,
200 ng/g BW 5-HT and 200 ng/g BW aELH, respectively. These results indicated that neuro-
hormones can play roles to induce spawning in both male and female abalone as in other
gastropods, and also stimulate growth juvenile stage. FMRFamide could stimulate somatic
growth while 5-HT and aElH fended to stimulate reproductive growth over somatic growth,
since the animals tended to be smaller in body size and reached sexual maturity earlier than
those receiving FMRFamide.
2.6. The process of sperm-egg interaction in Haliotis asinina

Hailfotis asinina, like other marine invertebrates, has a broadcast spawning followed by
external fertilization in seawater. High rate of in vitro fertilization has been attempted to improve
the production of seeding in other abalone species. However, the exact timing as well as
sequence of gamete interactions is still lacking. This study, therefore, aims to investigate the
process of sperm-egg interaction, especially their morphological changes before, during and
after fertilization. It was estimated that sperm swam through the egg jell coat, and became
bound to vitelline envelope with the occurrence of sperm acrosome reaction within 3 minutes.

Fertilized eggs extruded the first and second polar bodies in 8-10 minutes and then began
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cleavage at 20 minutes. The highest yield of fertilization (75%) was obtained when the ratio of
egg to sperm in the incubation was at 1:200.

The spawned sperm exhibited a very large acrosomal vesicle covering the anterior end
af nucleus in which condensed chromatin was tightly packed by protamine-like proteins (PL).
Electrophoresis and immunolocalization indicated that PL began to be synthesized at the
secondary spermatocyte step and increased in developing spermatids until spermatozoa. The
chromatin fibers were composed of 60-nm globules linked together. These fibers were easily
dispersed from the decondensed sperm nucleus by distiled water, implying that Weak
interactions might be involved in the packaging of chromatin. Sperm membrane contained
maijor bands of peripherat membrane proteins that ranged from 40 to 60 kDa, and integra!
membrane proteins that ranged from 30-60 kDa, and the most predominant of which was at 50
kDa.

The major proteins from the two covering layers of spawned eggs, i.e., jelly coat (EJ}
and vitelline envelope (VE), consisted of large glycoproteins at MW 107 and 178 kDa. EJ and
VE glycoproteins contained mainly glucose, galactose, and fucose as indicated by Western
blot and lectin. The large proteins (100-200 kDa) were predominantly present in EJ, whereas
small proteins (40-100 kDa) were expressed mainly in VE. Immunoflucrescence study
suggested that the syntheses of EJ and VE began in ovarian oocytes stage 3; thereafter these
proteins were sorted and accumuiated at the periphery of stages 4-5 oocytes, and formed the
fully stable structures in spawned eggs. By SEM and TEM, EJ of spawned eggs exhibited
meshes of thick fibers, whereas VE was a tough, dense envelope with anchoring fibers linking
it to EJ. The spawned egg has numerous lipid droplets, yoik granules, and small mitochondria
in its cytoplasm, but no cortical granule was observed. There was also extension of microvilli at
the periphery, which could be the site where the sperm was bound to and became fused with
the egg plasma membrane at fertilizing step. Germinal vesicle breakdown was also observed
in the spawned eggs.

Sperm acrosome reaction was not induced by EJ proteins, at the increasing
concentrations from 10 Llg/ml to 1 mg/ml, but the sperm motility was increased at 1 mg/mil.
Acrosome reaction was, however, induced by VE proteins at the concentration of 1 mg/mi. This

suggested the different roles piayed by EJ and VE.
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Parameters 1 DPI 4 DPI : 7 DPI 21 DPI 35 DPi 49 DPI
No. of Smﬂmomﬁom:mm\mzam_ 15 30 15 30 15 30 15 30 15 30 15 30
No. of animals/group 10 10 10 ) 10 10 10 10 10 10 10 10 10
No. of infected animal * * * * 10 10 10 10 10 10 10 10
% of infection * * . * 100 100 100 100 100 100 100 100 |
Vol. of 4.0,1.8, 456.0,
10.0, 11.0
hemaoperitonium/animal (ml) 0.5, 5.5, 8.0,890, 11.0, 3.0,
0 0 C 0 0 0 * i

0.5,1.0, 1.6, 7.0, 25.0,15.0

10 130
No. of dead animal 0 0 0 0 0 0 Y 0 Q 1 5 8
% mortality 0 0 0 0 0 0 0 0 0 10 50 80 |
No. of fluke recovery/animal * * * * 1,25 1,26 | 57,12, |6,22,18, | 6,4,4,4, | 13,11, 3,733 |6

9.7, 3 11, 10 10, 10 13, 19, 11

% of fiuke recovery * * * § * * 4777 44 66 4222 44.66 26.66 20 i
Mean size of fluke (mm) ~02x05 1.0x3.5 2.5x8.0 4.0x13.0

DPI = days post infection

* = BianunsndmBunosle
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Netunelunnassauas R WHaduRanwuragese Tudesiaswuserosanquinous fluid WianYadl
fibrino-purulent exudate Unaguuisa idegidiusuausnn dadsunainndrdniiann
Histopathology
o A r oo
a4 DPl wudtll migratory tracks %1 subcapsular area fanmuziuan (foci)
furirguanatelsziim 0.2 WU, ANNAWWL  necrosis  UBNIRARL  (hepatocyte) uRsH
hemorrhage
-:-l P . nE = lé} ' Ly
1 7 DPI (gﬂ‘n 1.1-3) migratory tracks ¥ subcapsular area ummm‘l,myﬂu Lﬁumﬂuﬂnmq
UTzanm 0.5 MU, ATINANWU necrosis UBNEREHL UAT inflammatory cells dauluniflu
] T 2 A
polymorpho-nuclear leucocytes (PMN) TIRONTDLAIE macrophage (gﬂw 1.1-3A, B) migratory
qj = ; i ar &
track MAnTunsuinazfnldfaemad macrophage WATWL multinucleated giant cells (foreign
body type) HaUneN track (§U7 1.1-3B)
- < . = s = 3
Wl 21 DPI (§U#1 1.1-4) migratory tracks faunauanssiuuaziauialugfiuaunszany
¥ o . ! . : :n' ca 3 1 ] =l
il lwitledu (hepatic parenchyma) figaunanawed liver lobe i tracks fiiaRndwlutgedinan
v Vol a o = ca o o o o
niwlndidesiumnadawend neluwueadidadenunsdiuaunan (GUA 1.1-48) tracks fuifin
neuaziinwiainndtuaznieludnlldiae necrotic debris, PMN, fibroblasts uazigeudnaswy
multinucleated giant cells (gﬂﬁ 1.1-4C, D} tracks UMW tracks ﬁLﬁmlu‘ﬁQﬁLL?ﬂgﬂLLﬂuﬁﬁQU
. ~ o t :.}4 <l <8 ?1 Qoo as [ fral o ' a 1
collagen fiber uaziinurpianasuinwianialineassalvilasiuuasinidnwaziiuies o Bl
HaRuATTY URxIN9TW granuloma formation il multinucleated giant cells etjnavuanitiy
o ] s puy . . o a '
MAUNIN (FUR 1.1-4A) a6 hepatocytes AiRansaLl juvenile flukes T tract A lusiazgnna o
WU (3U7 1.1-4B) hepatic sinusoid 381 7 central vein A218N519%103L 71 portal tract WU bife
duct proliferation Ua hyperpiasia ﬂ‘aaﬁ’ﬂmiﬂﬁ’\ﬁ (gﬂﬁ 1.1-4C) wazwy lymphocytes ﬂ::ﬂuﬂgj
L4 o o g ] a: o . . :’/ a}
[IUIUNIN capsule WEHAUMNAINULATHNITIWNAIIULDY fibrin WAZ PMN Tudiy capsule (gﬂm
1.1-4A)
1 1 }
\fia 35 DPI (3171 1.1-5) migratory tracks Hawalugdu Inadauaunnsillidunali
- o 4 o ) 4 o ¥ =i P |
inannsnatttliafudiu hepatic parenchyma LlNAUYIAYIA lobe (gﬁ‘n 1.1-5B) tracks ¥ILWILNATU
Tmsiszdaundwindidssimuiasonend nigluazifinlddon red blood cells (U 1.1-58)
o : . - X
149 tracks ﬁ"ﬂu’)ﬂLﬂnm’ma:ﬂ’]ﬂluumﬁﬁ‘m inflammatory cells Wl healing tracks WHHNTW
P i . A R I R o o i sl
wasiinaslensianad tracks HeglnatAusiunafldtommaioswuasiidantuzasers, wudal
sinusoid difatation 719 11I¥i9 lobe, WU juvenile flukes BERTINANTBINANIIAR hepatocytes i
< o ar | U 15 1 ] [ ﬁll
Masaain uarldwuanil infiammatory celis Apnsavagatitanuuiu (;Un 1.1-5D) u portal

. - T e . 1
tract Wu bile duct proliferation was hyperplasia MATUWIANWIN inflammatory cetls infiltration T
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doulunifluad lymphocytes PMN Lazimad eosinophils @11 macrophages HRMMIULRE 114
tract WU collagen fiber A4an39U capsule m’aaﬁ’wmﬁq%uumﬁnmﬁuﬁmmmm fibrous tissue
LAz lymphocytes Tt capsule unzudae (g‘l.f‘?]l 1.1-5B, C)

49 Fundafinide (gﬂﬂ 1.1-6) WU migratory fracks unauANAnefiang lobe Taemirin
tracks aRaluindnnatugign waemeludiullfegadidadenuns healing tracks i
éﬂmutﬁfimmn%uumﬁm%’amiﬂﬁ'u o portal tract WU bile duct proliferation Ua% hyperplasia i
inflammatory cells infiltration %\iﬁqu"lmggﬂm‘mﬁ lymphocytes WASWLLTAS eosinophils 411491
@ntieuacanet) (gﬂﬁ 1.1-6B) L4 portal tract WU collagen fiber WasnTuuaziinsdensiaii
ANz ad el lobules 180 7 TUIAFNS 9 fudaidneusiallsniasaaielnd hepatic
sinusoids FBUNANA1NNTL, hepatic capsule WU1G9 waswlediefaniuiuduosnn @
capsule UWGLLﬁﬁWUﬂ@JNL’E@ﬁﬁﬁ ”m:#m::‘umLﬁmﬁ‘ﬂgranulation e (hepatic parenchyma)
wieagtenn (gUT 1.1-64)

MSATIIMSLaRAINEN  (Hematological examination) WATNSATAAIAAY  hepatic

serum enzymes W% serum proteins LURINARAS

N15ATIINIIANAINE T

=y e =d 1 d“ 1 ﬂl’ <4 b 1 ar o
nspsaanaladinanaiienid1ars it aasunlamesdanlaun  9tiLeusy
WiaRanued (red blood cell count), AMTUAIUIULITARDAYYY (white blood cell count), N33R

ar '

Bunsdiadeaunidnuuu (hematocrit), neiaAdininatiu (hemoglobin), WazNTHLLAZ SN
siinindantn (differential cell count) TaenssaABEal

MsuUSIuILLALRRAUAS

nanden lutaaivifenliidiiuet e Beasatafenludnmdoy 1:200 win
Foennendenadin@anung (erythrocyte diluting fluid) Tne/ld automatic pitette  gpIRRAIWI
5 nlssdns ldluiendesadaienunsdnuon 095 ilasans naslidimdaeld vortex
Uszann 2 Wit antiumenfotaien dasnaudaadti hemocytometer AUHILATAZEAR F1fs
42 mﬁlﬁﬂlﬁmaﬁuqmﬁa thliiudaundasqansseil (ight microscope) Tneldiauding 10x g
aniiiude central square of the large 9 squares mnﬁmﬂﬁ!ﬂumuﬁmmﬂu 40x HUAUIU
SaRonuadly 5 Tosmeshaun 25 small squares ymsdudaResuneie 2 wiunes

hemocytometer

- £
@WH’JHLNQL{%@@LL@Q (RBC) = @WHQMLﬁmLﬂ’BﬁLLﬂﬁ‘V]\? 10 small squares X 10000

2
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MSUUTINIUAAARAT
nasdenluraanurenliidiiuet e Resninetsfenludngdiy 1:20 foe
b
WE1ReainRenI19 (leucocyte diluting fluid) Taeld automatic pitette gadanswIw 50
L
Lulasaas dluhe@earadaifantaaiuay 0.95 Jadans wadlidhiulneld vortex Uszunou
e 4 w . 4 oA v % o - M .
2 W AMIUNE AFAL 1 UAEATIIARRISUA98Y LU hemocytometer AuMslazazana Aenald 1 Wi
Welimaduyails drlihiudaandasqanssad (ight microscope) laglfiauding10 x dusuu
=3 P =J ’s’; o o (=4 : 1
HARAATIMNHNTN 4 ! (4 large squares) MINIHUIARSATIIN 2 Uriuaed hemocytometer

IMUNLIARBAT7 (WBC) = IMUIULIALABAT19YIY 8 large squares X 50

2

nsInsuasidmannuaIe ALY (Hematocrit, Het)

wtBumssinireawnsdnudulneds microhematocrit  man@an lunnfividantifidi i
121 capillary tube ANENUTENAGL 75 NaBuRT ruraduiiguinats 1 defmmnrldluion
waa 1Benwas iaes lwadinunlu capillary tube Tagr capillary attraction Tiaemiiaufinvaens
ﬁﬁlﬂﬂmﬂmﬂﬁqaﬁuﬁﬁﬁu A liiugnenaies micro-centrifuge AamZa 12,800 Tavsie
W% U 5 U dudnlinnendaderuasdauiu Iy hematocrit chart

msinadlulnaiiu (Hemoglobin, Hb)

nszinine193% cyanmethemoglobin ldsnetina@amBung 10 lulnsdng avluaisazais
Drabkin anas 2.5 fadans nanlidniulngld vortex dsvliigruugiivies bifnngr 3 wif
thi4n OD. # 540 nm 14 blank set “0” @1 OD ﬁ@"}ulﬁﬁ'}lﬂLﬁﬂuﬁunﬁ'\w@hmmg’m 184
Fluinatu azldaaninaiu vunadu nfu sia wdang

NS UNTRAIMARAT

ngzinlaeld thin blood smear, fixed 11 methanot W1u 3 Wil M l¥uisetnemad udo
fian blood smear Aa@dan Dip Quick (Clinac Co; Ltd, Bangkok Thailand) #imsduuazusn
windadantaliun neutrophil (segment&band), lymphocyte, monocyte, eosinophil, basophil
471191 200 A ANTIENWS 2 a2 ldAN retative value 1eauiniBe AT usAzaTiaaendy %

nNI5IAA" hepatic serum enzymes W& serum proteins

1 .. ] 1 4:’!’4 q; ar @ R 1 1 a
AN M4 clinical pathology TNUNTDINsAdugnianeliuinsdanlaaeiaulad serum
alanine aminotransferase (Alt)), serum aspartate aminotransferase (Ast), WRZ serum alkaline

phosphatase (AP) @ﬂﬂejtﬁfﬂm UAZNNTMITEAL fotal protein (TP), way serum albumin (Alb)
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N193MsEAL Serum alanine aminotransferase (Alt)

Spiiunnuaaadudesl alanine aminotransferase 'lumjmme%’miwmam‘imﬂﬁ%mfaq Reitman
and Frankel {1957) Toe) 14 reagent 189 Bio-Medical Laboratory, Thailand AN IINARBINTZAN

RINANTNA 1.1-2

o 1 . .
AN 1.1-2 MTUIAN serum alanine aminotransferase

Tube Test (ml)

ALT substrate 0.5

Incubate at 37 C , 5 W

BN Serum 0.1

Mix, Incubate at 37 C, 30 U7

A% Phenylhydrazine 0.5

. o o Wy - u ol
Mix, fevieldnanmnives, 20 und

WFis NaOH 5.0

Mix , fefialingnmgivied , 5w

1A 0D. 7 505 nm, Wriindu Faen blank 7“0 udninAn 0D Agwldiandienfunsm
189A1NIATIIU pyruvate solution (1 Alt substrate) i serum Alt Hutaeiilugiin sde ans (UL)
nNsINTERY Serum aspartale aminotransferase (Asf)
nsindinnmresdiudesd aspartate aminotransferase Tuirfsvinlaed59e4 Reitman and
Frankel {1957) el reagent 789 Bio-Medical Laboratory, Thailand aﬁmﬁﬂﬂa’mmum?’mﬁ

1.1-3



«f |
A9 1.1-3 NNTUAN serum aspartate aminotransferase

Tube Test {ml)
AST substrate 0.5
Incubate at 37 C, 5 117
s Serum 0.1
Mix, Incubate at BTOC .60 U
Wis Pheny! hydrazine 0.5

Mix Asitalingomniivias, 20 und

(A3 NaOH

5.0

L ']
ar

Mix, Asialdfgumgiiia , 5w
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1 i 1 | 2 ] 1
g11A1 OD. % 505 nm, MuUNNAUFIAT blank 71 <077 ua911 A1 OD. AdulMinueniungw

1R4A14IATYIM pyruvate solution (14 Ast substrate) I serum Ast Sivviasnfugiinsedss (UL)

MsInseAL Serum alkaline phosphatase (AP)

Tninnnududesl alkaline phosphatase Tuiinlae phenolphthalein monophosphate

method 1ot 14 reagent 124 Bio-Medical Laboratory, Thailand FRNINAABIRINANIIA 1.1-4

A U .
A19190 1.1-4 NTUAI serum alkaline phosphatase

Tube Test Blank

Substrate 1 drop " 1 drop

WA Distrilled water 1.0m| 1.1 ml
Incubate at 37 C , 5w

RN Serum 0.1 ml - -
| tncubate at STOC , 20w
lAn Alkaline phosphatase buffer 5.0 5.0
Mix

o J ¥ i . Jd . . .
AT OD. 91 550 nm, B4A1 blank 7 0”7 wAqtnAt OD. Peruldiruieudiunsiwaesan

HIMIFIU phenolphthalein Mien serum AP udaenflugiinsadng (U/L)
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n153m Total protein
SaBunounad total protein uiriuuesdndinaaaslag Biuret method tneld reagent 189

Bio-Medical Laboratory, Thailand 8Fn15MAsednumIeen 1.1-5

A19197 1.1-5 N1SUAN total protein

Tube Test (ml) Blank (ml)
Color reagent 25 2.5
WX Serum N 0.05 -
LAs Distrilled water - 0.05
Mix, AanidlAfigoamnivesun 10 il i

#1uAY OD. M1 550 nm, FNAN blank @1 07 udatndn OD. PenuldiuReuALNT WAl

HIRT total protein 1AAN serum total protein utenlu Nl Ae WdART (g/d))

nY53/ Serum albumin
Tadiunnees  abumin husfnsesdndvnaandiag Bromocresol green method Taeld

reagent 194 Bio-Medical Laboratory, Thailand RINARANTNRABS LWANTINA 1.1-6

o] .
AY919N 1.1-6 N1T¥IAT serum albumin

Tube Test (ml) Blank {ml)
Color reagent 2.5 25
WA Serum 0.01 -

g1uA1 OD. (MeTu 10 W) 7 635 nm, 4RI blank 91 0" udninen OD. Ranuliunuieuiy

NsMERIAINIRTEIU albumin 1A serum albumin Sutasiduniusiewdans (g/d)

=) o R
MITRATICNRTBYR
g :-i & : 1 o -3 5 ]
Tayafiliandnmasedis 3 ndu aviudirezinasiuuansiaaing ANOVA (pros hoc

test IneA31999 Scheffe) 7 p value < 0.05 WallauadtlANLANANAURLNTITHAATyn19RhiA

HRN1TNAADY
' =J s dl i o ] ] i 1 et a
F‘Y]Lﬂﬂﬂﬂﬂﬁ“ﬂﬂ}iﬂ%lﬁ@qﬂﬁguﬂwﬂLlﬂﬂ? HWARZNHH ’LHLLC’W@:‘H'J@LQ@'}T’HQW‘ AWITIHLIABTUARS

= \ Y - ot i
a1 1.1-7 wazaAn p value AlFannisiarziineis ANOVA waadlumnstad 1.1-8
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A151991 1.1-8 LARIATRANATN9atALneAE ANOVA whituineuAnnalaiipinen, clinical

pathology T=1i M MHaNARET Yid 3 NN TULARL ITEZINATBINNTNAREY

—

Time after | Significance (p)
infection Groups HCT | Hb | RBC | WBC | Eosin. | TP | Alb | Ast | Alt | AP
0 | 15 | 458 | .942 | .743 | 278 | 382 - - - - -
1 day 0 -30 389 | 896 | 361 | 993 | .382 - - - - -
15 | 30 | 986 | .713 | .774 | 229 | 1000 | - 3 - - -
0 | 15 | 953 | 995 | 1.000 | .188 | .862 - . - - -
4 days 0 | 30 |.5951.989| .101 | 999 | .133 - - - - -
15 | 30 | 771 | 999 | 098 | 174 | .296 - - g -
0 | 15 | 939 | .998 | .146 | 968 | 1.000 | 275 | 551 | 818 | .997 | .017
7 days 0 | 30 | 989 | .758 | 997 |1.000| .110 | 182 | 432 | .780 | .926 | .000
B 15 | 30 .9?5 694 | 100 | 973 | 110 | 965 | .062 | .407 .88_2_' 165
= | 1 .
0 | 15 |.097 | .815 | .724 | 446 | .000 |.927 | .020 | .043 | .000 | .000
21 days 0 [ 30! .716 | 911 | 342 | 028 | 000 | .278|.032 | .007 | .000 | .001
15 | 30 | 352 | 659 | 803 | 263 | .702 | .450 | .979 | .785 | .882 807 |
0 | 15 | 000 | 035 | 000 | 070 | 000 | 999 | 000 | 066 | 001 | 285
35 days 0 | 30 | .000|.000| .000 | 635 | .000 | .896 | .000 | .001 | .000 -. 058 |
15 | 30 | 212 | 150 | 519 | 312 | .665 | 905 | 371 | .166 | .026 | 637
0 | 15 | 000 | .000 | 000 | 039 | 012 | 588 | .076 | 027 | 000 | 291
49 days 0 | 30 | .001|.000| .000 | 655 | .012 | .B27 | .019 _2370 000 | 974

15 | 30 | 467 | 965 | 1.000 | 272 | 1.000 | .405 | .786 | .671 | .761 | .329

fanuuanaseiaiteddymendade p < 0.05
aguAnineant 0= AGUAILAY,
15 = nuit 183 15 metecercariae,
30 = nqu#i 145 30 metacercariae
Hct = Hematocrit, Hb = Hemoglobin, RBC = red bloob cell, WBC = white blood cell
Eosin. = Eosinophil, TP = Total protein, Alb = albumin, Ast = Aspartate aminotransferase,

Alt = alanine aminctransferase, AP = Alkaline phosphatase
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Un 117 useenoiSenifieudiedesasdayanismeaannalafisinen  ansuyuns

U

£
o

MADT V19 3 nziu“lmwiﬁ:'*ﬂf;qmmmmmquéuqmm?wmﬂm ladlanif 3 udenndmSnanedlisy
metacercariae ilefifusia eosinophils Tungudnimaaee1§7u 15 use 30 metacercariae e
ﬁqLﬁnqa‘%ummﬁﬁaﬁﬁﬁmnq"m@'umuqu Ltﬁ:é’mﬁmqﬁmuﬁu@ﬁm?mmm

udiadenuns, Bunadliinaiy, we Anfadeaunssnmiu lungunaaed sy
15 Uax 30 metacercariae ammrafmﬁﬁfm"hﬁcynfhn@umuamﬁﬂﬁﬂmﬁﬁ 5 @uéuqmma‘wmm

SusudinFonrnlungudniaaesiléiu 15 uar 30 metacercariae (HiEusENT
ednAyndnguacuaniidile i 5 '1‘1waéuegmm?wmﬂm

gﬂﬁl 1.1-8 menﬂi‘uﬁﬂmﬁﬁmmL@ﬁlﬂmm hepatic serum enzymes WRZ serum protein
AVBIMLUTHARND T a3 mju’mwiﬁ:‘dwLf;mma@mué’u@mmwmm dawBuudeniud p value
Tupns i 1.1-8 Wudnen serum alkaline phosphatase "Lun@'uﬁmd'wmmﬁiﬁé’u 15 uaz 30
metacercariae @mmtmjwﬁﬁ’aﬁﬁﬁmndwndumuquﬁ"ﬁﬂmﬁﬁ 1 URY 3 1BIATNARD

serum Ast UaT serum Alt lunduﬁﬂfwmﬁﬂdmﬁﬁ‘u 15 uaz 30 metacercariae Wrdugting
ﬁﬁﬂﬁwﬁmndqn@:umuquﬁd’ﬂmﬁﬁ 3 1ﬂqu§u23mmwmﬂm

Lifirnnuunnsinseenafiiodndnmnaaiiiresdn serum protein ludRfmAREIRs 3 Ngus
A1 serum aibumin 'luﬂfjuﬁ’mfwmﬂmﬁiﬁ%’u 15 ugz 30 metacercariae ArasRENITAIATINGD
nfjumuauﬁﬁﬂmﬁﬁ 3 ‘lﬂ@uéu@ﬂm?wmam

=]

upannipasalldduyguansmed 1 susceptibility senisiaewsndluldiu £

o : 4 ‘ o o ¥
gigantica Mgauanndvguan  uszuyund  gaihandudniveassiaunsnlimaiteivenaaey

3

o« (< o | - . a
Teduuaznagavenlel wiiasiansdnereda wyuanawed snnsnafngRAniusewendld

q

winly drvinldfutszdludndnaaauinanimagauspauls

L-Y- | d - -9
1.1.2. An1snaaaane ﬁnmmnﬁ?h'ﬁwmm@ammmﬂ@wmmuuymw
Iy Wistar rat tadg] a1e 5 AUanif aruau 132 A Taeutiadu 2 ngu nguil 1 49u0u 60

e A . . Y J . o X - v
B9, naN? 2 A7un 72 i1 WdRdnesewituuaana1nig 16 daluadaun1sAnmawans anndutian

fntl metacercaria U@ F. gigantica {neld feeding tube et 18
dnfnasaslungui 1 funguaduan 16¥Ua1saTane 0.85% NaCl Linnmdaas 1.0 mi
ﬁm%maaﬂunfﬁuﬁ 2 1#%U metacercaria 184 F. giganiica a1uiuf28s 15 metacercariae
@qn&ufiuﬁmiwmﬂ@auﬂﬂ%\iaz 22§ Taeimnannngud 1 41w 10 5, ngad 2 Suau

v A oa e e - & _ ,
12 fq Weifufaet I ufienan 1, 4 . 7, 21, 35, uar 49 Juuden 1siniae Days post infection (DPI)



Tefluntssiwsiazaie sinlddadmmaoiantaelian diethyl ether Aouauaay MN1stTN

& udnfuiegwdenainiivla Wennnimusiaiden (complete blood count) TG

Lﬁ'ﬂma‘ﬁmﬁ’] hepatic enzymes (alanine aminotransferase, alkaline phosphatase) Waz albumin

mnﬁfu@mmﬁmﬂﬂﬁua: lesion Aedenzein] eianeidy Tnefumnsdafnaseis 2 ngx

nANeAz 2 FU fix TuanTazae 10% buffered formalin uRawieninedinng iy WeRsAN1998

WENBANE ﬁa’uﬁm&"m:gnanLﬂu%mﬁnﬂummzmﬂ 0.85% NaCl emsaatiLsuauny?
MTILATIRATDYR

i ﬂl“ 8 T ?’ 1 o [ o =l :ﬂ‘ 1
mﬂuﬂﬂﬂmnﬁ’mwmmm 2 NQH @:QnmmqLﬂmzmﬁﬂumﬂmwammmLLmnmwm

o ar

Aaaelne14aid Independent T-test 7 p value < 0.05 ilTadAnynainviald
HANNINARDS
Rate of infection, mortality lLR% worm recovery (LLﬂmﬂuﬁm"mﬁ 1.1-9)
Wy dneRawend £ gigantica ”Luﬁmfiwmﬂmneiuﬁ 2 Fausidudt 7 sty Tnedidnm
nsfinide 0.16% @ 7 DPI, 58.33 % Lila 21 DPI uazisith 100% 7 35 uay 49 DPI sifinnsma

} 4 ]
TDIUYUIN ARBANIVIARBST 411U worm recovery §ega#i 35 DPI §ifn 17.33 %

< , X . .
AT19N 1.1-9 Rate of infection, mortality, and worm recovery in rat

Resuits 1DPI 4 [P 7 DPI 21 DPI 35 DPI 49 DPI
No. of |
0 15 0 15 0 15 0 15 0 i5 0 15
metacercariae/animal
No. of animals/group 10 12 10 12 10 12 10 12 10 12 10 12
No. of infected animals ¢ 2 0 7 0 12 0 12
58.3
% of infection 0.16 0 0 100 0 100
3
No. of dead animals 0 0 0 0 0 0 0 0 0 0 0 0
% of mortality 0 0 0 0 0 0 0 0 0 5] 0 0
1,1, 3.31.2 24212,
No. of fiuke
. 0 - 0 2.1, 0 34,2, ¢ 2,32.3.4,
recovery/animal
1 251 1
% of fluke recovery - 0 8.0 0 17.33 ] 15.76
Mean length of fluke
2.58 7.4 12.34
{mm.}

DPI = Days post infection
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Gross pathology

71 7 DPI WU hemorrhagic foci WUENAUENANILIZIN 0.5 - 1.0 TiaRWAT N 181
1931 Inenawizd left lobe WA median lobe VARV ARRINGT 2

7l 21 DPI wunnuzTeg migratory tracks Li'lumwﬁmmu%uﬁﬁqﬁuﬁmﬁw LazBunszany
Wt luS v unansesdiv

7l 36 DPI Wy migratory tracks PfnFud U e lugaL median lobe Uaz lef
lobe WU fibrinopurulent exudate ﬂﬂﬂ@u capsule UBNAL Tudaswiaswy serosanquineus fluid
tRunnuanias

7l 49 DPI finswdeuulaawileududing 35 DPI WA AN NINNNGA RRLE e
@7 median lobe Waz left iobe ﬁ*ﬁuﬁqmqﬂﬁ‘:wm‘m (groove) UAax cyst Fanneludl juvenile
parasite at] In1auadaidaulaieuas median lobe uaz left lobe unzfinsdnfnfiuzesdau right
uaT caudate iobe Wl wiRa A nUnd uaziaundnaudndes wu fibrinopurulent
exudate UnAgN  capsule  wewiuhuuten  nedundiuazinuaty Tutesvisewy
serosanquineus fluid W&z mild degree 1849 peritonitis

Histopathology

# 7 DPI wu migratory tracks i subcapsular area anwauzifiuanT futgudnaelrzunm
0.2 NARWNAT ATINANWL necrosis 989 hepatocyte, red blood cells LAY eosinophils A14U
Antiae (U7 1.1-9A-D)

#l 21 DPI migratory tracks HAUNAUANFNILLAY ﬁmmmlurﬁu nszaendintdu hepatic
parenchyma @9uUna1e1es lobe, tracks fiRaAnsuminz i undndlodAneiumnadaes
juvenite fluke Ne1lu track WU red blood cells R1UIUHIN (g'ﬂﬁ 1.1-9E), fracks fiAnAauazT
madnndiaznebudulildan fiorins waz inflammatory cells daulunjillu eosinophils
FAIANNIAE neutrophils (gﬂﬁ 1.1-9F), Migratory track (Mt) ARanausziinnAsuuaou
chronic inflammation (gﬂﬁl 1.1-9G), hepatic sinusoid 7aU° central vein ﬂmmn%ﬁmnﬁ;ju, ‘71'
portal tract WUVt BN (bile ductule) s find eI T ULz eosinaphiis 71U
AN (gﬂ‘ﬁ" 1.1-9H}, capsule PEIFLMUAF T ULAZT N TN uIuTeY fiorin uaz PMN Tudu
capsule

7 35 DPI wud1 migratory tracks ﬁﬂmmimg%u uasHaunaunnAteiuuazin gy
hepatic parenchyma Lﬁfam:ﬁ"fs%q lobe (gﬂﬁ 1.1-10A), tracks ﬁLﬁdLﬁﬂ%ﬂﬂﬂﬁmmmlﬁmmn
wasiianundalndideeiuruaanend melussfialiuéon red blood cells, hepatocytes

. i X s "
RaugaL juvenile flukes axgnnaiatdiubu, wu migratory tracks filfinturiey et inaifes
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L (gﬂ'?]l 1.1-108) Nl ssnausag macrophages, fibroblasts Wae collagen fibers (g‘i_lﬁ 1.1-
10C) WU healing tracks Fnnntuuasimsdensates tracks ﬁﬂﬁlné’Lﬁaﬁﬁu (gﬂﬁ 1.1-10D)
AT unnsRILAZIANILUsE, sinusold dilatation R lUvia tobe 999iu, 11 portal
tract WUl bile duct proliferation uaz U, eosinophils AMUIUHIN
‘ﬁ 49 DPI hepatic parenchyma Qnﬁ?mmﬁumn%u Wl migratory tracks ﬁmu’m&iﬂd’]ﬁu
sunlunfigedasuntieiznnn 0.8 fedwns melwfnlidon red blood cells, fibrin,
necrotic debris UR% inflammatory cells mﬂmytﬁu eosinophils (gﬂ‘ﬁ 1.1-10F), tracks ﬁﬁmﬁ;
wnnadiawadn i fibroblasts, cotlagen fiber Uay macrophages agnel, 7l portal tracts WU
bile ductules proliferation WAY eosinophils ANUIUNINARNTAL, capsule yasFLMNFuLALT
nsRNLBUAIYeY fibrous tissue WAY lymphocytes ‘Lu%’u capsule (gﬂ"ﬁ 1.1-10E), migratory
tracks Aenutnudaiidieiuiy doulinjazqnunuiidog fibrous tissues uaefim et
(gﬂﬁ 1.1-10G) i WiiAnwuzad iy lobules 2uAR1w Munaziinllaindninzdnd, hepatic
sinusoids TnAn$eRanaL, portal tract faunalungdusnnanelumwy proliferation ERLCAr
WNAEN bile ductules WiBNAL inflammatory cells Tedawlunjusznaudanisag eosinophiss fu
AIUIUNIN (gﬂﬁ 1.1-10H)

Clinical pathology

gﬂﬁ 1.1-11 uaasnsBeuifieuaradareddoyanissmanidadinine: ADIUYUTN #a 2
nféjm’LuLwia:‘ﬁqmmmaamuéu@mmwmm Han AN et ETEA Ay n1eanATed Auau
WinRane9, Wefidus eosinophils uaz Wafifus neutrophils

Snudadertaludnmasenay 2 daduetraililudrdyndangs 1 7 49 DPI (o =
0.00, gﬂi?‘i 1.1-114)

iwWefiiusived eosinophils ludndnasnanau 2 Lﬁu@ﬁu@ﬂwﬁﬁﬂﬁﬂﬁmndﬂmﬁu 14 21
OPI {p = 0.00, gﬂ‘ﬁ 1.1-11B) wdwandninaaadldfy metacercariae LLazﬁqquﬁuqq%ﬂﬂ@u
éuqmmwmm . wefifufaes neutrophils (segment) Tudminasaingy 2 Lﬁ'uqa%u@ﬁwﬁ

- o o o J o ol ra &
uaRIAUN 35 DPI (p = 0.00, gjﬂm 1.1-11C)  wazndutiudniiin 49 DPI waz wofdusaey

v
= ar o ]

. . R S b . -
neutrophils (band) luﬁmmﬂmﬂqu 2 WAHGITUaL NHUSRIALANWA 35 DPI (o = 0.00, gﬂﬁ 1.1-
110} llaudugantmnaes

laifipuumnavadiaiiud Ay waifses Ausuiiadanuas, Aldadanussdauii

serum Alt, serum alkaline phosphatase wa¥ serum albumin lTudndnaaaii 2 ngu
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d7UnaN1TNARRY
ﬂaj - = = ar = = all
UYUIN AWNTORIZRANENT F. gigantica O leeldnsansRane? 0.16% # 7 DPI
' o
58.51% % 21 DPI uaz 100 % # 35 DPI ua 49 DP)
% worm recovery §4qa¥ 35 DPI An 17.33 % wi laifinsenewes vyumasennimaaedl
I £ 4 1 ol pr o - 1 []
Aninnsaslungy 2 dnsuwdsuuasetingiiiudAyresrnia clinical pathology 411aw
4  parameters UATNITIANANUIUIAY  eosinophils AT AREATAUSNRUS UMW
1 k7 or
eosinophils infiltration Tu migratory tracks As¥iATsAudasiw 21 DPI naenauBUgANITvAREY
dll =l :Io c’i’v 5 t =l
WenFauPaunanmasasluafiiiunanimasesuususinef  wudugumm e
& ] = . . = . . d. = [l = .
AN AAneNS F. gigantica 1aEETINTNR (innate resistance) AgennAsliwmiziagld iy

model TuntsAneAasiunisRenens £, gigantica iavaaesipTuTaen

o <l o = Py
1.1.3. ?ﬁﬂ"l‘i‘ﬂﬁﬂﬂ\‘ltwﬂaﬂHﬂWﬂqﬁa’JQﬂﬂTﬂ’ﬂQﬂ’]‘iﬂﬂL%‘E]WEI']E’LH‘HELN']%%

L.

1 9

1y ICR mouse wwag ae 6 tlauf Aaunu 132 69 Tesutiadu 2 nan ngai 1 4u0u
60 i, mjuﬁ' 2 §uu 72 i WdnTaseusAsaaMs 16 falireunsfindane i ant
Uawsae metacercaria 189 F. gigantica Tmesla feeding tube lwaf 19

dnfnaaeslungsdi 1 Tunguasuay ldFLg1sazeny 0.85% NaCl U3urtusanaz 0.5 mi

ﬁmfmmﬂmlunﬁjmﬁ 2 10¥0 metacercaria 184 F. gigantica 1R uUFaaz 15 metacercariae

ﬁm%mam%&ﬂmneﬁmgmﬁummLLﬂ:LﬁurﬁTfmﬂw pfanz 22 Tngimnanngui 1
119t 10 §9, NN 2 41uau 12 M luszeznanuait AeafufuiUfoRifumyum

nsATERTas

i
1 =l

fayadl ldandndneaewis 2 nan g diamsifTauianmIARLANFNNe L

ﬂ’ﬂﬁﬂﬁmmmﬁﬁmmﬁﬁLﬂgﬂTmﬂﬁﬂaﬁ Independent T-test # p < 0.0

HRNITIARDY

Rate of infection, mortality LWa% worm recovery ( LLﬂm‘l,um‘a"Nﬁ 1.1-10)

yyaind Snafienend £ gigantica Wdndnanadlungui 2 Aausud 4 Duduly Tned
Sm31nn3AnTa 0.8% 7 4 DPI iAu:llu 58.33 % 7l 7 DPI uaz 21 DPI upz 100% 7 35 DPI

WUEATINNTANEDIUYIA UNgH 2 7l 35 DPI §1AN 33.33 % UATNLHAEMHAMAIATN 35
DPI susnemualuiui 40 udannsRada wi hemoperitoneal fluid Tudasiasreay wrdlunau 2

as

nndauazitBunasanfigaie 11 HaAANT 4139 worm recovery §9§A7 35 DPI JAn 26.67 %
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Results

1 DPI

4 DOPI

7 DPI

{mm.)

21 DPi 35 DPI 43 DPI
No. of
0 15 0 15 0 15 0 15 0 15 0 15
metacercariae/animal

Na. of animals/group 10 12 10 12 10 12 10 12 10 12 10 12
No. of infected animals 0 1 0 7 0 7 0 12 0 12
% of infection 0 0.08 0 58.33 0 58.33 0 100 0 100

No. of dead animals 0 0] 0 0 0 0 0 0 0 4 0 0
% of mortality 0 0 o 0 0 0 0 0 0 33.33 ¢ 100

6,1,1,8,1
Vol. of hemoperitoneal
- - - - - - - B6,11,7,2 Q0 -
fluid (ml.)
2,38
No. of luke 61,112
0] - 0 1,2 0 1,3.232 0 0 -
recovery/animal 7,472
% of fluke recovery 0 0 4 0 12.22 0 26.67 0 -
Mean length of fluke
0.736 1.36 46 -

DPI = Days post infection
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Gross pathology

7l 4 DPI wu hemorrhagic foci urnAugnawsznuiaandy 1 fadmmsiBiun veu
vein Tneawizfidrumiingad left lobe ﬂmﬁm{mﬂmmjuﬁ' 2

ﬁ 7 DP! WURNBUZAEY migratory tracks Lﬂuﬁ'\‘iﬁﬂamq (white foci) uazitlun1edanngng
Uszunns 3 TaRwAIfizewsiug median lobe uazidunszatadviludnmnatvesiudiy left
lobe

7 21 DPI WU migratory tracks Lﬂumiawf:ﬂmﬂﬁmwmmLe’ﬂum@us‘fnmeﬂsmwm 0.5
e saskeildnensdunnedennge 05 wuiwes ARELE LM wazduesluday
median lobe uar left lobe Au#IU right lobe AuANWY tracks Hun1ed@ena tudesiaany
serosanquineus fluid JiNitudniias

=

i 35 DRI FufigLineRRlUanUnR uasilouimdnaadntey In1idafiafuramn lobe
10390 FRAFUAMULLIAZAIEI median lobe uA left lobe ﬁﬁuﬁwgm:wm‘m (groove) WA
cyst Banerluil juvenile parasite ot migratory tracks fdneauzmileusuiwud 21 DPI wsiflaunn
tm::m’m;uu,?dmnnd’] ’Lu“ﬁﬂﬁﬁﬂdwue:erosanquineus fluid U8z mild degree 184 peritonitis

Histopathology
i 4 DPI wy migratory tracks # subcapsular area ﬁ’nwmuﬂuﬁgmj Léuchfg]uﬁnmq

sz 0.2 Aadwms nielulsznausag necrosis 189 hepatocyte , red blood cells Uas
neutrophils A uLIANIRY (FU41 1.1-12A-B)

] i P= "1 =l ar 2 .

7 7 DPI migratory tracks Haua lunjauuasdanmusilunid nezanadih il hepatic
parenchyma @9UNAT4124 lobe ATNNANNWU necrosis 984 hepatocyte, hemorrhage, WAL
inflammatory cells dauluajiflu neutrophils (3U# 1.1-12C-G) LazwU macrophage WNSWIY

X 4
NNAW UL tracks (317 1.1-12H)

= o a o & L e M [ o o ) )

# 21 DPI tracks Mmnaiiatulusiaziianiundglnatresiuaunndauas juvenile fluke
nelu track WU necrosis U849 hepatocyte FUIUNINUAEWL inflammatory cells daulmogiily
neutrophils (3U% 1.1-13A, B) track Afliiariauasiinisil@anwaruy chronic inflammation |

X y . e . -
portal tract ﬁ“ummiﬂmﬂu wufiau thrombus Tu hepatic portal vein T¥HNL hyperplasia 99319
UNRInALRN wazwy inflammatory cells doulueiflu neutrophils (3% 1.1-13C, D)
P ' , F= - P o ¥ o a -
7 35 DPI Wudn migratory tracks Huunalunyau uasiinsvnaneiladiifiauazyiais lobe,

oo e = . = " 9 = o o a o
tracks MRaiAuluddsnenjuinuasiaunilndimeasiusunadanend  nneluazifs’y
. . e < . =
A7t red blood cells, necrotic hepatocyte WA fibrin (g‘i_l‘w 1.1-13F) Wil healing tracks LWHHIN

X - = . A4 g e e & o ua o ar ey ) )
AULATHANTIIDNARNAY tracks W‘ﬂg‘lﬂﬂmﬂ\iﬂu ma‘ﬂummuummmLLﬂtu@ﬂ‘lﬁmw‘rﬂﬁ‘:, sinusoid
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dilatation Lﬁmﬁqlﬂ‘ﬁq lobe ¥84AU, capsule mﬂaﬁwmﬁq%mm:ﬁmmﬁuﬂ?mmﬁm fibrin WAy
neutrophils Tt capsule (gLI*ﬁ' 1.1-13E) T portal tract fnaReuulaamileusuinud 21 OP)
(gﬂﬁ' 1.1-13G) Lsﬂ:ﬁma‘Lﬁuﬁ'\mumfaq macrophage KA fibroblast (gﬂff; 1.1-13H)
Clinical pathology
31U 1.1-14 usnennBoudiausnaiorasdeyaniemssamaladisinen vaawysnd a2
nq‘u‘tuuﬁia:"ﬁmqmmﬂﬂmu%uqmmswmﬂm RanuuanswetiiedAgmisaiiizes a7uau
Wadanuad, unnudadaaupdauiu war a1uuindansnn
udiaidanuasuarBuindadesunsdnuiuludaimaseings 2 ansdetad

o a [ 1 1

UagnAtundInan 19 21 DPI uaz 35 DPY (p = 0.00, 0.00 1.1-14A, B)

& a

o ar

suudinidennludadimasesngy 2 AnIuaEnaiild)

ar

NIINEN 1 7i 35 DPI (p =
0.00, 1.1-14C)

3 1.1-15 wapensifuufieusiainsasdioyn hepatic serum enzymes A serum
proteins ABIUYKNE Wie 2 neg'u'l,mwiﬂ:ﬁqaLaawma@mquéuqﬂnﬂ?wmﬁ@a HAanuuansinaetine
JedAyvneaifivesiunnadudod Al uaziun albumin Tnefl 1 oaduded Alt lurgumes
dnfnaaesngy 2 WuAuacaiduddni 35 DPI (o = 0.049, 1t 1.1-15A) uaz 1B albumin
Turfnresdninaaengu 2 ﬁﬂmﬂﬁmﬁﬁﬁe@ﬁﬁmﬁ 35 DPI (p = 0.047, g‘iﬁi 1.1-158)

Agtuan1snaang

guind ansrsafiasiianad £, gigantica Ilneilanmnnsfinnetd 58.51% 7 7 DPI uas
21 DPI uaz 100 % # 35 DPI U 49 DP)

wWafidus worm recovery 44gafi 35 DPI H61 26.67 % dmsnnemietRvyng A0
33.33 % 7 35 DPI uazifli 100 % 7 49 DPI

dninaaaslungu 2 ﬁﬂ’l?tﬂﬁﬂuuﬂﬂsﬂ‘ﬁiwﬁﬁﬂﬁﬂﬁmmmﬁhmq clinical pathology 4711491
5 parameter LﬁﬂL‘LE‘EIULﬁﬂﬂuaﬂ’]i‘%ﬂﬂﬂﬂuﬂ%ﬁﬁﬁuNﬂﬂ’]ﬁ“ﬂﬂﬂ@ﬂutmuﬂLﬁlﬂtﬁLﬁ:W&LL?‘n Wun
wyand  fdanwanmnsofiazfiane'd F gigantica WRndvyum  usddesndnuyuaained
uananigamnmemelugend dangenndeindefiszeznaumiilssanniunussivees
wy b Snnmdn uaslinunsonusiensiindeldiiu 40 fu (HeldFumed 15 metacercaria)

InengidieuSaudeuiamnefianetsusssnsnemveafnmaassudanuduyumil
ATHATUINNUATNETINTIRA (innate resistant) g4gn uguammm’ﬁmmﬁmmuﬁwzgm WAZUY
wdfaouduniuegsziilunety fesnnnusnamefoieiagl duifusenisfionenitan
snnAeea i siastinn dnasaudaiy wignaazlimasaunseangvsredenls Tunnuziiny

wdanamunsaug mfunisnasaus AL
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0 < 0, o L d A
Amatunegidsznaunanisiquiaaaiia 1.1

g1 1.1-1

g1l 1.1-2

g1t 1.1-3

A. anwaulnd nenendnu ventral Tasuyuanamad WAL (ngx 1) uanwtiifiag
(ab) UAZOITEUNY (sC)
B. ANMMUENBUANA"Y ventral asuyuananad wAg 35 Tuuaalifuwen? (ngu

o 3 ] =3 o
3) ugANULNDY (ab) uazadnme (sc) Dournuaniniu adrasiulidn

wendanwrsismmanislutastes semyuanmnaidunafaamidan

A. Ayuassmed (ngx 1) uAReeTEnzAaARaNA

B. uynanapad (ngu 3) 21 Junasldfunans wu fibrinopurulent exudate (gnas)
Unmagquias (i)

C. wykananas (Ngx 3) 35 Fuudeldfuwens Wiu migratory tracks (m) Foaui
median lobe (Me) L&z left lobe (Lt) wazdl fibrinopurulent exudate () tnAguia
iy, 813 (sp) Howaladszunn 2 mnassrwedni

D. wyuangans ngu 3, 49 Tundsldfunans median lobe (Me) uag left iove (LY)
PEIFUHIUIARNAY HoNTeUBN13ITY Wanafastodin lobe fing - Wirnfiy

AUTIWIARNAUATRITTYTY

ANENFENINTBIFLTBIUYUENAIRET NaN 3 fifann é’mnﬁmaﬂﬁﬂﬂﬁﬁmmﬂ@
7 Jundslafunend

A. WU migratory tracks (m) Al Lgﬂﬁjuﬁu (c)

B. Wl multinucleated giant cells 1l foreign body type (g) ﬂy:?’auq migratory
track (m)

C. WU Juvenile fluke {J) ﬂgj’Lu Weiasy (hp)

- ar o o 1 CJ i o Ld
aanENTAMWITAUAaNATRiLMyLENaAas ngN 3 Tdanasaundasqariag
F77HAT W8 21 FUUAIF TN D

A v o X P o . |
A, WWAVHEIL (c) UWIRITUR LUBIRINH fibrin WAZ inflammatory cells dqu’l,my
£ 1
Usznaudae polymorphonuciear cells (PMN) Waiafy (hp) dsuluejdenini
B. d&unmiin juveniie fluke (J) dmauludu wadsulaasn (p) Jrurndnas

\Wiasanngnnagosfanend vinliARNIaaTUNAIadF9Y pressure atrophy
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g1l#1 1.1-7
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=l . =i . . B P ¥
C. Portal tract fruna lnojtunaluwuil profiferation uae hyperplasia 2189%8UIA
auedn  (b) wianniy  inflammatory  cells éaﬁqu’lmgﬂ?:nﬂué’qﬂwﬂﬁ
. & . o
eosinophils NFEANUDELTAL ) m’ﬂﬁ‘ﬂﬂqm‘u (liver parenchyma) HIUNARARY

e

é’ -dl n:’il’ &d [l o =l &
D. nwiuassnaulatusssaaiiofie granuloma agsdnaulnafmadting (g)

(Y

VANHLTAADE LTI UTALLANTEY granuloma

o

qanendaN wIasiLuYLanawes ngu 3 1eddudunacundeqarimiarain
e 35 SunddlEuwens

A. Lﬁﬂﬁuﬁu (C) wufaduann (iiesannd lymphocyte waz fibroblast AzfNa)
ATUIHN

B. migratory track (m) ﬁLﬁdLﬁm‘LmJ%ﬁmmm'\my netbudl fibrin (f) uaz Wa@RaA
wed {(RBC) azanat)

C. Hepatic sinusoid (S) ﬁ“umm'l.wﬁuLm:wun?:ma'lﬂﬁqfufq lobe, Lﬁ@ﬁuﬁu ()
WNFTY wazlesnaudeleiie Buawu uas lymphocytes

I lz EM! at
D. Juvenile fluke (J) thatfluiiaitiafiu

ANETBANNIBIA LU UENARDT NN 3 AunsdoundadaaviALiaTTien ie 49
FunaldFuwens

A. e (hp) cﬂﬂmﬁmmnmu’l,my@:gmmuﬂé’qa fibrous tissues (ft)

8. 1u Portal tract fi lymphocytes (ly) uax fibroblasts (fr) mmmgﬁmqumn LAY

) %’ o ¥
NAUNANTUIALRNAS (b)

nyuanIAmstafindnendeUsznaumie A1 hemoglobin, A1 hematocrit, AN red
cell count, wALAN white cell count ¥aUYuaNAMas 19 3 g Tulsazdanan

AUAUAANINARDY

UHAIAT serum proteins (fotal protein LAY albumin) WAL hepatic serum enzymes
(aspartate aminotransferase, alanine aminotransferase uaz alkaline
phosphatase) WianWiguuuanawes wa 3 nguluwsiazdavasiauuganis

NANDY
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NEBAN TN BIALTBINYITY Lﬁfaﬁqmqﬁqmﬁmﬂﬁﬂﬁﬁﬁum (fon H&E)

A-D, 7 DPI

A. W1 migratory tracks (m) ﬁlﬁlﬁl’aﬁuﬁu. LﬂﬂLéaﬁu (hp)

B, C, D. WM AeNugeu9InIn A migratory track (m) tsznausan wie
AR A LAY (RBC), necrotic hepatocytes AT eosinophils {eo)

E-H, 21 DPI

b

E. Migratory track (m) fiiiaiiinlusazizuialunl auguindanes Juvenile fluke
- | . . X 4 .
(J) uazdnnidAnuLl ALl acute inflammation, Wiaidadiy (hp)
F. neilus track wu fibrin (fi) uae inflammatory cells #aulunjitlu eosinophils (eo)
Wae neutrophils (ne)
b o o
G. Migratory track (m) ARafauszin1rAsuuLauuY chronic inflammation,
d 4 o
dieElafy (hp)
-~ 3 - ) ) - o .
H. Portal tract Hawslugiau nnelufl proliferation BasviatinAzuIAAN bile

ductules (b) wHaNiL inflammatory cells Fadauluejusznousag eosinophils (eo)

WENBANTNIBIALITBINLYUIN FotndedaayiAdassin (fias H&E)

A-D, 35 DPI

A. Migratory tracks (m) ﬁLﬁﬂ‘lmJﬁmmm’ng unz nrzaneasldludiunansres
lobe, Lﬁ'w‘j@ﬁu (hp)

B. Migratory tracks(m) fifisdulual uasiifnriou (gnes) wuagusnindihsiu
C. WEAINITNIENETAd track TiRARaulAW 2B.Usznandne macrophages (ma),
fibroblasts (fr) uw&z coilagen fibers (co)

D. Migratory tracks Rn3gauiBun avAINIT8NAuTIUIAEANGY (anAs)  ua
dansarufy racks FRa (m) ¥l architecture Tadudallainung

E-H,- 49 DPI

E. L?im’ijm'fu ( c) WinFTy Weeendt fiodn uas inflammatory cells #ulunj
Usznausag PMN , dadofy (hp)

F. Lﬁﬂgﬁ@ﬁugnv?'m'mﬂuu“mmﬂf’iﬁq WU juvenile fluke (J) ﬂgj'LuLi{'aL?'jfaﬁu (hp)
G. Migratory tracks AenutnudaRlddeduiy doulnojazgnunuiidan fibrous

. =l PR Y 4 o
tissues LATHNITANTIHIAL (§NAT), Laltaru (hp)
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