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As a serics of studies on the suitability as a second intermediate host of Clonorchis sinensis,
artificial infection experiments were applied to Tilapia mossembica. And then, in order to elucidate
the defence mechanism of the fish to Clonorchis, clonorchicidal substance in the epidermal mucus of
the fish was isolated by silica gel column and thin layer chromatography and analyzed for its chemical
structure by UV, IR and NMR-spectroscopy. The results obtained are summarized as follows:

1. The cercariae which attempted to contact with the fish in the water were observed under ster-
eomicroscope. After contact, the cercariae began to separate their tail from the body after several
minutes and then the number increased to 80% more than 10 minutes after the encounter. But very
few cercariae could actually invade the epidermis of the fish.

2. The fish were reared with Parafossarulus manchouricus which were shedding numerous cercariae
of Clonorchis in the aquarium for 24 hours. Only a few cercariae could invade the epidermis but most
of the invaded cercariae died out before forming their cysts. Very few number of the remaining
encysted cercariae were also found to be in a state of suspended animation within 42 hours.

3. In the cases of the control fish, Pseudorasbora parva, numerous cercariae of Clonorchis were found
to invade the fish through the epidermis under stereomicroscope. Then many metacercariae of Clono-
rchis were also found in the fish while they were kept in the aquarium.

4. A sample of the epidermal mucus of Tilapia mossambica was extracted with ethly ether 6 times
repeatedly. In silica gel column chromatography, using petroleum ether: chloroform/30:70(v/v) as a
first solvent and MeOH as a second solvent, the extract was fractionated into the yellow and brownish
red solutions in the first solvent and the clonorchicidal brownish yellow solution .in the second sovent.

5. The clonorchicidal brownish yellow solution was added to petroleum ether, and the mixture was
stored for 5 days at 5°C and was, then, separated into supernatant fraction and precipitate. Ten mg/
ml of the supernatant fraction killed, iz vitro, the excysted metacercariae in 45 minutes but the
precipitate in 600 minutes.

6. In silica gel column chromatography, using acetone: benzene/10:90(v/v) as a solvent, the more
clonorchicidal supernatant fraction was fractionated into the first fraction with Rf. 0.2966 and the
second fraction with Rf. 0.072. Iz vitro, 10 mg/m! of the first fraction killed the excysted metac—
ercariae in 28 minutes, the second fraction in 80 minutes and the first fration was, therefore,

determined to be a final clonorchicidal substance.
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7. By this purification procedures,

the most clonorchicidal substance from the epidermal mucus
of Tilapia mossambica was purified 71-folds with 0.2075% yield.

Infra red, nuclear magnetic

resonance and ultraviolet spectrometric analysis of the purified substance revealed that the substance

is linoleic acid.

According to the results of the present studies it seemed that this species can not serve as a proper

intermediate host of Clonorchis sinensis, and that defence mechanism to the fluke seems to be corre-~

lated with linoleic acid in the epidermal mucus of this species.
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<= el (Cyprinus carpio), 3-o](Carassius carassius),
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mossambica o] ¥k ATLEEREES HTsle 1 &
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ole] Ao Bl 2 30m! & jmdte) 5°Cel4 SHE
Kt Rtk B WHREG LRI RR%
Bk flEts BEmes TESIA. o RIFKY
B obAE : A /10:90(v/v)S] BEBEE
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Epidermis and corium of 3 kg Tilapia mossambica(August, 1986)
l Ethyl ether, 24 hrs(6 times repeat)

Extract
Evaporation

Remnant(66. 50 g)
(1,980 min/10mg)

Silica gel column chr. (0.2-0.5 mm)

First solvent
Pet. ether 30%
Chloroform 70%

Yellow sol. Brownish red sol.

Evapcration

Remnant(62. 387 g)

Remnant(2. 267
(1,080 min/10 mg) ¢ £)

(340 min/10 mg)

Evaporatioon

Second solvent
MeOH

Brownish yellow sol.
Evaporation

Remnant(1. 85 g)
(85 min/10 mg)*

Adding 30 m! pet. ether
Standing 5 days at 5°C

Supernatant fraction
Evaporation

Remnant (646 mg)
(45 min/10 mg)*

Silica gel column chr. (0. 063-0. 200 mm)

Solvent
Acetone 10%
Benzen 90%

1
Precipitate(1.2 g)
(600 min/10 mg)

First fraction(Rf. 0.2966)
(138.97 mg)
(28 min. /10 mg)*

!
Second fraction(Rf. 0.072)
(64.4mg)
(80 min/10 mg)

Remnant

Fig.1. Fractionation method of clonorchicidal substance from Tilapia mossambica.

* Clonorchicidal effect
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A3t cH(Rao, 1963; Colthup ef al, 1975).

BRAKE 54X 5L Varian 80 FT-NMR spect-
rophotometer & A}-£35}te] HiEME 0~9 ppm, spec-
trum amplitude 25, sweep time 250 sec, sweep
width 500 Hz, filter 2, solvent CDCls9] {E4ET oA
=2 314 =} (Giinther, 1980).
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EY-E &3¢ ct(Jaffé and Orchin, 1970).
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Table 1. Results of experimental infection with Clonorchis cercariae to Tilapia

mossambica for 24 hours in aquarium

Hours/days after Number of fish

exposure

Inspested Infested

Number of
larvae

Motile larvae Non-motile larvae

Encysted No cyst Encysted No cyst

Tilapia mossambica
Immediately
3 hrs
9 hrs
15 hrs
21 hrs
42 hrs
3.5 days
7 days
Total

0 00 00 0 00 O e
0w O ON KR~ WO

=23
W~

IN»PHNrIkl

ol I mom | ol
l
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Pseudorasbora parva
3.5 days
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Tilapia mossambicad] FFiiel wlgh FHEUREE

REES Moz 3ag Axd

ik B

3 ek

BT RS RS As RHT 4 9
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HE AR A e A Aog A4EE Hiie
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oh B e AX RlE GRER] BESH
SfEslel slgled, N RE AEEe T4
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g3l vk A7 B2 A Table 2
of A ubel o} Fipkel sHF AH AL B
=5He.2A 855 /10mg ol ek o] HZ=S5HE o
A st Q& HEE W AFAEE FEL
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Table 2. Time required for killing excysted metacercariae in the second step fractions
First solvent-Pet. ether:Chloroform/30:70 Second solvent- MeOH

@, £54el A = S ¥ olele) Hupm

Fractlons First Second Third
Colour Yellow Brownish red Browmsh yellow
Time for clonorchicide(min/10 mg dry weight) 1,080 340 85

Table 3. Time required for killing excysted metacercariae in the third step fractions
Adding pet. ether, standing 5 days at 5°C

Supernatant fraction

Fractions

Time for clonorchlcxde(mm/lo mg dry welght) 45 600

Precipitate
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Table 4. Time required for killing excysted metacercariae in the fourth step fractions
Solvent-Acetone: Benzene/10:90

Fractions First fraction Second fraction
Rf. values 0. 2966 0.072
Time for clonorchicide(min/10 mg dry weight) 28 80

Table 5. Purification of clonorchicidal substance from Tilapia mossambica

Step Total amount* Specific activity** Purity Yield
(mg) (min/10mg dry weight) (-fold) (%)
1 66, 504 1,980 1 100
2 1,850 85 23 2.78
3 646 45 44 0.97137
4 138 28 71 0.2075
* Clonorchicidal activity ** Time(min) required to kill Clonorchis metacercariae
2.5 3.0 4.0 5,0 MICRONS 40 70 80 9.0 10 12 14 16 20 25 35 50
100 : i S 1100
80
60
40
20
3000 3500 3000 2500 2000 1800 1600 1400 1200 300D 800 600 400 200

WAVENUMBER(CM™)

Fig. 2. IR-spectrum of final clonorchicidal substance of Tilapie mossambica.

&

9.0 8.0 7.0 6.0 5.0 40 X 2.0 1.0 0
ppm

Fig. 3. NMR-spectrum of final clonorchicidal substance of Tilapia mossambica.
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Tilapia mossambical) FFTiio] ol gt BHEUEER

Fogr ubel el Helojole] MEAE K dH =
HiH 66.504 g o 2 3-B) RRIKEBE /el A 138 mg
o] Dl’écsmiv% I R TS
B e (LESR BRSO M B
E!M I AHAHT REE BT (absorbance; A)
= 3.064, BIHE-S 228.7 nmo]tl,
AR AT fEFe Fig. 260
o] #H¥r 2,800~3,000 cw~t 2} 1,400~1, 460 cm~1 o]
73et slelz, aElm 720 cmle] 5 mlo]=7t Qlek.
E, 1,710 cm~1 ol 735k v]o]zae} olel [Hpkdl 3,400
cm=t 4ot 930 emt el = slo)mst gk, e
L, 1,650cm~t 8l 3,020 cm~' o] slo]zs} v},
BREEITS AP A5 Fig. 3¢) ey ule
7o) 5.3 ppm, 0.88 ppm, 1.12 ppm, 1.52 ppm, 1.98
ppm, 2.25 ppm B 2.75 ppm ko] ol =zt glTh

b uleh 7

hakel °T€ﬂ-°ﬁ 191048 gk 8BIZF Jragme] =
R L &S e Ade) w9 LK, AF
7h=] 109%e] Pk SES Y HokE 57 H=
Hlf A | AR wH(E, 1984), 2Edd 9
At e, %01 EH Y B FoRMEE &
e AL &+ ¢l

a7 7], B(1964a)3} 2Tl o] 2zl ZE F(1983c)
e Jrdzsh HifrieAd el ¢uX g8 iR A
A AR HFRH gEHES A KT
T+ 99"z
Bolo] Aty RS FTE4H-2 BEARE 348
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T A Aste e HARRCA A FRHRY HodilgmE
#HE o+ dohx skg e

51, R AR goklEa s ATER
BHe Sl ok 2 /NE1966)% sletn] (Zacco
blatypus) BN A3 HELHHLS 30H #EH 2
s3] B, Bty Aabsle] oF 100H el
T 2 AEEe] Addtdzn sigded, o F F9
73)4= Ao}, EvA ®) (Acanthorhodeus asmussi) 2

vt 23 (Acheilognathus signifer) $8pNo] A3 47

E @] Wb i gnh

#algdeh. 22z, H(1964b)2 olo],

ko]

BEihide 74k 1330, 1400 @ 70859 = s)df
Fo| g, JEWMSIF] A7std BrHol Azl =
gt 2 Frk Sobste) A 460H, FidAF 269
Bel =5 w4, st ubste] 7T0HY A%

of glolA e 58nte] Fol 4] 2mbelnte] WA, Abgsl
g4& B A e HER EEEE vz 949
otn st ek &, H2 olmE F $(1985)2 A
2] (Cultriculus eigenmanni) FHPR) A+ 30038 |

4, AAmstrl AlZsAat BpHe A =l 3
TXe] —ffo 2 Frkste 2] ofvel AERE

o {Hi8el whel Al stelzt ¢lo] 390H, 540H, 586
Hel =& #ieshdo] Abdsterl sbd 5960 =
94wu}e) &) sdfF Abakde]l 8.51%¢ A @k
o 4T 8l & AR KOEES 10.46
%9 BRS EErE oha 8o

olo} Z-L e cidt HEEE MBSty g B
2z SfEstAl ET=E gob. 47, E(1964bc)

o &ake] Fol, ool T4 HIRE HEHN RaMy
"1 #anﬁc’l #ER ZE BEe = sld, ZE 51979,
1980ab)-& o], olol, w7 (Parasilurus asotus) =-
o Az HGezie RAMHHS SHstrld)
ol 28 of.

Rife] o]z F 519808 QA AER Ao
szAy REWENEE MESEstd R 2 &
A SIS Satd FRbe o Rl
Yol FRFIIRITRY Adolsu 2ty B vt
o=, #F 5(1983b, 1987)¢ FHS HRME MK
i RAMHES MEsEse Rt R4
Y BRRKD A0S Tyt FRAe
g B BFEHyEoe] linoleic acidelm &<k =
BlaL, ZE 5(1983b, 1987)2 FHet o] F F(19
34)o] |ET vk gl Jole HRE MEezdH
T LU g BAERHS FAR 2 BRBERN £~
HERY AL o AES b9 ool BAMEHHE
ethyl linoleate 9J 2 & 4 dv}x dFgd o
3, Z£(1974) 2 Rhee ef al. (1982)-& =}l Aol
A BB S ggshde] AEH R g o Fel(Misg-
urnus anguillicaudatus), #7}A}e)(Liobagrus media-
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me] FodlEEEA del dExl AEed, A F
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Foll A o] EE A w

o 4

2} (Microphysogobio koreensis),
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Wi bR E REE € 5 glvke Aol A
BHgozs wkwlold] WM o3 [HRgEme
aEgsty]l A8 —Bew HUERE HBozd Wzt
slo} HEE WS Al 2= fiisld d=7x &
W Abgste AlElvl A @K g A9 zzetEo
2}3) st M BRAMBHES SEstd KR, B4
B2 BREARS XS E Bt RitkiRe
BT we Wt

Z, "zlslold] Ax" AN o6l = filiy 66.504
goz e Flido] M 7@ RS 0.2966 3L
M, HRME 138 mg(RER 0.2075%, WML 7140

+ gEsid . o, F S8 FR BERE M
e el 2 Mifidy 101.8 g0 248 Kilfko] s
7483k Rf. 0.225 38 54 918 me(lkE 0.9% ¥
B 15485 & Agslgdons datslols] Afnr)
= Mol I 2rt RiFstd e skl o

dele]ole] R MK ZYE 53k 2eEd
BEME R Ko 292 9ol 2,800~3,
000 em~t 2} 1,400~1,460 cm-t &) 733k alkyl group
o] slelzzt g, m, 720em™ 2] slola 4F4
methylene #71 d<4H 02 AR Q= EiEy &
AE Rt 1,710 cm~t e = carbonyl ol & 3
8l 24 slolart glom oo} FEke] 3,400 cm~t
o A3 M9 hydroxy &, 193z RY 47TH
KEEHES .2 Ve 930t 398 s]o]a¢
EAR HotA o] ERL FEM M@t A%
& g,

EZE, 1,650 cm=t 2 3,020 cm~t 9] slolmzl
C=C9 &A% Hrdrl. 94 carbonyl Fe] 93]
2 BolA ol mEEET HiEsY dA ¥z &
EEHA st lota & 4 ok ke, B
43 ko2 =eo] glvpd, o] slol= i 1,700 cmt
olstel vhElitelok & Zolth. Hf 2dEeh Y
HelHE B, ARSE o WEE 4 oA
methylenei 8 i 2 =] &= alkyl Zeof C=Ce} z¥]m
o] ZE#Ad A dAHA ¥ BEE AV
9) =+ (Colthup et al., 1975).

g, B4 A2 228.7mmo] A b
W slolzE C=C3} C=028) HFHEES Fuleatoh(Jafié
and Orchin, 1970).

BRERR 2 edd glolA 5.3 ppmo] ZEKE
Ak 4Ee] AF e AL & 7 gor, v
o]z ®mokom mFo] MHol o]FE AR AHBL
SAbEH, =g trans JRRBRA T cis MY LAl =
vk AR 2 mgel glelA 725 em~! §lx]q] —H
F4 o cis B &3Sl out of plane bendrs} ZA) s}
=z o9} Zg KFEY EAE ¢S5 kA
vk 0.88ppme] YElYE Slelaye 2 o)
methylene 5 Fulal R methyl ol &) g5t
1.12 ppm o)) = methylene £ KE/ el 9l
Methyl £E5 7o =2 AR o] $3] 4 methy-
lene 8] 4= 8fFoltt. 1.52 ppm, 1.98 ppm, 2.25
pom W 2.75 ppm 2] 5)o] 252 4fH9] paramagnetic
shift B 3§t methylene o] ] 23tel. 2 FollA 2.
75 ppm o] methylene = 5 Y ZEHE Alold
9l-8 w] &) chemical shift & 7Fxlz glvt. = 839
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L —E#S shtd A=l glE methylene B
Eoleh, FHiih 2N =g 4L HEdod —E
e S A shvEe C=0 & BEolnh. HBUELW
2A 2P T FEL C=00 o]%3 KFEE 2l
shejch. o8l ® 2, paramagnetic shift & 3 4fH
methylene # &= o] & 3] —EMHAY ol Xl Ut
(Giinther, 1980).

mah, BEEY (LB EEES Slstd #fF Aol 10
em 2] AlE)7t A #@EmEve e 1om AL
o] o] B4 Ehmsla 4omfro] wluk-g¥E NaOH
E BAAA 319 bandE ubEe] AxA|AvhE ¥l
A o7 EEAIZ vt o] Exo] NaOH bande] =HE
g gozz Eolzlm F4T

9 toltlEd F¥Adon FH4Y A Zod o
WHES HigRe RERT 18~19fel . =3,
I F A AEY RFESL C=CoFistn 1o,
o] & alolel w19 methylene #7t A g=lo] ek
28, ZEEAY T cisBo|th. o8 L T
2% B3.2 linoleic acid 8] zl3 {Hiliglewz o]
220 linoleic acid oft}.

Ao ®, ol e duis]ole] Hil Rbkl
B MBS EREE & 5(1987)0] Xz H &
B 1 WHY SRS —BdezHd delslot
o} HEY BEE BEWA EAste RS A
Bk B F—HHel linoleic acid o=}, s,
& 5(1987)9] Gz v Fol Rel ojold HEHR.]
&k FFEEpE-S  linoleic acidel] ethyl FErl 22
ethyl linoleate o] v}, ejm =2, olo], HF&K, Heisl
ol HARARAA HEHY FEorhlEE &5 &
+ qlor, FRdtel wd ol &EFHY FFEEE
o) % o] At e A& & F U

S,

®] w}u) ob(Tilapia mossambica)d) v gt FrHe] 4
—hlEEEeAY ®Y HEE RWsr 9 8
o2 A Fgd fTEmS =elsiol Hfked o
T ATRRTRS Tt 2 48 ¢ 5 geke
AL Wegs o o BFRBEe MHs] 4
st o EIEm Mo ENY Rl BHS MRS
Erslel MBS Sold o (BN BEE EET
MRT Eystd ohes) 2

1. VEERE T A delslol #iE HRELH
HBE WE o dder HRHERE #E B
Bt ey Relstrl AlFste Alzke] A

o] wel I Ut FUkste] 105 el = 80%¢
sy o s &4 -fulfFS &RlEEd Y
Zg A gEgale] RENE Adstz BN +ols
ot

2. detulol HAS BNAMAA HEHA 24
W B4 — BRHHE &HNE Ads
govt o ol FFe] WA Rtz ZERstdoH,
g BORE 4288 Bl A =% EEst
et

3. de}slole] HIEM MK ez mllphE o
# oiAle] (LB MET AH H=EREA S
AEE RERe daeveaeigsld Q2 2@
o MEMHE-S FFPRAS] BiELhH in vitroo] A E
B EBAA BAEBRE I 0t 2 T4 B

mEol Rf. 0.2966 28] Edo] thE Ao u msted
FabEol A5sbA M=,
4. delulole] MEEE e JdEz il ee.

50g o 2¥-¥l 138mg o] bk M
lex,
sicth.

5. MigkshAl g B siste R
BhE 2 BREERT SXSE ol Ssle  BHERE
#S 39w vk o] &AL linoleic acid & #HAE]
Seia

o 4be] FERAERE w] R Hel Halsleb: HAR
Fel A Fgkme] HodMEE €+
onl, 7 HIEE AR RAEMGE linoleic acid
4 2 BFRE At dvkw A,

e
o ek 0.2075%, o RSBUIEEL: 7iffel
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Legends for Figures

Figurcs shown are of fresh specimens of the larvae of Clonorchis sinensis detected in the body
of the fish, Tilapia mossambica. Magnification in figures 4 and 6 is 200 times and the remainder,
400 times.

Fig. 4. The long ellipsoidal cyst, 3 hours after the infection, measured 45.05x106um, and a
pair of the pigmented eyespots is exclusively observed. The posterior portion of the
cyst was degenerated into death.

The long ellipsoidal cyst, 21 hours after the infection. measured 79.5x143.1xm. Its

wm

Fig.
internal structure is impossible to observe except the pigmented eyespots and the thin
cyst wall.

Fig. 6. Irregular shape of the dead, 21 hours after the infection, measured 106 x185.5um. Its
internal structure is impossible to observe except the eyespots owing to the degenerated
reddish-brown pigment masses on the whole body.

Fig. 7. The eyespots are seen from the metacercaria alive and the size of the cyst, 21 hours
after the infection, measured 58.3x98.05um. It looked brownish in colour owing fo
the pigment masses scattered throughout the body.
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