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In vitro TOFHA B O BENES) & Y & DRfRICON
TiX, Rebello and Rico (1926) 23EDFAEH (Mac-
racanthorhynchus hirudinaceus ¥ X OV Ascaris suum)
THRELTUER, TTICEOBRENDS. HHEMich
3k, 1) HIRMBIEICE S LD (M, #HIE, 1950 ;
Tomosky et al., 1974), 2) ¥*F 7574 AV EHN
%5 %D (Rebello and Rico, 1926 ; Baldwin, 1943 ;
Chance and Mansour, 1949 ; #&R#, 1951 ; Natoff,
1969 ; ¥k >, 1979), 3) WAL T v ZF a—3— (fo-
rce-displacement transducer) M5 %D (Beer-
nink et al., 1963 ; #k 5, 1979) % E¥TH 3. e, &F
EHENORD L, HEOXES T 74 AVIETREIC
M c& s RBEER, TabbEKER (A, suum),
RFiE (Fasciola hepatica) 15 ¥ B —fHyThH o7z, Lh
U, B, 26 KBBERBOLEENLDY, v~V v
Mk B (Schistosoma mansoni) O HBRESICEHT S
HENESNH LTS, ZOFEMI, BINET
bBIW, FHEMICh, EEREMSET CARMICEIET
5% ® (Tomosky et al., 1974), /NEWMHDITENRFSFE
IEE (activity cage) OFEZIGH LA LD (Hillman
and Senft, 1973), IBA T v AT a2 —HF—2H 35}
® (Fetterer and Bennett, 1977 ; Pax et al., 1978)
BREIRVHDLNTND.

EHOSITAARFEMHE (S. japonicum), JEEAEMAR
B (Angiostrongylus cantonensis, Ac) 7% FEEEME
ERFED LFPIEICBE L BIER (ThoTE R (£,
1976 ; 8 - FFF, 1978 ; £8F 5, 1980). 4[E, =D

EARERKFEFEREHE

i

—IRE LT, in vitro TOHERES LY L DBERICD
WTOBERICEFR L. L, Thib/INEEEBREIC
DWTIZ, in vitro TO BEHESBFEILICE T 28HER
RIZZEAER .

X ZTARBIETIR, &Y, EFEARBEICGERLY 5
in vitro EBIEICOW TR 2L, ARMBIEER X
RT7AY b=v 7 + b5 2F 2—H%— (isotonic tra-
nsducer) EOWH & i+ 5 KBRER#ES, DV TZ
o 25E8% H v T, avermectin Bia (Av-Bja) ™
Ac 12T BitiEERREIER # IS Lico THES
5.

HHEBE L UHE

1. SEBRbrE

Ac 1%, EBRM Ac B5 v b (Wistar R, R
#3~6%H) OHBIRE X UCLE»SHHL, 35Cic
fRIE L7 Tyrode & TIEFKICEBHL T3 Bk E
BRicfik L7z,

2. EBRFTE

1) AIRMEIEYE: © Tomosky ef al. (1974) » < v
VAR RICOWTHE L FEkic xR E mx
7o. Tisbb, EESRWRESFNARE (E&2.2cm,
B &5.0em) 12, 1H:%494.0ml OERKEMZ, 35C
ICHRIE, SRIRASINATS T ORI Y s, 1, 1, 2, 3, 6
B L U24RF % 0 HERES & EATEMSE T TR L.
EEWk L LT Earle #%& (NaCl 6.8, KCl 0.4, CaCl:
0.2, MgSOs + 7TH20 0.2, NaH:POs - H:0 0.4, NaH-
COs 1.05, glucose 1.0g/l, pH 7.4~7.5) 2w, =
hicy < (10%), ==Y >G#HY ¥4 (100unit
/ml), WiEER bLv 7 b=A 2> (100pg/ml) EMMZ 7.
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R, FERENE, ERBOERFELL BN THRE
74> (1ml) 2EBRKLECHEB L. ZO&EHETT
1, RIE, ERFAAHBHENE CRERKELALE
LR LT, RO REIER L BEHE L
7.

KR OHEZ, BEOTHHO S FRES), BHO
EAREER X ORI OV bW % EEBIEE) O IHE I EE
T ERERBMEICEEM, & 5ICERALIENTREL 25
ok, T2 EEEBALE. Tibb, KO
IxREEZL.0, BERESOHMIT2.0 GEHRLD) B
XO1.5 BEOLD), Mfiliz0.0 GEHERLD) BX
Wo0.5 (BEDLD) L L. #FE, mkL LToOHE
3, %HRMES.0, BRI NG 2 FEMEOHKHIL0.0~6.0
Lrd,

YR ORI Y- TIX, HE—ERAMR, AE—
TEFI RS MAR 72 & 2ERL, HEoFBMEREE X
27z,

BB, FERITIT Ac OMERERE Rk vz

2) TAYb=v 7 « v I3 RFa—F—#:35CIC
B L7 ERE R L~/ X 2% (K& 7.0ml) I
WC—EDEHFITRE Lk B8hiESh%Y, 74V b
=v7 +« bIVARTa—%— (HFERE KK, TD112
S) BALCHIERTSE L. ERIKL LT, Tyrode &
(NaCl 8.0, KCl 0.2, CaCl:0.2, MgClz+6H:0 0.1,
NaH:POs 0.05, NaHCOs 1.0, glucose 1.0g/l, pH
7.9~8.1) Wz, KO EZRS BT, EBREK
ICIIEDER L EFE L.

7B, FERIZIE Ac DfRfkEH, ARSRM
0.8~0.9g, HENESHOMIERT 15~30F TREFK L 2.

3) I : avermectin Bia (L-686, 895-oop, Me-
rck) =i (M. A. Bioproducts), =V GH
VA (BR), BBA MV A vy (W), 20
ftt (AR Wz

XBEHR

1: Ac DHERESNCHT5 Av-Bia D4

1) AIRMEEREIC X 3Gt

AERTIE, FBREYD 5~ 7 hEEFni.

Av-Bia I2&V Ac DHEESIIHI S, BEOH
BRELK. ZoERANB XOERRBEERZ, wTh
LWEL X< LTz (Fig. 1). +7bb, 3.6
X10°16~3.6 X 10- M TIIEBSHIRREL, 3.6X1018~3.6
X10-°M TIIEERENAE L. BLFENET ST

DOFFEREIZ 3.6X10°M TIXER#% 15584, 3.6X
1011~3.6X102M Ti¥ 30~60%5y, 3.6X10-8M T ik
1~ 2K Tholk. Eiz, HHMEDL3.6X104M 0
BAIT 2~ 685, 3.6X10BM D Hi4 3 ~ 6 B,
3.6X10°16M DEA 6 B TENENDOWEEICRIT 55
KEBEZAE . IR BB mRRIC, £k
MERAITHEBRAZNL a4k LD FikiEr B
(Photo.1).

L2, Av-Bia OfERGEIER M O TIIEIEN
T, 24 E CTIRWTROBEEIZIBV T bR
HRBICR T, —EEOEE» AR N

3.0
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Fig. 1 Paralyzing effects of avermectin
Bia on Angiostrongylus cantonensis by the
visual observation method.

The relationship between concentrations
of avermectin Bia and its response (®)
and also the time required for the onset
of its action (O) are shown. Values are
expressed as mean+SE (vertical bars) (n
=5-7).

2) TAY b=v 2« FFURTa—¥—HEICL DK
Bl

TAY M=y « NFURF2—F—ix, HIRKE
BRI L1000 MR E 1. $abb, 3.6X
10°9M Tid 2 ~ 3R OBUEREIN I L A L HER
T LN, 3.6X10°8M LI ORI difk
DR X HEEBOMEIN A b, SERLRER
IEERT 5 ETIC BY 20T BECIKTFE LTRY,
3.6Xx10°8M TiZH1004y, 3.6 X 1010M TiZH1053 Th
27z (Figs. 2, 3).

WFERDBEICOWT b, SELEMERREER
U1 EF 2 Z £ WEBRKR TR LT L EEIR A
nigroiz.
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Photo. 1 Paralyzing effects of avermectin Bia on Angiostrongylus cantonensis.
Right worms were treated with avermectin Bia at a concentration of 3.6X107°
M for 15min. Left worms were not treated.

2. Ac 2% 3 Av-Bia ORiEMERREIER OREM:
iZBY 5 Bt

1) AIRMBIEEIC X 2R

Av-Bia ™ 3.6Xx1018, 3.6x1011 33X 3.6X10°M
DIIZ Ack 1 ~603HE, EKHEZTERWERKT
FOVEHFHR, ZOERIRF TOEBESHOEEY 1 ~24
Refichblc VB Lz, REBRICT, FBEYD 6 A0
Ac 2wiz (Fig.4).

EBR1 LERK, WThOBEOHEAED, RK~DER
RIS, HEOBBESHOMGIRA b (Fig.
3, OREfEOHE).

3.6X10 181 3.6X UM DL, IWIEDOBENE W,
FRERHPRVWEEBESOREIEL, EAEE
ERVWEREP TORERF P RWERFTH O,

—%, 3.6X10°M DA, 5 /L EOBRETITIEE
A EEEEBDORIENR A Sl h ol

2) TAVb=v s « NITUvARTa—F—EICX 3R

it

TAY b=y 7« T URFT 2 —F—EDOHIRREN
BWOT, RERTIX3.6X1014, 3.6X10° 128 L1 3.6
X10'10M (oW THRE L. Zh b0 EED Av-Bia
WA LA, Fig. 3 IKbRLizmil, Zhthiy
30, 203 X U104y TR B ERRE 2R LTz,

3.6x10'4M DH4 (Fig. 5-A) : 5 ~1053 D%

CHEE LA BEREBIOEIE A bhiz. L A
L, 6Rft%E TOBERBNICITEOEE AR
oz,

3.6x1012M D4 (Fig. 5-B) : 1 ~2.55DiRE#E
IR L7 BAITIE, 3.6X10°- 40P A L Ak BEhE
BOLDEENED bhic. L L, 1050RERICE
G LB AT EEIZED bhinholk.

3.6X10'1°M D#i4 (Fig. 5-C) : 2 53DRFEH T B
ELTHEEIED bhkhrolk

£ =B

FABOBEED L BhIE
FEBORTHBEST, FERBKICLOTRIEE
A TOFEMILA~DEE, FEREBORRL LD O
DTEERERHERF.

FremE»LAB L, ZOHBEBIIFERICLS
RE BRI, EARYE) L LTHDRZY, BH
OMER & ORRE EICENL 2D IS S, & ICE
HIRDEROE A2 L, FAEBRDO BEESHO IFH]
3, BRBMANR L EECEETS. Thbb, BREER
BR IR F A RO & 2> ORSFE 2 I+ 2 R AT
BRTH DN, L OHE, BEUOHEE LEE L &H
BRIT. kExE, BEFERTHOE, BEBHED
EEEEIC X BPEH, —H Mg v LS ER Thh

(27)
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°
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3.6X10714M w
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Fig. 2 Paralyzing effects of avermectin Bia on Angiostrongylus cantonensis by the isoto-

nic transducer method.

The upper trace (A) shows the control activity. Other traces show the motility of wo-
rms treated with avermectin Bia at concentrations of 3.6Xx1078M and 3.6X1071"M (B),
3.6x107#M (C) and 3.6x1071M (D). At the point of W, the worms were washed by

Tyrode’s solution.

i, BEIEBA~OMHIE, FhIC & HEBRITICE S
B ¥ ThH5 (Woolhause, 1979). Z DA, BEHR
WOER 2% 2 FERMOKEEL LTE, =3 ¥ —
BTN, FRETEME, UERRL EXED b0 L
Bbhs. ZhoOBENKTIE, BRMICITETES
OE], EIROBA LY L LTHDbR, BN, M
WICEBRBRORKER L b5, 62T, EYDOEEE)
BoOFELFEROASESFT 2ERATRAZ V—=
VTR LAY ORYEEROLOLEDNS.
Bl OEFRAIKE, FEAOT XX —RE,
FRATIMRE /r CICER SR RIEL, ZOEBESE
HE+ 5z L b Twb (Mansour, 1964).

AT, FEAROABESHOWEIEROFEL 12D

BRE, HEMASIC L LHARICEE TE S in vitro
EBRIT, BHEIEFEDO—T Fu—F L LTERENLD
rEZLNS. 2L, #E3kD in vitro EBRETII/N
A BREOME s BERESI % MiEIC BlE T ko
2. 2z THME, NEHFEBBCEHTES in vitro
FEREICOWT ORI E TR,

In vitro EERIEDKGT

43 WIBABIEEH:E, Tomosky ef al. (1974) 3
< vV AR O BERESICOWTHE LT B 5k
#%# L L. Table 1LIKEH LI, #5i1X37CI2
FHEL7=H 7 2 0 Lo hfko BENESH 2 1553 8L T
W3, E#E 513, Table lITRLZME IR, T4
bb, £, EBRK WHAEDEBIOREST T 4 vk
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Fig. 3 Concentration-response curve of
avermectin Bia in Angiostrongylus canto-
nensis by the isotonic transducer method.
Values are expressed as mean+SE (verti-
cal bars) (n=5-9).

CicBT2ITRICEY, EEREDOERRHICH 5B
PHBESICITRY L RAfEE L. £k, HEK
BirsgEom ic B35 Ik 7ok, Tib
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BORREIC X 2R OFMEDHEL, HEFIOHFE
EEIZ BT B REHEORER LICL D, KEMLE,
BE—EABROMER I EXFE L ko7,

RIZ, TAY b=y 7 « FFURFa—F—hizon
TR L. REEDOXES T 7 4 F L HETIE, SHEH,
FTirbb—ENES TICRE L IEAD HEhES 2 T
ENLUTHER EICHRE TS, £, BALNI VAT
—P—ETIE, BERME, ThbL—EORIICKELL
BEAOBBES % — HIE/ICER U COEIERET 5. it
2T, WA TIETFOREEERORRICLY, —FEH
TIHHBESE —HEAHICERT I Lick Y, WEL
LE /s HEESOEGFICITE S vy, SEEA LT
AV b=vr s bIURTFa—F -8, XTS5 74
A v LERROEREE (L) ZEERRZEGH T V=
DFEIC L Y EEEEOERLICER, HMiEE&FT 55
Th Y, /NEFEBREOMTc B BHES & HRE s
TE3. BE, ZOFEICOWTHEBRLERA L
B, Ac kb OIS EFEFLORTEIES LY, HE
CEREECERGT A LN TE (B85, 1981).
DHEZ, REE, FROFBILE & DR THIBAE

-
—

L, BRI Do TAT 3 IHEES O B3 X UK EBIEICEED DS, L LEIRRICOERR D, Lad sy
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Fig. 4 Recovery in the motility of Angiostrongylus cantonensis pretreated with averme-
ctin Bia by the visual observation method.

Worms were treated with avermectin Bia

Then,

at various concentrations for 1-60min.

they were washed and maintained in medium without the drug for 24hr. Values are ex-

pressed as mean for six worms.

(29)



15 min

1mm

Av-Bla
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Fig. 5 Recovery in the motility of Angiostrongylus cantonensis pretreated with averme-

ctin Bia by the isotonic transducer method.
Worms were treated with avermectin Bia at c¢
(A), 3.6x1072M for 10min (B), and 3.6x10710
were washed by Tyrode’s solution.

ERFEIC OB RFT LA TE I,

8, in vitro EREICHW S EREOERICEHL T
&, HLRMMMEA O TWELZATHSEA, F
EmfE ERAWNRLSCIVURELZITTHE. &
[N Ac IZ2WTiE, TEXRIITHEMAERRTITRD
~L, EBTHEERROBIRE T2l 25, RIRME
BT Earle 828, —F, 74V b=y 2”7 -+ 5
AT 2 —H—#TlE Tyrode IEHBBIFT Holz. Lo
L, AIRMBIEET, PEROERBNTRERRICHRZY
Btk T 57w, MiE, TAEWHES L OIRMPBET
Hoiz.

FERIROFBIRICIE, SHRBECKEORMEDH DL
nind, Bir2ERRLY 28K 0OEREL M
L, FEEHOR 7 Y —=v SieBnT—HAIC
fTisbh, BERREEbNRS.

Ac O HEREBNCKIT 5 Av-Bia DORE

RIZ, Zhb in vitro FEBRIEE v ic RIRRERG]
LLT Ac DHENESNZHT S Av-Bia DERZRL
BN D, RERBEOZYUMER IV in vitro EBRDOFEE,
BERLEE2ERLTHIV. Av-Bia 13 Streptomyces
avermitilis " HELNZ BERXZBRT 7 v &2 S0

(30)

oncentrations of 3.6X107#M for 7.5min
M for 2min (C), respectively. Then, they

EETHY (Fig. 6), in vivo THRARHE (Dirofi-
laria immitis) OFH, R#il (Ancylostoma cani-
num) g E@WEER RIS T 2RBRRIPBESAT
w3 (Egerton et al., 1979). &[ED in vitro FEBRT,
Av-Bia (X AIRAEIEE (Fig. 18XV Photo. 1) B
IVTAY b=y« b TV AT a—%—# (Figs. 2,
3) DWFRIZBWTS Ac iextl, DT IKEE:
b, BERFENEEREER 2T T LA HLM L
ot FTigbb, R, FIRORE = oDERER
BT ZLick ), EYOPHRL LV ERICBETS
ZLELK LY, Av-Bia DAL, WIRMBIRET
RIS EREE BREIcb2 ) BRitd 5z iz k
Y, El, T4V b=y« VT URATa—¥—TiZ
FEORR L ERE IS, FBWICERTZLick i
EHFREEREZRDZ L TE . LY, MR
IV IBE—BLIGEREB/LI LN TER. DI,
oW EHEE VY, hexylresorcinol, bithionol 7 ¥4
FEBEABR IR D Z N Z IR 2o L Sh b AR
HICHTIERERAT 2 L, BRI LDER S
gEhie (B 5, 1981). #65T, ABE in vitro T
FHEBOHEER) L K L OBREBET HIEREL L
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Table 1 Experimental system of visual observation method

Authors

Tomosky et al. (1974)

1) Objective worms: Various worms including Angiostrong-

ylus cantonensis and Schistosoma japo-

nicum
2) Vessel: Test tube (2.2X5cm)
3) Medium : Earle’s solution (pH7.4-7.5), 10% ho-

rse serum, 100 unit/ml penicillin G po-
tassium salt, 100 pg/ml streptomycin
sulfate (4 ml/A. cantonensis)
Liquid paraffin 1 ml
4) Period and tempe- 1/4, 1/2, 1, 2, 3, 6, 24 hr at 35 C
rature :
5) Estimation:
Sites observed: 3-4 (different portions)
Criteria: Estimation at one site:
Control activity: 1.0, frequency of
contraction, conditions of aceta-
bulum and so on
Increase in motor activity: 1.5
(moderate), 2.0 (marked)
Decrease in motor activity: 0.5
(moderate), 0.0 (marked)
Estimation as a whole worm:
Control activity: 3.0 or 4.0

Observed activity: 0.0-6.0 or 8.0

Sc/zistosoma mansont

Covered glass dish (thermostatically
controlled slide warmer)

75% horse serum (2 ml/S. mansons)

15 min at 37 C

1 (over a whole body)

Control activity: + frequency of co-
ntractions (60-90/min, 100%), condi-
tions of acetabulum (adhered to the
surface of the dish)

Increase in motor activity :

H (moderate) : frequency of contra-
ctions 130-150%

# (marked) : frequency of contrac-
tions 160-200%, acetabulum (ad-
herence was observed only occas-
ionally)

## (very marked) : frequency of co-
ntractions more than 200 %, ace-
tabulum (no adherence)

Decrease in motor activity :

+ : frequency of contractions 10-70
%

— : frequency of contractions less
than 10 %

THRF/ICHERLY Z b0 LEZLNS. G, L
§ A I ER T X B in vitro EBRTEHBELIED
BEZ RV —=v 7752 LIIEHERROTRENEL

Ew, in vivo EBROFREE DI LD LEXOND.
2EE LY, in vitro EBRTH LN Av-Bia DOFEiE

BREERD D Ac BT v Mxd 3 BEREE L TR
L, FHE in vivo TOFHRGBEH LA TNS.

Wiz, FEERAWTITR2ERT, Av-Bia OEH
DEMEHALI,IZTE. Thbb, Ac iIxtL, Av-

Bra IZEFEHTIZARNAS, FEREEOEMERREIEMA 2R
FZ LB Lh Lok (Figs. 4, 5). FFtkfER®
HOUCHELBRERS I OEARRZ ELHLNICTE
2, TOXdD BT in vitro EBRTOHBIEAIEER
LDOTHD. ThoLDHRAE, in vivo EBRTD Av-
Bia DA&GNEIE, bbbk, o7, MmHsE, Bk
W i 5mA L prERETT T, Av-Bia 05
Fik, BEEZECHL BRE BEIBELAETHS
5. in vitro EBRTH LN ZEEHIRIER DR, RIIHE

(31)
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OCH,

OCHs

Fig. 6 Chemical structure of avermectin Bia.

FrEICHT2 20X AL, in vivo ERICER
BERNVEEZ, OWTR, EVEHTLYLLHED
BB BIEOBREE LU EDFEREIC W TDEREE
25bDLEZDRS.
#®

INEEEBEO BBESICRETEEEYOER B
g 2D in vitro EREICHRIEMZ, 2WT,
THHDHEEHWT Av-Bia ® Ac o3 5 ihigik
BREERZ RE L.

1) {SkoREMBREICEAZREMX, RS
Bk E B (Yo~ 24050 ITbz Y BREHT 5 2 & A3
"L ol ¥, FMET—F OEELiCX Y, KE
Wi, FIE—(ER iR EOERINTFREL 2 D, Y
RHEC B B EEMA E LG T LN TER.

2) TAY h=v 7« b FVRTa—F—FEDOHEAIIC
LY, ANEEEBEORTME s B EHES) 2 BRI ER
BT sZ L TER.

3) LR 2FEEHATILICXY, L DFLLE
B BERES) L Y & OBIROBREHIRIREMELS D bh
7o, ARFFETIEEO—HFIL LT, Ac ®HBESICRT
% Av-Bia ORI, 3.6X10°18/81 L3.6X10°16
M WO REBEN D, FtEOMBMEREER % R
ZLEEHALMMNILE.

S

AFENDEEL, FHOBABAFERESEHAEAET
BERLIL.
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STUDIES ON CHEMOTHERAPY OF PARASITIC HELMINTHS(I), ON THE IN
VITRO METHODS AND PARALYZING EFFECTS OF AVERMECTIN
Bia ON ANGIOSTRONGYLUS CANTONENSIS

MoToHITO SANO, MAMORU TERADA, AKIRA I. ISHII,
HIDETO KINO AND MICHIAKI HAYASHI
(Department of Parasitology, Hamamatsu University School of
Medicine, Hamamatsu 431-31, Japan)

The in vitro methods were devised to study effects of drugs on the motility of para-
sitic helminths, especially of smaller ones. Using these methods, the effects of avermectin
Bia on the motility of Angiostrongylus cantonensis were studied.

1) By improving the early method by visual observation under a light microscope, it
became possible to examine many subjects at the same time for long periods. And by quan-
tifying the data obtained, it also became possible to study the relationship between doses of
drugs and the responses to drugs or the time required for the onset of drug action.

2) By the use of the newly devised isotonic transducer (TD-112S, Nihon Koden Co.),
the faint motility of smaller worms could be successfully recorded with a high sensitivity.

3) Using these two methods, it was shown that avermectin Bia at concentrations of
3.6X10°18 M or more (by the isotonic transducer method) or 3.6X10°16 M or more(by the visual
observation method) caused a sustained inhibition in the motility, with a relaxation in A.

cantonensis.
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