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Table 1. Mean worm recoveries from five rats

infected with 50 Paragonimus metacer-
cariae per animal*®

No. of worms

. Worm

Weeks after No. of rats

infection infected Ea;_gg:vse.rgl) ::f:v(e%%
Ist 2 18.0+1.0 36
2nd 2 19.5+1.5 39
3rd 1 10. 040 20

* Paragonimus metacercariae were inoculated per
os into the rats.

+ The whole bodies of rats, from which the viscera
were removed, were minced and incubated in
0.85% saline solution at 37°C for one hour for
the detection of excysted worms of Paragonimus.

Table 2. Yield of rat perltoneal macrophages (M¢) according to stimulators employed

Supernatant cell count ( # /mm?)

. Experiment Difference*
Stimulator p
No. Before culturet After culture (# M¢/mm?)
Mineral oil 1 1,250 650 600
2 2,800 1, 000 1,800
X+S.D 2,0254:1, 096 8251248 1, 200849
Oyster glycogen 1 2,750 600 1,250
2 1, 300 300 1,000
X+S.D 2,025+1, 025 4504212 1,1254177
Freund’s adjuvant 1 5,100 2, 550 2,550
2 3,650 2, 600 1, 050
X+S.D. 4,375+1,025 2,575+35

1,800=£1, 061

X+S.D. =mean+standard deviation.

t In order to enrich for macrophages, the peritoneal cell exudate was cultured in plastic petri dishes and

processed as described in Experimental Procedures.

* Difference between “before culture” and

“after culture”
number of adherent cells (macrophages) selected.

counts represents an approximation of the
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2. WA 2Z HAHZE XIFH (stimulator) 2] M
Ade] A e QAL AFAE AL 3o
mineral oil (Sigma Chemical Co.), 1% oyster gly-

cogen/HBSS(Type II, Sigma Chemical Co.), complete
Freund’s adjuvant (CFA) % 3%-& dlsle] A3
© v} mineral oilel A ¢ Wl k4 MEM/FCS mm®%

BT 1,200 A AES} WEE s, oyster gly-
cogengl 7% 1,12570 ¢ g2 A x5, CFAql 7ol

= 1,8000 2 A A Zoh wiokE o] gAANE A4
Apute g wol CFAYL 7t4 & AFAZ FH
o} (Table 2).
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Table 3. Cell adherence and death of excysted metacercariae of P. westermani after an 18-hour culture
with immune sera collected from rats at one-week intervals®

No. worms

No. and (%) of metacercariae

No. and (%)

Week Effector systems of dead
observed with>5 cells Totally covered with cells metacercariae
1st NRS+M¢+Mc 6 0 0 0
IRS+M¢+Mec 6 2(33.3) 0 0
IRS+-MEM+Mc 6 0 0 0
MEM +Mg--Mc 6 0 0 0
2nd NRS+M¢+Mce 6 0 0 0
IRS+Mg+Mec 6 6(100.0) 2(33.3) 1(16.7)
IRS+MEM+Mc 6 0 0 0
MEM+M¢-+Mec 6 0 0 0
3rd NRS+M¢+Me 6 0 0 0
IRS+M¢+Mc 6 3(50. 0) 1(16.7 0
IRS+MEM+Mec 6 0 0 0
MEM+M¢+Mec 6 0 0 0
4th NRS+Mg¢+Mec 6 0 0 0
IRS+Mé+Me 6 3(50.0) 0 0
IRS+MEM+Mc 6 0 0 0
MEM +M¢+Mc 6 0 0 0
5th NRS+Mg¢+Me 6 0 0 0
IRS+Mé+Mc 6 4(66.7) 0 0
IRS+MEM-+Mc 6 0 0 0
MEM-+M¢+Me 6 0 0 0
6th NRS+Mg¢+Mc 6 0 0 0
IRS+Mg¢+Mec 6 3(50.0) 0 0
IRS+MEM +Mc 6 0 0 0
MEM-+Mg+Mec 6 0 0 0
7th NRS+M¢g+Mec 6 0 0 0
IRS+M¢+Me 6 2(33.3) 0 0
IRS+-MEM+Mc [ 0 0 0
MEM +M¢+Me 6 0 0 0
8th NRS+Mg¢+Mec 6 0 0 0
IRS+Mé¢+Me 6 2(33.3) 0 0
IRS+MEM+Mc 6 0 0 0
MEM+M¢+Mec 6 0 0 0

*# NRS=normal rat serum; IRS=immune rat serum; Md=macrophage; Mc=metacercaria; MEM =minimum

essential medium
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Fig. 1. Antibody-dependent adherence of rat peritoneal macrophages to the excysted metacercariae of P.
westermani. (A) in the presence of macrophages and sera from uninfected normal rats, the
excysted metacercariae appear normal and cells do not adhere to worms; (B) in the presence of
sera from infected rats and macrophages, cells adhere to the surface of worms; (C) blebbing of
the tegument with strong cell adherence reaction appears on the surface of dead worm, in the
presence of sera from the rats 2 weeks after infection. (x100).



Table 4. Cell adherence and viability of juvenile
worms(=adolescariae) of P. westermani
in various effector system*

Adolescariae and No. and(%)

Metacercariae s 1.1:. of worms
Effector systems T Viability a"(‘l’}fgefclel
IRS+M¢+ Adol. 5 0 100 0
NRS+Mg+Adol. 5 0 100 0
F.NRS+M¢+Adol. 5 0 100 0
IRS+Mé¢+Mec 5 2 60 5(100.0)
NRSHM¢+Me 5 0 100 0
F.NRS+M¢+Mec 5 0 100 0

*1) M¢ suspension; 5x 108cells/ml

2) Worm suspension; 5 worms in 1 ml of culture
medium,

3) IRS was collected from rats infected with 50
metacercariae for 2 weeks.

4) Effector systems; 1 ml of M¢ suspension+1 ml of
worm suspension (5 worms) +0.5ml of serum
samples. Systems were incubated for 18 hours.
(IRS=immune rat serum; NRS=normal rat
serum; F.NRS=normal rat serum without heat-
ing; M¢=macrophage; Adol. =adolescaria; Mc=
metacercaria)
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$9F25 ¥4 tegumental ridges} Z w28 tegu-

mental syncytium® Z 3 W] ®] 2] basement membrane
o7 £#4e 9z mitochondria®t small ovoidal

dense granuleo] AkAla] A 3lt}h. Tegumental syncy-

tium 3} 2 longitudinal muscled} circular muscle
Zo gz TA45%4(Fig. 2).
Effector system ol A] o 247t St wlok=d A

£ Sag Az AED Aele] fuzzy material

o] dAxe] 919l et dense granuled H AL AT
4 agis(Fig. 3). W¢ ¥7318 hode T2

pseudopodia® W & HAAEs FAAAZ FA
Erlo] A A9 tegumental ridged F2E 5 ¢4
o1 dense granule5& A& vesicle2 £ 4ol
A8 FAe B Fig 4). o @ FAg HHAE
Abol 9] fuzzy materiale # A3 Fsstdz ¥ A
AJAE AxA W= phagosome-like vacuoles] -7}
Z/htd 23l o (Fig. 5).
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A atgd e 229 7 9o] & tegumental syncytiumst
muscle layer® <128+ tubular tunnels) ¥ &
A Ao)gl onl syncytium® v AFzE A9 FA=HA
o} (Fig. 6).
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Fig. 2. An excysted metacercaria of P. westermani after incubation in media containing sera from unin-

fected rats shows the normal, intact structural features such as tegumental ridges (TR),

tegumental

syncytium (TS) containing mitochondria (Mi) and small ovoidal dense granules, circular muscles
(CM), and longitudinal muscle (LM) layers just underneath the basement membrane (BM) of the

tegumental syncytium (x12,500).
Fig. 3.

Appearance of an excysted metacercaria after 2-hr incubation in media containing macrophages

(Mac) from uninfected and sera from infected rats. Note deposition of electron-dense fuzzy material
(FM) onto the tegument. Syncytial cytoplasm contains spines (Sp) and intact densc granules (arrow

heads) (%10, 000).
Fig. 4.

Antibody-dependent adherence of macrophages and damage to the excysted worm. The excysted

metacercariae were incubated for 18 hrs in the presence of macrophages (Mac) from uninfected
rats and serum from infected rats. Note macrophages with a grcat number of pseudopodia (Ps)
onto the tegumental surface and dense granules surrounded Ly small vesicles in the syncytial
cytoplasm (arrow heads). No tegumental ridges were observed (x7,500).









labile), mercaptoethanol elA] 94 FauL

[=2]
o2 vol AAAE $HHE FH

A WA A J
At IgEolAY TgE-34 2atalel ¢ A o
9ot

F & A % (effector cell) 2= f A A £ 2o mast cell,
eosinophil, neutrophil, helper T celle] F gL o
4 9+ ub(McLaren, 1980) o[22 2% FYHF&
W FAYAE wele A4 F dEA 7;1%"15’—
HAZE uRG ofF FAAZLE] A8 £53F 2
ol et x HAeA T A UdeA vk 31‘4'. 3
F%%F 9% ADCC 7]A & #id = wEE rat
model-& 483k mouse model& A1 &% ¢z gL
<+ 4 F e, ole FEES ‘ﬂa w1 7+ (sus-
ceptibility) Wl £ o2 A", F wWAs 8 F 5
W& A7 2 2AH H Ab(self-cure phenomena)° 9l 7,
sz FEEFE 294 NE & wAA (full
susceptibility)s} #A7 7+ Fdo] FAHE 54 AE
ol t}(Chung et al., 1982).

Mouse modelg o] &% wWEFHEFE FFA9
ADCC 71 4d-& w3 dF23+ Chung et al. (1982)9]
—‘,’— glth. o] 5& BALB/c9 CD-1 w}%~
& 2EA7 = 2 gEAA F vhga
7+ A A L5 schistosomuledl & FA AW wt

H schistosomule¢ #33 4 9]
ADCC 71 & 2A7} #od=x] @ote
=A% ]—'& CAR ‘d}°°] el g
) ﬁ(homologous Mé)el v+ - vhfx9)
heterologous M¢) B Fe] A E4 3 k4ae] ADCC
Fg el ol et
dqde FEEEF
4H 59 A4
9 3htel A

n&_%,&

1
s

oS, ot 2 R oo 2 2 fx
= g o e
< b O kb
T o
Joo oyl I
& @ e
o o do O o
¥ °‘”*
go o
]o
n
jaca
i
_{
fobe T
2, 9
f
-2,
kY
>,
I
Hq
Ir

e o

S U - A
mﬂo‘i—p

Zge] Bi ADCC 7|d &

WA ZAs S
%: 71-Oi/qoﬂ£ %o& ??]_/‘
Ve A& ‘%c-"F"i AFPstgd vk o
a9 Aol eyt WEFYESE ddor F
Chung et al.(1982)9) A8 A sastdh, =,
CAR vt-¢2 #5535 &3 %.3—] St A mk el km
AA WA #3 28 doaE CARuES Ad o
AP 4 glalon 56°Cel 4 3087 v 5 A7 F3F
ol i} W HEAANA FL F8H AT mFd A CAR
Weo] cdojid Aoz Rol E AR hAME 9

ol

2 ooy

O

roopm

ﬁ.

HAEE Gdid TANAL B w4 de &
2l 9l e}, Butterworth et al. (1975 & 1977)-& At &
eosinophil& A 83 o ut£ 58 E £ schisto-
somuleo]] & )] &4 -eosinophil Wi FA 7 A
< utg w} 9la, Ramalho-Pinto et al. (1978)&

E—lf ok

ALl /q ,] eosmophilO] A2 1A 8 Y &3 3l
A e FE E 20 schlstosomule°ﬂ 2wk 184
7k 14M1 W EE FAE AALYARN S A2T 9 Ut

A Aol A & zbo] G E4ql 757‘01 = A9 FH
Az A zetd EA = Fe =24 (Fe receptor)e] 9
ol nE F ot FA49 Afdw FAAZL A

Zatol} Za Tl BaAlFEA(C3 receptor)d 4
o] HrT} E ZoE EoFHm grt. B AFdAAe
g8 upgl 3ol BA Wl EAol JFH oA
AANE Azute] £ C3 &4 i‘ﬂrf Fec &
SAe A Beh k] Aolgt B S gtk ol:

FA) 29 s}vtel mast cellel A $-93= b=t Sher
(1976) &= schistosomula® <4 %2 ¥ & mast cell,
W E AN A g WA A B HERE BS
Z3 Zold| rosetted ¢ mast cell F3-& ZAslg
FaEy e 23 2 exy vEIANRLE W A
A v zymosan, cobra venom % EDTAd] A8 §&
A% 94 £udor ol ¥ AAFr) Bt HA
&g Aot e

=l $(1990) &

AEF SdHFel A WA HAA
29 AxzEAde glof A 2 2AY AT ostd
Bz b duh F, AFE 749 232 56°ColA 30
¥ beistel s @ IgE B 2 4el el ALEAol
AstsE s v 7d A4 4 28 A ME dAAZE
Wk 6217 Fo] 51.5%9 FIEL Neo] BA A9
AA & WA A dx gdeh dolA AFE wbh el
Capron et al. (1975)& 56°Coll A 3A17F EoF FEAH
2 AR slo) At IgEE A A uk Yz, B A
A A% B4 ¥He 2dL CAR gl offal o
T AAA 4L AFHgdE 2 E olFn Yk AR
F4 &2 gz F2 9 #1534 A WA F
AR gle] BA o] of Ko i AU AFo)

oz gt

Chung et al. (1982)2 BALB/c wl-$2=z2X¥ 65
Ao Eejd HEFEEET FHEAANA AL F A
Ar Faueg vgon w1 5990 #F3

()

Fig. 5. An excysted metacercaria and a macrophage incubated in the same effector system as in Fig. 4.
The increased amount of fuzzy material (FM) between macrophage and tegumental surface of

worm, and phagosome-like vacuoles (PV) in the macrophage were remarkable.

Dense granules

denatured in the small vesicles were also enlarged (X 12,500).

Fig. 6.

A dead worm incubated for 18 hrs in the presence of homologous macrophages and serum obtained

from rats 2 weeks after infection. Tubular tunnels (Tt; arrow heads) formed between the basement
membrane and muscle layers of a damaged parasite were noticeable. The fine structures in the
tegumental syncytium were almost destroyed (X 10, 000).
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Antibody-dependent rat macrophage-mediated damage (to the excysted
metacercariae of 'Paragonimus westermani in vitro

Pyung-Rim Chung, Jae-Kyung Chang and Chin-Thack Soh*
Department of Parasitology and Institute of Tropical Medicine,
College of Medicine, Yonsei University, Seoul 120-752 and
Department of Parasitology*, College of Medicine,
Wonkwang University, Iri 570~749, Korea

An in vitro immune effector mechanism against the target excysted metacercariae of Paragonimus
westermani was demonstrated in the rat system. Peritoneal exudate cells, mainly macrophages
from normal rats, showed adherence to and killing of excysted metacercariae of P. westermani in
the presence of complement-independent serum from rats infected with Paragonimus metacer-
cariae. These reactions were specific for the excysted metacercariae, as tissue-migrating juvenile
worms were not affected.

Damage of excysted metacercariae of P. westermani due to antibody and macrophages was
assessed by morphological observation, by cell adherence reaction and by the use of vital dyes.
Trypan blue dye exclusion proved to be a reliable indicator of judging metacercarial viability.
Electron microscopic studies demonstrated that macrophages reacted with fuzzy material on the
tegumental surface and fine structures in the syncytium of the parasites. The tubular tunnels
formed between the basement membrane and muscle layers of the damaged parasites were also
noticeable. The relevance of these findings to cellular immunity in the early paragonimiasis was
discussed. (Korean J. Parasit., 29(1) :43-54, March 19913



