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& 55 (phylum Platyhelminthes) 9] & 27} (class

Trematoda)ol]l <3}3= 3| & 2<% (genus Paragonimus) ol
E 30eiFo] oA glew (Chung, 1983),
(Paragonimus westermani)ol] o3 &L
o A9 otF = AT AzA, et H
AA e S oz whd el Ak (&, 1975).

g RBel FZEHFi= FHul(oral sucker) T EFuk
(ventral sucker)S 7}A 52 gleon], Taol EE3 714
(spine) 8} 7+ 7+-§-5 (sensory papillae) & 7}# 2 Sl=h,
F£59 3% 2 29 794 27 (mesenchyma-
tous tissue)o] ™, FH, Z1AF-91, SFAWR oo,
- A z70 oz YA E7 9 A9 F
e 7k Ak, A Bol EAstE AAFT dd
%, ¥34 5 So] vheks] R} (Lumsden, 1975).
AARFE 5o FIdEdd g ugrlTRA
(Bennet, 1975; Fujino et al., 1979; Higo and Ishii,
1984; A %, 1984), = e gl vldol FHntehk 55
3ol (Aji et al., 1984; Higo and Ishii, 1984; Tongu
et al., 1985 & 1987) A Ead R7o & Ao = of
45 3 9heh
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1. HES Tdf&e 38 2 @Y

AEF gdAgez ¥ AsdE 4EF =
Az A AE5 A 2 F5F9 A (Cambaroides
similis) & A A3k, kel A w3t F Q) F43
(pepsin 0.2 g, F94 0.7 ml, FF< 99.3 mDe] 3
Zeted Adf-3E FHsgd. 4l 43FEE A

* o] =8 19879 I A SR FA G
A BEEH A

Bl iR - R
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g & Tyrode 49 (pH 7.6)ol 2ol 40~41°C
ol A 2~3A 7 A W FEha A 23 AA wBEf
¥ 8ot
2. BnO|Z s S A
1) #3404+ 33
B} 7§39 acetocarmineo. ¥ GAdlA Y 23]
wl5¢] hematoxylin and eosin (H-E) <4
#25kg] oF.
AHA 1'2‘1 v]4 4 #% (SEM)
$%& Tyrode £ (pH 7.6) 22 o2y
]7513]—_7_ 3% glutaraldehyde/0. 1M cacodylate $+38
(pH 7.4 22 A3 o€ A 0.1M cacodylate &
Zol (pH 7. 4o 2 AAsGcr. ol & 1% 0s0./0. 1M
cacodylate $-3 (pH 7.4) o 2 1A 7% F(8) 54
star 9ol 4R E(ethanol) AR A3 wF
critical point dryer (Hitachi HCP-2)& A zA 7|z &
22 300 nm 542 =¥ (Eiko IB-3)3 % 1A=+
& u] A (Hitachi S--450) 2 2 #35}4 o,

3) FHAAAER A FA(TEM)

EAde 43 @574 & A3 F propylene oxide
2 A8l epon 81201 o3 ch. XwhA A~ (Sor-
vall MT-2B ultramicrotome)& A}-8&3te 50~60 nm
T 9] w4 o (thin section) & & =53 uranyl acetate
¢} lead citrate2 o] FdM & F T3 214 v A (Hita-
chi H-500) .2 #3shs oh.

E=| of
1. HEEnAEH 2AH
gy 23 gF o2 FEul(oral sucker), &%
ZolH.olo] H-Ful(ventral sucker)g 7}x 3 99 o
FEzk o) g WEE FAS olFEE E F UA
TF(Fig. 1. EF 84 A3 649 722 (sensory
papillae)7t FAH o AA T=el s+A (spine) E

o] s 9= (Fig. 2). 24 TEGG S
o] = &% Z(muscular layer)o] & laE o 919},
2. FAMXEOIEY 2A
HfEe Add ez HA¥ge FAe
24 9 5’:‘%’- JZ o2 T-Fute] gl §

2.
E Bl Mol uj A F(excretory pore)

hal Al

z3 3

L
=

FAEE

— 129 —



— 130 —

Table 1. Surface findings of excysted P. westermani metacercaria by SEM

; Morphologic .
Tegumental structure Location characteristics Size(ym)
Cytoplasmic process - anterior body wrinkled
- posterior body knob-like

Spines - anterior body
- posterior body .

Sensory papillae

- dorsal & ventral surface, rim
of oral & ventral suckers
« dorsal & ventral surface, rim

of oral sucker

- around oral & ventral suckers

1.2~2.0%0.6~1.0
0.5~0.8x0.2~0.5
large domed type 3~5

single pointed (dense)
_single pointed (sparse)

small domed type 2~3

ciliated type 0.8~1.5

o FA e FHA Aeld F2 47 380 pm B 250pm

velolglod, 49 $5ol W} gy a2A% 2
Ak FurEL AR g 5§°l°‘°ﬂ4 FEP A gL
30 pm W 9, HE5He] A FL 40 pm AR FFuko]

Faukac v A ol FuEd FARTYH %3

EZ5 o YA (Fig. 3 & 4).
A Eoll & Atk 79 (large domed type), 2}—3—
34 (small domed type), A =3 (ciliated type) 3
29 A48T AAE 2 (Table 1). ﬂn‘rL
3 9 7]-/_}_”._]—.__ 3~5 pm A2 £F EH °4€§7—i
ahofl FFo] Wokm AL T LARKTFE
o] Acket FHof vlal FFE Hojgvh A

EL?%% =
Z17F 0.8~1.5 pm A 22 HF FSE9 hgE A
o] (0.1~1.5 ym)e| Axr} £ U rH(Diagram
1, Fig. 5,6 & 7) ol % ZARFE A AT A =2
A9 eH, &3 FEFu EFutel @o|l i gl

9.k (Table 2, Dlagram 2).
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o8 Agia, 10744 el FL 7y gzt
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b 554 A=d 3AFF 567
Faz AR H(Fig. 8). EHwddle Acsy T3¢
67H7]' $AP oz FaAAer WA e
Zom 67, 2 wppZow 10~11749]
o ZAAFFIL FES AN zE v A
ﬂTc’r-‘?*‘: #24¢ &+ 443G (Fig 9. 5F A
A2 TP AAFFEs WA ez 30~32%
° = A Fr%-(posterior 31de)
E JAT & e v
gol ZA4%F WAz 40
= % Any 224RF

ZZA A
57 Ay 7EY
(Fig. 12), TF+t 5
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4 F (excretory pore) H$E A
T AEe Fxaz dged, ANy FL BA
A ¢%9okz (single pointed), 7}A o} W&o 23 ¥
2o stz 99t (Table 1 & 3). 7FAY z7=

o 4z M o

Diagram 1. Schematic diagram of tegumental differentiation of excysted metacercaria of P. westermani,

ventral (A) and dorsal (B) view.
(a: large domed papillae, b:

d: large spine, e: small spine)

small domed papillae,

c: ciliated papillae,
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Diagram 2. Schematic diagram of sensory papillae around oral(A) and ventral suckers (B).
(o : large domed papillae, e :small domed papillae)

A FHEE A A (0.9~2.0%0.5~1. 0pm) F b= Ed = o] gl A AE L (syncytium)o g 983
(45~5571 /100um?) (Fig. 10), &4 Fgdoz Z4E uboll Moy 9l9lor, 7+4¥ (biconcave disk shape) 2
A ol (0.4~1.4%0.2~0.5pm) = F5 Ao T4 (spherical shape)o] £v]s}3]s vl Efz=z ols}
ek (12~2771/100pm? (Fig. 11 & 12). & wj & A8 gls A4 7 2908 A4 RN Axsted 9
A8 m7 § HEs 479 2ol dgeu Fi F2 EE5 A (Fig. 14). 99 7A%EE 7

BHA = %ok B Y SR E dost g g Agte g TEFH Yz 2 Weoez AF4 A ZEo
okx E-Eu) 1} off = JFA 7} ZA &t A ek} (Fig. 9). -4725!‘” o] 2 gog ZA(circular muscle)s &
3. Eoid }?_4 |25 A Z(longitudinal musele), =z &z 3T oz wWd=
gydfEe A¥e T3 %, 714 t(basement memb- 37ﬂ—"4 Z&A 57 B39 o (Fig. 13,15 & 16).
rane), A-F+4 73 Z(fibrous interstitial layer), =% & o Fxdz 9= AN EE Ade 9
% (muscular layer), ¥ v]A] % (epidermal cell) oz AVE AAZ Yo, XA e Ruady, v
o) el 919l e (Fig. 13). Efzeol, TAH, FA2E, 48 AuE, 9y

Table 2. Number of sensory papillae of excysted P. westermani metacercaria

No. of sensory papillae

Type of papillae Size(xm) Ventral side

e Dorsal side
Oral sucker Ventral sucker Ventral surface

Large domed type 3~5 12~13 6 0 0
Small domed type 2~3 10 16~18 31~32 pairs 40~42 pairs
Ciliated type 0.8~1.5 5~6 0 3~5 pairs 3~5 pairs

Table 3. Size and frequency of spines of excysted P. westermani metacercaria

Length(gm) (mean+S.D.) Width(zm) (mean+S.D.) (s]ljill.letgsl}‘igmeZ)
Ventral side  Anterior 1.2~2.0(1.5940. 21) 0.6~1.0(0.71£0.11) 50~55
Posterior 0.5~0. 8(0. 63+0. 10) 0.2~0.5(0. 3420. 08) 20~27
Dorsal side Anterior 0.9~2.0(1.156%0.13) 0. 5~0. 7(0. 57%0. 06) 45~48

Posterior 0. 4~1. 4(0.750. 23) 0.2~0.5(0. 372-0. 08) 12~22
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=5 #3359+ (Fig. 13). %99 T34 L& protor
plasmic tubule2 1A=} 2192, | protoplasmic
tubule el Al T3] 2L maA ZofA B F 9= &4

e

Aol AL Add ¥ FRF D
A AAE Yol dense bodyst ZAH o FHE&
TH AR5 dued s 2 (vesicle)st sl E=

Jors BBT 4 AQHFig. 15 & 16).

ki
11

5 AR5 a3
4 2§ (ciliated knob-like type), ¥
2471 ¥ (non-ciliated plate-like type), F& 4] (non-
ciliated rounded swelling) % Al 2 ok2] 74 (bulbous
projection of modified cilium) 5 vl 7t=] el 72+
455 Az 9o (Fujino et al., 1979), 732
(Fasciola hepatica) ®3F3&2 A$ A x3(ciliated
type), %3 (domed type), A4 (pit) 5 A He =
TE% = (Bennet, 1975a), @& %<l Fibricola seoul-
ensis®} @ W7V oLF- & (Metagonimus yokogawai)ol A =
37+4) e (Type I, ciliated knob-like; Type II, non-
ciliated swelling; Type III, plate-like elevation without
cilium)® 785z (o] F, 1984; A &, 1984).
o] ZARFE AL wr Fyb FHd FxIwA o
Ao &EE 7A 8l rheoreceptor, 3 = %

& tangoreceptor == 33 A Fol ulE& ¥ F
chemoreceptor24 9 7| 5& = Zeg oH/‘—‘]E 9
t}(Bennet, 1975b; Fujino et al., 1979; ©] 5, 1984;

77
o
,
rid AR

A 5, 1984).

o] Aol A HAAT AFF Y HFS A A
T3 ZAAFFE Fa FHholk e Aoz n
o} Fz A& gtd-& 7+ 8} tangoreceptorE F-uhe]
a3 g F3e BT How A5 2 7Y
ZAFFE A AT A A" Moz xHop
QHi= L% 3ofdE tangoreceptor®, T YHE
A58 3} wt3k7bA & rheoreceptortt chemoreceptor?]
J1%5e A Aoz A7,

ZARFe Fxv wid-E F93F 1§55 (genus

Paragonimus)oll A = % (species)n}t} o) S A
T il FREA Aoz o &H s % gt P. miya-
zakiis] 7§ BEFw FHe AL 7YY AARFE
~2ldele Adrdge 43% + gdz gz
(Higo and Ishii, 1984), P. mexicanus®] 7 $- B3Fu}
T ZHe 77§57 28~387) 2t 22 5+ 5] 2= (Tongu

et al., 1985 & 1987), P. peruvianus®] 7§ 7+ .
o A 22~2570 (Aji et al., 1984)2 B 3 Eo] FEu}
o Solsgeh, of APAAE R wpdow 2

2 FYo FAAKFFI 10~ FEH A FE
FE FolTE &+ Atz FEu Fdo
TAAe 2 £43e $£F HolE 6719 FHcoks T

=

Fo ZARFE A7 AF5F LE FdA FLEL
z 3 Mdg B AFE5Sy Awkdcl FeEs 5
Aoz At &4 o] dTAAE FFu FHe
Fe AARF 6~7A7F FAS G e ol 4] 35
HAEZAME dFEHA FE Ao o ZAfFA F
% FEElEd A Aol @ Aoz A, o 51981
3 - Rf3080E AFEF F45 2 4% 299
A g AT e g AFH o A3, wad w
et = B oud, 27, 2 Tl FeAE 7
£3tA @ol P. westermanizt ok o+ E A FF £
o] Zhgol vt ® 19 AxgE vty E‘%%l

A 7HA (5pine) %% EE “v%

4+ ‘]'“1 55 5‘—75]'5 EFAA éo‘f‘a
Fasted o) &8 E Ao g A2y s gl vk (Lee, 1966;
Bennet, 1975a; ©] 5, 1982). & & &4 il A P. mex-
icanus, P. peruvzanus«l AL FEAAE EAEHA &

& FMAGE A el ExEre AFdAe £AE ez
A2 =dl (Aji et al., 1984; Tongu et al., 1985) ©]
AT AT gdfE A 28 ASdA EASA
S& A FAEglon FEute] g dFAA A
ol7b Az dExi Egw AFwez AFE Aot
7k FolEe B8 s F5Y ARAA (A=
A vl g Bovh 2y o] Bgdf-Fo] 4
Zol Hglgw A EAE ALdAE FF 22H
oF & ol
TEF5F A9 L 295, 4fZ@brous layer) 3 =
FoR TAH, 2 W39 Addd oAz
A g, A FelE dFAYe 2 T AF
F} 7lAZHe] ges o Alolz o] g

r_ﬁ
>

£ (syneytium) . 2 FA 5 o] 9l th(Lee, 1966;
1977; Soh and Min, 1977; & %5, 1980). o] 4+
A Fel = v EEEol, Eu Ay, fg gn
%, 2ol #A=EH AN A A TR A
2 EEHY dz A2 24 571 XS Al
3ol AR er BolE T25 #AFH & 5
Fob FAsR o, AR E ZHAMZAA 45
o] protoplasmic tubuleg %3 FZozm SulsE
Aoz FAHYT. FrHIF L AAYG A zd P4
L84 P49 »ZEF Burton, 1960 AY, A
HIE 9% AL ol #AFE Ao anx vt
(Burton, 1966) o}&7tx A% 752 walAA @&
= et ok 2kEFE9 39 F%A <l praziquantel 2
FAge = FuAge HAdd 5429 434S &
Aol FAHozM FAY dAald] #d I Aolgtm £
23 3ot} (Soh and Min, 1977; & 5, 1980).

7 B-%<4 (genus Paragonimus) ) Fr%—% 3004 B
o] 2 1} (Chung, 1983) 2% Eviete] Fxdla e
A A HEEL P westermani = "a‘“ﬁxﬁ =t P.
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2n=22)7 Al A 3§ (triploid type, 3#=33)0] ¢l o
ol Al & & FAAAH ubwd AL w4 33
o7 P % st (Miyazaki, 1978; 9 - ¢, 1979;

Habe and Miyazaki, 1982; Habe and Terasaki, 1982;
1986), olul A &2 P. westermani,
P. pulmonalisz. TEE A& Adsr=
gtk (Miyazaki, 1978). o] d 7oA #3d &df5&
AFAA A A gare] EAE A -, 1979
o 25y 35 A FE #Ad ol Ab
A8 whdf-Eol A vt Miyazaki(1978) 7} Al 2] 3 =+
ol A4 A Fo] 224 £F94d o7t

Yokogawa et al.,
Al A g &

AP F 2 85 dAd o & Aoz A
& =2
#| & 3= (Paragonimus westermani) = g% 8124
A FEr] 4, FAAAENA @ FHAAAGA
2 e st 2e A%E A
1. &df32 34 $HFd 54 (30pm)el 9

=, % FR-fell EEFuE (40pm)e] AP ow FRLo

2 ?1 2 Uﬁg (large domed type), #-& T3 (small
domed type), 4 5 (ciliated type) 5 A 7Fx e
ZASF BAE G 4gA g FFH] gL A
et FF o AT (3~5um)E FEFH H-Foule]
Auk #AE 9tk FTFoubell A= 12~137], & Fukell A
= 677 dstz Asieh
3 )= 9P At Az 5”3%}3}9& m ‘i%a’—tﬂ]*i

30~3240], W] Eo A= 40~4240] Ao g Bx
ks e, =g 5 Ealol 1001, &4k El
o 10~1171, BFul obFel 6~7A 7 wida] ot

F 5390l 56
Zol 3544 W

A2 ABHF (0.8~1 5um)E
A AAsz gged $53 v
3 A

3. MAF FE5 A ATAAd EASA g
ZEA 7L Bxstz Al FA GFEEY A= Az
€0.9~2,0um) Z" 3t (45~5570 /100pm?), 5 EE o
2 445 7.1 E #ol . (0.4~1.4 um), = FEZ

4. W3 m M oz T4 £3F,
Af4 24,

= protoplasmic tubule°] *U 1‘%—/‘3 A Z3 &
FEote] T & TAAEE

5, TAZE YAtz o Jolx A&
e T4 (0.08~o.16 pm) 2 ZF A (0. 15~
0.55 pm)®] w43, S A
Q3 A5 99 "4“4"“ 4“ e ‘5314 "j’ W2
Holl A FA=A ¢ dense body: 3
As 5279 7 AR Azstd 99
2 E2eta gldled, 449 Tx2F ‘h”_il
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Fig.
Fig.

EXPLANTIONS FOR FIGURES

Excysted metacercariae of Paragonimus westermani.

9. Ibid, ventral view. (EB: excretory bladder, I: intestine, Os: oral sucker, Vs: ventral sucker)

Ventral view of an excysted metacercaria of P. westermani with SEM (x300). (Cs: oral sucker,

Small domed papilla (sp) of P. westermani metacercaria on the ventral surface of anterior body.

Ventral sucker (Vs) of P. westermani metacercaria. Large and small domed papillae(SP) are well

part of P. westermani metacercaria

Posterior end of P. westermani metacercaria. Spine is not seen around excretory pore (EP) (x5, 000).
(BM: basement membrane, EP: epidermal cell,
Spine of P. westermani metacercaria. (Mu: circular muscle layer, Mi: mitochondria, PT: protoplasmic

Large domed sensory papilla on the ventral sucker of P. westermani metacercaria (DB: dense body

Fig. 3.
Vs ventral sucker)
Fig. 4. Dorsal SEM view of an excysted metacercaria of P. westermani (x300).
Fig. 5. Large domed papilla (sp) of P. westermani metacercaria around oral sucker (X 20, 000).
Fig. 6.
Single pointed spines(s) are seen (14, 000).
Fig. 7. Ciliated papilla (arrow) of P. westermani metacercaria.
Fig. 8. Oral sucker (Os) of P. westermani metacercaria. Large and small domed papillae (SP) are distin-
guished (X1, 400).
Fig. 9.
recognized (x840).
Fig. 10. Single pointed spines(s) on the dorsal surface of anterior
(%14, 000).
Fig. 11. Ibid, on the ventral surface of posterior body of P. westermani metacercaria (x 14, 000).
Fig. 12.
Fig. 13. Sectioned tegument of P. westermani metacercaria.
Mu: muscular layer, N: nucleus of epidermal cell) (Xx14,000).
Fig. 14.
tubule, Sg: secretory granules, Sp: spine) (x30,000).
Fig. 15.
of papilla, Sp: spine) (10, 000).
Fig. 16.

Small domed sensory papilla on the dorsal surface of P. westermani metacercaria (Sp: spine, V:
vesicle of papilla) (x12,500).
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=Abstract-—

Ultrastructural studies on the surface of
Paragonimus westermani metacercaria

Kyong-Min Kim, Myoung-Hee Ahn and Duk-Young Min
Department of Parasitology, Hanyang University Medical College, Secul 133, Korea

The present study was undertaken to demonstrate the surface structure of Paragonimus westermani
metacercaria in Korea with special reference to the distribution of sensory papillae.

Metacercariae were isolated from crayfish, cne of the secend intermediate host of P. westermani
in Bogil island, Chollanam-do (Prcvince), Kcrea, where has been known as an endemic area of
human paragonimiasis. Isolated metacercariae were excysted and examined with light, scanning and
transmission electron microscopes for morphological features.

On the surface of metacercariae, three types of senscry parillae were identified. Large domed
papillae (3~5pm), which were covered with wrinkled plasma membrane of the worm, were distri-
buted on the oral and ventral suckers cnly. On the oral sucker, these large domed papillae were
12~13 in number. On the other hand large domed rpapillae on the ventral sucker were constantly
6 in number and hexagonal in distribution. .Small domed papillae (2~3pm), of which surface was
more smooth than those of large ones, were distributed symmetrically on the ventral (30~32 pairs)
and dorsal surfaces (40~42 pairs). Ciliated papillae (0.8~1.5um) were observed about 5~6 in
number around the oral sucker and 3~5 pairs each on the ventral and dorsal surface of the body.

Single pointed spines covered the entire surface of the body except around the excretory pore.
Srpines cn the anterior part of the body were 0.9~2, 0 gm in length and 45~55/100 pgm? in number,
and were gradually reducéd in length (0.4~1.4 pgm) and in numker (12~27/100 xm?) toward the
posterior part.

The body wall of P. westermani metacercariae was consisted with anucleated syncytium layer,
fibrous interstitial layer and musclar layer. In the anucleated syncytium, bicencave (0. 15~0. 55 pm)
and spherical (0.08 ~0.16 pgm) secretory granules, which were transferred from epidermal cells
via protoplasmic tubules, mitcchondria and ritcsomes, were cbserved. Spines originated around the
basement membrane protruded externally. Epidermal cells were consisted with a nucleus and a
cytoplasm, and connected to syncytium with protoplasmic tubules. In the cytoplasm many secretory
granules, mitochondria, Golgi comglex, endoplasmic reticula, ribosomes and lipid droplets were
observed.



