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ABSTRACT

Equilateral venus, Gomphina veneriformis exposed to tribultyltin chloride (TBTCI) for 36 weeks was showed
ultrastructural changes of the mantle. The fine mantle had 4-folds and its epidermal layer consisted of simple
columnar epithelial cells and ciliated cells and secretory cells. Inner and outer epidermal layer covered connective
tissue. The mantle exposed to TBTCI at 12 weeks was decreased cilia in the inner epidermal layer, and observed
extension of the hemolymph sinus and destruction of the septum. At 20 weeks, it revealed vacuole formation and
pycnosis in the cytoplasm, and scattered muscular fiber. After 28 weeks of exposure, the mantle revealed partially
degenerative changes in the epidermal layer. In the ciliated cells, basal body was isolated from the cilia and rootlet
complex and basal foot were scattered. The sarcolemma had debris fiber. At 36 weeks, it observed degenerative
cells that it revealed disappearance of the cilia, atrophic nucleus, poorly membrane and destruction of the
cresternae in the mitochondria, and increasing heterophagosome. The outer epithelial cell had necrotic nuclus,
numeous lysosome and disappearance of the microvilli. Therefore, results of this study suggested that chronical
TBTCI exposure in the Gomphina veneriformis induced the disorders of shell growth and physiological function

with histopathological changes of the mantle.
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£ $4A717] 9314 triphenyltin (TPT) % 3] ARg-5]o]
A gtk (US. EPA, 2003). Aol A3t f715:435%
(butyltin) 9] 3 19709 Zg2 9] olylgate] =9 of
4719 o] Aw Basl o)F 24X 244 4l 5447

Received September 3, 2011 ; Accepted September 26,
2011

Corresponding author: Jung Sick Lee

Tel: +82 (61) 659-7172  e-mail: ljs@jnu.ac.kr
1225-3480/24398

= 3lA 2o A 2 AR fehs HeE B
=)t} (Waldock and Thain, 1983; Thain and Waldock,
1986; Stephenson, 1991). 53], 522 @ Yiu]A
ol E Azl M54, s28 ] A 9 o] Aol
& At 5o FAIE o] 3= Ae® oA qlvt (Kannan
et al., 1997; Gauthier-Clerc et al., 2002; Halldérsson et
al., 2005). =3 TBT7} 7184l 724 W3ls Fx3ld
71eA el AelE stk AHL B3 o A7AkEel 9
34 ®uEo] gtt} (Rasmussen et al., 1983; Hinch and
Stephenson, 1987; Regoli and Orlando, 1994; Quinn et
al., 2004).

olggt kA=A N 54wl AlA AFelMe
TBT= Zt=19] Al we} AR A8k 9l (Champ,
2000), $-2v}ete] Aol 200349 WE N5t FAkElE
2]o71FA (trialkyltin hydroxide) 2} 2 5 (trialkyltin
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oxide ¥£3), TBT & 1 & 3h}Z 0.1% o4 53 £3F
A AR =4 A7 v (B, 2003). S AlEHAL
7 (IMO) 9] 7-$-9l= 20034 1€ 1% ¥, TBTE F4+
°F 3 Aukg FES] =XE FABFPIR 3glen,
2008'd 14 14 o]F =25 <] gl= TBT 4+ A4S
JEE AAZNE A AA £ F HIES) sz £55
A dxg ks S¥IEE St gk Y f7154 35
22 H4 Az mel fFolA £ AdZE FA 508l
(Clavell et al., 1986). w2}4 1960 %5 2003d7}#] A}
45 TBT+ A&NA A& $5=o] A& dFE & +
< Aotk

ojujshFo| 4] s zto] e AT Az whEls £
Al 7|Fholetd, FHE o] AT AEAH T A5 vt
S VIHARA AeE &5 713 W Z13Ale A
D3l SAlOl AR ZE VHAIE oAH R B33
715w vk g PR siRE o5 2o 7]
Aol AAZE FABEL, o]E2 7 AeR Rk A3, A
] 2 s 4gAde o g} (Kawaguti and Ikemoto,
1962; Bubel, 1973; Saleuddin, 1974; Morrison, 1993;
Lee et al., 2007).

upeba] 2 Q7= SRR AE o]43ke] TBTClY|
=3 diE 5] wAlTxd Hie BEASISIYh webA
Park and Lee (2008) 7} B3k d7-ol|A] +33}7] X3
A Al wAlF2A HIE uste] A <l
7} 957 Ashe} 2 A AQl EEo AolE st & 5 9l
= AAEE AAsAr gk

ME H Uy

AT H 24e 3
2 AT A$-E dlE, Gomphina veneriformis2 7+

FEAL Aok (37°54" 277 N, 128°49° 38" ) ol|A] A
gk 7H4 30.00 mm-35.00 mm =7]2] A ZA Ao A}
= A = 120704 Fok
d AASL 10 em A 27} Zegds 30 LY A
T3] A frE|exelA] ARl 2 Qe A

AFEAL  tributyltin - chloride  (TBTCI;

[CH3(CHs)3]sSnCl, Sigma) £ acetone (CH3;COCHS,
Junsei) ©2 10000 mg L' =% stock solutiong THE
t}& dimethyl sulfoxide (DMSO; (CHj)2SO, Junsei) &
0]43}lo] 100 mg L' =2l substock solutiong HHE4)
t}. TBTCI substock solution 77+¢] TBTCl =% A3
Tz 3A5te] ARgERgleh TBTCl 2348555 A3l
98l TBTClE <l$jA oz 23474 e $x25 dx72
siglom, F alee] AA ouAdE 534 LCy (20.0 g

oo o | =

d &
o8 >,

LY 9 1/25 5% 0.8 pg L'E 7V & 7= A3}
I, 2 Hrd g 0.63 04 pg LS F712 AR

2. A uy

AL Aee M, A3, A5, 559 5= 3}
I, sjp-3te] e fut dRE A G AR 22 2R
A2 Cormack (2001) 2] #Hef we} 0.1 mol phosphate
buffer (pH 7.5) 2 $+%A171 2.5% glutaraldehyde $-2° 2
2217k Eot A 1Asg o™, 0.1 mol phosphate buffer
(pH 7.5) & 20% 53 33] A4 313tk 2 ¥ 1% osmium
tetroxide (OsO4) (Sigma) 2 24|17+ 3 1A% % 0.1 mol
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o7 stk TEM 32 AL ultramicrotome
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Fig. 1. Scanning electron micrographs of the mantle of the equilateral venus, Gomphina
veneriformis. A: Marginal zone, note divided into four folds; inner-inner fold (I-If), inner-outer
fold (1-Of), middle fold (Mf), outer fold (Of). B: Sagittal section, showing hemolymph sinus
(Hs) that partitioned by septum (St) between the inner epidermal layer (lel) and the outer
epidermal layer (Oel). C: Inner epidermal layer, note the simple epidermal layer with cilia
(C) on the free surface. D: Outer epidermal layer, note the thick epidermal layer (El). E:
Frontal view of the inner epidermal layer, showing the numerous cilia on the free surface
and high power view of cilia (insert). F: Frontal view of the outer epidermal layer, note the
free surface without cilia. Ctl, connective tissue layer; Ec, epithelial cell.

HAgEE gel glsle). o @A) <o) o] F% B
ARe] A AL 7)Ao EAS gloleh. AL AR

ol Tie] wEREelEe] $AIT 0% AEEL o
$ola ot ALST ARSHe] EAsls YAuwz dAs
of Qgle) FATIZAN F2 WAL AuAEEe 95
gom Aguels v Hrge] EAsse. Qe

Tk e AE] 71 ARl st YT, MEAL] AR
= thge wEZEgo)lEr AA Wx sl e 7ElEo]
xﬂs}oﬂu} (Fig. 2A). =50l A8k $rAEE2 53
o % AALES} G2 Pu|HS 7R 9gic) o] F Hw]7
HE2 W 7R dsken, SR wlet of A7} A
2§ Jeh )= 3kich (Fig. 2B). 4932 shdel

Ly
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Fig. 2. Ultrastructure of mantle of the equilateral venus, Gomphina veneriformis. A: Epidermal layer, showing the
epithelial cell (Ec), and ciliated cell (Cc) with numerous mitochondria (Mt) at the apical region. B: Secretory
cell (Sc), note the typical goblet form and secretory granules with low electron density. C: Connective tissue
layer, showing the collagen fiber (Cf) with low electron density and muscular fiber (Mf) with high electron

density. Mv, microvilli; N, nucleus.

Fig. 3. Histopathological ultrastructure of the mantle of the equilateral venus, Gomphina
veneriformis exposed to TBTCI at 20 weeks. A: Inner epidermal layer exposed to 0.4 ug L",
showing the absent cilia (black asterisk) and scanty mitochondria in ciliated cell (Cc), and
migrated atrophic nucleus toward the apical of the cell (white asterisk). B: Muscular fiber

bundle exposed to 0.8 ug L, showing the scattered muscular fiber (asterisk) in the
sarcolemma.

LI =4
o, A AR dgtor], A e} e 24

A AGEA T e mUARSE 2HAE £
=
fi The] Al AleEe] 2RAT QlolA £ 2ofg)

St} (Fig. 20).
TBTCl =% 454 5 fFaelA njAl7243] H3=
= A doteh 2F 1274 WA Sl EAE A
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Fig. 4. Scanning electron microscope for histopathological changes of the mantle of the
equilateral venus, Gomphina veneriformis exposed to TBTCI. A: Inner epidermal
layer exposed to 0.8 ug L™ at 28 weeks, showing partially deserted epidermal
layer (arrowhaed). B: Inner epidermal layer exposed to 0.6 ug L™ at 36 weeks,
showing the opening (arrowhead) by the disappearance cilia on free surface.

Fig. 5. Histopathological ultrastructure of the mantle of the equilateral venus, Gomphina veneriformis
exposed to TBTCI at 28 weeks. A: Cilia exposed to 0.6 ug L™, showing the swelling (asterisk) and
destruction (black arrowhead) of the plasma membrane (Pm), and abscission microtubules (white
arrowhead). B: The apical cytoplasm of the ciliated cell exposed to 0.6 ug L showing the isolated basal
body (Bd), scattered rootlet complex (Rc) and basal foot (Bf). C: Mitochondria (Mt) exposed to 0.8 ug L,
note the rarely cristae, destruction of mitochondrial membrane (arrowhead) and effluence of the
increased matrical substance (asterisk). D: Sarcolemma exposed to 0.8 ug L™, note the destructuion of
muscular fiber and showing the debris fiber (asterisk). C, cilia.

- 217 -



TBTCI =&0 o2&t tHE AFLU DIM=72ER HEt

Fig. 6. Histopathological ultrastructure of the mantle of the equilateral venus, Gomphina veneriformis exposed to
TBTCI at 36 weeks. A: Degenerating outer epidermal layer exposed to 0.6 ug L showing the large vacuole
(V), lysosome (Ly) and deformed nucleus (N) in the cytoplasm. B: Degenerating outer epidermal layer
exposed to 0.6 pg L”, note the increased heterophagosome (Hp) in the cytoplasm. C: Necrotic epithelium
exposed to 0.8 ug L, showing the numerous irregulated lysosome and degenerated microvilli (Mv) in the
necrotic cytoplasm. Mt, mitochondria.

7} Zrasiglon, APxFe] Bt A Ak sk} 3
Gk 23 2074 ARAESAANE A7t 24T
AN EES] AZANE 7|4l e 271 A=
ulel 7|20 EAE #e SEE o] AR TP o]F
3halth (Fig. 3A). WA=l 53t -24w]52 Ale]e] EA3t
= A=A T ALY o] AR i
9t} (Fig. 8B). x% 2854 oAl e ARAZY slo=
Qlste] AulEe] ¥4l $37t =AY (Fig. 4A). A
2o] okl AAbE] o] Fakel FelEglon, ejuto] gy A
Ex gl =3 AR nA|iyte] EAEI (Fig.
5A). ARAEL] AoAE AAL ARFAE e &
g, mEZ=gol] HF 9 Arpt Yehga (Fig. 5B),
rootlet complex?] 3¢} 374 HZ w|EZ=go}l52 o2t
o] st cristaed] AAlo] ¥EE Y (Fig. 5C). A3

A Z| EAE El~r4 TEA Y=gl on, T
Follis FAREC] dlF-E o= o] 2 FHe A elE
Eo] = (Fig. 5D). olF xF 7|7ko] AojA+E A
EAES] AvSE BF 2HEY (Fig. 4B). <F- uq%«
& FAE 933 /‘WM]E%Q e ZAEHA AE 7}
AR st en, AXA el o] Fxoh Safj4A)
o] TEHATL (Fig. 6A), THAEEA S Fh40} o] F4A ]
=8 282 Ax A5 nAlF RS} HoAE HEAd =
Zogo] ATt (Fig. 6B). &4-4w]5-] oA EEe] ¥
AbEle] #o] g E 1, AZA Wl vhge] e iaAEe] 7}

2 g, pAlgREe gyt 243 (Fig. 60).
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Park and Lee (2008) 2] 2119 -4‘5]-“”1 o ejFake] W
e = 12—r’7‘H—rE1 HEE I 2F 285w ATAl T
Wo] yepston], =2 3657Ae AuAEEo] 457
Mo w Wyl wet el g FA7L At &
B & 12F o]|ZXE tx v)s S22l
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ANt o R AATES] 5 AveE T 75 Al
A AE EFE AYAE, AAE, AEAE]T} (Bubel,
1984). 9%k Au)So] Al EAlsls ArEe %7
gto g Fol o JIAES ANEAY A 257 9te

1

A7 ALY ot E o R o] FAIA ofrtulelA o2 AE
g £ 9xE molF: 7]5S 3} (Galtsoff, 1964;
Machin, 1977). &3 9]Fuke] 7pale]ols B2EE 45
ol F55 FollA 7Hed FE3 vEE FF Abolell £A13t
= A4S 2 s A4 WA WAE R gio
(Lee et al., 2007).

ST F25 JeAEEE 7 7 1A
#eie] FeAe) WSS FU ANARIE 2okshel Aol
A e v ol wet e Ed¥E et
(Watling and Watling, 1982; Kim and Lee, 1988;
Otludil et al., 2004), 34 W T4 59 29952
sigeh, oplel, A4, W 2elm Al FE FAuE)
(Pekkarinen, 1996). =%5%.G%el| <3t o|nfjujFo] +x4
ooz ofFute] A4 AU Aol EAEE Az
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A} ArEo] 22, AANTES] 24 7
AR} ZAG o] HAS "é‘ 4 9tk (Kim and
Lee, 1988; Gregory et al., 1999).

0.49} 0.8 mg L' %% endosulfan®] 30 E<F =
Planorbarius corneus® &5 & %7] A5
Aol e a2t S § 2F 204 olF
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A A 27 GEE gk 2 F 304A ] AAEANAE A
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5= A Ao BT} (Otludil et al., 2004). 7}=F
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(Ju et al., 2006). Park and Lee (2008) & <ol =4
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sto] A dirtel] FEe F A} Ak ukE AR 24 2

55 3, oleldt AuE wEZ T eo} uke] ulx)r} ubAgs]
t} (Krigman and Sliverman, 1984; Wester et al., 1990;
Mercier et al., 1994; Alzieu, 2000). 8]44+44] v|E 2T
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o] 4o 2+ dynein arm? &4 % A outer &
inner dynein arm<®] Z3, outer synein armo¢| o}z 7
1} inner dynein arm<] £4l, spoke head”} %o}l Av ¢}
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% 3} &A (9+1)5°] 3t} (Pavelka and Roth, 2005).
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(Ghadially, 1997).
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