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Ultrastructural Changes in digestive gland and Lipofuscin
Accumulation of the Equilateral Venus, Gomphina veneriformis
(Bivalvia: Veneridae) on Tributyltin chloride (TBTCI) Toxicity
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ABSTRACT

The purpose of this study was to investigate the effect of tributyltin (TBT) on histopathological and ultrastructural
changes in the digestive gland structure of the equilateral venus, Gomphina veneriformis. Experimental period was
36 weeks. Experimental groups consist of control condition and 3 TBTCI exposure conditions (0.4, 0.6, 0.8 TBTCI
g L™). Outer envelop of the visceral mass of G. veneriformis exposed to TBTCI was observed disappearance of
microvilli and cilia, decrease of mucous cell and partially destruction of epithelium. In the digestive gland showed
an increase of number of hemocyte and mucopolysaccaride near the digestive tubule at early time of the
exposure. Especially, in 0.8 ug TBTCI L group, collapse of digestive tubule with modification of epithelium was
observed. TEM observation revealed the numerous glycogen granules in epithelium of the outer envelop and
connective tissue. In the ciliated cell of the primary duct formed the cilia in cytoplasm. Basophilic cell was observed
destruction of the rough endoplasmic reticulum and mitochondria. Also, nucleus in the epithelium of the digestive
tubule was disappeared heterochromatin and nucleolus, and condense. As the concentration of TBTCI increased,
the accumulation of lipofucin increased in the digestive gland, but the collapse of digestive tubule induced a
decrease of accumulation of lipofuscin.
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+71%F43}3= (organotin compounds) 5 3}v}el TBT
(tributyltin) = 1850 dc] %2 #-A=E o]F 1960 t)F-E]
Apts g dlER wol o]&Hoigkt}t (Yamada et al.,
1992). &kA|at 1970 e Zf2o] oprrute] 2o w7173
o] Alg nuwl ol LAY A 3 B FalA
=9 AFGA 9 A7 EE Fiske Aew: EuHgY
(Waldock and Thain, 1983). ©]% 1971 Smith:= &=
79 Al S A7 BEEE 842 imposexeh
nowEE A e Al Ads: 2afeld
imposex’} X% ¢t} (Gibbs and Bryan, 1986;
Horiguchi, et al., 1994; 2000; Chiavarini et al., 2003).

M E

u|3AEL (EPA)+= W&v|Adf&4 (EDCs; endocrine
disrupting chemicals) & &2 344 A, A%, &
G2 YEs FAANE A 229 e (34, B9, 5
A 7NBAR oF, AT AR, A8 2 SAEA A s
sl 9ol EAolela Aelslgith (EPA, 1997).
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2g|A H1 xojsgkr} (Rasmussen et al.,
and Orlando, 1994; Quinn et al., 2004).
olFd F7IFA e FlA el FAAT
(International Maritime Organization; IMO) oA+ "4l
uke] 3l WA A" AR oAl AR S 8 2003 1
9 19056 TBTE 54202 o) Alhg sl 5o Az

1983; Regoli

$ 235 ZABP|E 9, 20089 149 1 o]F 7] =¥
Hof 9l& TBTE —Zr*é‘:' °E ke Al HRlE 55 AlA
2R A A7 £2e F dJES} HeE SEHA A=
FukS £ ¥3}5 2 3l 9t} (Anonymous, 2001). 3}A]qt
silseoll A TBT O] whatrl= oA 5 Axql whd, 3ok
HAZoNAE FLA

T oldel7] wiel sligollA
TBT| <o) Ak} shejeke TBTE -3k 3 <k=4]
=0] 29819 AFA R Hgste] FHol| MAe= FANE
S AEAew 9IS = 4 9t} (Adelman et al.,,
1990. de Mora et al., 1989).

olvjeiF-2o] 434 (digestive gland)2 tTHe %
(tubule)Eo] 919t A4= Fx5 3k 9lon, o]&2 F 7]
T Al astelr}. o2 AFAES o|wisiFe] 71 F
o4 TBT7} 743 sho] 251 7jgbl astoleln ¥
3191 2 (Morrison, 1993; Gomez-Ariza et al., 2000), ©]
W FES T2 AR Yol AalstHA ozplalel ofaf ol
= AFetER 2 d=AE Aol fA A=A Al A
2] &% (detoxification)¥} A eWE-2 7] wjfof sjoFA=A
3} 470 oAl ohi] 3 ARELR ol A4
3 9Jc} (Siah et al., 2003).

Ak 4 (lipofuscin)glt =3lMAMEZ A oA &
gl =AE 43171 o]akgsll4A  (secondary
lysosome) + Fall=|o] FalaA| e st AlEA ke
2 So7p Hed, old o o) EallEAl de =Ao] &3
iiﬂ ‘4101] ‘)’0}"‘ oA Tefgh A ARt 22

=25 d7=t) (Bubel, 1989). welA
EDCS"ﬂ —43} sF AAlEE2] Gl B3 7L A7Eol
A 25l ogt AEAREA A L] FA0] AEH
olA gt} (Viarengo et al., 1990; Mathew and
Damodaran, 1997)
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1. A=

B Qo] A8H )& Gomphina veneriformis-& 2005
d 10€e] 7= FEAR <k (37°547 27.23” N,
128°49" 38.95” ) oA x|A 3+ 2+ 30.00-35.00 mmo] A

AZA NAF= 125701
2.9

1) As=A

AR AAEES APz Silsle] AY fxol o 257 F
& EAAF £2717E F<k 2, pH 3 22 274
T SAsk, AFAE AESE dlA SA ARSI
& AN A $x= 30 Lo A5¥ %‘L oAza} AH
frel FREA Ao o AY 25 L dAsH %xl‘}%i
o, xo] Ui AR AR vlsd A4 2
Akt AxA G 2S5 10 em A= 2o} %01

AN ARRe] sPeshes sk AR
200511 10¥ 2544#€ 2006 74 3U7}A] 36F 5k AlE
stglek AR/IZE Bok FF7)9 Lxe Q9Hel 24 gl
Az 7 AAFG 0w, Ho|= Isochrysis galbana 3-4
x 105 cell mL™E 2200 18] Fsigict. 48712k 5
A AAES] gl o3k pHe| sk 9 WaE A a7

4529 TBTCl 522 AAsH 248 F7] $ste] o)
/‘] Aol 238 BZegla, 7 eEg ) AA sl
fq“j)r g sfg=2] ool 94 TBTCle A —1—015]'03‘:]’
2) 2493
A5 2992 tributyltin  chloride (TBTCI,;
[CH3(CH2)313SnCl, Sigma) £ acetone (CH3COCHs,

Junsei) ©2 10,000 mg L' %%9l stock solutiong 7H=
t}2 dimethyl sulfoxide (DMSO; (CH3)2SO, Junsei) &
o]€3}le] 100 mg L' =59 substock solutiong ©FS¢)
t}. TBTCI substock solution& Z+z+e] TBTCl x5 A3
Gl 3)4s1e] Agsisick

3) g7

TBTCl =24 »&79 $=5 A3}7] 9138 TBTCI
< AgAeR 23AA) g2 %—;—— %ﬁ sgom,
Aol Az o AdBE Esje] LG (200 pg TBTCI LY
9] 1/25 %21 0.8 pg L& 7P %% ST Aeta, 1
e} e 0.67 0.4 pg L'E $ETE AASICL

2) Ay
(1) Ferav] s 23

Peand g 99 AAF A5 Drury and
Wallington (1980)2] ¥l ej| w2} aqueous Bouin's fluid
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o 2477t FF 1AsL, 24-48A7F T BEE E 5
stk 1§ 70%+4-5 100%742] 2+7F 40% %‘i oekE
o] &3l A P43 £ xyleneo] o3 x|3
A] paraplast (McCormick, USA) of Eujjs}oit}. Erjj=l
B+ microtome (RM2235, Leica, Germany) < ©]-&3}¢
45 pm FAZ A% ARste] Lefol= Felrel Fsl
=3

Feu) FEAR ARH AT 432 Mayer's
hematoxylin-eosin (H-E) <3A1#} alcian blue-periodic
acid and Schiffs solution (AB-PAS, pH 2.5) #+& 4
Masson's trichrome 2 2 3¢l3}3it}. E3t lipofuscing &
#3}7] 915 Long Ziehl-Neelsen 341 A|s)s}slc}. o3
g 2HIEELS FEn]d (BX50F4, Olympus,
Japan) © 2 #Es}ic).

(2) AAWA #3

AAEn A 222 AJZ-2 Cormack (2001)°] ¥y el wh
2} 0.1 M phosphate buffer (pH 7.5) & 9471 2.5%
glutaraldehyde £°% 2-3A7F Eot A 1At o,
0.1 M phosphate buffer (pH 7.5) & 20% 52t 2-33] 4
Al kgt 2 F 1% osmium tetroxide (OsO4) (Sigama)
2 12417t 3 1A% %, 0.1 M phosphate buffer® 20+
o} 2-33] A|A 3}, ethanolS ©]43}e] 70%H-¥ 100%7}
Al 247 30wt @A E @elgitk. TEM< o8-8l
A7) 93k BEE-L propylene oxide® 30E%2 23] ]
3sta, o|EA 22 £ (60C dry oveneol|4] 36-48x]7F
Eol 3 3 1-05 pm F49 semithin sections
toluidine blue® gAs}le] Fskn|7ozr H3igc)
TEM =% A#L  ultramicrotome (MT-X, RMC,
Germany)< o|-83F %7 70 nm= section 3t t}-g gride]
224 uranyl acetate-lead citrate®® <3A3ty, TEM
(H-7500, Hitachi, Japan) 2 #2359t} SEMS o] 83}
of A2s}7] 93 FEEL amyl acetate® 30E2 23] %3}
3la, COy 7122 9JAIAX (critical point drying) 3 t}-&
1% FoF #o]& =z (gold ion particle coating)d}e]
SEM (S-3000N, Hitachi, Japan) °& 23} ).

3) 94 Az B

A e F AT 94 AsE WA
Pantone® Formula Guide coated first edition 2002
(Pantone Inc., USA) & 7|ZF2 8 T5HIE () gkl T4
sfote.

(@) 2438 wsjepye] A
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2% AYA] A3 o) AR vhe SEE 5
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HAz] (IMT, Visus, U.S.A)S Al83)o] 2431500
éalfiﬁ-—;—ﬂ 23T ARE S (pm)E 2451 95
40-503] ZA3te] A FAS AL

)
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mucous cell area (zm?
= x 100
epidermal layer area (zm?

Distribution
of mucous cell

434 279] Long Ziehl-Neelsen G4 A ZZ4Aoz 1
Efues AR A X &S ofefo] Aoz Ailete] )
& (D)E Jelh

Distribution
of lipofuscin

lipofuscin area (zm?

= x 100
digestive gland area ( ﬂm2)

6 724 AS

gzl dd =752 FoHal Ao] (P < 0.05) &
oolw 7] $Jg EAX = SPSS 54 TS o] 43l
one way ANOVA 2] & Al&24 02 Dunnett P8-S
A@stgiet.

1. 9=

b I i A e e B e o B o e FO E e
gl 2sprlaat 2spa 2L ookt TS SR
Ae Fxoltt (Fig. 1A). &5 A9 Az} 4
A 23 a5 AN 2R 5] glom, dmAlze) 4
A EE AZ] 7]A el Fo] EAs
1B; 24). o5 24959 ArHelle Az
25o] 33lt} (Figs. 1B; 2A and B). *® E‘} 952 e
A ZH5L vl 2AFTPEEe] sk Feldle
wdgh T A 9ol wet FAE ekt (Fig. 1B).

TEM #3 23, Wihds = gle ool Aus<
T AlEEE AR} ARAR Jja FeAEE0]
B, o]F AlEEL G5 TAE ] Y3l (Fig. 3). e
AN TEL Z0] 10 pm Y2 Zo] F1 Zo)7} 71 A
A<l AFF oz A AEe AgHole 2ol oF 1 pme| v]A
SRzt A0 oleh AlEe] ZAFels e o
AL glen, ol5 e A iyl ez 3o i
© ol¥ AR AR AR o] W= "“4 el A
AdErt 22 gl SaAEe] EAsglon, AlEAe]
Aele vl mlEZEzolEe] B o5 AmAl
E52 AT AEST} Fht aja R R A gl
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Fig. 1. Histological feature of the outer envelop of the visceral mass in the equilateral venus, Gomphina
veneriformis. A: Cross section, note visceral mass constructed simple epithelium (El), muscle layer (MI),
gonad (Go) and mid-gut gland. H-E stain. B: Epidermal layer, showing the cilia (C) and striated border (Sb)
on the free surface. Masson's trichrome stain. C: Ducts in mid-gut gland, note primary duct (Pd) seems like
stomach and secondary duct (Sd) lead pretubular duct (Ptd). Masson's trichrome stain. D: Digestive tubule,
note showing the basophilic cell (Bpc) and digestive cell (Dc) in the epidermal layer. H-E stain. E: Digestive
tubule, note thin connective tissue (Ct) surrounded digestive tubules. Masson's trichrome stain. F: Primary
duct, showing the alcian blue negative mucosubstance (Ms). AB-PAS (pH2.5). Dt, digestive tubule; El,
epidermal layer; Ve, vesicle.

St} (Fig. 3A). P LEL o2} Ag 2a2o] $L Sl A7 oF 9 mel ZHgSe] Nwel Az EAs
s glow, FulAHEL AL} e AHA 2 ik (Fig. 30).

] Aelels AR} B3, 2717} ot o] o] aspd 2 7|7 2 A7 AuAxet 4739 AA
Ak Qlglet (Fig. 3B). A]52 sjdel EAlsks 25 Z=ANTER :[wgq % primary duct, primary
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Fig. 2. Scanning electron micrographs of the digestive gland of the equilateral venus, Gomphina
veneriformis. A: Outer envelope, showing the epidermal layer (El) having ciliated simple epithelium. B:
Frontal view, note numerous cilia (C) on the free surface of the epidermal layer. C: Mid-gut gland,
showing numerous digestive tubule (Dt). D: Mid-gut gland, showing a stomach (Sto) and numerous
digestive tubule. Ctl, connective tissue layer.

Fig. 3. Ultrastructure of the visceral mass of the equilateral venus, Gomphina veneriformis. A: Long columnar
epithelium in the epidermal layer, showing the numerous lysosome (Ly) and oval shape nucelus (N) in
cytoplasm and microvilli on free surface of the cell. B: Secretory cell, note the containing secretory granules
(Sg) with fibrous materials. C: Connective tissue layer, note cross and longitudinal sectioned muscular fiber
(Mf). Cf, collagen fiber; De, desmosome; Gg, glycogen granules; Mv, microvilli; Za, zonula adhaerens.
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Ultrastructural changes in visceral mass and lipofuscin accumulation of Gomphina veneriformis on TBT

Fig. 4. Ultrastructure of the epithelium in the digestive tubule of the equilateral venus, Gomphina veneriformis.
A: epithelium, note that have numerous secretory granules (Sg). B: Lipofusin in epithelium, note the
containing numerous lipid droplet (Ld) and glycogen granules (Gg). C: Free surface of the deigestive cell,
showing the microcilli (Mv) and zonula adherens (Za) and desmosome (De) in cell membrane. D:
Basophilic cell, note possessing a well developed rough endoplasmic reticulum (rER). E: Cytoplasm of
basophilic cell, showing the numerous rough endoplasmic reticulum and granule (G). F: Cytoplasm of
basophilic cell, showing the Golgi complex with some vesicles (Vs). Cf, collagen fiber; Dc, digestive cell;
Gc, Golgi complex; Ggc, Golgi cisternae; N, nucleus.

ducte] Jelx] BAFe|z Mol o, 977 ARFEY T4 Pretubular ductt 3479 23p41H%

gud

& 7R3 9= secondary duct, secondary ductelAd o] glon o] AFJAAAEL YT o]FA

ful

shele], H 52 Y¥HE9 Wis 7Hx< pretubular duct® A5l fJslA A== gk (Fig. 10). 253532 4
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Fig. 5. Histopathological changes of the digestive gland of the equilateral venus, Gomphina
veneriformis exposed to TBTCI. A: Interstitial tissue exposed to 0.4 ug TBTCI L" at 12 weeks,
showing increase of hemocytes (Hc). AB-PAS (pH 2.5) reaction. B: Digestive tubule exposed
to 0.8 ug TBTCI L" at 12 weeks, showing partially destruction of epidermal layer. H-E stain.
C: 0.4 ug TBTCI L™ at 20 weeks, increase of mucosubstance (Ms) in surrounding primary
duct (pd). AB-PAS (pH 2.5) reaction. D: Epidermal layer of outer envelope exposed to 0.6 ug
TBTCI L™ at 28 weeks, note cutting of the muscle fiber bundle (Mfb) (circle) and change of
the epithelium. AB-PAS (pH 2.5) reaction. E: Digestive tubule exposed to 0.8 ug TBTCI L" at
36 weeks, note filled digestive substance (asterisk). AB-PAS (pH 2.5) reaction. F: Digestive
tubule exposed to 0.8 ug TBTCI L™ at 36 weeks, showing change of the cells of the digestive
tubule and destruction of epidermal layer (El). AB-PAS (pH 2.5) reaction. Dt, digestive tubule;

Dc, digestive cell.

o] shto] EASKE 23pAATS thre) B (tubule) F22
slojslon], 27)7} cherelich (Figs. 1D; 20). 2344
3} A Aol EAT 22 AR Aado] £
Astgow, (Fig 1E), 23haalze] 2o sish 4 22
A3HEe] EAEIY (Fig. 2D). AspdAze F 5579
A AZE T 0] Y, sk ashAToln, he st

© ZA7AEIT (Fig. 1D). o]E AAEEL 717h 2
LY Az} 717h AL g AERA B3] 28 o]F
ew, 2spAlge] Fuele ghe A 24F0] B
ot (Fig. 1E). o]& 23 24 Fel= AB-PAS (pH 2.5) &
Al BepAl (2645¢) 02 uh3dhe EAEC] EAEICH (Fig.
1F).
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Fig. 6. Scanning electron microscope for histopathological changes of the epidermal layer of the visceral
mass of the equilateral venus, Gomphina veneriformis exposed to TBTCI. A and B: Free surface of outer
envelope exposed to 0.8 ug TBTCI L™ at 28 weeks, showing partially disappearance of cilia (C). Ce,
ciliated epithelium.

aspAae] £TAEEE ashaAae] Yol uhet Aol
o 25 ume| AFHeIARE o] ok 15 um, v] o 25
pme] PIFAZAA 2717} eeshglon, ol5e] A A
29 7 A%e] SR, ATl 2 e, AR
E7h e vie] 9Es) vEzEelol Jeln vhe] Sul
Soo] EAeka glgich el el AR o1
Aol wAsglon], FHdy mHiTAZl EAskt
(Fig. 48). E3 AslilEe] AZAE ARLET} 28 A
Aot 2ol A Ee] FAYE AR 23
o} (Fig. 4B).o]5 Al%e] Afwoli Zo] oF 400 nms] v]
AgErt EA3 glgle} (Fig. 40).

FRALE AEA o] F 0gR A7} B
S, Ao ALY Fof Bl o] EAT, Ao Aol
Wi mops] FAAL WA ol el shael A%

7 e PulskeiEo] EAlska glgith (Figs. 4D-F).

o
ol

o)
=

=

2. 87

TBTCl x% 43 0.4 g TBTCl L' rxoAL: €2
5 W] dte 23AdAgE 34 AB-PAS (pH 2.5)
& Al BepA (T4420) 02 el AAEASC] 71819
t}. 0.69 0.8 xg TBTCI L' S=7-5oA% e AHo]5o)
HAANEI} Zr2sigom, 2spaAT Ao o] HYgat o
o] AgxA oA deee] 57 $EE

1% 125 04 ;g TBTCl L' oA gzt 3}
A2 F7e S7F WEEAT (Fig. 5A), o7 4959 A
A 27} ki asgiek 0.6 pg TBTCI L' E7oxe
ot v o) ARy} gl Adxge] FEAoR AAlw
geor, 2spiARES e Sle A 245 97t
vpepitet. 28 A7) 714 B x%79 0.8 pg TBTCI L'

]

-

P

oA 434N} secondary ducte] Az)Eo] FEA O
2 waEglen (Fig. 5B), A3 AAwe] vi7dela cieke)
&3EAS0] =ik

*% 2059 0.4 pg TBTCI L' sEfolxt 9=} 4o
5o Arrt B EA ez geslglen, primary ductE =7
Wi 9l A xx 204 AB-PAS (pH 2.5) uke-A] ¥}
A (7442¢) o3 Yehs AdEASe] F7leisitt (Fig.
5C). 0.6 xg TBTCI L' sx7o| A w945 chia 24
& the) s ® Qlsle A A Fo] FHHL, 0.8 pg
TBTCI L' 527 d% 23pA9 Wgel sl 43
Fhe] o] AA S5l e, primary ducte] Wil &
gl A2} FFAskgle)

=% 2850l 0.6 pg TBTCl L' 7oA 2830
7591 (Fig. 5D), 0.8 g TBTCl L' oA o
A oJut Alu|Zo] Hm (Fig. 6) % primary, secondary
ducte] Wikl EAlsh= Ardrt FEALE £

Y% 3659 06 pg TBTCl L' ExyoA:
pretubular duct®] Alu]Zo] vl¥E]glon o]5S FEML
v A 2AZe] 24 P 22 2579 0.8 g
TBTCl L'oxe aspisae] e 4stE4 (2635c,
529c) 5% 715 AHA glaler (Fig. 5E), Wie] =94l
A3AAR ARZ) I = dgyos wste] s
SA 7} FolAH, AEZo] BEAC 7 slaE g} (Fig. 5F).

AAdn Aoz et A g A9l S shete] wlAl
reb A S E R, astadAlRiAbel ] A oA
2 23 Eo] #A=EQT} (Fig. 7A). E3 2829 ZAKE
o] H3l=wA AALEs} Golx| 1, TAfAe]elE v
Ze|2A H3i5o] #AF Y} (Fig. TB). Wgd < 49
AEEL AZAYe FezA B5lEe] Frsiglon, A%
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Fig. 7. Histopathological ultrastructure of the epidermal layer and digestive gland of the
equilateral venus, Gomphina veneriformis exposed to TBTCI. A: Connective tissue,
showing a enlarged lysosomal vecule (Lv). B: Connective tissue, showing the numerous
glycogen granules in the sarcolemma. C: Epidermal layer of visceral mass, showing the
cytoplasm filled glycogen granules (Gg) in epithelium. D: Muscular fiber bundle, note
necrotic muscular fiber (Mf) in the sarcolemma. C, cilia; Mt, mitochondria; Mv, microvilli.

9 Ado= A3t mEZcglolEoe] #HAE v (Fig.
70), A5E AAFE AT 243l nddH L
3 2A5E0] H3}slo] AfAse #o) W (Fig,
D). zshiAlH *bwli <= vAl RS AT 3 A

B). %3] 5974 AZES] AZA0] EAGE EALEAE

- 71

2 X HyEl xzAbe] HEE gt} (Fig. 8C). Primary
ducte] AEAEEL ATA Yo Arr} Batselon siu)
& A% 5}3)5)3ic} (Fig. 8D). 0.8 pg TBTCI L' =79
A A A Ee] 2Ake) 3 3o AEHL $HE|o] vy
3} =3 (Fig. 9A), AlZA = ez 75 7t &
A o] shalE|= xA o] =)} (Fig. 9B). E3k &
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Fig. 8. Histopathological ultrastructure of the digestive gland of the equilateral venus,
Gomphina veneriformis exposed to TBTCI. A and B: digestive cell, showing the release
of cytoplasm (pentagram) from the disappearance of microvilli (Mv). C: Basophilic cell,
note the destruction (arrowhead) of rough endoplasmic reticulum (rER). D: Ciliated cell
in primary duct, showing the cilia (C) in cytoplasm. L, lumen; Mt, mitochondria.

A AlEe) Ha) A @l ok EAjERE o)A A
o] vxj= o] & YFo FAzr} A= (Fig. 90).
TBTClel| =55 o L3AdAS A9S 749 wHsh=
AH7|7F Eot gxTe FF 23.92 xmPT, 0.4, 0.6, 0.8
pg TBTCI L' =72 AAEe 2472 37 1621 pm,
14.36 ym, 11.62 ym= FAF e} dlxte] Aol A

H717 Sk AEFE FA Mt QAT 04, 0.6, 0.8 4
g TBTCI L' 5279 AAEL 2&7|7t0] 2245 AT
29 FA} Fadle], 5T BE 12F o]ENEL dxT
9} 4944l zpo]E ®ih (P < 0.05) (Fig. 10).

23PN A AL FE8]|EE PolR 7] 93] Long
Ziehl Neelsen A2 A3k A3}, Azlgko] AEo|A A%

4

<t
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Fig. 9. Histopathological ultrastructure of cell in the digestive tubule of the equilateral venus, Gomphina
veneriformis exposed to 0.8 ug TBTCI L. A: Degenerative cell, showing the irregulated nucleus. B:
Necrotic nucleus, note destruction of nucleus membrane (arrowhead) and condensation of the nucleus.
C: Necrotic nucleus, showing the destruction of nucleus membrane (arrowhead) and disappearance of
heterochromatin and nucleolus in nucleus. Gg, glycogen granule.

40

—o— Control —4—0.4 4 TBTCIL "
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Fig. 10. Epidermal layer thickness of the digestive tubule of
the equilateral venus, Gomphina veneriformis exposed
to TBTCI. Vertical bar: SD. = : significantly different from
control (P< 0.05).

A el A=A (249c) 9] A A7) A ) (Fig. 11).
7 ARTE] A 2L FENES 2F 45A izl
e 6.41%% JEPd Uk 0.4, 0.6, 0.8 xg TBTCI L' =
EFEo N 77 28.07%, 34.90%, 37.53% % 7)o b
279 5949l z}o]E BT (P < 0.05). 3}A]1 23 20
Folle Be 2ETolA AL FEnge] FAsle
o (P < 0.05), x% 28 AA9l 365 % 3650 0.6
7} 0.8 pg TBTCl pg L' =72 735 AshdAla A2
wEog AubgAlLe] H¥u|go] 285 ¥} 77 71.65%
9} 70.90%7} 7Fasle] tj2T-9} f-2#l zfe]E Bt} (P
< 0.05) (Fig. 11D).

-

AZZ o]F0)7 primary ductst HZE M Ao TR
©]F-017 secondary ductZ 7}A|H, o]%

Adow  ARseld  WATPE oA, WAk}
(Lamellibranchia)  o]ujs]F52  primary  ducte}

secondary duct E5 AR5 7Hx= 240z AL Ao
AEZ FAEY (Morse and Zardus, 1997).

A3PAAT] AYAZEL 23 ES} SAMAER UE
oz, A3pEE AT A3tE S E3hE A Al
Foln], upate] Z iidE o)l AEAY LalliA A7)
2 AL, 39714 AEs E0AETL L3R B 5
3}l (Eble, 2001; Dimitriadis et al., 2004). Mytilus
galloprovincialis®] AZHAAAT| ZA5l= TGN E=
gy 2L ZAf FAAT} #e] e EAsk, MR
THE FESX AEY At EAslelt. Azt EES]
AEANE A2 SAEES] 4235 F95hs 7344 &
slaAet AApdzrt v AREsaA] 2l Joje] Fe
2 EAFR: AoiAEe] EA15tE (Dimitriadis et al.,
2003).

redole] T2 2GAFNA AR AFEA], Mytilus
edulis= %) 23pARe] v Eo] 66.6%2 vehgrh ®
& 239 Ao A Aol AT A A5F 5713
A 8)80] oA, 2342 w)g0] W3} (Zorita
et al., 2006). 18]~ Thermaikos®te] AEal|wx], Mytilus
galloprovincialis®] 73-%-o= A3t AT AujA 2o &A)s}
L A} GHEAS AALATE oANGo R ARE 7]
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T

Fig. 11. Photomicrographs of lipofuscin in digestive gland of the equilateral venus, Gomphina veneriformis
exposed to TBTCI. Long Ziehl Neelsen stain. A: Control, showing the few lipofuscin (Lp) in the normal
digestive tubule (Dt). B: 0.4 pg TBTCI L™ at 12 weeks, note increase of the lipofuscin. C: 0.8 ug TBTCI
L' at 12 weeks, showing the numerous lipofuscin in the digestive tubule. D: 0.8 ug TBTCI L" at 36
weeks, showing the few lipofuscin in the changed digestive tubule. E, epithelium; El, epidermal layer; Dc,

digestive cell.
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Fig. 12. Lipofuscin area in the digestive gland of the
equilateral venus, Gomphina veneriformis exposed to
TBTCI. Vertical bar: SD. = : significantly different from
control (P < 0.05).

o} FE ArT} polpon, Fuds T S3laA =3
o wo] =gt} (Domouhtsidou and Dimitriadis,
2001).

E3 0399 9)F At 0.08 mg L' 5= 7
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galloprovincialis®] digestive ductE 743t AFAEE
2 BT Awst 2AEYT (Soto et al., 1996),
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o] st Wi 33t ez Wy 9 5714 2
29 7+47F #EE gt} (Quinn et al., 2004). Endosulfan
o] =23 Planorbarius corneus? 7$-o|% A3pAA=-S
s 2 AEe) 8 0 s AR Aold) )
She Wexgel WA gad A% 242 49 9 A%
Zo] #A=E gt} (Otludil et al., 2004).
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FE 9= Pavelka and Roth (2005)= o]2j3 2|2
HAE] Z7l= AR gokAToe] dgle g A, At
o) 955, 22 dlsle] 23] SRSl ARG ae]
Yely= =Atolglar sttt ®3F primary ductol] £Asl=
HEAAZES] AT dolH Arso] Baegled o)k
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ol ¥ A Fln AZA el AFs]e] AR} PA= A
o|t} (Hagiwara et al., 2004).

oulolFe) £Ae GlaAt F] W] Sl

Welghs  wsle A qQane] AxEH 583t
(Moore, 1990). &34l AEY A3l 38 F-92H 2
231 23)7|FolA A= 9= Owen (1972) 4237|%

- AEA S Aol T ASHolEtaL gty ZAA
A ARE EeflaAle DP gt Tl aa s e AR
Z1HemA o5& Y e 2L fFEHE FE 9
g FAES 7HT6HE&L°1] oJl gaAAA el 4]
(heterophagosome) # AZ=| A, AT ol 7]50] &
AR AZL7|Helg BEed 2AES AN AT &
3424 (autophagosome) = Akt ojuf g3i7} Z1s)x]
Al oL, vEs el "‘”0}%% BLE o IR o Bt = S Bt
A (residual body) £ MbzdMietw sc)h AHf 244
= AEgAa Jﬂﬂfiﬁ AERel A Fx2] Wtz HEH A
712 HEAS Agsl= HEy=E L) 2A0ltt Ross et al.,
2003). iAo w A 2ALE AL s)5o] A o
£ wstel ARolAR, We Pl A AL FAL Ao}
AEAY A3} 2EH 2 (oxidative stress) o] W73} 47
A4 (apoptosis) 3= AEE w1, 2315 15}
o8 7}x] Ao A A =} (Brunk and Terman,
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HAZEZANS} s Z oSl dbdes
S =4 el 5t s st
olulsiFol ) A ZAsE T2, o), A, Wk mhavie
2o Bk NLEE BEHR A SAANS A
del B AT AT AEA) Qg AxT
o]g-5o] gk} (Viarengo et al., 1990; Krishnakumar et
al., 1997; Byrne and O'Halloran, 2001).
27l Mytilus sp.& Fw50] 299 AR =% A
Ash, geaAle] PR ALY 24o) Frsh] 2
ofgrel ol Qs A s At T4 2
o= gk FHikst ko] AHEslE & = Uitk (Pearse,
1985). Tapes semidecussatus®] 7Z-$-9% 15=2] 7%
(Cu: 198.0 mg/kg Dw, Zn: 7834.0 mg/kg Dw, Hg: 154
mg/kg Dw, Pb: 2336 mg/kg Dw)e]l ©3% AAe] w2

F 295 A o2 dlmTo vlagt A3}, gz 234
011*1% A AL, BRA SBA FFEe) 293
EPolAle A} dee s SR v et
(Byrne and O'Halloran, 1999). &3l 115 9] 240 &

= FAFe Agells slE 713 Az Qlste] ApaA

A7} &718l9et (Da Ros et al., 2000). Byrne and
O'Halloran (2001)& A|E5FoA SA4H71E 517] S8 A

Korean J. Malacol. 26(1): 63-78, 2010

A A} gafaAe] o BES WEsEd o9

)
B JAE] =25 Tapes semidecussatus®] £3HA004 A
]_

WA L7 AEE T, Sl|aAe] oA FA d= 959
A A 7Fo] ZFAaslG vk ¥ s)gith Zorita et al. (2006)-2
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