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Abstract - The histopathological effects of bis(tri-n-butyltin)oxide (TBTO) on the
flounder, Paralichthys olivaceus were examined by means of histological methods. The
experimental fishes were exposed to 0.17, 0.36, 0.60, 3.20, 6.30, 12.50 ug L™! TBTO
concentrations for 42 days. Histopathological change of the fish exposed to TBTO is
dependent on the exposure duration and concentration. In the lower concentrations
early histological changes included activated mucous cells and chloride cells, capillary
hyperemia and epithelial hyperplasia in the gill; hepatocyte activation, degeneration
of bile duct and pancreatic zymogen reduction in the hepatopancreas; and capillary
hyperemia, appearance of eosinophilic cell and melano-macrophagocytes in the
kidney. At the higher concentrations histological changes of dysfunctionality included
epithelial lifting and deformation of the lamellae in the gill; pycnosis and cytoplasmic
degeneration of hepatocyte; pyenosis of haemopoietic cell and deformation of renal
tubules and glomerulus in the kidney. It is indicated that TBTO induced histopatho-
logical changes in the fish as other aquatic pollutants.
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F7154 313 B-0] A A BN A v R F 3kl A
= TBTe| &8t 97l dog-whelk, Nucella lapillus2] A
718k (Gibbs et ol. 1988)0]] A3t R 115 H|F3le] F=2 4
29 A3} P15 Sl BT A7) %ot
(Gibbs et al. 1990; Triebskorn et al. 1994; Jobling et al.
1996; Gray and Metcalfe 1997; Chin et al. 1999).

AT o] & FFE FAAES] AT HEy] 77
o] 7]l W8k o33 ®atk ohde}l 7 F|HA) A =
£3le] A H M2 TR ® JFE FAHEY, 4
EE9 Fz2H¢l W] dalAE bis(tri-n-butyltin)
oxide (TBTO)2] FAI=Ae] 28t Salmo gairdneri?}
Tilapia rendalli®] #2132 <« (Chliamovitch and
Kuhn 1977), TBTO9] A7|7t &% guppy, Poecilia
reticulata®] ZA|WE| A < F (Wester and Canton
1987) 5°] SdEd, o] ¥l dF= FE F5 FEE
oz aEe]r]l Afelrt

2 AFE TBTOZ A4 159 71RA Pzl 0%
& SlE PsAE S B e offe 4
A|, Paralichthys olivaceusg WAooz 3131 ¢l vy
& olgakel At

e o Y
L A3 E
Ao AMRE WX, Paralichthys olivaceus= SAFG
Al oFoiAtell A HoF o} AlgAlz HISE ¥, 400 L
3] fzoA 1043t £X Ao, Rt A
ZA17F 9= AA 18.0(+1.0)em, A= 80.0(+5.0) g
71745t N A AHEER -

Lo oE f IN

2. %4

Ao A ALE-e gF2Ao)A] SR wiog
A= AR5 wghe 29 dFo= dj9lom,
ARS4= 2 20.0(4+0.5)°C, YEE 32.5(£0.5%0, pH
8.0(£0.2), 8842 7.2(£02)mg L1 =718 §=
AlFH. Hele JA 4 RS FF3C

A& 8.8 his(tri-n-butyltin)oxide (TBTO) (Fluka
Chemie)& acetoneol] 83|A1%] & ZF,= 1.0gL19)
stock solutiong 2+E 3 w2 3 M3le ALL3T
FEE ouAYE vigon Qg¥ oz TBTOE A7}
3A e WxF9 TBTOE H s 67 FH=7(0.17,
0.36, 0.60, 3.20, 6.30, 12.50 ug L'H3 AAsision, 42
Azt 23] vHE- Algsieic)

ZA8A BAMel= ZF AYFHE w5 5AAL] oAF

7} AMHA 7 ol H% T oblul, 2% W A
Z+& A 3sled Bouin's solutiond] YA A7 TAI =
sfebel Aggoz ¥ 4-6ums A&5AARE A}
ot AlztEl 22 B2 Mayer’s hematoxylinZ} eosin
(H-E) 8] 3} Mallory AF&9 A 18|17 periodic
acid and Schiff's solution (PAS) ¥F$-3} alcian blue-
periodic acid and Schiff’s solution (AB-PAS, pH 2.5) ¥}
& ANst 2 Wbt wy Y A
ZAH A 7R 50% o)Ak AAM vehbe 2
2A4E 71FEoz 390k

L. o}z

U219 oprlul= tRE AFFH] oprimlel FARH
Fz2 A9 (gill filament)3} A} 2 (gill lamella)o] =
o] it 7t Al AF AP RS S0 w3y AlujA)
E 2ol M3 ¢low AN E (mucous cel)9} FAHE
(chloride cell) 28] 2 WA £ (pillar cell) 5o 2 FA =]
o] 3glgic}. PAS ¥2-3+ AB-PAS (pH 2.5) uh-$ A7} 3
MM Z3= Schiff's solutiondl] HH-g-8le] HLMe wolo
v Az A9 AIE 1y (Fig 1, A). Hx79
7S A8 53RE AY FEI/A HAM 29} FAH 2]
27+ A9tz HekE Seldt 224k sl Bo
A ket

TBTO =279 A% 017ug L =4 78 %<t
=&£" NAEY obrp] A} dx7e FAIEA
289 FxeM 79 ¢ 2EF AES] oplv)
A4 o A= 22 AB-PAS (pH 2.5)8F80] A R o=
WhSshe A ZEEY Friekdel FEE UG (Fig. 1,
B). 0.60 pug L 5 =ol|A 149 59t =23 /A S
Aet el gk dak gAstE G EEe] 18
228 sl B9t (Fig. 1, €). 3.20 ug L'-14d
Alg el 320 ug L1-21d AP T M= g gohpo)
ujekgt 233 4, 48 WAE dHlE a8z Ag A
329 v]&7} A= gle}H(Figs. 1, D and E). 6.30ug L!
-21d A FAM = Ao =2, A =y P
I 28,949 B9 M= 2 Alg Ae]Ze] vjEd
ZAAE Vel o} (Fig. 1, F). TBTO 12.50 ug L! =9
A 359 Bt =&F AMAEY obhu] A ME F
2 A% AE)Ee] vlejel R Addde] 283 9 2
A7t FZA=E G (Fig. 1, G). 28] 1250 ug L =0
A 4298 259 A NME o7m 9 7)5e] Ebs
g Hloz AdEs A A ez uie) 9 g
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Fig. 1. Histological changes of the gill of the flounder, Paralichthys olivaceus exposed to TBTO. A: Control. B: 0.36 ug L™!
for 7 days. Note the increment of mucous cell (Mc} of PAS positive. C: 0.60ug L. ™! for 14 days. H-E section showing
the activated chloride cells (Cc). D: 3.20 ug L? for 14 days. Note the terminal clubbing (%) of the lamellae. E: 3.20
ug L for 21 days. Note the hyperplasia of the filament epithelial cells. F: 6.30 ug L! for 21 days. Increment of
hemocytes (He) and epithelial hyperplasia in the lamellae. G: 12.50 ug L for 35 days. Note the some lifting (T ) of
epithelial layer. H: 12.50 ug L for 42 days. Section showing the separated epithelial layer and fused lamellae.
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7] (zymogen granule)E°] WA= o] 3%t (Fig. 2, A).

AzFolM e AY A 553E A F871R] 2hz3)
M AP 750 ti F7lE9E B ol
T8 22 3H WSt RAEA gt

8A5F TBTO &7l 79 §< =29 2E A
9] 2NN E BHEY B Tag Ateld mA
PN 38 dife] #FFHI T (Fig. 2, B). 0.60 ug Lt
9] oM 149 F¢ EFE AN 2AERY
29 ool =7 5um W] &M AJM EZ (melano
-macrophagocytes)°] 2=t} (Fig. 2, €). 0.36ug L!
-21d A3 T AE 7bH A4} (hepatic cord)o] 2293
Aw, o] Auke £ 1 AB-PAS (pH 2.5)4F
oA Aoz whgdlg]ow, whate] Adw|E Al

Q.
)
=N
=

alcian blued]| °FA oz ubedle] F2A Vel (Fig.
2, D). 320pg L s=olA 289 EqF 2% A9
A zA A ME eosinel] 7stA ks wAQ FPo)
A 8A FHastd o} (Fig. 2, B). A 1% =79 6.30
ug L'} 1250 pg L7t xollAl 28 oA} 2% sHA)
B9 A AR 72 #3253 gur %
of Alzal &= 9 AuAdg el (Fig. 2, ). 87
229 549 F3L 6.30pg L9} 1250 ug L =50
A 289 ol x2F MABNME A BFs) o
FAT AHF o2 AexmFo sFsl= 0.17pg L'
0.36 ug L' s =el|A 35 oA} =2F MAze I
AE R A diE w44 A7) Hio] rhsaigdn

Fig. 2. Histological changes of the hepatopancreas of the flcunder, Paralichthys olivaceus exposed to TBTO. A: Control. B:
0.17 pg L' for 7 days. Note the increment of heriocytes (Hm). C: 0.60 pg L! for 14 days. Note the melano-
macrophagocytes (Mp). D: 0.36 pg L™! for 21 days. AB-PAS section showing the free surface of alcian blue positive
in the bile duct (Bd). E: 3.20 ug L! for 28 days. H-E section showing the activated hepatocytes and decrease of
zymogen granules (Zg) in the pancreas (P). F: 6.30 ug L' for 28 days. Note the pycnosis and cytoplasmic degenera-

tion of the hepatocytes. He: hepatocytes.
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Fig. 3. Histological changes of the kidney of the flounder, Paralichthys olivaceus exposed to TBTO. A: Control. Section of
the head kidney. B: Control. Section of the body kidney. C: 0.17 ug L™! for 14 days. Note the activated glomerulus
(Gl) and numerous hemocytes (He). D: 0.60 ug L! for 14 days. Note the numerous eosinophilic cells (Ec) and free
surface of alcian blue positive in the renal tubules. E: 3.20 pg L™! for 21 days. Section showing the melano-
macrophagocytes (Mp). F: 3.20 ug L1 for 28 days. Note the hypertrophied epithelia of renal tubules (Rt). G: 6.30 ug
L for 35 days. H: 12.50 ug L' for 42 days. Note the deformation and pycnosis of renal tubules. Bv: blood vessel, It:

interstitial tissue.
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Tt FAE g ot (Fig. 3. A) §8% 7He-d B9= A4l
(body kidney)o 2. AbFA| 9} Ml =@Ee] HFHoz 2
=23l3 9lsdvl (Fig. 3. B). djz2FeME= AF 7N RE
=8 "7k Hohe 234 e W) EE R ot
TBTO x=&79] 7% 0.17pg L7192} 0.36 ug L ! =0
A 79 Bt =E2E AANEY A 2ACME 2AER
o ¥k #AFEHAo, 1 9o FEF(0.60, 3.20,
6.30, 12.50 ug L™ el 2AE R 83 vj8o) ¢
H Aud Ao 34 AE5E 3AF 5 14
o 0.17pg L' =AM 149 59t =29 AAEY A
AzxA M= AbFAY] B4 BeEeYe] wFo)
=gl o (Fig. 3, C), 0.60 ug L1-14d2) A&7 714
£ AAzANME A AuEe] 3AA Az 2
7h A= el A-HH9 alcian blue AN, Al =gt
Ao vE g Axdd AuEe Rer HAFHAH
(Fig. 3, D). TBTO =2 21Yol|: tfE39] %=%7(0.60,
3.20, 6.30, 12.50 ug L Hel| A A}7-A12) 92, gl
Y wi7ke] Al B3 Z7) vl 3 dalAx
< $7F 223 dF =AM A F5Fo] vehg
(Fig. 3, E). =2 2899] B2 =%7(0.36, 0.60, 3.20,
6.30, 12.50 ug LY Al A= ALFA 9] 923 Ax3
A9 A 28] videl] 23 Alx W7Fe] w47l RA=g
o (Fig. 3, F). 12] 37 359} 429 9] 7|4 SEJME o
5 AREAS] B9} Hlwge] AFRRo] 2y 2|4
(Fig. 3, @3 AAkel AAA 71% 3] Brlsd 7
o2 AFEE 2ENE Y AR Az 55,
Al W7ke] H4 aejn ApA e Aeas 21 59
A st Wbyl 2o (Fig. 3, H).

ek
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T 52990 BALE £M5EY AE, AA, o
79 9 A%, 1WA 2 A4, AE D B
& 2 sh=d, AEA Y 24 Hil= A=
5 HEtel AP ol2lgt = guppy,
Poecilia reticulataZ #A7)7} bis(tri-n-butyltin)oxide
(TBTO)oll x=ZAIZ] AFelA & 5 Qled, AEE, A4
7 WEe ol 9 7% diAbAQl vkg-e] WEE vl
T = 2R HE vEE sRE of 30
Wl =4 Yebdt} (Wester and Canton 1987).
TR A B - 3t 2EHAR ¥ £MF
E 7139419 e 9 24 w3l v EelAel @l
ok s A E 22 273 BAIE Qo (Mallatt
1985). f71FABFES vIR3te WEu| AL ERd=

EF7H A8 71A] A FIge] SMAES 7F
A 7ol vlAe 444 el AT ATE ke
guppy, Poecilia reticulata®] & TBTO% di-n-
butyltindichloride (DBTC)2] ¢33} o oM FA19 9
5 A% z¥=A9) 24, AEe] T, ¥ Ao
At 42 9% 4ng 245 93¢ BRI
(Wester and Canton 1987).

Medaka, Oryzias latipesol] @}gF TBTO% DBTC2] <
o QTN A% AnBD ATA] P2, 24
2] 3}, & o A58l B39} 2o 42, 274
8 Aol 24 9 4 e A3, B9 gas
gland 49]¢] A3 ¥)F7t F2=Eg)ov) guppy, Poe-
cilia reticulatao| A #2EF FAY 45 epix] ¢
9k} (Wester et al. 1990).

TBTO7} F2]7N4o], Oncorhynchus mykiss®] X177
of W= oz 05ug L7'e 2.0ug L' Fxd
21 Ft =59 A He} AAAE A Ao
ZAE A3 AR 2 Tzl AR 3
A7} &l = %)) (Triebskorn et al. 1994).

a3 7B Fe] A&l Platichthys.flesusdl )3k
TBTOS| 3% AFolAM 32ug L s=ol 643 =&
= jA Y oprtulell M= A Au]e) 217} budding, A}
o AbT)e] Z24)e] w2 Ao §3te] Yehdt) (Grinwis
et al. 1998).

AR 294 FHed T4l 17 AA T
zol vlA= 54 GFozME JIEF(CD =21 &
o), Carassius carassius®] o}7}u)o|A] A2} At A+
A ze] el F7tet 71A Y v E, M2 T2
3 ol AR Aled A9EY 71AT 813} s
A} (You et al. 1978).

AR G2 2 34 3= cutthroat trout, Salmo
clarki henshawi®] o}7)mlel|A] FA)s£2] Z7}e} A3} AF
e wtg], 2 =] W B g3} AR Al A
A, 58, Axd A9 ZHEzAd 24HAE f5
31 (Galat et al. 1985), 1559 A (Fe)> X, Parali-
chthys olivaceus®] ol7imlollA A Absle] Z2] Ajgt
Thie] Z83) gA =z 4 9 WA, A e
2, R 57 H FHALE K23 (Kang et al. 1999).

%), Paralichthys olivaceusE 0.05, 0.08, 0.18, 0.32
mg L™ 329 72 (Cwell 429 F<t =247 A o}
7halell A Mz &3}, Az F7F D AL
iz Al Fx24 WA Fol Jeldon, 7k A el A
Az &A43 A 249 #3359 A, 93 Al
32 WA, MR 29, 3 YA 29 F7), 744
x| #g53 A=A WA o] Yehgen, AAeME =
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A 28, 34 gz 28, A 499 ¥
A, AR WA At w4 F dRe] dhge] w3
=9t} (Lee et al. 2001).

Ho], Carassius auratusE 0.01,0.1,05mg L ! 3 =9]
Ftegel 259 B¢ 2F3AZ] AT opriuel| A HAA
o] Abxdztel A M o] FA, A ATAE] H]
%, A)2ke] $-ato] LhERtT}(Bae ef al. 2002).

£ Q7] TBTO xZ7ollA #EAF 7|8A ] 243
A W3l Aol dFgE AXNFE 4 713A de Hek
A Jebded, o) 7ked AAHEQ 715 ol oY
& Aoz WAdEE 2AANL oY Sl M
Aru)ze) wle] 2 deta) o] BAgen, A A
 zHEz #9535 Az £5 9 AZHA, A3
12 AbFAIe Aledte] B339} 2249 3353

>

£

oA B oA #AH Z|RAY] F2H WHIE
Sered, 235 9 7l wasl e T2 Ast
g A FRelA AR vehtert dF dEelA
Zo)d BAE vehyon, 27]uke opst A9 uhe
AL Mz T2 ol g AAF & gld oF A
ox 9% Aol A 3 22T AY 22 Folo]
A e Aoz A

ol7jme] F2A &AM FA F 7K YJHE 2
6, 1 3 % NE 2rReo e A3 ARA
Q od3knch= A dhe] Hbgo 2 vehis ddez
(Morgan and Tovell 1973) AN Z 9} FA £ Z4] gl
4, A% IS wesh 34, W), A% Bk T3
3} g w Ao 3 5§ =T (Mallatt 1985). 1
A g2 riAE AFME] A} (necrosis)?} T
(rupture) 50 2 o}X|Alerx B} XAbsEddA] I Hlx
7} 8 ¥ ehdo) el g% A6l 9% H3
el oigko g B3l 9Jv)(Temmink ef ol. 1983). A
N zo] BAE o] Bu)E FVIA Aol 23
W2 Fol7ke AE WS, gAze B4 AT
< wEEAY F3AFle 98-S FdEtet (Mattiessen
and Brafield 1973; Oronsaye and Brafield 1984; Mallatt
et al. 1985). 183 ArE)e] wld], 4], vlgle= A=Yl
Yol FAEE AE ZRITIE 98 3, A2
4 AZYe] =FH opielY ERAE a7
T doj7lztez A ot (Mallatt 1985).

ZH AN #aAEE 2] 843 AR asds
49 At F2 Bgarld dehie A4 s
EAEA L] # 5o gt M2 7] kg o)
g oA ol go] gobalel v viehhs =5t
A EAo= goido)

a3 Algel N BaE sz B4 dAAE
9 29 2 Zvhe AW Z1zte s vehde gt
Aol 2AFA =X ojr], AB-PAS (pH 2.5)4F-5-¢A] A
%3 AbE]E 21-819) alcian blue SR FA-E A £2] 7]
A9 o)Aow % M AEFS 7% HAHE F
2% & itk e A9E 71H T v Ee SAER
2 Q3 AlAe] dubde]l WeEjEgdoz ok AMEF A
oz Qlgt B 7|-u Rajo] S Fo, ALK

71T v F e Pz o 2 BE Aed 4] &
goz A3hdE 5 9l (Youet al. 1978).

At o] & nE vlo)7|zk2 7} Z|RAE FA 3
AxX g 22 $£EANE AEH o] /AT HAFE
A o 74 7|RAE TS Axy 229 724
W3le A9 3F, 5, il 2 AEFF 715 5
RS fmdted A At oFdEFE njA Zleo=
R

H L+

$71FA 3 Ee] YA 713 Fzel nAE 54
& dopry] $1Fte] YA E Hz79 TBTOE 713 6
S| E%=T(0.17, 0.36, 0.60, 3.20, 6.30, 12.50 pg L 1)eljA
129 Bt =3 AYE Ak 2 W Y=y =
% A7t TBTO ¥=2| Z7hl meh AsA Yebget
A%=e] TBTO :=27o4 ¥2¥ 27 z4shq wis
2 oM HAA ze GH x2] A, AT =2A
o] 23, AuZ ulE, AANME A Ee] &
A3l A4 a9 e, 2] WAel U=
on, ARl AT mAERY 3, Az} 24
AN EL] Fde] FAFHYA. x| TBTO x=%
FollA AR AT stz oprtvleME Alw A
29| utejel Afe B, 7HANAME A2 g
2 AlzAe) E= W A, A E 2¥AE
a3, AFAL Ande) 33 F A4 V)% 2
o] o]3& Aow A= 2AFEo] FAFHG T o2}

[

[+

2 AT TBTIO: B 570993 sz of
% 19A9 zAges e gtk g el
et
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