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ZRRFEL B2 OARICHAINTE 2, BF. BAK., BEAENRE
DEEKDFIZTTHL, EREGEHEHOAIWEEEN (7Y FHR) OHEHRE
MELTHBINTL S,

Z XTI T v PTHEMBTE EBRASI NI, EKN THBRALE T
ELTHEEL, RZT3EHRERE, MERER2MRAON3E, LHL. A,
B, BERECEFBLTL ng/kgBEOZAXANEEIRTEI EMSE
FTORZEOBREZTL (FIH S, 198D o

—FH. AR A EPBRIEHERIICLIZONE N, AMEBIETI—F
4 VT LTORWESEHAVRTI—F 4 VBB BLEERECTREREORX
DBHEINEIERDD, BILFEERIT, FRTANRSHZA, b £
. BV 2 —AEOEZETUEREOAZABRETIEANH S, T OER
BHLERESNECHEBE. B, TH. BEHASTh3, BWERTRARR
ECEBER. MEESE, N\TE/0EVEOBRTHEIBEINT D, HEH
ZAZDETERBFIVBRANDEZE ISV THE, KEDZXAXDOROKEEIZL ST
Sy NOKBILEBEIAONABOOBRFEARAIZD SO T (WHO,
1980 ; =&, 1983) o |

COEIREBAZREARCESHFAELABLEBEROMNICERINT
WBZEDOHEAMEBEERE L LU TRBEEDOELABE TEIRZEZI SN L, £
o, BEECE. FIATHELPHRITHEBEILHD., KBEBEFTEZITAF I
L EBRERETILEOMENH I, WEAXIROMNICERLTLIBE
DOORNASHEKHEL, FLHMLEBHNEDPHIRLIEDOBROBFTRELD
EhoRPEVEBIATLEL,

—F ., ABRIXRIALNGEYN T, P EHITdiethyltinfb & P tetr
aethyltinfb &M B A D TERENizo 2 LTIIS0ERICA - Tdi-a-butyltin
LMDV ELLEVEORERNE L THERAINE LI T -1, HILE=Z L
BMIEORERELTIEZEDIEFicdinethyltin, dioctyltindbk & didH B2 H°
NoDHBAXZEMIBAE - VEOBHELHBREICELTEY ., B
EHEMERAREANE L TCEXDLDTEFNREEF > TWBEIENDS, HLEZ
WO EESHEOBEICIFATRDOLDEINTNS, k., dioctyltin
CEYWRBAELLECESHRENE L CEASAEERSCFERAINTLS
(PTEE & ZHRE, 1987) o £ D%, 1950 tri-n-butyltinPtriphenyltin
LEMPBE. BB, BREBYEREEETE I E0MESh, RENER
B, BEARELCEBMAOHER. BEOBMA. KHOMEH. BHETED
A5 A LEBRB LA, RKGBHHR . Bl - B FHIIBERBER &
LTIELRBAEN S X 50 - (Piver, 1973; WHO, 1990) . —i&ic. MIE



BF7E & B E tri-n-butyltin®triphenyltin/s EQEH X XA WD BER & L
TEENTEYD. THoDOHHERPBRERAEN SR A2 ICHEBKPIBEHTIEIC
Lo TMEBNDTIDVR, LIYFAHA, 7Y, T/ VR EDHEELE
WONBEZH LT DI ERINZIBHTHS (B, 1992) . Zh50HF
BAXMLEDRBBHFIINUKBEERFINL TR LD THSE, BERAKEEK
NETINEEICHHEAE UTHAINFR A XS tri-n-butyltindb &8 H311
12 &~y triphenyltindbk &A# 5267 h > TH -7z (FHE. 1992) o tri-n-butyl
tinPtriphenyltinfbk GBI REKEOHBER TH HAMILEMEL D DB ROF
BEREIES. 2B LU TEBAXERLZ I EDoRLEEIFTVEZZI SN TH
o BRERTRIAMBERRORER E VDA, AT OKRE, F&., /AR
CERLUIZ, BEOEIIIC, BRI ADEIZTORABHEEANL NI &PKE
b > THRBETCER I TR, tri-n-butyltinP triphenyltin
ILEWIT X B8R, WK, BMKOBEREF ISR U, AVERICLIENHE
DHERICL->TEROREKICHMEER IO T, 5. 77 VAR FY
AMFETERLPRMA FOREHEPREAHRME LS -2 (Gibbs and Brya
n, 1986; Thain, 1986; Roberts, 1987; WHO, 1990; Alzieu, 1991) O %3 U
HBELT, WABSHMTAFPLITFAAA (L—IVHE) OBMFEICKITE
#H5Z 1, tri-p-butyltinfbk &#130. 1 ppb THF A H A DY EOAEFTIZE
BE2BLEBU. | ppbCTRHEKBEDABRLEELRIT EINTWS BOLHF
K, 1992) o DX IR O R THRIICII8TEN 519894F T T25m kK
'EGW%«®EE§¢\@ﬁ%%ﬁﬁ«®ﬁ%ﬁ¢ﬂ£@ﬁ%ﬁméﬂt(%
., 1988) ¢ RETRAKFOtri-nbutyltinBEOBAIRIRD SN Z 500
(Cleary, 1991 F’E‘fli%hlic‘:ﬁ%ﬁﬂﬁ’}li y)bd’L"Clﬂfo\L\ (Yaite et
al., 199D)

Di-n-butyltin, dlmethyltln;toJ:Udl—n—octylthtA%fac‘:@ ﬁi’ﬁ%ﬂi@
ﬁﬁ?g&ié&ﬁﬁ%zxmf‘_%@’m‘yuik B LiEEINTHS (WHO, 1980) o
di-p-butyltinfb &EHRIFALE = IVBIEORER .. T RF UHMIEOELA P~
VY7 4=Lb08EMEE LU TREDRKRECERAIA TS, EE=Z L
BIED SHBHAZICHEHT S (Ju et al., 1989; Quevauviller et al., 19
9D o TORE. MHOTRKLELZOWARK (Fent, 1989) P ME K (Sche
bek et al., 1891) A Sdi-mbutyltinfbEMPBHIN B LI, H
B i\ di-p-butyltinfb & # i tri-mbuty ltinfk EWORBWH 2 VW E B Y
(Kimmel et al., 1977; Seligman et al., 1988; Vatanabe et al., 1992;
& &kE, 1992) THD, 3 IK BEEISIEAF, L\7“9'#4'7’74’ %
H, B3 nEDEAN ﬁi)\btrl n- butyltm{tA%c‘:ﬂﬂ#Lfﬁﬂﬂéa"L'Cln%
(Han and Weber, 1988; Magure, 1991) o ,
C FBAXOFHHIE—EAMICtri-& >di-4& > nono- ﬁs@ﬂﬁa ﬁ:‘EtiﬁEE(.t;D\
alkyltinD B A REEHOEVLOPE LD LV BRIFVERNDLH 2. Z



LT, methyl-. ethyl-5 0 k) ITREFHBOEA VDD A FIKH, TFIKk
W, TIPS FNVREOLIHINEAREB LABICHFREMBEREFLE LICESE
BB IFTH. REHBOEdi-n-butyltin®tri-n-butyltin{b &% T B
EE BEEE, WERHKRLE, £, di-poctyltindbk 4 TR ZE 40
EUREBERAMELS (F1H S, 1982; Snoeij et al., 1987; Boyer, 1989)
EBAZAYOETEEEPERTRAERICE LTI, KEEY TIbis(tri-
n-butyltin) oxide (TBTO) Z#¥H & Lictri-n-butyltinfb & DO HEEH
HFODinposex (MUEBEFEF IVABALERE) L3R EAEPHFORK
DRLE (Gibbs and Bryan, 1986; Gibbs et al., 1988; M. &K, 1992) .
HZDREDHFE (Veis and Kim, 1988) L ENHSI 3, WAFE COREIE
TEICBE T 2HFRIEFHFE DL, TBTO (Davis et al., 1987) ¥ X Utr
iphenyltin (Winek et al., 1978; Giavini et al., 1980) K2WTHE X h
TWBBETH-. TBTOTH Y ROBRIENOZHRHOREANREINT
VAN, OBRNRATIR/EETURRO-—BRECHI LV OREERITT
sy REULOBERNBEELATBTORLZ 00, 50 IERROEE
KD SO ORBIIHR TR, triphenyltinZ JEROBFEFHITHE D
OO, BHEBEBRIED SN TV, - , _
BIFREHZIALEDEOSHOF TH, TOEENZBUILAATRAELIK
DMRICABDOEREBEEL L TRETEEND 5Tﬁ§§j(fAﬂ:ﬁ® 2T
Hb, TITH~A zmgss@a T }\fa:}?ﬁb\'cdl n- butyltm diacetate. (D B
T) OLEERRBESC LI RTBERBEEB LcE 5, R EE.
TEH. THOLIVIEEEFONXRTFTRORRzRD . (FH oS, 1988 ,
CCWERDNEAREERRKESE (B S, 1980; Morita et al., 1987)
ELTREBEAERDONTBOLEDOTH Y, di-n-butyltinfbk & O T 7
AIETIHRVNOBMETHS, —HhH FHREBILAEPDORERTHS A FILKER
KL BHBREE L THBEMBEROABTHY, ARUABELBETHDBT & X
%1&7k§ﬁf&i§fb@ﬁh\é(§%ﬁ% EVBHOMNER 5T, | . '
T, HhO— i@ﬁ&ﬁzxﬂ%\% ‘(tri-, di-, mono-n- butyltin, triphe
wum>@@§mﬁﬁ@§n\DBT@@%%@%@@&B@&%\%LTD
BTORHREMOEEANEORREER L 2.
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— ¥ iZ tri-n-butyltin, di-p-butyltind & fmono-n-butyltin (Fig. 1) |
COMERBREIEEY, FERBE LB EEILNTO S, KEEYIT
M5B IEENCtri-n-butyltin>di-n-butyltin >mnono-n-butyltinTdh 5
. WA H T 55T tri-n-butyltin= di-n-butyltin>mono-n-butyltin
E#EZ OB, tri-n-butyltint& di-n-butyltin® I v FEOFEETDL Ds,
BTN 100 ng/kegfiik CRABETH D (BE S, 19T . @& L bRE
EWERAPHESEMERA2ET 5 I &7 Etri-n-butyltin& di-n-butyltinid
&k oo BERERT (IR 5, 1982) . £/, T 5D nbutyltinfk &
MEBHERPEET CRASZVEHMINDE L ERT FIUARENR Y
tri-p-butyltin—di-n-butyltin—mono-n-butyltin—EKE 2 X~ &8 & 5
BaEEh3 (lvai et al., 1981) o

CH,CH,CH,CH, X X

; .
CH3CH,CH;CH, -Sn~ CH,CH,CH,CH;  CH3CH,CH,CH,-Sn- CH,CH,CH,CH, X—S:n— CH,CH,CH,CH,
' X ' X X
Tri-n -butyltin Di- n -butyltin ~ Mono- n-butyltin

X : acetate, chloride, oxide, etc.

Fig. 1. Structures of n-butyltin compounds

% Z Ttri-n-butyltin, di-n- butyl‘tin:!’oJ:U“mono mbutyltinflb &H OB H
fffﬁfﬂ% ABET B EEDIT, tri-n-butyltinE AEOH H'J'Cﬁ% X h 3 triphe
nyltind HZF /e & FE ISR Ui, |

£ B F &

1. AREY
Tri-n-butyltin acetate (T B T) HEALK Tk 5
Di-np-butyltin diacetate (DB T) HHRALK T EHALHE
Mono-n-butyltin trichloride (MBT) HMET7 7 A v 4 I AUk L5l
Triphenyltin acetate (TP T) FIob#idE T kR L5



2. {EHEHY -

A% ABEBOMEDIcl:Vistark T v M2 FPHREBTOOLAE% 3 » AL S
AR U, BRBU LB I DICERBREOEZHE 1 : 1 TREBX B,
ZD%. BYIEREBREL. TOF B TOBRINIMETREHE L, £
ODHZEROBERE L, BTOBAINW B LHEIFIOHERAEI Y
72,

1 BOEIEEYWHE A TB TIZ10~14E & LT 6 BT, DBTum~m@&L
T5HT. MBTRI3~14IL&E LTS5 T. TPTIRI2~14PLE LT 6B THT
olzo BIIZIEE2312 C, EEGILI0%., HB12EN (M TEHE~KTE) O
RETTEHEL, PHEEETSLIUCHBIHREYRIA YV V2 IVEARABNME %
BZ . fREkELTIRKEKEZBRICBRS®,

3. &5

BSEBAXLEWOKRESEIL TOMD & Liz,

TBT:0. 1. 2. 4., 8., 16 mg/kg,

DBT:0, L.7. 5. 10, 15 mg/kg,

MBT : 0., 50, 100, 200, 400 mg/kg,

TPT:0, L5 3. 6. 9. 12 ng/kg,

HE, BEEREELTNTERT ETBTIE45.8 unol/kg, DB TIiE 42.Tu
mol/kg, MB T{Z1420 pmol/kgZ UTTPTIF 29.3 umol/kg&if 5,

4. &5k

%ﬁ&zxmA%%%ﬁmﬁﬁgkméi9kﬁﬁﬁu—7®L mEL. 1
BIEZOYVYFA2ROTHRABOKRE L, 722U, TPTO9HLUI2 1
g/kgHHOBRERIBERETH -1z, BB, BEKEE2 nl/kgdEAFE L
oo MEHHE Sy FEROBERRHESINTVEIHIERTH~EIRITEE T
@Mﬁﬁ&btoitxﬁ%ﬁkﬁﬂ%®ﬁ$Tﬁﬁ%U—7@Zmﬂm%&
U7,

5. @K

FIRBWORES I VCBHEELEANET 3L b —BRRELER L,
HEIR208 iICE Y Tether RBIC K D EIEE LD, LEBIEHBELTEERHE %
HIBWICEET S L LT, TERY. BRE. EFBEH. BEHETCHKRREK
(BREEBBRBR) BLIURBIRTIKAER (BRBEEETKR) 2N,
EERBRRICODOUTREBEEMEEZTO.ARREOFEL L OB ER N/, &
. ARMICEREBEORD O NTBEVFERXDVTERIIBHILT v E=Z LKA
BTHRELULTEREOFRLEER L, £FRREZ¥ S CFITENTLER



ROBHBBEIUVHABOBREBIL Y T, BRBREMAOKRIZI0%eethanol THE X
L7 ® B DawsonyE: (Dawson, 1926) %€ - Talizarin red SIT X 5 B EE%Z
TFTOBKRBFEBIUEREROFEEANI, PABHEEM ORI Buinik TH
%, WilsonzZE (Wilson, 1965) IK#-> THBEBEOFE AT,

6. #Haua

RE, WBEEE. T4, EEY. £ERREH. BREEZ EDLH LTS
ALt EEFETET IO ODVWTRIEEZEXREME UTHEL (8F 5,
1975) | BartlettD ¥ E TS #H D4 (dDunnettE (Dunnett, 1964) H 5
i¥Scheffé (Scheffe, 1953) HEilk > T AELHDH AT MEAIC X % Dunnet
t# H B ik Schefferk (EAM, 1981) KX - TEHEEBAXILAYEESH LY
BEOBMOEEZELHRE LU, BT - N REE. ik, FREHELEO
FHORNHEFLBIEETRIT OO DVWTRIEZELRBEAMEUTEHEL., JEAL
IZ & BDunnett#dH B W iEScheffekil L - TEEFB A LAY EH TR
ODHIOEEZEZBRE U, £l HIRK LMY, AFKR2H T M., LT
Mﬁma%&v%#%@Lowfuﬁ%ﬁ&@@%mﬁ%mma®§%%¢+
BHICX->TiIT- 7,

£ B B R

1. TBT

1. BIREHICRITTEE :

TB.T 16 ng/kgHOKREHMEBIEIRIIBEISMHAMEMIRAD SN, H
IRITHOTBTORKKZEBOEET S I ELCHEIR208 X TR, XH.
16 mg/kgBEDARERMEBOWR IEIR208OFEYHKFICEERROZD S
2o POEEEHICODOWVWTRU, ZOMOBOKEHRME T HBE & RIS
MEFR i3 L7z (Fig. 2) o 16 mg/kgBOFERIIERIIE» SEHEZFICET L
7o, TBTOHRERTEEDIZHEE LU/, 8 ng/kgBOFEHARIIT B T oK
5%@¢%E@ﬁTﬁEBhtﬁ;%@%@ﬁﬁ@TBT&EK&%%%M%
SN ot

— KRBT OWVT, 16 ng/kgBHOXHOBWITHEIRI3H bﬁi)‘biﬁ%\ BVE
BIUHBEEIR SNz, 8 ng/kgBic b 2 4 D i fE Y 32 Zsbbnti)\ %OJﬂi%(D
CBICRBIIEREERAD o - T, ’ :

ER208ICBR UACHEIRBGHORRBFTRE & b‘(%%t&%gﬂfﬁﬁﬁ’ﬁt%ﬁo 7z
MBEEHEIR O, T LT, 16 mg/kgﬁODBﬁJ}ﬁigtiﬁﬂﬁ@ZS‘yfé’)o71
(Table D6 %(Df&@}ﬁ%kli%hm}%ﬁ B )



120 p-

'3
- Control e
100 | ) 28
, “ eesas- BT 1mg/kg - iy
— [ t:\\\ d
RN TBT 2mg/k £
= oof i K
T - -~ TBT 4mg/kg 2
o 2
E it TBT 8mgrk
_-_E” 60 L " g/kg ’é{ 5 -
- s *
0 \ TBT16mg/kga . AR .
> : * -
° 40 el T e
S T
o
| |
[ |
1 [ | . | L 1 - 1 1 1 1 1 1
123 4567 8 91011121314151617181920

Days of gestation
» Fig. 2. Body weight gain of pregnant rats treated orally with TBT.

* Sign'r_ﬁcantly different from control, p<0.05.
= Significantly different from control, p<0.01.

2. ﬁﬁkiv?ﬂkkﬁiwé ‘ |

ERB I THIE RSN h - o HIREFIC LEF ORI DRSS NI
RHFET L, EIR208 O EHIB IS B ROEIE LIS - RS #4116
ng/kgBEIC 5Bl 0. HBICHEM Lo Z OMOBOEIESYIIS 60T 4R
RHRD SN, 16 ng/ kel ORI - FETIHA RS I F E ISR L IEIR208
'L%U5¢ﬁﬂﬁﬁéiﬁwﬁmwﬁiﬁ LﬁTbt@wRZJVSmym
UTOREHICETBTREOHBEIBD SOUD - oo
EFHROARBEICOV T, 4 ng/kegBHiC BT il % £k 7238 %%#1%\
16 ng/kgBHic 3 MO ERB BN SOBERN6ARSN, ZON 1 HIEHEH~IL
ZTEEHELTO. 16 mg/kgﬁ@ﬂi#aﬂ%ﬁiuﬁi ZHf1 U7z (Table
3 . «

mwékilmgibnamat<MMewo _ :
BHRERIZ A ng/keBICRERBRLIGRSNAD, AEZRB -/, £
OHOBIERTREARD ShEh o/, BRERIEY L BHE (F1308
®Eé®#ﬁ$ﬁ®ﬁﬁ)G%ﬁXﬁTBT®&5§®%MLELT%ML
16 mg/kgﬁkﬁi‘%fwﬁbnt (Table 3 .

2. DBT. “
. HEBYICRITTES
DBT 15 ng/keBiOKEHMBRIEIIRISEN SHERDHIAD SN,



Table 1; Effects of tri—zrbutyitin acetate on maternal thymus weights on day 20 of gesfation.

Olive oil ' TBT (mg/kg)
2 ml/kg 1 2 4 8 16
Body wt. (g) I 292£10. 1 305i 16.8 301x18.5 308+17.7 292+19.8 234+25, 2**

Thyms wt. (mg)  197+30.6 205+23. 1 170+33.5 150+30.3**  93*£21.7**  56%t16.4™*

Pregnant rats were treated.orally with BT on days 7—17 of gestation. Values are the mean+SD of 5-10 -

animals per group. ** Significantly different from control, p<0.0l.

Table 2. Effects of tri-m-butyltin acetate on pfegnant rats and fetuses.

Olive oil TBT. (mg/kg)
2nl/kg .1 2 ' 4 8 16

No. of females inseminated . 10 11 10 - 10 10 14
No. of pregnant females , 10 10 10 . 10 10 10
No. of dams with living fetuses 10 10 10 . 10 ) 10 5*
No. of dams with total resorptlon 0 ' 0 0 0 0 h*
No. of dead dams 0 0 -0 0 0 0
No. of implants®’ 13.4+0.84 13.8+1.23  13.5%0.97. 14.2%1.62 13.5%£2.27 - 13.6£1.17
Incidence of dead or resorbed fetuses, % 3.1 5.2 8.3 6.6 9.1 81, 2**
' Early stage 3.7 5.2 . 8.3 5.3 7.6 70. 2**

Late stage 0 0 0 1.8 Ly - 10. 8**
No. of living fetuses® . ‘ 12.9£1.10  18.0£1.62  12.4£1.71 13.2+1.23 12.1£1.66 2.6+3.57*
Body weight of living fetuses®, g - ’

Male : 3.1+0.23 3.1%0.28 3.1£0.10 3.2%0.20 3.0+0.18 2.0+0.31**

Female ‘ 2.9+0.23 2.9%=0.24 2.9+0.13 3.0£0.18 2.8+0. 14 2.1£0.13**

The litter was used as the statlstlcal unit for calculation of fetal values. Thus, these values represent means of litter means within
each group ®) Values are the mean+SD. * Significantly dlfferent from control, p<0.05. ** Significantly different from control, p<0.01.



Table 3. External, visceral and skeletal observations of fetuses from dams treated orally with tri-nbutyltin acetate
during days 7-17 of gestation.

Olive oil - TBT (mg/kg)
2 nl/kg I 2 4 8 16

External observations : ‘
No. of fetuses examined 129 130 124 131 121 27

Incidence of fetuses with malformation, % 0 0 0 0.8(1) 0 22.7(3)**

No.. of fetuses with malformation 0 0 0 1D 0 6(3)**
Cleft palate 0 0 0 0 0 6(3)**
Omphalocele 0 0 0 0 0 1D
Vestigial tail 0 0 0 1D 0 0

Visceral observations
No. of fetuses examined ‘ 60 60 58 61 55 : 12
Incidence of fetuses with malformation, % 0 0 0 0 0 0
. Skeletal observations " :

No. of fetuses examined 69 .10 66 70 66 15

Incidence of fetuses with malformation, % 0 . 0 0 1. 4CD) 0 0

No. of fetuses with malformation 0 0 0 <D 0 0
Agenesis of coccygeal vertebrae 0 0 0 1D 0 0

Incidence of fetuses with variation, % 2.9(2) 3. 1(2) 1. 4CD) 7.2(4) 33. 1(6) 85. 0(5)**

No. of fetuses with variation ‘ '
Cervical rib ‘ 1D 2(2) I1¢)) 3(3) 6(3) 8(H)**
Lumbar rib ‘ 0 0 0 0 1D 1D
Rudimentary lumbar rib® 1D 0 0 2(2) 16(4) 9(H)**
Excess of lumbar vertebrae 0 0 -0 "0 1D 0

The litter was used as the statistical unit for calculation of fetal values. Thus, these values represent means of
~ litter means within each group. * The length of rudimentary lumber rib is less than half the length of the 18 rib.
( ): No. of dams with the corresponding abnormal fetuses. ** Significantly different from control, p<0.0L



BITHODBTORKKZRE®RSEET S I ERIER20B X THRI . 7.
15 ng/kgBE O R ERMBOHEB IEIR0DOFEFHBCEERK RORD Sh
b TR OERBHICONTR U, TOMOBOKERS IR IS BE L REIC
CJEFIc M U (Fig. 3) o BEEIZOWVWT. DBToO®RSHM+IIDBTH
EBICBEEOBL IR ONLN, BEZRIXSDBTOREKRT &L bICEE
L7o

120,

—  Control
| e DBT 1.7 mg/kg
sgof e DBT 5 mg/kg

-==. DBT 10 mg/kg
DBT 15 mg/kg

100

40

Body weight gain (g)
1]
o
| |

20 F

]
L]
't
ry)
,,,,,,
»
wre®

vt

-
. i k |

I
1 234567 8 9111121314151617181920
Days of gestation _
Fig. 3. Body weight gain of pregnant rats treated orally with DBT.

*: Significantly different from control, p<0.05.
Significantly different from control, p<0.01.

—BRIBICDV T, 15 ng/kglt O XM OB I IR L4 EA S ITEHR S h.
2HCEOSOHMMAR SN, ZOMOBITIBICRERIADSNTH -
f:o" " ‘ : : - ) . o

HEIR20 B VT A L 7o SRR B4 0 P IR B PR B & U T A IS AR B £ 4 o T
BBREHSR SN, ZU TS 15 ng/keB O MR ER Y RBO6% TH - 1c
(Table 4) o ZOMOWBICITHIEBRIRSAAD -7z,

2. BiIRBFXURNICRTIITESE
EIREMICHTHRR WL DT BIEFIKIEFTO2GIOKD 5 0T
RPFET U, HIR208OFEYHRBICAERROBFEELLE D - ILITIRE®H 15
ng/kgBIC 9FIH D, FEICHE ML ZOHOBHOEIREM I 2FIZEFERR
RAEAZYH>ONTz, 15 ng/kgBEORIN - FETRRMEIFEICE ML, EIR20H
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Table 4. Effects of di-n-butyltin diacetate on maternal thymus weights on day 20 of gestation.

0live oil DBT (mg/kg)
2 ml/kg .7 5 10 , 15
~ Body wt. (g) 314+12.1 - 312+18.6 309+17.6 298+14.5 25440, 7**

Thymus wt. (ng) 174:&15.7“’ 124j:18.3 Slj:3254** 57+13. 4™ 63j:16.0**

Pregnant rats were treated otrally with DBT on days 7-17 of gestatlon Values are the
'mean-%SD of 12-16 animals per group. ** Significantly different from control, p<0.0l.

e

Table 5. Effects of di-p-butyltin diaceate on pregnant rats and fetuses.

Olive oil DBT (mg/kg)
2 ml/kg 1.7 5 10 15
No. of females inseminated 14 13 14 14 16
No. of pregnant females = ’ 14 ’ 12 14 14 16
No. of ‘dams with living fetuses 14 12 14 14 ™
No. of dams with total resorptlon 0 0 0: 0 g**
No. of dead dams ' 0 0 0 0 0
Mpoflmﬂmns ' 13.6+0.93  13.8*1.34  14.3%1.20 14.3%1.10 13.7+1. 71
~Incidence of dead ‘or resorbed fetuses, % 5.9 4.6 2.9 10.7 69.5**
Early stage N 5.9 4.6 2.4 8.5 64.1*
Late stage 0 0 0.4 2.1 4.9
No. of living fetuses® 12.9%1.23 13.8+1.15 14.0£1. 11 12.8+1.97 4,8+5.84
Body weight of living fetuses®, g . o :
Male - - 3.2+0.27 3.2+0.19 3.0£0.17 2.6L0. 41** 2.3+0. 37"
Female N 3.0%0. 17 2.9+0.22 2.8+0.20 2.5%0.33*" 2.3+0.30**

The litter was used as the statistical unit for calculation of fetal values. Thus, these values represent means of
litter means within each group. ** Values are the mean®SD. * Significantly different from control, p<0.05.-
** Significantly different from control, p<0. 0.
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Table 6. External and visceral observations of fetuses from dams treated orally with di-p-butyltin diacetate
on days 7-17 of gestation. '

Olive oil DBT (mg/kg)
2 ml/kg 1.7 5 10 15
External observations
No. of fetuses examined . 180 160 196 1719 68
Incidence of' fetuses with malformation, % 0 0 1.0(2) 25. 1(10*  38.9(D**
No. of fetuses with malformation 0 0 2(2) 43010)** 19¢T**
Cleft mandible, cleft lower lip, 0 0 1D 32(9)** 14(4)**
ankyloglossia or schistoglossia :
Anury or .vestigial tail 0 0 1D (4™ 4(8)*
Omphalocele 0 0 0 0 2(2)
Cleft palate 0 0 0 2(D 2(2)
Cleft upper lip 0 0 0 (€] 1D
General edema 0 0 0 11D 11
Exencephaly 0 0 0 7(3)* 1D
Peaked mandible 0 0 0 1D 0
Visceral observations :
No. of fetuses examined 83 T4 92 85 29
Incidence of fetuses with malformation, % 0 0 0 0 0

The litter was used as the statistical unit for calculation of fetal values. Thus, these values represent means of
litter means within each group. ( ): No. of dams with the corresponding abnormal fetuses. * Significantly different
from control, p<0.05. ** Significantly different from control, p<0.01.



Photo. 1.

Typical malformed fetuses
after maternal exposure
to DBT at 10 mg/kg on
days 7-17 of gestation
(A) normal fetus,

(B) cleft lower lip asso-
ciated with ankyloglossia,
(C) cleft mandilbe asso-
ciated with ankyloglossia,
schistoglossia and
exencephaly,

(D) exencephaly
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Table 7. »Skeletal observations of fetuses from dams treated orally with di-n-butyltin diacetate on days 7-17 of gestation.

Olive oil , DBT (mg/kg)
2 ml/kg 1.7 5 ‘ 10 15

No.w.of fetuses examined - =~ - ' 9T 86 104 94 39
Incidence of fetuses with malformatlon, %. ' 0 0 0 22.7(9)** 54. T(DH**
No. of fetuses with malformation: ' 0 0 0 2009)** 18(T)**

Anomaly of mandlbular flxatlon 0 0 . 0 10(5)** 8(3)**

Fused ribs : 0 0. 0 6(3)* T(4)**

Absence of rib’ o 0 0 0 1(D QY

Fused cervical vertebral arches 0 0 0 4(4) 6(3)**

Fused thoracic vertebral arches 0 0 0 5(3)* 8¢3)**

Agenesis of the sacro-coccygeal 0 0 0 4(3) 3(3)*

or coccygeal vertebrae

0 -2 1(D

Cranial hypoplasia : 0 0
Maxillary hypoplasia ‘ 0 0 0 0 [(¢))
Fused mandibula ‘ 0 , 0 0 1D 11
Incidence of fetuses with variation, % .25 6. 7(5), 27.2(10) 83.4(13)** 9. 4(D**
No. of fetuses with variation - ‘ (5., . 6(5) 28(10)* 78(13)** 36(TH**
Cervical rib S 6(5) 1)) 28(10)** T4(13)** 34(TH**
Lumbar rib 0 o0 ' 0 1D 1(1)
Rudimentary lumbar rib , ‘ 0. , 0 0 - 5(3)* 4(2)**
Splitting of Ist cervical vertebral arch 1D - 0 (1) - 2(2) 4(2)**
Splitting of ossification centers of S 0 0 10(5)** 6(3)*~
‘ thoracic vertebral body . ' ”
- Occipital hypoplasia ' 0 0 0 1(1) 4(3)*

The litter was used as the statistical unit for calculation of fetal values. Thus, these values represent means of litter
means within each group. ( ): No. of dams with the corresponding abnormal fetuses. * Significantly different from control,
p<0.05. ** Significantly different from control, p<(.0L.



Photo. 2. Alizarin red S-stained skeletal perparations of fetuses with
a normal preparation of fetus from a control dam (A: right),
anomaly of mandibular fixation (A: left), fused ribs and
fused thoracic vertebral arches (B) and cervical rib (C) of
fetuses from dams , after maternal exposure to DBT at
15 mg/kg on days 7-17 of gestation.
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Fig. 4. Body weight gain of pregnant rats treated orally with MBT.



Table 8. External, visceral and skeletal observations of fetuses from dams treated orally with mono-m-butyltin

trichloride on days T-17 of gestation.

thoracic vertebral body

“Olive oil MBT (mg/kg)
2 ml/kg 50 100 200 400
* No. of dams with living fetuses 14 13 13 14 13
External observations
No. of fetuses examined 188 172 179 194 180
Incidence of fetuses with malformation, % 0 0 0 0 0.5(D
No. of fetuses with malformation ,
Anury ' 0 0 0 0 1D
Visceral observations
No. of fetuses examined 87 30 84 91 84
Incidence of fetuses with malformation, % 0 0 0 0 0
Skeletal observations ‘
No. of fetuses examined 101 92 95 103 96
Incidence of fetuses with malformation, % 0 0 0 0 0
Incidence of fetuses with variation, % 0 8.0(6) 2.9(2) 2.9(2) 6.3(3)
No. of fetuses with variation
Cervical rib 0 T(5)** 3(2) 1D 6(3)*
Occipital hypoplasia 0 0 0 1D 0
Splitting of 1st cervical vertebral arch 0 1(1) 0 0 0
Splitting of ossification centers of 0 0 0 1D 0

Pregnant rats were ffééted‘ofally with MBT on days 7-17 of gestation. The litter was used as the statistical
unit for calculation of fetal values. Thus, these values represent the means of litter means. within each group.
( ): No. of dams with the corresponding abnormal fetuses. * Significantly different from control, p<0. 05.

** Significantly different from control, p<0. (1.
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Table 9 Effects of triphenyltin acetate on pregnant rats and fetusest

Olive oil ‘ TPT(mg/kg)
2ml/kg - - L5 3 6 9 12
No. of pregnant females 14 13 12 13 13 12
No. of dams with living fetuses 14 13 12 11 T 1**
No. of dams with total resorption 0 -0 0 2 .’ 6** g**
No. of dead dams 0 0 - 0 0 2 2
No. of implants® 18.6=0.93  14.2%0.99 13.5%2.15 14.1+£2.01  15.0%1.83  14.1£2.13
Incidence of dead or resorbed fetuses, % 5.9 4.8 8.2 23.0 72.8 98. 7**
Farly stage 5.9 4.3 1.5 21.4 60. 8 97. 3"
Late stage 0 0.5 0.8 1.6 11.9 1.3
No. of living fetuses® 12.9+1. 23 13.5+1.27  12.4%+2.47 10.4%=4.84 4,9+5.74 0.2%0.63**
Body weight of living fetuses®, g . . 4
Male . 3.2£0.27 3.3+0.18 3.4=%0. 49 3.2%+0. 11 2.3%0. 47 1.5
Female 3.0£0. 17 3.1%0.14 3.2+0.52 3.0+0.16 2.1%£0.52 1.9
External observations
No. of fetuses examined 180 176 149 135 46 2
Incidence of fetuses with malformation, % 0 0.5(1) 0 0 0 0
Vestigial tail® 0 ] 0 0 0
Visceral observations ,
No. of fetuses examined 83 - 81 - 68 62 22 0
Incidence of fetuses with malformation, % 0 0 0 0 0 0
Skeletal observations
No. of fetuses examined 97 95 81 73 . 24 2
Incidence of fetuses with malformation, % 0 +1.0CD) 0 -0 0 0
Agenesis of coccygeal vertebrae®™ 0 1¢D) 0 0 .0 0

Pregnant rats were treated orally with TPT on days 7-17 of gestation. The litter was used as the statistical unit for
calculation of fetal values. Thus, these values represent means of litter means within each group.

2 Values are the mean+SD. » No. of fetuses with the malformation. ( ):No. of dams with the corresponding abnormal
fetuses. * Significantly different from control, p<0.05. ** Significantly different from control, p<0. 01.
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+ HCl-methanol {X2)
centrifuge

supernatant residue

concentrate
+109% NaCl soln.

extract with 0.05% tropolone-benzene (X 2)

|
org. layer aq. layer
wash with 10% NaCl soln.
dehydrate with anhydrous Na,SO,
concentrate
propylation with »n-propylmagnesium bromide,
I stopped with 1n -H,SO,
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|
I |
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wash with 10% NaCl soln.
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| +109% NaCl soln.
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| ,
I - ]
org. layer aq. layer
dehydration

concentrate

charge on‘IO% water-contaning silica gel column:

elute with hexane

I
inject to GC-FPD

Chart 1. Schematic diagram for the analysis

of mono-, di- and tri-mbutyltin
compounds in rat tissues.
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T, WThOBBICE O TLDBTOREEDHEMICENL T, DBTH &
UMBTOH®RHENHEM LUK, ThoDHBODBTEMBTEEDHEL A
5 & HBEREIL R0, 945, BhEIX0. 873, MURRIZ0. 820, MEAEIZ0. 904& B4
REITBEBCHENTROVEBEIE SN (Fig. D o ThSDHEDODBT
BEIFELLIUCBB TR, MBTEERBRBRSIXUBRBTEI - k. i
KOV TRMOMEHELERZY, DBT 176 L85.0 ng/kgBiCid D B T2 4%
HEINT, 15.0 ng/kgBHiIcDBTABRHEINIZIOOMBT D IRBETH -
7z (Table 13) .

% - %

B2 X (LAY DM ZE 4 F 8 12 tri-n-butyltin chloride (Snoeij et al,
1985) . di-m-butyltin dichloride (Seinen et al, 1977) % L Ttriphenyl



Table 10. Recovery of n-butyltin compounds from rat fetus and maternal liver.

Compound Amount added Recovery (%)%’
(ug of mbutyltin compound) Fetus Maternal liver
TBTY» 0. 46 90.0%14.96 70.4% 4.14
DBT® 0. 46 95.7x19.55 87.9%+ 7.72
MBT?® 0. 46 94.8+18. 87 78.6x11.40

) Values are the mean * S.D. of 6 fetuses and 7 maternal livers.
® tri-pbutyltin compound. °’ di-n-butyltin compound.
% mono-mbutyltin compound.

Table 11. External observations of fetuses from dams treated orally with
di-mbutyltin diacetate on days 7-17 of gestation.

Olive oil DBT (mg/kg)

2nml/kg 1.7 5 15
No. of fetuses examined 71 69 76 51
Incidence of fetuses with malformation (%) 0 0 5.6(2) 17.9(2)
No. of fetuses with malformation 0 0 4(2) 2(2)
Cleft mandible, cleft lower lip, 0 0 (D 2(2)
ankyloglossia or schistoglossia
Vestigial tail 0 0 1D 0

The litter was used as the statistical unit for calculation of fetal values. Thus,
these values represent means of litter means within each group.
( ): No. of dams with the corresponding abnormal fetuses.

Table 12. Effects of DBT on maternal organ weights on day 18 of gestation.

Olive oil : DBT (mg/kg)

2 ml/kg 1.7 5 i5
Body wt. (g) 288 +19.0 290 +19.9 281 +16.2 259 +17.57
Liver wt. (g) 11.9 = 0.50 12.3 = 1.07 12.1 £ 1.21 10.9 = 1.01
Kidoey wt. (g) 1.69% 0.166 1.63+ 0.266 1.71£0.151 1.67% 0.169
Spleen wt. (mg) 691 +52.6 576 +64.0** 608 +57.6 5656 +48.1°"

Thymus vt. (ng) 216 +29.7 140 +27.2** 76 +10.1** 55 +16.1**

Pregnant rats were treated orally with DBT on days 7-17 of gestation, and

were sacrificed on day 18 of gestation. Values are mean+S8D of 6 animals per group.
* Significantly different from control, p<0.05

** Significantly different from control, p<0.01




Table 13. Mono-p-butylitin and di-m-butyltin concentrations (xg/g) in fetuses and
pregnant rat organs.

DBT (mg/kg)

1T

Olive oil 5 15
Fetus MBT 0.011%0.014  0.084=%0.057  0.077=%0. 022 0.1000. 042
DBT 0.012%0.018  0.093=%0. 018 0.172x0. 019 0.248+0. 086
Placenta MBT 0.044=%0. 041 0.271%£0.054  0.304=%0.132 0.621+0. 352
DBT  0.046=0.066  0.200%0.136  0.257=%0.011 0.394+0. 160
Liver MBT  0.103%=0.042  0.198+0.097  0.390+0.108 0.731£0.215
DBT  0.029-+0.021 0. 766+0. 245 1.78 £0.392 3.70 £1.75
Kidney MBT 0.142%0.103  0.933=£0. 174 1.67 0. 361 1.97 0. 325
- DBT ND 1.22 £0.258  2.43 £0.787 3.58 *+1.28
Spleen MBT 0.019£0.037  0.258=%0. 129 0.345+0. 056 0.611=£0.158
. DBT W 0.184+0.129 0.313+0. 045 0.804+0. 287
Thymus MBT 0.195=0.054  0.462+0.170  0.838=*0.135 1.84 =0.715
DBT ND ND ND . 0.864+0.743

Pregnant rats were treated orally with di-mbutyltin diacetate during days T7-17 of

gestation, and sacrificed on day 18 of gestation.

Values are mean®SD of 4-10 samples.
ND represents "not detected”, and detection limit is 0.0l xg/g of organ as acetate.
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. Fig. 7. Scatter diagrams of DBT and MBT in fetus, placenta, and four maternal organs.



tin chloride (Snoeij et al, 1985) MW EIDWVWTHEINTWSE, WTFh b
A FIZ50-150ppn D E A XL ERMLUT 2 HBEEFT LT 5, H50ppndE
MOEHEEZ I LEOFEBAXILAMOKRESELBMET 5 LK 6 ng/kg/day
L5, SEDOELBRTTBTIZA ng/kg.s DBTIiE5 ng/kgll LOBREETH
EURmBEEIADON, ZhoDl ENhS, TBTEXLXUDBTOMERESE
_ HHERREEDY TCOHRTETVORA LABCROBEVREETRE TS
RO—27EEZZbh5, LML, WEFODBTHLIUMBTAHELK
EZALTBEVS5 ng/kgBOMBEICD B TiR#EH SN, 15 ng/kgBicD B
THHRHINAZSDOOMBT XD GERETH - 7co MB T IHlR 34 1F A 2
BRI ENS, WBETFODBTEEOEFHEMBEHEILOL I ICHET S0
HAHTHSE, —hH. TPTOBARSEOREEFHY CHIRMREZEDORD MR
DRDONIZPOOEEZRFEL ., FEEFHYTRESNTOLIMRLE—HL
Kot TPTIZY9 ng/kgll LOBREBTHREEWICH TR SN Z EH
FEZOHL I T—RHEDBEISNSEN, 6 ng/kgBETCHBREZEDORBRL VR
HDoNBNWIENSTBTPDBTEURTTP TOMBEHBEAETHOLOD
EEZ oD, £, MBTICRMBEREARE L ED O AEDI - T,

TBTOEREBICL > THRERICOZRPRBR LY., OFROXHET 516 ng/
ke CRITIEESWO —BIRBOEALER Lt TR -OFEN
TBTOERARKIZHDOIHLVITEHIEFMICHTLITBTOREHORREL
THERBELELDONEIARBEBTH-7o TBTOIEZ<=™ X (Davis et al., 1987)
XS5 v b (Crofton et al., 1989) DRICOBRERBFIELN, 20D
BEZERASOOEREARICERBYICHERLEEZRBAILIETH -, 2,
tri-n-butyltin chloride (Itami et al., 1990) BB FEIEH R E
OHEDLHB, —FH. TBTOHRE - THMEEMBEORBERNEML
. %Ry (Kato and Kitagawa, 1974) B X UM (FH o, 1973; Kimmel
and Vilson, 1973; Kato and Kitagawa, 1974) B HEFEEHOBBIEEICK
BEINTVS, £z, HBEO—Hdog-welk, Nucella lapillus, M E®
imposex (MM EFEL I UVEFHALIEEE  Gibbs and Bryan, 1986;Gibbs
et al., 1988) . A=D—EDO YA <x ¥, Uca pugilator, DRDFEHNT
BTORBEIZL->THULS (Feis and Kim, 1988) Z &5, TBTOWMIAE
KR A RERARCBELCEIS S CRHTOBENS 5,

DBT%S5y FOBEERPICEORETELBROAETEELTERCT
HHE, TEHR, TR, TEFOEMIIVRZIAHTE ENAIK, BE. REBEN
HB Ul TREZHEMTHIRBULY, THRICRFHESTESN, TER
KREEBENEH LTI LIS, EHEERIDBTICLS3HFEDOILTED
ZEHENIBL, DBTIEEZEOEWHFRETHEEEZ NI, T, BE
HEITHBTEELSE., WEEES. BHSES. WEsEBEAEIBEEI NI
ZZICRONhITE. REAEXFTEOTHRE TER TR /FTEETERR



HEHE (B0 o, 1980; Morita et al., 1987) L TRIFLEAEERDON
BBDTHY, DBTIIHBHNLETETH -7, b, THREIVTFTEH
EEHTABRRICETHEEERESRSNIN, S BREOTERICITHE
EAZRBDoNLh T, HBICHAREZETAHRRICIBESEERALALIA
Sl I BEOARICIRBERERALZEIADONL I -/, BEE
WEAFITAIHRRICEEBEHERBEIMHEOELH 2 VT —HBOREALA SN,

THR/TEBR /GR/ EEEORERIHEIBOHW2HETHD., HELR
HDoENT, KEEHICHTE2HRTOLRBICHEEZNRDSN TS, tri-n-
butyltinfbk & MWO R BICk > TR I B VA <X F, Uca pugilator, D EDHFE
OFRBEEIHEIMEL D SFEL (Veis and Kim, 1988) o ¥4, BED 1
dog-whelk, Nucella lapillus, ® M E @ inposexidtri-n-butyltinft &8 D 8
Bill-TRBIAUANVEVORBEENEREIN TS (Gibbs et al.,
199D o ZThoDZ EMSHAFOHKRIVE VORBICHT Btri-n-butyltin
Pdi-n-butyltinfb &M O FBEBIH T2 DEND 5, |

DBTORH#YUWTHAMBT ATy POREERBICBOKZRE L TCHIEIES
BRBRICERELEBLEINDL - T,

TPT%25y FOBREERERBIIROKET S ELEIREH I U THRNEEDN
Roh, —WIIRTTI28UPb-7, LIHL, TOLIBEEETH-TH
BRICHARFTRIZDONALD o7z, £/, TPTOREICL B EHEINS
BRFEZILIAIED oL -7, TS DRI Vinek 5 (1978) B LU
Giavini & (1980) OHLEEL—-HLTVB I &S, TPTRIERIZH T
SEIEBRHIBRCIODOEFEMFARITIDOLEEZ ST,

ULOoEEISG, AREFICHEET 20 butyl 0K PR BT ILELT S
BREOEHICLI - THEFTEFAAIERSZ &L, THHR /TER & /T
EEDHEFTEEITHEBEEHESRAE, WEEES. WHESES. WHESEAZDE
BARE—EZOFBXXLEHWOHRT iDBTk%ﬁ@%ﬁé'é%%:&@“%B
hEL -7z,

Sy POHBFDODTBT, DBTEIUMBTOREEARE LU, ZD4%
WEIAEAGAEBED> SOMPRBIANFTIOSORIINE (B S,1991; Ohhira
and- Matsui, 1991; Uhler et al., 1991) RBEICR, fHHKDOI/ o< b
T LhICHEE -7 bR SEBIFRE—-—I0Eo0h, AAFTOEFEBIX XIS
MOSMELLTHEDITSBDTH -1,

EBAZNEY 2 TIREHICERE LI EZD XA XD RB T iddinethyltin
(Noland et al., 1983) 3 XUT B T O (Davis et al., 1987) i\ T#H
E2INTED, WCThHRELEZBHRHLTHBRERABT I EINTHS, UL L.
INSOHETCHBRFOAIOBITEZB/BEAXEOHEMEL LTHELTL
HIENL, BRFIEHEMUALZAZIPERA I OPEHRA X LD DITDNT
FRSHTRV, AR L > THEIEHHIKZESE LDB THBRICBITT S



e, FLTZORBYWTHEMBTHRFICELET A LMD THERT
X7:-Li3. DBTORBEAMNEEDETEL L E SHKE L, 4H, MB
TRERSEAEIAD SN THVAEL (1EL1H) JEroEBTRIMAER L OEE
NSIXBERFTFODBTARENMEELSZEEDNS, LML, AHOERTIE
DBT 15 ng/kgBD 2 BN ZFEKREOD B TREIRZ. 25456 K U0.229 g
/gTHD, ALBREBRTHARVEFERMOKROD B TEE (F30.248 1 g/2)
EHRTIEEAEER B, SHOERTRBETEAEROBRZHIHEL
TN -7OTDBTAREREMPEINTWAIIEHICb» TERERE
Lz, BBDXEHIICDBTORZAREIKRSHEHTHADOTHIEI BN S1TH
FTODBTORERIBHFEARCRIFELTOROOTHERZOH LD -
febDEEZONT,

Ishizaka & (1989) W DB ToOHFEEMICEIFANKFE=mFTL, DBT
AEERNICEETAERTICDBTEXUTZD 3ADOKEILEDHIMICKHENT
MBTHOEEECHMINEILEERELTVS, BEOMBTREN SN
EEIMBTOBBEOEIEEELTHLEI LD EHEEINS,

FIESHOMBTFTODBTEMBTRERFEICRVHEBEEZR LN, K
TRETFHENIELRDY, BRTREHEPIRZDSNE 5, Tvais (19
81) iFtri-mbutyltinF BB ICHMRICBT L. KA TRH# XL Tdi-n-butyl-
tindk & U'mono-m-butyltiniZ 75 3 A%, X Omono-n-butyltinld fd o P &
hicd . MRKEBEINBZLEREL TV B, SHOKRROMREIMBT
OBENDBTEUBELTEVWLDIKBER~NOBITEL XUREN S O PR
KHEBORTENDALDEHEINT,

b £

SO RTREAERFT LI, DBTA25 vy FORERBRIICR
O#%ET32 L THREROARICTHR., TR, FH, &8E. KO
BBId2 VEEHTEIRBEL, BRCTEEEEARAE. WEEES. HiHSE
&, MESESEOHFRIREBR L, TIKRAShAFELRITBT, MBTH
ZNWETPTIRADONT. DBTREERLLDOTH o B/AFHERIHN
AL 5 ng/kgF LTERFTEIL10 ng/kgTH - 72,

BWHEETN»SOTBT, DBTHLXUMB TORKMES rkzHIL L,
ZOHEEBOTDBTA Sy FORERBRPCEOZE LI LE0RRB &
Ul EERESHY O, B, BRI CRBRTODBTEMBTORE .
W Ule ZOME, BRTFIDBTHLUZORBENTH 3MB T HHk il
XNn. DBTEMBTOBRRAOBITLHEATE L, /2. BRZECAEL
e TOREB»SDBTEMBTAHAKREIN, DBTOREZEDOHE ML -



TCDBTELIUMBTOREEDHEM UL, LHL, SEOEEISIIEFTE
EREBRRERTPODBTEEOMICHERBEEIZD S hiLh -,
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£ 2% Di-n-butyltinDERSZHOKRE

DBT%A5 v FOREEEY FIE7 —17TH) KROKET 3 EHRRBONE
B OBRICHELRR U, LML, Ty MBI 3K EOHE ORI
. BEHR. NMEEREES ~98. FOEREEREII~128., OER
CRIEREII~14B 7 E (B, 1992) OXS K2~ 3HMBEDOILNBL, £
T, DBTORFEMAHOERZHEORERERToT,. bbET, HIESHRE
WHEIFATBT., DBTEXLUMBTORBITEHE L7,

£ B F ¥k

DBTORERZHOKRZEZIT (EB1, 2) | S oIHEOKSICEITFSDB
TORE-RIGH (ER3) LKRABT (ZB4) 2LUTOXHIICKEF LI,
EE1 : S5y VOBREERBEZ4ABITSTTERZHERE LI,
FER2  MFERZHAISIKI BEMICST TRZEE®BRR L,
EES  BohBERZIHICEISDBTORE -KRIGHEZ®RFT L,
41 . TBT. DBTHELUMBTORIES HEMKELEIIREITE
E L7,

1. EHEY

%3y Aol DIcl:Vistark T v PEHV 1 EZEEFFICL THIREY
FERLU. B L, 1HORIBRSUE 2ERIE4~6EELABT, £R
2T ~8LELGHBT, EBRI3IIIELE6HT, TLUTERIEZSEEL
ABETIT -7,

2. 5 E, BRENABIUTCREHE

BEEFIUREHBREUTO®ED & LT, ‘ ‘

FEB1 FET7T- 98, FRIO-128., FIRI3-I5HZ UTHIRI6-1THOD
ZHARIC15 ng/kgd DB TABHEBOKE L,

EB2 EIRT. 8K X9 HIZ15H 311330 ng/kgd D B T % Hilm| 38 &
Oo&E& L, ‘

EEES RS HICO, 5. 7.2, 10.5. 15.268 K 22 mg/kg®@ D B T A B
EEHEOKRE L,

EB 4  FRSHITBTEDBTIIE62.7 umol/kg, MB T 362. T XU
1420 umol/kgZ HMEZEOHRE Lz, 5k, MBT?D1420 pmol/kg
(3400 mg/kgictHH T B,

WTFNLBREREE2 ul/kgs Uz, K nbutyltindbk &M EZFIEOKR G E &



WAHBXHIICRAAY —THICERL, TEESHOREISCEREREZHEL T
MAEIRBROKE Uiz, £, ZER3 LI AZHEBICRREKEOFETRAAY —
7# 2 nl/kgzHE LT,

3. #E

EB1~3IZ20T, BIEBVORELLIVUEBHEELBEHMET L LI
— R EEBE U, HIR208 ICEI T ether RBIC K D EFEE LD, 1 E
ERIBIELTTFESIVRROBEEZIT >, 72U, B1ETDBTEKR
WKAHREFRICTHFEEZRBET AP, WRICEFEZRBE LA LWL L
HolOTHBBREEK L, 2BREBERBRIIH T,

4. B¥E X UEIREY O I & % O RN

EBAICEHLT,. TBT. DBTHA2IEMBTZHIE S HITHEOKRELT
4B B ICE W Fether KB T CHEREIR, SHRMBE., BH X CHIREY O
FREZHLULTZEWO0EEZME LRSI AAB L LU TEBRE LIS

5. ABom®L : , A
EBRAIZELT, TBT, DBTHAVWIEMBTOAMICE1ELEDRK
(#10.4g) . W2 gDIFEEHSnlOMBAERFLTHWI, TBT, DB
THEXUMBTORMHES I EEERIT1IE2HEFARICLU . -

6. #EHmE
FBIEEFARICHKITREZIT - 72,

£ B K R

1. ZB1 : DBTOEZHOBRE |

Sy rOBERERBAEABCS I TRZIHAEREZE L. BIE7T-9HB LU
EIRIO-12BDBTAREOFXKE UABICHYEBHLABR L TREOCKEENE
OWHEHNR S hicdh, AEEZERLb -1, ZOMOHBMIKDB TA2HEL
RECABEEMBOENR RO o/, HIR208 ICHE LI HIEE Y O M
BEERIVThOBIEELEA L, 2L T, 20V OBEREREHED
BABBZEFERED- 1 , ,
WHIE7 — 9HIKDBTAREUALBIET - RINBRFEEI ML (Fig. 8
AD) L EEBROBEIBD Lk, LT, AEFTE (THHR., TER., TH.
ERE. K. BERE) LERTRE (THEFEEAL, WEEES. HiESE
4. WESELEE) PEEINY, ZOMOPWMICDB TAE2EE ULIcBCH
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Fig. 8. Incidence of dead or resorbed fetuses (A) and of fetuses
with external () and skeletal (EZ ) malformations (B) from the
dams treated orally.with DBT (15 mg/kg) at different gestational

stages.
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Fig. 9. Incidence of fetuses with external malformations (A), with
cleft mandible, cleft lower lip, ankyloglossia or schistoglossia (B),
with skeletal malformations (C) and with cervical ribs (D) from the
dams treated orally with DBT at 15 (N ) or 30 (E4) mg/kg on three
different days of gestation.



EZHH50EEBHRAREIAD OO, o7 (Fig. 8B.) o /. BRERZD—D
ThHhAEMEIDBTOREILEI->TERTHN (1ELIH) | HIER7-9BHK
E#FHOLF ORBRRFIFICEHMPRD S hicdh, tOoBHICKRELUALBICIEYE
MRIIEEAER SN D - 7,

2. ZBk2 :DBTORZHOKE
Sy FOEIET . 8&5hﬁ9EkDBT%éE&ELL&%@%%%ﬁ%
A3 L. DBTORSHORZELET - 720
E%@%@%E%Mg&%%ﬁzkomf\mfh@&ﬁﬁngBT&g
L BBEBRRARONE D - 72, A
BRINARTRREHE. HIR7 HR5 030 ng/keB iz 2 41, IR 8 A K
E®15 ng/kgBic 114, 30 mg/keBic30f 2 LTHEIE9 HIX G5 D15 mg/kght
1A D Shie (Fig. 94) . DB TICEMMEARTRETHS FTERE /T
BR/ER/EEEIERS ORERICZIRD ol (Fig. 9B) » IR 8 ©
BREBRBIBRINZFTEEIUTOBITH S, 15 ng/kgB I TEREEHEED
EHEFRNSH. EHEEN2H B LI TEAMSAI 16, 30 ng/kgBE 22361
DTEH/ TER TH/ EEEOAHTEO S b UGB, BR. LR,
OZR, WHEAVZTHEIVRIARED 1 BEHZVRBHBHEISH LT,
ZOMOFEELE LTS HOMHEICHMK, BRI VITIBENINV=TOEHFE
E2BIONKDOS B 1A LERSIVOZROAHTELRD SNz, 20
MmOBIDBTABELLBOFREL TR, HIRT AREBICHRNE TEHE
e Asg 1 fl, HEI AREBHICR TEHERSAN LHTH - 7,
ERFRRHIIEIET 0% 5030 ng/keBic 4 41, F15 8 HiX 5 D15 ng/kg
BIC 36, 30 ng/kgBic 258 Z L CIEIR 9 B 5 D15 ng/kgB i 1 HIRAD 5
Nt (Fig. 90) , BEINLEBSRRIUTORYTH 5, HIET HEREDS3
0 ng/kgB I BHEA. HEBES. THBEAS,. BEEFERIFL., HIRS HIX
HEoD15 ng/kgBH I THEHEEELRAL, THEEAS. H30 ng/kgB I THBEER
&, THEERE. THEES. WEEA. HEEA. BEBRERALL., HIE9
H#ED1IS ng/kgBFI THEEASTH - 72
DBTIEMNKEKERTHIEMIIEIES ARERICSR LN, HIE
IHHEEBICLbEHEICRB L (Fig. D) ,

3. ER3:DBTOHERSKIARITEABONE - KISH
hfﬂ@&ﬁﬁK%DBT@HEK&%&%%B“%%@%M%@@?ME‘
SR hotr, EHESIIDBTHRESHOEIEY Hiz— ﬁﬂﬂﬂﬁ@ﬁﬁé&
nt#ﬁﬁﬁum#otoitxﬁﬁﬁmw BRECREIZDONLD -
7o

EIR0 B I EE L EEBHYO NBMECHRNICEEIEZD Shid - 12,
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_Skeletal observations

on day 8 of gestation.

" Table 14. Externai and skeletal observations of fetuses from the dams treated orally with DBT

Olive oil DBT (mg/kg)

2 ml/kg 5.0 7.2 10.5 15.2

22.0

Fetuses/dams , 115/9 140/10 138/10 120/10 117/10
External observations
% of fetuses with malformation 0.9(1) 0.6(1) 0 1.9(2)
No. of fetuses with malformation 1(1)
Cleft mandible, cleft lower lip,
ankyloglossia or schistoglossia
Exencephaly
Cleft upper lip
Peaked mandible
Agnathia
Microcephaly -
Vestigial tail
Club foot

O OOOO0OO0O o

—~
oy
'

% of fetuses with malformation
No. of fetuses with malformation
Anomaly of mandibular fixation
Cranial hypoplasia
Fused ribs
Fused cervical or thoracic
. vertebral arches
Fused mandibula 0
Agenesis of sacro-coccygeal or 2(2)
coccygeal vertebrae :
No. of fetuses with cervical rib 4(4) 3(2) 8(6)
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The litter was used as the statistical unit for calculation of fetal values. Thus, these
values represent means of litter means within each group. ( ): No. of dams with the
corresponding abnormal fetuses. ¥ Significantly different from control p<0.05,

**¥ Significantly different from control, p<0.01.



¥/, WREROBL bR OB, - 12,

FETS - WUNIE R (CRBIZETRA VAR + R ITE T IR RS E) o 55 M8 it A
15. 2 ng/kgdk K T22. 0 mg/kgBFic R onlcd, FEZER U - 7z, HIR208 O
EEBRRESICEERROKE (. M) KEHSLEEAHShAEd - I,

ERBROAZBEERORSE., SBRBIC FTHARSMAN 14 E7.2 ng/kgltic
RERBDLHRD SN, 15.2 ng/kg BICEREV IHETERETESEOD
EHFEDS LA, A 2HOFRREIAY Shiz, 22 ng/kgBED 9 HIF 7§l O
TR S8R OFRRIAD SN, BEIhEAETHETERE
TER,/ GFR/EHE. K, LER, ®E. NE. ARETH -7 YLD
XS DB TREMHUENESTETHS TER/ TER TR/ EFEI1Z15.2
BXU22 ng/kgilRD 57z (Table 14)

BHREEORKE. HRBICTHBESN LARD SNl Wikd 30 ITREH
RIBMT. 2 ng/kgBEic 2 Hil 3 L O°15. 2mg/kg B 1 BIRAD Shtc, 22 ng/ke B
DIBOEIEEWD S L5 R SAFIFOBRERRIED bhic,. BES
hEBRFEITEHEEEARALE, BEFERAL. WEES. EHESBEL. M
HMEEATh 7o, £, W15 286 X U022 ng/kgBETHEICHEM L /2 (Ta
ble 14)

4. B A1 : TBT,. DBT. MBTORET

TBT (62.7 umol/kg) 2FIRS BICEBROIKRE L CHUEMNBICKE ETIES
OB LIUMEFTFOTBT, DBTEXLXUMBTILEWEHET L E. B
CIIEE OB ICHKBRICTBTEZORBW THADBTELIUMBT
PRIz, RIRBYOMKFTORBELIVWTNGIEFIKBETH - /2 (Fi
g 100,

DBT (62.7 gmol/kg) 2\ T, METIEHYONE S XUMKICD B
TEZORBYTHIMBTORRE I, BREHVONK+FOBEINTH
bEEIEBETH - (Fig 10) , |

MBT (62.7 gmol/kg) iZ2WT, MEEEBYWONBEHS L MKICMB
THBEHINLZDPOThOERBRLIBRBETH -, T I THREE %1420 pnol
/RGIZHEM U 7ot BIREIMOREFHS LCMBEOMBTORBERLI ML
WA E -7 (Fig. 10) .
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Fig. 10. Concentrations of TBT, DBT and MBT in embryo, maternal liver and biood
24 hr. after oral treatment with those organotins on day 8 of gestation.
TBT(62.7 umol/kg), DBT(62.7 umol/kg), and MBT(62.7 or 1420 umol/kg)
were administered to pregnant rats on day 8 of gestation.
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DBTORTEAAORZIHOBREEIT- 2,

EB1IBIUV2OHER. DBTOAEXEFRERIEIRT B LTS HICHEERL 2,
UL, DBTIRHMHBAERTETHL THRE TER TR /E6EZHE
ESEHERERCOARDONKIENS, DBTONERFHOBRZHIIERS
BEganr, —H. BRTRIEERT B LU 8 BREBHITHD Shl
HIE 7T HDL5 ng/kgBIcRERFAREI LA RSNT. 30 ng/keBiciEIE 8 H
BERLABOERTRIBREINZIENS, DBTAKEREETZ D&
ko TRZAMEKRTZdDEEZONT, UL S5, DBTOEKFED
BEHREETHLS8HTHEY, EREZTAIEIESE EHEI NI,

Sy FOSHMIEES ~6 B TERNZET U, HIE7 ~8 HICHKEE, K
B9 BICEBEEAISICMBERARRI N THROMNBHMIBEINS, 351
FIRIOA AL E 18, S1AGIERINE, COELEENS 250
THEEEE 2O LEEENRAEL, THEEDOTH. TEFLUEHETH
i, RET R, EAOTEERIZORELLTCTEEREKT S (EH,
1992 : Moore, 1988) .



DBTORFEMEROELZERZBRIEEREBTH 720, P EBDBT
BEGOTHREENIEATAIRPIIEATIOTIRELS, ThUMICE 1485
DK FICFHERTHBLIUOTEEZERKTAHSICHELRITL. TOHERET
HOBAARENEULLDDEBDbh B, HFHIFAHUTH 3,

Ty POEIESHICDBTAHEERORE LLEXZDOHAE - KIGHEHBFTL
7o DBTOREEKRPEKSES (1E 1) CRESKREEDI1S ng/kgTHEIEH
MIiREEMEOFERBLIZD S, KEBTIZI0.5 ng/kgll LD
TDBTREFHOREI HUBICAEEMORELMBEmIAShLEE
T, BIRBVORBIIH T AHEBRIFEFCRETH-> 1o, £, BIRWBICE
AR ORBICbERIDDONKL DI 572, WEEHEEBIDBTDS
v NI T H5EHOFTRIBEBLEDIOD—D2THY . “E%ﬁ%&ﬁf%5
mg/kguiwﬁﬁﬁfﬁﬂﬁwﬁia%%ﬁf‘ﬁﬂa:b\ W ohl (1ELEH) .
DEBR 1 TIIRBEEHERAIRD 5 izdt, &5%@#&(&5&&&%%5
PDHBEEBDRIBENKREN o7z, £/, DBTA 5y FOAFEHMICHK
BUIEBRORESHYORMBEHEIZFORSIARNOWMENHE TELAICEHEL
(BH o5, 1988) ¢ £/, EBRATHETBTHAWIEDBTOHRE24E#%
ODEBETHMBERIAD WL I o1z —F. TBTitk > CHilEHD 7
075 LAHIBBFELE U B & D#E (Raffray and Cohen, 1991) 3% 3 2 &
5. MBZEHCRHOBNOKREEAILELEELI ONSD., RICHEKRSHIIZD
BTZHEEKE L/ EZCHMBERIERINALELTHEE200 F CitEE
LicdbDEEZ SN 5,

ﬁﬁﬁ%@%iﬁmgxﬁ@E\M%EE\HﬁQﬁﬁ%$Uﬁﬂ®ﬂEk
DBTRIZEACEBERBLIZIRD -0, BROAEZFEICOVTETE
R, TEZR, H%. 5. LERBIUNBE LOFRH15. 25 L T22 ng/
kg it ohil, 2HENNKESERAR (FH o5, 1988) TIEDBTI5 ng
JkeBREBICTHRE  TER /EX /EBEEFRADOhH, LER, HE.
ARERSNED -7, o, BERENHRESRER (12 14) TS5 ng/kg
BICTERLIEEEOAHFTELRSH., 0B LTS ng/kgBic THE., TE
#, BHE, FEE. LEREBIUARSREDh NI, LT, EBR 2 D30 ng/
kgB I THRE, TER, F%. 585, LB, AKCHZ THEIBEI
Nico TS OEHRMS, DBTR/METRTHR/ TBER /FER/GFEEN
FB U ﬁgfHT%%/T@%/E%/%%%kM&TtEQ B, S
LORBUENEMTELEEZ SN,

NEFTRICET IRV H uﬁﬁ%%@&ﬁﬁ%uwmym\“ﬁﬁm%_
HEHRBRITI O ng/kgT UTAHRERIZL5.2 ng/kg Tholo ChES3BOER
HEICITHR TER /TR /EEESLELTHEESIL, EFANICERE
DHEHREZRLTVLEREEIOGNEY., RAVTHEPHETEOBBELETOM
ERRBY o i, di-n-butyltin O F v Mukb‘ézlﬁﬁﬁﬁli3~5 B c‘:?&ﬁ
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(Ishizaka et al.,1989) Xh T3, ¥/, DBTOEFEHOERAHE XL
IBESHTHBH., RIEIEPMZEECHEROBNMSEBHEDBTZRE L., Hik
SHETCKI T SHEMOKEERRINTLEI L2 o8MEbsEOMEE
EEL, TORETRRABHEENMES R L EHEINE, £, BEEHY
 BETREETHNSDBTAEELTHY., BEHOEIRS BICIIE A ICHEK
B U#ZDBTOISDDEFRBE-> TVWAEI LR THERRHEENIEML £
bOEEZOLN S,
WMWumwé%Q%@ﬁK%bf\EﬁSBKﬁD&EéﬂtTBT&D
BTIRESIMOHNIHh, BENOBITLHBRAINT, DBTETBTOR~ND
BAERIFEALABETH S (Fig. 10) bbb od. BWRICHT 54
HEMEHIZILE{ BN >TWi, DBTETBTORFEMABOEZIZOL LD
ANDBITREROETREL, ThoD4FORODETHREEBRINEL S O LH
wgIxht, A ‘
MBTRBERNEERADBITRNE, >/, DBTEZRERERBICEKE
L EEOBRROMBTEEIRIDBTODHN%TH - 7ch (Table 13) | k8 B
ODHEHERDOKETIZLL% (Fig. 10) ThHhoT:, di-n-butyltinZz LIRS v
P E LXK ERBPIE3I~5AEHEEENTVS, £LT, DB
T OB Y TH Znono-n-butyltin® R~ Hito -7 DB TDKRE 4
HETHD., BEEFOMBTOBREOE -7 RZDBTHRE3IHHTHSH. I
& B Onono-p-butyltinOEERHFICE—7R3AShTERBEOL FIZ
F—%ETH D (Ishizaka et al., 1989) ., F /2. mono-p-butyltinlI B¥ED
WAL SHRIhIS W EOHRE S H D (Ivai et al., 1981 | H[EH
BEICEIAMBTORTOEENEKOERE. DB T2 EEKRE L T24EH
BTIEMBTOAKRRNICETAHMEBIVPRTNI EECMATMB TORBITE
PENHEHEINT,

i 4 =

DBTORFEABORZADOKRE.21T->72. DB TIZRHEMNANKRTFIET
55?%%/T@%/E§/Eﬁ%@@%ﬂﬁﬁﬁ8Bfﬁoto%%%%&
LTEERIN-TEEEERS, WEEE. UHESEA. HESEAEORR
HidEE UTHIESHTH -, THEEELLEEZBRCERFRIEIRT B
KHIEEETEHEBAD SN,

DBTAIFIES HICHEIHREGELLEE, R/AFHFEEINEFTEIZL. 2 ng/ke,
BREFEIZ22 ng/kgTH - 2, ' :

TBT. DBTSIXUMBTORIES HFEICE T 3RBIT 2K LIER,
TBTHREBRIEICTBTLEZOoRBMWTHBDBTHLUMBTAH, DBT



BEBEIKRIIDBTE:ZoRBYTHAMB THrBHE XN, MB THERIT
BICMB Tt a7z, EBECEEETHD, MBTREERINE LR
DBITERI/ED,



;3= BUtyI(3—hydroxybuty|)tina)ﬂﬁﬁﬁﬂéfFfﬁ

di-p-butyltiniZfABH XN T 2 D /KEEILIE [butyl(3-hydroxybutyl)tin,
butyl(4-hydroxybutyl)tin] &mono-m-butyltinit?? (Fig. 11) A%, D9
% butyl(3-hydroxybutyl)tin& mono-p-butyltindS EHH MW TH % (Ishizaka
et al., 1989) . mono-n-

butyltinic i 4 % 7% f¢ 8 ' |

. A X . Bu—?n-CHgCHzCHzCHa Di- 7 —butyitin
BADOSNITED - 72D *

(1% 14) . butyl(3-
hydroxybutyl)tin® # & Bu—Sn CHZCHZQH o Buby(3-hycroxybuylin
EEACELTE®EED Bu—Sn CHZCHQCH?QHZ Butyl(4-hydroxybutyltin
BLARBTH B, £ Ty {

|
DBTO® 4& %}[‘5 {’E}Eﬁ D JE Bu—s|n— Mono-r —butyltin
RAMEBRBEO-ELLT Bu- : butyl group
butyl(3-hydroxybutyl)ti Fig. 11.Metabolic pathway for di-n-butyltin
nDEFIVAEA EHF L7,
2 B 5 ¥,
1. AREDY

Butyl(3-hydroxybutyl)tin dilaurate (3-0HD B T L) v — V5 #
Di-n-butyltin dilaurate (DB TL) FeMETEHKALSHE
Di-nm-butyltin diacetate (DB T) HHEALKTLEKRIXNSHE

2. FREY
HE#% 3 AROMHEDIcl:Vistark T v 2RV 1 E&:H%kbfl&ﬂ}i@%
AR L. B L. 1BOEIREREHEEZIIEE L, S5 TIT-» o

3. #58
DBTLXUDBTI380 gmol/kg. 3-0HD B T L {380% L Uf160 u#mol/k
g& L7,

4. EBBXU&EEHIE

DBT,. DBTL:XUS-0IDBTLAMEDCKREREELENBLEZLOIITHEAAY
— T ARLUCIHIES BICHEESY I RHEORE L, B, #REKRER
2ml/kgd& U7z,



5. B
BIELRMRIC U, L, EERROABBEZAB L, TXTOER
ERZFBBEICH T,

6. Harns

EEBAXLAYBREREGBHOMOEEZRERIUTDOL ) IZT - 72,
RE, WREE. BEHE. ERY. AFERRY. BRAERZEOLHICTFHHE
THRERZETRT OO ODVWTIRIEZEARBEMALLTHEAEL (8F 5. 19
) v tREICEL->-TH o7 BT - RINERHEE., FRREEL LD LI
HMETERT OO DVTER1IEZELREAMEUTEHEL, UREIC K> THRE
U7ze 72, SSOHDBTLHREELEDBTLEREHOHMOEEERTEIZ/ST A
MY wZ7HBNE/) 85 X M)y 7EDScheffé (Scheffé, 1953) #EiZ Lk -
7oo TEURERIZMERL. FETHMHL EEHTE T SO DV TIIMEE] E £ Fisher
DEBEEERFTEEICL > TIT - 7o

£ B & R

FIREYHOKREHME, BHEE. —BRESIVCEERGHOMBERICD B
T. DBTLHBWIE3-0IDBTLEREDEZEIZDH SN -,

3-0HDBTL 160 umol/kgBic 1 EHFDLHIOHD 3 IZERNIET L.
EIR208 OF EUHBICEZRREROBE LR > LEIREWA 2HRD S5 h i,

Photo. 3. A fetus with peaked mandible after maternal exposure-
to 3-OHDBTL at 160 wmol/kg on day 8 of gestation (right)
and a normal fetus from a control dam (left).



7. AROAERROKESHBHEEXTHEECHDS L, DBTL &
ODRICEEZE R T2, ' '
NEBEERTIIDBTLEEREDBTREBICTHRE TER T/ &F
. OME, AR LEREORBEONETRSRABEOKRCBE SN, U
L. 3-0BDBTL D80 pmol/kgBicAEHFEBIZ 1AIEDHONT, 160 um
Col/kgBEic FEseissif (Photo. 3) 8@, NEN2FH., TERLHEEEOD
LHHMEENLHAZ UCEFEN 1HRED Shi (Table 15) ,
BRERTEIDBTLESHIDBTREBCTHREEARAS, BEBTRK
Fe. MEHS. HEESBEAZORBOBRTEIBEIN/IHN, 3-0DBT
LD80 pmol/kgR I EHREFR T 1IHAIAH SN T, 160 ynol/kgBfic THE
BADNTH. NTHELTHEECOAHHFRNAH., THEEELLZN 1 F
2 UTHl - BHERIED 2 H1» 5t (Table 16) o

7. DBTIHMNLERERTHAEMORRERII-OIDBTLESH
TENERDSH D, 80 pnol/kgBHOEMFERIIDBTLEEBREU~NTH
BICIKT L7,

=3 =

Sy M E5EXhDBTRITFNEDO—DOHRKBRILINT2EEOKRIL
& [butyl(3-hydroxybutyl)tindk X Xbutyl(4-hydroxybutyl)tin] & 7% % &%,
ZOKEBALT FIVENRE T F VLI Toono-n-butyltin& 3, TH 6D
S 9 Bbutyl(3-hydroxybutyl)tin& mono-n-butyltind ELFHH T, T v
ORI, B, BE. BERICBE IR TS DY, butyl(4-hydroxybutyl)t
indbTFhricRPicoskliahiz, £ LT, butyl(3-hydroxybutyi)tinidiZ
LA EDWHS Toono-n-butyltink Y bEEBEICHEEIN TS (Ishizaka et

al., 1989) . | '

AERICEVT, DBTLOEKB#YW THZ3-0IDBTLORFEMARER

HUEZADBTLERA—HER (80 unol/kg) TRHAEBRIREHRET. 2
s (160 gmol/kg) |5 L THH THRICHFRSRB L, 3-0DBTL
160 ymol/kgB s ROETROHEMBRONB I LS, BFEARBOL
DOREBEELTCHARBEEEEZEIONS, LHMLIOBREETR O KE
EAEFER THERSEATHY., DBTILHEMNBAEZTETHL THERE/
TEHN EFX/EEELEIHOHICER T, THERSAZET SRR
DERABERTHETEHEES (THBEOERES) WRLKh, NEZHT S
JBROBHRICIRTEEOANETHEEAPRONI, ZhoDHFEEDBT
OBRERBEMBEEPEIRS HHEARESTHHICRONEbOTHEA, DBT
WKLo THRBILIERFR LIS AL,



Table 15. External observations of fetuses from dams treated orally with butyl(3-hydroxybutyl)tin dilaurate.

Dose (umoles/kg)

Olive oil - DBT DBTL 3-OHDBTL
2 ml/kg 80 80 80 160

Fetuses/dams : 126/10 133/10 130/10 134/10 106/8
Incidence of fetuses with malformation, % 0 28.3(D**  30.6(6)* 0+ 12. 4(5)*
No. of fetuses with malformation 0 3 (M 316 0 12¢5)** **

Cleft mandible, cleft lower lip, ankylo- 0 320(D*  33(6)*" 0+* 1]+

glossia or schistoglossia

Micrognathia 0 2(D 2(1) 0 2(2)

Peaked mandible 0 0 0 0 8(g)y** **

Exencephaly 0 18(6)** 16(5)** 0+ : 0+*

Cleft upper lip 0 3(D 4(3) 0 0

Cleft palate 0 1O 2(2) 0 0

Asymmetric face 0 1(1) 0 0 0

Vestigial tail with internal hemorrhage 0 0 0 0 1D

The litter was used as the statistical unit for calculation of fetal values. Thus, these values represent
means of litter means within each group. ( ):No. of dams with the corresponding abnormal fetuses.

* Significantly different from control, p<0.05. ** Significantly different from control, p<0.0l.

* Significantly different from DBTL group, p<0.05. ** Significantly different from DBTL group, p<0.01.



Table 16. Skeletal observations of fetuses from.dams treated orally with butyl(8-hydroxybutyl)tin dilaufate.

Dose ( umoles/kg)

Olive oil DBT DBTL 3-OHDBTL
2 ml/kg 80 80 80 160
Fetuses/dams ' , 126/10 133/10 130/10 134/10 106/8
Incidence of fetuses with malformation, % 0 21.9(D**  28.1(6)* 0* 14.5(5)*
No. of fetuses with malformation 0 29(H** 34(6)** 0+ 14(5)** **
Anomaly of mandibular fixation 0 17(6)** 25(6)** 0 1D+
Fused mandibula 0 1 1D 0 - T@2)**
Micromandibula and fused mandibula 0 2(D 2(D 0 4(3)*
Cranial hypoplasia 0 125)** ° 13(5)** 0+ 0+
Fused ribs 0 9(2)** 7(3)* 0+* 0*
Absence of ribs - 0 2D 0 0 0
Fused vertebral arches 0 6C1)* 3D 0 0
Fused cervical vertebral arches 0 1D 0 0 0
Fused thoracic vertebral arches 0 5(D 3(2) 0 0
Cleft maxilla 0 3D 3(3) 0 0
Agenesis of sacro or coccygeal vertebrae 0 0 0 0 - 2(2)
Incidence of fetuses with variation, % 1.4(2) 70.2(8)**  65.3(8)**  12.5(8)** * 54.7(8)**
No. of fetuses with variation 2(2) 93(8)** 82(8)** 15(8)** ** 55(8)**
Asymmetry or cleft sternebrae 0 19(6)** 11(5)** g x>t 0+
- Cervical rib 2(2) 90(8)** T6(8)** 1208)** ** 51(D**
Lumbar rib 0 0 1D 0 0
Rudimentary lumbar rib 0 4(2) 7(5)* an* 5(2)*
Splitting or bifurcation of lst 0 8(5)** 13(5)** 1N 202)*
cervical vertebral arch .
Splitting of ossification centers of 0 11(2)** 13¢4)** 0+ 0+
thoracic vertebral hody
Variation in number of vertebrae 0 3D 0 0 1D
Occipital hypoplasia 0 1D 0" 0 0

The litter was used as the statistical unit for calculation of fetal values. Thus, these values represent
means of litter means within each group. ( ):No. of dams with the corresponding abnormal fetuses.

* Significantly different from control, p<0.05. ** Significantly different from control, p<0.0l.-

* Significantly different from DBTL group, p<0.05. ** Significantly different from DBTL group, p<0.01.
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DBTRIBHBHFERFEHOFERYEOHREDO—B & L Tdi-mbutyltinfb &
O FERHMH D—D>TH 5butyl(3-hydroxybuty)tinfbk 5 O ZFRIER % ¥
U7, 7

B-OHDBTLA2EIIRS HICTHEOKE UK, 80 vnol/kgBilHF R 1B b
BOLNTEH - 2D, 160 umol/kgBIC THEBBKA B L T/NFEEEE LH
EZETELRBRDONI, —H. DBTLIZXAHERIDBTERABEDO THHE T
BR/ER S ERENENTETH -1, |

DEO#HR, -OIDBTLREHFEERLEEIT S50, DBTR®DBTL &K
BT BEZDOEMARTL, FLRRUALFEZIDBTHhA3WEIDBTLIZRS
BB EIWOSLRKEBLLHBDOTHY, 3-0IDBTLRDBTHBWWIZDB
TLORFEFERNOERYWELIEZEZ SO -7, :



43 Di-nbutyltinOBEEEMAICHT 3
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CERBEREZI LN T, FIT, AERTEDBTORMUVLESTE
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EERTIEZ &> CHIEBWANOD BTORBYWOBELERT I
BODBTORFRAMEGKST Uiz, BIEBWOFBOEWRBBEEE R LK
TXEZDICMERE (CCly) £FME Uiz, HfETCC 1 EHLE
LIzt XORBIVCHEHVWORBE X CMEFODBTREELZRE L /2,

£ B H &
1. Z81 : DBTORFEMAMIIHISCC 1 AIAEORE

1. EEY '
HE#3 s Ao tEDIcl:VistarZ T v b2 RV I1EBLREBRICU THIEEY
AEKRL. BB L. 1BOERIEESHHEZI0~1IEELTIBHEREL

2.5 RELURSHEK

RS DORBE I TDO LI IKIT- o

ADWNEE  HE6HP LT THRBEHFAY — T 2 nl/ked EHHE T
BEL, WIRSHITAAA Y -7 2 nl/kgZEHEOKE L,

B)CC 1.8 : HIE6HBFLTTHIICC 14 (0.5 nl/kg) Z2HEHKT
CEREL, HIRS BICRAAA Y —7# 2 nl/kgeEHEOKRE L,
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®’E L7,
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22 ml/kg& Ui,
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S L, MR8 HICDBT 22 ng/ke2 MBI HZS Lice
dDCC14++DBTHE : HEG6HBLFTHICCC 14 (0.5 ml/kg) %
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5. lﬁl%FP@tarnsaminaseiE‘Eki;ii(fﬁi%%ﬁmﬂ“ﬁ{ﬁﬁ
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Table 17. Effects of DBT on pregnant rats treated with DBT after pretreatment with CCls and their fetuses.

CCl, Olive oil CCl4

Pretreatments®’ Olive oil __CCls Olive oil Olive oil CCl,
Treatment®: Olive oil Olive oil- - DBT DBT DBT DBT DBT DBT
' 4.5mg/kg 4. b5mg/kg 10mg/kg 10mg/kg 22mg/kg 22mg/kg
No. of pregnant females 10 10 10 10 9 10 10 10
No. of dams with living fetuses ‘ 10 10 10 9 9 10 10 9
No. of dams with total resorption 0 0 0 1 0 0 0 1
No. of dead dams 0 0. 0 0 0 0 0 0
No. of implants® 14.7+1.49 15.7+1.49 14.3%=1.89 14.8%1.55 14.2+2.68 13.7%£1.95 15.8%1.32 14.6%x1.17
Incidence of dead or resorbed fetuses, % 5.6 5.5 5.3 15.7 - 2.9 5.7 30.2% **
Early stage 5.6 5.5 -+ 5.3 14.2 3.1 ‘ 2.9 5.1 23.9%
Late stage 0 0 0 1.4 0 0 0.6 6.2
No. of living fetuses® 13.9+1.8 14.8+1.23 13.5%1.58 12.6+4.86 14.0%2.45 13.2+1.87 14.8%+1.40 10.3+5.08
Body weight of living fetuses®, g ‘ ‘ o
Male 3.4+0.26 3.3%0.17 3.2+0.17 82%0.14 3.3%0.28 3.2£0.28 3.0+0.19  2.6=£0.53"
Female 3.2+0.17 3.0+0.16 3.0*+0.20 3.0X+0.19 3.24+0.25 3,1+0.23  2.8%0.20* 2.6=%0.32**

The litter was used as the statistical unit for calculation of fetal values, thus these values represent means of litter means within each group.

* Animals were pretreated subcutaneously with olive oil (2 ml/kg) or CCl, (0.5 ml/kg) on gestational days 6 and 7. “ Animals were treated orally

with olive oil (2 ml/kg) or DBT on the gestational day 8. **Values are the mean:SD. * Significantly different from control (olive oil/olive 0il),
p<0. 05. ** Significantly different from control (olive oil/olive oil), P<0.0l. ** Significantly different from corresponding control (olive oil

/DBT), P<0..01.



Table 18. External observations of fetuses from dams treated with DBT after pretreatment with CCla.

Pretreatments®’ : A Olive oil CCl4 Olive oil _ CCls Olive oil _CCls Olive oil _ CCl,4
Treatment® 0live oil Olive oil DBT DBT DBT DBT DBT DBT
4.5ug/kg 4. 5mg/kg  10mg/kg  10mg/kg  22mg/kg  22mg/kg
Fetuses/dams ' 139/10 148/10 135/10 126/9 126/9 132/10 148/10 103/9
Incidence of fetuses with malformation, %  0.7C1) 0 1.6(2) 0 0.7CD 5.7(3) 7.9(6)  67.0(9)** **
No. of fetuses with malformation, D 0 2(2) 0 1D 8™+ 12(8)**  B5(9)* T
Cleft mandible, cleft lower lip, 0 0 .0 0 0 T 1208)** 3Bt
ankyloglossia or schistoglossia
Peaked mandible 0 0 0 0 0 0 0 7Gx
Agnathia or micrognathia 0 0 0 0 0 0 0 9(3)** **
Exencephaly 0 0 1D 0 1D 0 0 48(TH)* ™+
Cleft upper lip 0 0 0 0 0 0 1D 18(T** +*
Facial cleft 0 0 0 0 0 0 0 4%+
Omphalocele 0 0 0 0 0 0 0 32
Anury or vestigial tail {¢)) 0 1D 0 0 0 0 2(2)
Abnormal tail 0 0 0 0 0 1 0 1D
Kinky tail 0 0 0 0 0 0 0 1D
Pes varus 0 0 0 0 0 0 0 2(1
Microcephaly 0 0 0 0 .0 0 0 1D
Brachymelia 0 0 0 0 0 0 0 1(1)

The litter was used as the statistical unit for calculation of fetal values, thus these values represent means of litter means within

each group. * Animals vere pretreated subcutaneously with olive oil (2 ml/kg) or CCls (0.5 ml/kg) on the gestational days 6 and 7.

® Animals were treated orally with olive oil (2 ml/kg) or DBT on the gestational day 8. ( ):No. of dams with the corresponding abnormal
fetuses. * Significantly different from control (olive oil/olive oil), P<0.05. ** Significantly different from control (olive oil/olive oil),
P<(.01. * Significantly different from corresponding control (olive 0il/DBT), P<(0.05. ** Significantly different from corresponding control
(olive 0il/DBT), P<0.0L. '



, Table 19. Skeletal observations of fetuses from dams treated with DBT after pretreatment with CCl..

Pretreatments® Olive o0il CCly -~ Olive oil CCl,4 Olive oil CCl14 Olive oil CCla
Treatment® ‘ Olive oil  Olive oil DBT DBT DBT - DBT DBT DBT
: 4.5mg/kg 4.5mg/kg  10mg/kg  10mg/kg 22mg/kg 22mg/kg
- Fetuses/dams - 139/10 148/10 135/10 126/9 126/9 132/10 148/10 103/9
Incidence of fetuses with malformation, % 0. 7(1) 0 - 0.7(D 0 0. 7C1) 2.8(8). 5. 4(6) 66. 5(8)** **
No. of fetuses with malformation 1(1) 0 1D 0 1(D 4(3) 86" 64(8)*™ **
Anomaly of mandibular fixation 0 0 0 0 0 3(2) 8(6)* 10(4>*"
Fused mandibula 0 0 0 0 0 0 0 T(H)**
Micromandibula and fuesd mandibula 0 0 0 0 0 0 0 B(3)** **
Agenesis of mandibula 0 0 0 0 0 0 0 403
Cranial hypoplasia 0 0 0 0 1D 0 0 39(** **
Cleft premaxilla or nasal 0 0 0 0 0 0 1 26(7)**
Fusion and/or absence of ribs 0 0 0 0 0 0 0 41(6)** **
Fusion ‘and/or absence of cervical vertebral arches 0 0 0 0 0 0 0 17¢6)** **
Fusion and/or absence of thoracic vertebral arches 0 0 0 0 0 0 0 35(6)** **
Fusion and/or absence of lumbar vertebral arches 0 0 0 0 0 0 0 (€]
Nodulated rib 0 0 0 0 0 0 0 43" *
Cleft scapula 0 0 0 0 0 0 0 2(2)
Agenesis of the sacro or coccygeal vertebrae 1D 0 1D 0 0 1D 0 2(2)
Agenesis of femur and/or fibula 0 0 0 0 0 0 0 21
Cleft occipital condyle 0 0 0 0 0 0 0 1D
Incidence of fetuses with variation, % 4. 4(5) 1.3CD 4. 4(6) 4.0(5) 3.4(3)  28.7(9*™ ** 34.6(8)* 87.2(9)*" **
No. of fetuses with variation 6(5) 2(1D 6(6) 5(5) 5(3) 39(9** ** 50(8)** 89(9)** **
Cervical rib 6(5) 1D 5(5) 2(2) 4(2) 20(T)** ** 46(8)** 207 **
Rudimentary lumbar rib 0 0 1D 2(2) 0 T@2*™ 1D 29(6)** **
Splitting of st cervical vertebral arch 0 1D 0 0 1D 6(4)* 4(2) 18(T** **
- Splitting of ossification centers of 0o 0 o0 1)) -0 22 0 49(8)** **
thoracic or lumber vertebral body ' ‘
Cleft or fused sternum 0 -0 0 0 0 1D 3€2) 12(6)** **
Occipital hypoplasia ‘ 0 0 0 0 0 0 1(1) (1)

Thé litter was used as the statistical unit for calculation of fetal values, thus these values represent means of litter means within each group.
( ):No. of dams with the corresponding abnormal fetuses. * Significantly different from control (olive oil/olive oil), p<0.05. ** Significantly
different from controls (olive oil/olive oil), p<0.01. * Significantly different from corresponding control (olive o0il/DBT), P<0.05.

** Significantly different from corresponding control (olive 0il/DBT), P<0.01.
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Fig. 12. Activities of serum transaminases and hepatic microsomal drug-metabolizing énzyr_nes
in pregnant rats 24 hr after oral treatment with DBT or olive oil on day 8 of gestation.
Pregnant rats were pretreated subcutaneously with carbon tetrachioride or olive oil on

-days 6 and 7 of gestation. .
*fSignificantly different from control {(clive oil/diive oil), Ap‘<§;0.01.
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Fig. 13. Concentrations of DBT and MBT in
embryo, maternal liver and maternal blood 24 hr
after oral treatment with DBT (22 mg/kg) or
olive oii (2 mi/kg) on day 8 of gestation.
Pregnant rats were preireated subcuténeously
with carbon tetrachloride (0.5 ml/kg) or
olive oil (2 ml/kg) on days 6 and 7 of gestation.
*Significantly different from corresponding
control (olive oil+DBT), p<0.05.
: **Sign'rﬁcantly different from corresponding
control (olive 0il+DBT), p<0.01.
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