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SIAM =81+ 2 BIER® L £ FREEZZBIZ OV TOE%IX. FW (The substance is a candidate
for further work) E7=1% LP (The substance is currently of low priority for further work) &
LTREATLS, FW IE TS&%LEMOBAERREEHNVBETHS) . LP 1T TRROEAR
RIzBWTILENMEZODEIZE CEE2RT. FW EAZEHBICIK., BNRBRNLELSH
B0, BRIEBRORAE. #ELYRVEH. YRIVEBLENVELHUHSALIEENH
3, LHL. BRIES0OHE. S84 )AVEE. YRIGEBLEEADRFNEAGIIEEICE
XhTHY. BATCIHHERRESEDENONIEEZOERXORYBADLEMCEHYRAL S
Lzt oTLVE, SIAM TCABEF-BEIZOVWTIEZZFORMVERIZBRT ZEHNEZFENTSE
Y. FHERBELEHETESRTILENHS.

(2) &£ 15 ARFLEYPELI R 7+ —AOBHRARICONT

g 15 BRFLEEMEL2 RV 7+—X1£ 2007 £ 3 A 12 BICI75 A0/ THRESh=,
OECD @ HPV & 704 5 LTIk, SIAP. SIAR & & U Dossier DIONFBEXBEERL TL
2. Dossier IZBXM{L3&B (ECB: European Chemicals Bureau) H biE#tEhi- IUCLID

(International Uniform Chemical Information Database) Y7 bz 7 ZRAVTHERESIT
V3, 2000 fERIZ IUCLID A A Eh BLLATIE. Dossier ITBBOXEBI 74 NLE LTHER
XhTW=, E15 @429 7+—RIE. 771 NWEXOH—LERE-HIZXBI7 1L TH
R x#h - Dossier . 2009 £ ¥ TIZ IUCLID DR TR LEETRENHSHE LT,

2. %24 [ SIAM TOZHMIRR

(1) MPFEEXBOEREGR

DHEE T EIINEDEEN DB BOREEZS > 51 O EHABTRIR (CDG : Committee
Discussion Group) I=$8#L. CDGLTOBAIHE (24> FORW. 342 F~DEBE. O
AV MZIE UT=SIAPO#E) BLUSIAMTONBEAETERSNS. F24ESIAMTOLMEE
BEXBOESEIZ. CDGTOBHHEZRICHBELLSIAPEAVTIThhi-. BARFIX
2-sec-Butyl-4,6-dinitrophenol (CAS: 88-85-7). Ferrous sulfate heptahydrate (CAS:7782-63-0)
B & UN-(2-Octadecanoylamidoethyloctadecanamide (CAS: 110-30-5 * 5136-44-7 * 5518-18-3
BAa®Ph)o 3 BE OB FMHIXSEZ2REBEL . &6
N-(2-OctadecanoylamidoethyDoctadecanamidel= 2L\ Tid. BAR/AICCANREEMRZ{T o1 &
-. Ferrous sulfate heptahydrate DS MEXBIL. 71 >~ 5 FICCAKEH L1 [HESD
5=1)— : Tron salts and their hydrates] 23 2WEN—D2& LTHHREh. BEABFAOX
RN LE1—%fFof-®IcREEhi=, SHMTIRHIMEODMFMEXELSFHEh. 34D
HODBY RV EERES L UFBRBICR SCHBEICET IHENEB S (R . BT
OYEIZDOWVTIE, BEDEHLRUDIANH 2 11-HRF#RT 5,

1) FA YACCAHIEH LI-Formamide (CAS:75:12-7) DPHAFFHXFICDLTIX. AR
HELUREEHEICOVTOFH -ERBMAEFLEA—ShTLWSEBKETHY . BRNLZAY
HEXBIZCDGLTEHREND I LIz o1z, LAL. SHIZOM Y RV FMHERE & U
BRICEASEEBICHT IHEIEBTEINIRETIRGL &R LT

2) SENSHTIZEE/ICCANBEENER % Li-Diethanolamine (CAS:111-42-2) DENMET
ExXHEEFRL . ZWE 33 CIZE2ESIAM (19945 78) & LU HEEISIAM (19955 3R)
<. RERMMNARUS—EELYBHEIA TS Y., E3ESIAMTIE. RABEESEE. B8
EMBLUEHBREER LG LORKBNEEZBRICFWE WS BGICAENB oA, BEXOD
SIAMTOBEENFPEINT LV, SENSIAMTIE, REZYE. RERSBELIVERER
EBHIZOVNTORBEIZHZELOD. ARV —ETHIBEVRIIRDA D PARSHT
WS EMBLPEVSEEIIARNBONT:. BEDHPVAR IOV S LTIE. ARUY—
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EMOHEOhSBRBREBELLICHEEZROLEHNMERD, COPED LS IZibOMER
L& ERBRESTHOBEIZ. BB FUA2EETARTZCEMNEEL VTSNS
SEEHEDRIMITRLTLVS,

3) A4 R/ACCAH R L f=Diethylbenzene mixed isomers (CAS:25340-17-4) (=D TI4.
ERRELYRRENIBBICHT 3EBROEBEECDGLTERT B LIz oF, LAL.
SHEFH Y R VFBHERE & VMBS RICE S EBICET 3L EEINERETlL
BWweismLli,

4) AVz—FT2:eu (MMEADOYRYFBXBERICLIECLEEBHRTZ) NEYLE
Hexabromocyclododecane (CAS: 25637-99-4 / 3194-55-6)D MMEF WX B I%. BIESIAM
(1996%F6R) TPMMIZBHSIh TV A, SEDSIAMIZEWLNTHY Y X7 FHiEEL &
UBIEMEES NI, COPEITOVTRE., 2HLFA—EFLIZL 2 BESHFTALS LU
logKowD T—2 B F 1 ICAFEh2FPETHY . BRULEDMTEXEIZ DL TIZCDGLET
BlThd. LHL, SHBMHYROFMERE L USFHBESRCR S (EBICET 281451T
EHSNBZRETREVEEBL:. B, COMBITIZCASEE 2534, 2hSITE
—DOYMEEFRT.

5) FUv— eudBY L= v & LBSiE 5 ME (CAS:3333-67-3. 7440-02-0. 7718-54-9.
7786-81-4. 13138:45-9) ITOVTOMMFE X BIZIARBREIZHET 2RI DASEHE
bhfz. RIEFRICET B OVTIE. MELICHEEZTHIVNENHZ L 3h, $56
EISIAM (2008%48) IZBWV\TBEHEIh3 LIzt

(2) HPV AR IO S LIZB 1T 32807588
1) J0—nR"LR—4 L OBERI=DINT

OECD Tid. mEECER#AINE L TL 3BELLEPEO N\ — FI§E4 &2 84 2 F—4
R—REZ—ELTERRTESH50—/LKR—2 L4 4 I TeChemPortal™) ZHELTWNS, ¥
B—=NIR—F LSS FOBEERZIZIZEERLBMLTEY. LEYELSERL AT L
(CHRIP : Chemical Risk Information Platform) TABEh TV ZBREZLLYBERSH SBRT
—3 (£ - EREOHER) KA RAENZZ&IZH->TLVS, OECD BERNSEDOLS
TRALETO—LER—2 US4 FODIRIE. 2007 FEIz—BIZAMENE-, SEOSHT
. REOSDEMERF., J0—RLR—F LY 4 FZ2O1LDIZBMT Z20OTIZAE . Web <
—PVICV O ERBIETEMT 25 ELTRTHIC EARES -,

2) CERM) WMEZEEEB7 TV 5r—asy—uRy s Rizo1nT

(GEERY) #EEMEMRI T (QSAR : (Quantitative) Structure-Activity Relationships) I£. {t
POEOMEL EMELEORMICRY I >HBBMBERE R L. BENCELU LS NEOEE:T
MFLoELZAMELTERETITILVS, OECD 1251+ 3(QSAR EFILERADFEEMIZONT
1355 34 [E] Joint Meeting (2002 4F 11 B)IZHEWLTHH X h.2004 4 11 B D= 37 @ Joint Meeting
X, @SAR 75— avy—nMys R (Y—Liivs R) DRV ETCHD & LT=,
SOY—NLKRy ) ARRDBMIZ. (QSAR EFLOEPREEBH Y. EETEARBEES
ISAFTEDLSICL.(QSAR EFLERAVEESEMEOHTFITY L2 XBTEoLTHS.
B#E. 525D RIVM (Het Rijksinstituut voor Volksgezondheid en Milieu : The National
Institute for Public Health and the Environment) #%OECD &DZ2#DT. V—ILEvH D
RZT->TWS, SEDEHTIE. MEIDRHICEIZHE OECD BB E &L U RIVM Hi8eE
DB %ETT o= OECD BERIZ. % 25 B SIAM CTY—L KR I AOR—SEERET S =&
ERA Tz, Flzo Y-y Y Rk 2008 4 3 BETIZHEREh. CD-ROM CTEMBEH I DT
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EThDELERE ST,

3) PBHFI)—=I2OVWTHHSAH VR

OECD B¥BI3E 23 B SIAM IZ31%#%. EU & OECD OXRFOPx/ +FTHS DEH
FIY—DEREERICOVT) DI ZaZILDHAF LV AXEDBEEICOVWTHREL . &
nFoszH MIb et e EU OEEDEO SR - 51l - 2B L UHRICEET 5208ITHS
REACH (Registration, Evaluation, Authorisation of Chemicals) ®&fT70< x & +RIP:
REACH Implementation Projects) 3.3 ®—2& L TR hiz, #EATOC 2 FOBMIZ
OECD O HPV 705 S LB KU EU O REACH CHEASATVWAIZ2FADHAF R
T AL THD E23E SIAM#IZBIAC. hF4. . 508 arty FRFEo A,
TIAVFERBLEBHROERNSEORMICEI>TCDG LIZBR T hi-. % 24 | SIAM
2. =X FSUTFDAAY M >TXEPOBREICHTHVIO7 LR ZHIRT S LIS
B8 L1z LHOL, FhUNOFEEOEELEDIA D MIDOWTIE, BENBEFLIELELTARE
Shizpot=, BELEXEIZ, KBZ2EGI-DICRFLEVEI RV 7+—RXE LY Joint
Meeting ICiRiEh D, T=aPIDHA 5 XX EIE ISeries on Testing and Assessment]
DE/TS57&LT 2007 FHIZWeb LIZABEh S,

4) HPVICHT 5GHSHERIZDWT

GHS (Globally Harmonized System of Classification and Labelling of Chemicals) &I, i
R~ Sh—ILITE> TR DEZBRABRIEICHRL., TOREEZ—BTHH S
E5UFRLORFPRET—EV—FCRH{TIEVS10TH S, HGTRGHARICET S
HRERSHEIT. 2002F9AIZANRKITLY THRIRLTEIEEIZH LT, 20085 F TICGHS
ZR2ICRBTILEZBHBLTEEANTEIRYEBMICGHSZRET S LIZEAEL .,
HPVAR 7O S ATIEGHSBERD=bn/I14 0y FFoP o A& h, BRLAEEE
ELTEML, ASEIISIAMTERSAIMEICOVWTOGHSSEEEHRL. mBAESEA
CDGETLEaA—%F271. 2007 TRIZAA RADRIL U TCiThhI=7—9 3y T T, 1’4
oy FFoSzy FORBMBREShTz, 7—9 Y ay Tk, BB LURTORMICEAT S
OECDD A R Y 74 —RE L USIAMA 5 DRBEHNHE L. GHSBBIZOVWTOH A F R
DNWTEBHLE T 8. SEOS Oy FFOP ) MIBREDLDOTHY ., SHR#EEKELT
TFHh3FERIILBWN EXEREBEThT.

5) ELBIKLRILOFEE T 0SS LEOECDOHPVAR IO Y 5 LITDOWNT

EUDEREME 0842 - 5 - 2oH L UHFIMRIZET 58RI CHBREACHDOKEITZ 511, EC
IX. REACHB & UHPVAR 705 S LOBERNLHRIZOVTXEEZFE LT, REACHIZA
DREEBEZLFVEOBBISOTIEELIUVEULLRERZOBS HZRILT S 2N
ELTHITEA, £/ P UEDOEEMEZEERIIMAT IEEIL. EE2DHEOHEBET—
AR—-R(-BFTAIVNENRSHD. OECDOHPVIO IS LOXBHMRIZ. OECDMBEEDEE
PBHLE LT o TV SH. REACHIZE T 3 B8R XBOARITEEERIIHAZOBETH S,
ERUMRITHEE - QARG LI YRE S, 20104118, 2013568, 20185F6B L ch b,
BEEZ A TWAREACHE S UHPVAR IOV S LOHMEBRIIRDEY THS.

REACHOD &$3X &I, Technical Dossier (1 bV EDHBERIZHMADBSICIRE) &
S UWERMER L LRSS (CSR : Chemical Safety Report ; 10 b KL EDBLERIZHA
DIBESITIRWY) D22 THIH. FhFNOECD®DDossierd K USIAREFEHIL TV S,
REACHTIZ8iE - MARICKH C TEABHOCERME L SOBRISDVTHRBET HDEHN
HY. BEDHELCEHEREOMEICOVTIE. BEBIFVF2RBTILENHEILED
HRANH D, :
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CSRIZSIARIZNY — FEHBIZH B L L2 EREMZ. BEFOBEEMZ A LIZE-T
ERTZ. SIARIZCSRA S FREHH ZEIRLETFOBEEMA B LICE>THRET S
S ENTEETH B,

HPVR&RZ 045 S5 LdDossier E REACH®Technical DossierlZ#IIUCLIDZ B TH#
B Eh B85, Technical Dossier|ZER h 2 EBOHEEAIZFRD & 5 ICHPVAR T Y
S L& YIEL,

REACH® & & LLBTIZDossier & & USIARMSIAMTA B Eh T BB S 1%, Technical
Dossier & & UCSRIFRLIZEDIRBZEFA L. Dossierd & USIARORAIZ DLV TIE.
SIAMDEEIZHS, '

REACHO &8 E TOFIEIZ. OECDOHPVAR IOV S LOXEBER L SSIAMTES
Sh3ETOFREICHE UL TEY.OECDOHPVAR TOSS LTRSS ATWEAFS
1) —&Hl+ (Q) SARERfiIZ. REACHTHR&IZAL\SHh B,

M- GIRENALELIEAIX. OECDOTFR FHAL KSAVERLNTREBETS,
HPVER IO S LOFWOEHE LREACHTCOFWO LD RBITEMS 245, BREh
SEENRE S, FWORSDHZNEIZIEET 5. OECDOHPVAR IO Y S LTOE)
&IXREACHICEB®R T W BB NIMABNCSREER T AL TECIZERTRENER
BIdEIEichib,

REFILFME S R0 D4 —R(Z. L OEPMEE L XL OFEE T 05 S L EOECDOHPVAR T
QI SLIZONT, FROXEEERT S tb‘ﬁﬁi'@b‘é &Lz, RDRBMLTREIX. X0

2RTHD,

O BECREBELALOFETOSSLEMAL. HPVAR T 0SS AOBELEE B #iA 4L

MERT B &,
@ BRIROHPVARTOISLIZODVT, TEOLEMALLHSIEETEZo &,

AFF. BX (B, F—R FSYTZREEOBRFLEMBROFE IO S S LIz OWTRAT LT,
BX(Z MERESEHFLPYRARTSMFRRE - RIETDFS L] GBH: [Japan FrLoST0
TS541) I22L0WTHN L1, Japan Fv Lo 2T0TS5 LTIE, BREMELS - AR 1,000 +
YUETHLIAREBSFIEESMZOLT, 1HREIE - RIETZZLELTEY. OECDDOHPV A
BI7OJSLPUSFrLooT0TS ATORBIETENLZ LW 1O DBEEBENIZFTS L0 &
LTS, ChET, 8 OMBICONTRARUY—DENBRINTLIMN, S%. BITHEEIN
H—REZELTEIEL LT MESA-BRIZT OV TIE web R—S B U THIBMIZNET B
LELTLVS,

KENZ, #7 L OFHEXERR (SIAP & Y BB ASIAR L Y IZRBEIh T3 1 D) 2N LT,
ChiZ, USFxLoo7ad5 LTHERIES W -t WEDEEY (Hazard Characterizations)
ETRITXEBTHY. 2007 £ 9 AIH 100 WE IOV TOXBH A=, XEIZRNLEXED
A=Y MIDWTIXELEFEAETH Y. FEMNIZ OECD O HPV SR 7045 S LDOEEIZEHE
SN H B E L=, .

HhFFi&, BEBEREE(CEPA: Canadian Environmental Protection Act)IZ® 3LV E L U
FOILEMEOFHE TR S S LIZOWNTHBA Lz, F=. 2006 B 12 BIzhF+ S BAFMRE L1-LS
YHEEEEHE (Chemical Management Plan)IT DU\ T HMEX AL,

F—RAFS5)7IE. THILER (BHE - FHE) HE (NICNAS: National Industrial Chemicals
Notification and Assessment Scheme) 1Z& 2BIFLPMEOB M= DL\ THRSE L 1=,

RETIRITOTSLMOBELRE L URERICEANHTSNhI=, OECD BHERIZ. 2007 £ 10
RBIZFESINTVSE 25 BASIAMBLUBFS R 7+ —RETIZ, £ TO5SALIZOVNTOXE
EExLHdticliot-,
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6) BB LUHMAICEY 2MEM7 F0—FIZD1\T
2007 12 RISV R DCIZBVWT, REE L UEFHBICEET 2807 TO—FIZDUVT
D=9 avTORENFEEIATNS, SOT—9 L ayTOBEMIX, BaERHASITE
TS LOEBEHE-TEANLGER7 TO—F4H-ItB@ET I L THD, BEIZREH
PihEE->T,. BES 3 2OTNL—TOILEME (Triadimefon B EH) : Sulfosuccinates
BRIcEIT5RmEEEH ; Ethylene glycols THPV DA F T —¥%&1 ) IZ2LVT Dossier %4E
L. BRAMEZIToTWVS, BAMEIZOLWTOW#IX CDG LTbhd, 97— a3y
Tld. REFERA S TULAEAZ (in vivo 8 & W in vitro Tk HHRER. (Q) SAR. Read across
B&U HAFTdY—EM) . FRSLURFLEDEC. BRFABIUBRELEORLZ44
HOEBRFNEDLSITHRBTEINEEZRET S,

7) SIAM & - SIAM RO L PHRDOEBISOINT
HPV fi&7045 5 LATIZ.CDG %8 U T SIAM OREREICIHEBOLARALCERZT TS,
OECD B#Bix. CDG LTOFRNH ZE R DO=0IZ CDG 2REBEMICERT 5L 58EL
tzo 1. CDG ISBESTh TS E 22 @ SIAM THEHESAhEYWEHTITY —: PFOA
(CAS:335-67-1, 3825-26-1) OBEXFIZOLTIE. BIFLPEME IRV 74— E LU Joint
Meeting IZ& HRBNBOoN-RICHIEREEShS & EL S,

8) MERAG 7a¥x ) kDT

B &% 5FHax (ICMM : International Council on Mininig and Metals) D{t&REH, &
BEBIBUXOIFPERAAV - H4 42X (MERAG : Metal Environmental Risk Assessment
Guidance) 7Oz ) FORBNETo1-c ARBEBDVRIFRRAAL MZIDWTHEMT S
ooy FHETRTHY. ERICEBT IH—NLETFHECRENMBREINIZENBHEINAT
W3,

BsbhYIz

OECD ® HPV mB 70V S LTIX. 7075 LEBOMELLEBIE L. 2010 F£F TIZ 1,000
PMEIZODVWTT—2EZMKETZLEBHRMML TS, 2007 £ 6 A& Y REACH HERBERIICHE
TEhBiIcHli=»>T. HPV AR FTOSSLE REACH ORMTOREMNLZERANNFShD, £
f=. Japan F¥ L P 7OJSLOOEDEEMEOFEMTOS S5 LD HPV sk 7055 4
~DEBRLMBIFEND,

EHEDHEIZOVWTIIHIROERICSI EHE. RIBEEFITE MEERERIOTHT S5 EEH
Fooh, M OBERBATRBLTWS, FIXERENAFPHEINIMEIZOVTIEIFW L8556
ShAEMIZH >z, —H. BERRF-IEIE MEREZICHT 2AFMHOEVNLD. BWVEE
BHIIROONINERENTRINIDE(E FRERERDBIUEONELBREINIYDE
REEEBLGLIX, LP BB EShIERICH > T=,

SRAH

« OECD (2007a) Draft Summary Record of the Twenty-third SIDS Initial Assessment
Meeting (SIAM 24) ENV/JM/EXCH/STAM/M(2007)1

+ OECD (2007b) OECD integrated HPV database. http:/cs3-hq.oecd.org/scripts/hpv/

» UNEP (2007) Chemicals Screening information dataset (SIDS) for high volume chemicals.
http://www.chem.unep.ch/irptc/sids/OECDSIDS/sidspub. html

- I H (2006) : OECD OBEERLPVERLHERBRIOSTSLEZTOREFIR k2
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EMBLESEIR 2-1,83-103
- BREXEN, REXEBRF, RN, EFA—0, E4F5H, LHERE, #8%— IE B
(2006a) : OECDILEME R KN ER (F8I) . LPEVLAEE, 2-1, 147-162
- BEEM REXEERTF JIRNE, EHR—8, BE8FE, LHAE, #A%—, IE 5
(2006b) : OECDILEMEMKNEM (F9]) . LPEMBRAER, 2-1, 163-175
- BEEND RERBF IR, BEBFR—0, S5, LHEBE, SE%—, IE E
(2006¢) : OECD {LMEXNKEOER (F113) . EIEEKBSHEHATHBRSE, 124, 62-68
- BEEND REEETF RN, EFR—B, E45H, LHEPE, SERX—, IE &
(2007a) : OECDIERMENENOBM (F1038) . {LPEMBASEE 2-2, 286-301
- BEEN REAEERF, IR, EHA—0, B85, LRABE, #B%— I8 E
(2007b) : OECDIE#MEAFNEM (F12#) . LPEVLEEE 31, 4355
- MAKREBF, BigXMN, THEF, LHAE. $AX—. RANE—. I5 E (2008) : OECD
BEERILFMERRIOSS L § 18 QNHERET TOME. LPEDLSEE 21,
104-135
- RFEEF, KHER. SHRE. E8FH. IK E (2007 : OECD BL£ERIELEY
BERBETOI L4 : $23 AMPHESSRE. LPEMLSER, 31, 5665
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$1 %24 E SIAM TERSh L LENR L SRER
CAS s
YRS -WERHITI -4 ALE £k -
-4

75-12-7 Formamide DE/ICCA |LP LP
88-85-7 2-sec-butyl-4,6-dinitrophenol JP LP FW
100-97-0 Methenamine DE/eu FW LP
HFIY— (5 CAS) Phosphates US/ACCA |LP LP
111-42-2 Diethanolamine UK/JICCA |(LP LP
872-50-4 1-methyl-2-pyrrolidone USACCA |LP LP
1461-22-9 Tributyltin chloride US/ACCA |FW FW
7646-78-8 Tin tetrachloride US/ICCA |LP LP
1461-25-2 Tetrabutyltin USACCA |FW FW
3590-84-9 Tetraoctyltin US/ACCA |LP FW
é 1511(; 3108 5:3, 535{; 2;]3)44 7, zI;I m(i2d:ctadecanoylam1doethy])octadecan JPICCA | 1P Lp
2487-90-3 l;I‘rimethoxysilane US/ACCA |LP LP
7759-02-6 Strontium sulfate KO LP Lp
25340-17-4 Diethylbenzene mixed isofners CH/ACCA |LP LP
2 ;2375396 4 o Hexabromocyclododecane SE/eu FW FW
AF ) — (10 CAS) | Iron salts and their hydrates f[‘I(;— éip)'z LP LP
HhT T — (4CAS) Ammonia US/ACCA |LP LP
3333-67-3 (12122155, | Nickel carbonate (2:3 basic nickel |

12607704 carbonate 1:2 basic nickel carbonate)

e N s o
7786-81-4 Nickel sulfate

13138-45-9 Nickel dinitrate

51000-52-3 Neodecanoic acid ethenyl ester UK/JACCA |LP FwW

FW = The substance is a candidate for further work. GEMOREEREIEENLE)

ILZEDRETER F3%X5F 25 (2007.12) 180-189 B '
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LP = The substance is currently of low priority for further work. (IR ClILBMEZONHEY

L)

ICCA BEIRMLEIRBRIBBRICLIREREZERT,

eu FRMESTOY R VHBEXFERICLI-CLEEBH%T S,

BEIX. CH: RAA. DE: F{ Y. Fl: 245K, JP: B, KO: #H. SE: Rz —
T, UK: £, US: ¥ETHS,

*1: CAS & (3194-55-6. 25637-99-4) IZF—DWE%(5RY.

2 ME 557 T — lron salts and their hydrates Ferrous) Z#M 3 % 10 MED 55, sulfate
heptahydrate (CAS:7782-63-0) 3. BAB LU 714 VSV FABEEEBLYXBEZRB LT,

ILEEDRATE H3%5 25 (2007.12) 180-189 B
EEAESE : T158-8501 FREBHAAK EARK 1-18-1  E-mail: ema@nihs.go jp
ZfTH : 200748888 TEH:2007F 10858
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Abstract

Dibutyltin dichloride (DBTCI) has been shown to be teratogenic in rats. The present study was conducted to determine the teratogenic potential
of DBTCI given to pregnant monkeys during the entire period of organggenesis. Cynomolgus monkeys were dosed once daily by nasogastric
intubation with DBTCI at 0, 2.5 or 3.8 mg/kg on days 20-50 of pregniancy, the whole period of organogenesis. The pregnancy outcome was
determined on day 100 of pregnancy. In both DBTCl-treated groups, a significant increase in the incidence of pregnant females with soft stool
and/or diarrhea, and with yellowish stool was observed. Maternal body weight gain at 3.8 mg/kg and food consumption at 2.5 and 3.8 mg/kg were
decreased during the administration period. The survival rate of fetuses at terminal cesarean sectioning was decreased in the DBTCl-treated groups
and significantly decreased at 2.5 mg/kg. There were no changes in the developmental parameters of surviving fetuses, including fetal body weight,
crown-rump length, tail length, sex ratio, anogenital distance and placental weight, in the DBTCI-treated groups. No external, internal or skeletal
malformations were found in the fetuses in any group. Although internal and skeletal variations were found, no difference in the incidence of fetal
variation was noted between the control and DBTCl-treated groups. No effect on skeletal ossification was observed in fetuses in the DBTCI-treated

groups. The data demonstrate that DBTCI is embryolethal but not teratogenic in cynomolgus monkeys.

© 2006 Elsevier Inc. All rights reserved.

Keywords: Dibutyltin; Organotin; Teratogenicity; Embryolethality; Monkey

1. Introduction

Organotin compounds are widely used in agriculture and
industry. The most important non-pesticidal route of entry of
organotin compounds into the environment is through the leach-
ing of organotin-stabilized polyvinyl chloride (PVC) by water
[1], and its use in antifouling agents, resulting in the entry of
organotin into the aquatic environment [2]. Disubstituted organ-
otin compounds are commercially the most important deriva-
tives, being used as heat and light stabilizers for PVC plastics
to prevent degradation of the polymer during melting and the
forming of the resin into its final products, as catalysts in the
production of polyurethane foams, and as vulcanizing agents for
silicone rubbers [3,4]. The identification of dibutyltin (DBT) and
tributyltin (TBT) in aquatic marine organisms [5,6] and marine

* Corresponding author. Tel.: +81 3 3700 9878; fax: +81 3 3700 1408.
E-mail address: ema@nihs.go.jp (M. Ema).

0890-6238/$ ~ see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.reprotox.2006.09.003

products [7] has been reported. TBT is dégraded spontaneously
and biochemically via a debutylation pathway to DBT in the
environment [8,9]. Organotin compounds are introduced into
foods by the use of pesticides and antifoulants and via the migra-
tion of tin from PVC materials [4].

We previously demonstrated that tributyltin chloride (TBTCI)
during early pregnancy caused early embryonic loss [10-12],
and TBTC! on days 10~12 and on days 13-15, but not on days
7-9 of pregnancy, produced fetal malformations in rats [13]. The
predominant malformation induced by TBTCI was cleft palate
(13,14]. It has been reported that TBT is metabolized to DBT
and MBT, and DBT was metabolized to monobutyltin (MBT)
[15-17). DBT s also reported to have toxic effects on reproduc-
tion and development in rats [18]. The oral administration of
dibutyltin dichloride (DBTCI) during early pregnancy caused
early embryonic loss in rats [19-21]. The oral administration of
DBTCI to rats throughout the period of organogenesis resulted
in a significant increase in the incidence of fetuses with malfor-
mations [22], and rat embryos were highly susceptible to the
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teratogenic effects of DBTCI when it was administered on day 7
and 8 of pregnancy [23]. Dibutyltin diacetate (DBTA) [24-28],
dibutyltin maleate, dibutyltin oxide, and dibutyltin dilaurate [26]
were teratogenic in rats when administered orally. Developmen-
tal toxicity studies on butyltins suggest that the teratogenicity
of DBT is different from that of tetrabutyltin (TeBT), TBT and
MBT in its mode of action because the period of susceptibility
to teratogenicity and the types of malformations induced by
DBT are different from those induced by TeBT, TBT and MBT
[29,30]. DBTC! had dysmorphogenic effects in rat embryos in a
whole embryo culture system [31,32]. DBT was detected in rat
maternal blood at 100 ng/g and embryos at 720 ng/g at 24 h after
gavage of DBTA at 22 mg/kg on day 8 of pregnancy [27]. The
dysmorphogenic concentrations of DBTCI in cultured embryos
were within the range of levels detected in maternal blood
after the administration of a teratogenic dose of DBT. These
findings suggest that DBT itself is a causative agent in DBT
teratogenesis, which may be due to direct interference with
embryos.

As described above, the teratogenic effects of organotin com-
pounds, including DBT, were extensively investigated in rodents
[18]. No reports on the assessment of the teratogenicity of DBT
in any other species are available. It appears that conclusive evi-
dence in support of the teratogenicity of DBT is still lacking,

because the teratogenicity of DBT only has been reported in a
single animal species. Studies in non-rodents would be of great
value in estimating the teratogenicity of DBT in humans. The
present study was conducted to determine the teratogenic poten-
tial of DBTCI given to pregnant cynomolgus monkeys during
the entire period of organogenesis.

2. Materials and methods
2.1. Animals

Cynomolgus monkeys (Macaca fascicularis) were used in this study. The
monkeys were obtained from Guangxi Primate Center of China (Guangxi,
China) through Guangdong Scientific Instruments and Materials Import/Export
Co. (Guangzhou, China). The monkeys were quarantined for 4 weeks, and con-
firmed to be free from tuberculosis, Salmonella and Shigera. The animals were
maintained in an air-conditioned room at 23.0~29.0 °C, with a relative humidity
of 45-58%, under a controlled 12/12 light/dark cycle, with a ventilation rate of
15 air changes/hour, and were housed individually, except during the mating
period. The monkeys were fed 108 g/day of diet (Teklad global 25% protein pri-
mate diet; Harlan Sprague-Dawley Inc., Madison, USA) and tap water ad libitum
from antomatic lixit devices. Healthy male and female monkeys were selected
for use. Only females showing 25-32 days menstrual cycles were used in the
experiment. Each female monkey was paired with a male of proven fertility for
three consecutive days between days 11-15 of the menstrual cycle. The visual
confirmation of copulation and/or the presence of sperm in the vagina were
considered evidence of successful mating. When copulation was confirmed, the

Table 1
Maternal findings in monkeys given DBTCI on days 20-50 of pregnancy
Dose (mg/kg)
0 (control) 2.5 38
Number of pregnant females 12 12 10
Number of females showing toxicological signs
Death 0 0 0
Soft stool/diarrhea 1 12 10°
Yellowish stool 0 8 8
Vomiting 0 3 3
Initial body weight 3.53+0.59 3494043 3.79+0.36
Body weight gain during pregnancy (g)?
Days 0-20 76+ 114 42+ 160 73+ 142
Days 20-51 574237 —242+£423 —556 £ 526"
Days 51-100 710+ 162 755+174 848 +263
Food consumption during pregnancy (g/day)®
Days 20-21 99+ 18 93423 76 £33
Days 23-24 91 %27 71431 554317
Days 27-28 77428 47+£19* 37+£34"
Days 30-31 63132 33+15° 224+10°
Days 34-35 88+ 25 53+42 23+17"
Days 37-38 86+ 28 53+42" 254+24"
Days 4142 87+27 59+59 36 +29°
Days 44-45 95+22 62140 41 +31°
Days 48—49 98418 70+ 48 59+44
Days 51-52 9420 97424 71439
Days 55-56 102+12 107+2 100+20
Days 58-59 106+7 108+ 0 104410
Days 62-63 106 +7 108 +0 106 +5
Days 80-81 108+0 108+0 108 +£0
Days 90-91 106 +7 108+ 0 108 +0
Days 99-100 108 +0 108 +0 108+0

? Values are given as the mean 3+ S.D.
* Significantly different from the control, p <0.05.
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median day of the mating period was regarded as day O of pregnancy. Preg-
nancy was confirmed on day 18 or 19 of pregnancy by ultrasound (SSD-4000,
Aloka Co., Mitaka, Japan) under anesthesia induced by intramuscular injection
of 5% ketamine hydrochloride (Sigma Chemical Co., St. Louis, USA). Pregnant
females, weighing 2.51-4.50 kg on day 0 of pregnancy, were allocated randomly
to three groups, each of 10-12 monkeys, and housed individually. Animal exper-
iments were performed at Shin Nippon Biomedical Laboratories, Ltd. (SNBL;
Kagoshima, Japan) during 2004-2005 in compliance with the Guideline for Ani-
mal Experimentation (1987) {33], and in accordance with the Law Concerning
the Protection and Control of Animals (1973) {34] and the Standards Relating to
the Care and Management of Experimentat Animals (1980) [35]. This study has
been approved by the Institutional Animal Care and Use Committee of SNBL
and performed in accordance with the ethics criteria contained in the bylaws of
the committee of SNBL.

2.2. Dosing

The monkeys were dosed once daily with DBTC] (lot no. GGO1, 98% pure,
Tokyo Kasei Kogyo Co., Ltd., Tokyo, Japan) at 0, 2.5 or 3.8 mg/kg by nasogastric
intubation on days 20-50 of pregnancy, i.e., the entire period of organogenesis
[36]. Dosing was terminated in the dams in which embryonic/fetal loss occurred.
The dosage levels were determined from the results of previous studies in rats,
in which DBTCI administered by gavage at 7.6 or 15.2 mg/kg on days 0-3
and days 4-7 of pregnancy caused significant increases in pre- and/or post-
implantation embryonic loss in rats [19-21], and in which DBTCI by gavage
at 5, 7.5 or 10.0 mg/kg throughout the period of organogenesis resulted in a
significant increase in the incidence of fetuses with malformations [22]. DBTCl
was dissolved in olive oil (Wako Pure Chemical Industries, Ltd., Osaka, Japan).
The dose volume was adjusted to 0.5 ml/kg of the most recent body weight. The
control monkeys received olive oil only.

2.3. Observations

- The pregnant monkeys were observed for clinical signs of toxicity twice aday
during the administration period and once a day during the non-administration

period. The body weight was recorded on days 0, 20, 27, 34, 41, 51, 60, 70, 80,90
and 100 of pregnancy. The food consumption was recorded on days 20, 23, 27, 30,
34,37,41, 44,48, 51, 55, 58, 62, 80 and 90 of pregnancy. Embryonic/fetal heart-
beat and growth were monitored using ultrasound under anesthesia induced by
intramuscular injection of 5% ketamine hydrochloride on days 25, 30, 35, 40, 50,
60, 70, 80, 90 and 99 of pregnancy. In the dams in which embryonic/fetal cardiac
arrest was confirmed by ulirasound, necropsy was performed under anesthesia
induced by intraperitoneal injection of pentobarbital Na (Tokyo Kasei Kogyo
Co., Ltd., Tokyo, Japan). The uterus, including the embryo/fetus and placentaand
ovaries, was removed from the maternal body and stored in 10% neutral buffered
formalin. Dead or aborted embryos/fetuses were morphologically examined.

Terminal cesarean sectioning was performed on day 100 of pregnancy, under
anesthesia induced by intramuscular injection of 5% ketamine hydrochloride
(0.1-0.2ml/kg) and inhalation of isoflurane (0.5-2.0%, Dainippon Pharma-
ceutical Co. Ltd., Osaka, Japan), and contraction was induced with atropine
(0.01 mg/kg, Tanabe Seiyaku Co. Ltd., Osaka, Japan). The fetus and placenta
were removed from the dams. The placenta was weighed and stored in 10%
neutral buffered formalin. Dams that underwent cesarean sectioning were not
necropsied.

Fetal viability was recorded, and the fetuses were anesthetized by intraperi-
toneal injection of pentobarbital Na and euthanized by submersion in saline for
30-40min at room temperature. Fetuses were sexed and examined for exter-
nal anomalies after confirmation of the arrested heart-beat. Fetal and placental
weights were recorded. The head width, tail length, crown-rump length, chest
circumference, paw and foot length, distance between the eyes, umbilical cord
length, volume of amniotic fluid and diameters of the primary and secondary
placentae were measured. After the completion of external examinations, fetuses
were examined for internal anomalies. The peritoneal cavity was opened and the
organs were grossly examined. The brain, thymus, heart, lung, spleen, liver, kid-
neys, adrenal glands and testes/uterus and ovaries were weighed and stored in
10% neutral buffered formalin. The eyeballs, stomach, small and large intestine,
head skin and auricles were stored in 10% neutral buffered formalin. Fetal car-
casses were fixed in alcohol, stained with alizarin red S [37] and examined for
skeletal anomalies. The number of ossification centers of the vertebral column,
and lengths of the ossified parts of the humerus, radius, ulna, femur, tibia and
fibula were recorded. Histopathological evaluations were performed on single

Table 2
Reproductive and developmental findings in monkeys given DBTCI on days 20-50 of pregnancy
Dose (mg/kg)
0 (control) 2.5 38

Number of pregnant females 12 12 10
Number of females with embryonic/fetal loss 1 8 4
Number of females with live fetuses until terminal cesarean section 11 4" 6
Number of live fetuses at terminal cesarean section 11 4" 6
Sex ratio of live fetuses (male/female) 6/5 1/3 3/3
Body weight of live fetuses (g)

Male 133+13 125 C112+24

Female 118+12 108 +20 118 +13
Anogenital distance (cm)?

Male 2.04+0.2 L9 1.7+04

Female 1.0+0.1 1.0+0.2 1.0+0.1
Crown-rump length (cm)?

Males 128+0.6 124 124+0.7

Female 126+ 04 12.3+0.5 12.6+£0.1
Tail length (cm)?

Male 11.8+1.2 11.8 11.4+£07

Female 11.9+0.8 11.7+1.7 124+£0.6
Placental weight (g)* 424472 389+6.2 37.5+9.1

Number of a single placenta

1 1 3

2 Values are given as the mean £ S.D.
* Significantly different from the control, p <0.05.
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placentas and-accessory spleens after fixation, paraffin embedding, sectioning
and staining with hematoxylin and eosin.

2.4. Analysis of plasma steroids hormone levels

Blood samples were collected from the femoral vein on day 51 of preg-
nancy, 24 h after the last administration of DBTCI. The plasma was separated
and stored at —80 °C for the later assay of steroid hormones. Plasma progesterone
and 17B-estradiol were measured by Teizo Medical Co. Ltd. (Kawasaki, Japan)
using liquid chromatography-electrospray ionization Tandem Mass Spectrom-
etry (LC-MS/MS, Applied Biosystems/MDS SCIEX). The detection limits of
plasma progesterone and 173-estradiol were 10.0 pg/mi and 0.25 pg/ml, respec-
tively. The intra- and inter-assay coefficients of variation for 1 7B-estradiol were
below 6.4 and 8.9%, respectively. The intra- and inter-assay coefficients of vari-
ation for progesterone were below 9.0 and-7.9%, respectively.

2.5. Data analysis

The data was analyzed by MUSCOT statistical analysis software (Yukums
Co.Ltd., Tokyo, Japan) using the dam or fetus as the experimental unit [38]. Data
were analyzed using Bartlett’s test [39] for the homogeneity of variance. When
the variance was homogeneous, Dunnett’s test {40] was performed to compare
the mean value in the control group with that in each DBTC! group. When the
variance was heterogeneous, the data were rank-converted and a Dunnett-type
test [41] was performed to compare the mean value in the control group with that
in each DBTCI group. The incidences of maternal and embryonic/fetal deaths
and anomalous fetuses were analyzed by Fisher’s exact test. The 0.05 level of
probability was used as the criterion for significance.

3. Results

Table 1 presents maternal findings in monkeys given DBTCI
on days 20-50 of pregnancy. No maternal death occurred in any
group. In both DBTClI-treated groups, a significant increase in
the incidence of females with soft stool and/or diarrhea, and with

yellowish stool was observed. Soft stool and/or diarrhea were
observed in one of the 12 females in the control group and in
all females of the DBTCl-treated groups. In both groups treated
with DBTCI, yellowish stool was noted in eight females and
vomiting was observed in three females. Body weight gain on
days 0-20, during the pre-administration period, did not signifi-
cantly differ among the groups. Body weight gain on days 20-50,
during the administration period, was lower in the DBTCI-
treated groups, and significantly decreased at 3.8 mg/kg. No
significant decrease in body weight gain on days 51-100, during
the post-administration period, was found in the DBTCl-treated
groups. Food consumption during the administration period was
significantly reduced at 2.5 mg/kg and higher. Relatively marked
decreases in the body weight gain and food consumption were
observed in dams showing abortion or embryonic/fetal death.
The reproductive and developmental findings in monkeys
given DBTCI on days 20-50 of pregnancy are shown in
Table 2. The incidence of females with embryonic/fetal loss
was increased in the DBTCl-treated groups, and a significant
difference was noted at 2.5 mg/kg. Embryonic/fetal loss was
observed in one of the 12 females in the control group, eight
of the 12 females in the 2.5 mg/kg group and four of the 10
females in the 3.8 mg/kg group. Abortion occurred on day 30
of pregnancy in the control group, and on day 35, 44, 46, 49 or
60 of pregnancy at 2.5 mg/kg. Embryonic/fetal death was found
on day 35, 40 or 64 of pregnancy at 2.5 mg/kg, and on days
38, 40 or 50 (two embryos) of pregnancy at 3.8 mg/kg. External
examinations was performed in five of the eight embryonic/fetal
losses at 2.5 mg/kg and four of the four embryonic/fetal losses at
3.8 mg/kg, and no anomalies were detected. Eleven, four and six
females in the control, 2.5 and 3.8 mg/kg groups, respectively,

Table 3
Morphological findings in fetuses of monkeys given DBTCI on days 20-50 of pregnancy
Dose (mg/kg)
0 (control) 2.5 38
Number of fetuses examined 11 4 6
External examination
Number of fetuses with malformations 0 0 0
Internal examination
Number of fetuses with malformations 0 0 0
Number of fetuses with variations 0 0 1
Accessory spleen 0 0 1
Skeletal examination
Number of fetuses with malformations 0 0 0
Number of fetuses with variations 0 1 1
Short supernumerary rib 0 1 1
Degree of ossification®
Number of ossified centers of vertebral column 53.6+£0.8 53.0%+1.2 542+1.0
Skeletal length (mm)?
Humerus 23.6+0.8 233+1.3 236+1.2
Radius 23.0+1.0 223+1.6 231+1.7
Ulna 24.6+1.0 239415 243422
Femur 22312 21.8+1.3 227+1.6
Tibia 21.5+13 205+1.7 217414
Fibula 198+ 1.0 190+1.8 199+16

2 Values are given as the mean £ S.D.
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( pg/ml) Plasma progesterone ( pg/mi) Plasma 17B-estradiol
3500 250 ¢
3000 200 |
2500
150 }
2000 ¢ 0 0 mg/kg (controf)
BDBTCI 2.5 mg/k
1500 100 mokg
WDBTC! 3.8 mg/kg
1000+
S0
500
0 + 0

Fig. 1. Plasma progesterone and 1783-estradiol levels in pregnant monkeys given DBTCI on days 20-50 of pregnancy. Blood samples were collected on day 51 of
pregnancy, 24 h after the last administration of DBTCI. Values are given as the mean = S.E.M. of 5-10 monkeys.

had live fetuses at terminal cesarean sectioning. There were no
significant differences between the control and DBTCl-treated
groups in parameters of fetal growth, such as body weight,
crown-rump length and tail length. No significant differences
in the head width, chest circumference, paw and foot length,
distance between the eyes, umbilical cord length, volume of
amniotic fluid and diameters of the primary and secondary pla-
centae were also noted between the control and DBTCl-treated
groups (data not shown). No significant differences between the
control and DBTCl-treated groups were found in the sex ratio
of live fetuses, anogenital distance or placental weight. A single
placenta was observed in one dam in the control group, one dam
in the 2.5 mg/kg group and three dams in the 3.8 mg/kg group.

Table 3 shows the morphological changes in fetuses of mon-
keys given DBTCI on days 20-50 of pregnancy. No external,
internal or skeletal malformations were found in fetuses in any
group. Although internal and skeletal examinations revealed one
fetus with an accessory spleen at 3.8 mg/kg, and one fetus with a
short supernumerary rib at both 2.5 and 3.8 mg/kg, no difference
in the incidence of fetuses with variation was noted between the
control and DBTCl-treated groups. There were no differences
between the control and DBTCl-treated groups in the number of
ossified centers of the vertebral column or length of the humerus,
radius, ulna, femur, tibia or fibula.

Although a significant decrease in the absolute weight of
the brain and lung, and increase in the relative weight of the
spleen were observed in male fetuses at 3.8 mg/kg, no signifi-
cant difference in the relative weight of the brain and lung or in
absolute weight of the spleen was detected between the control
and DBTCl-treated groups. There were no differences in abso-
lute and relative weights ‘of the fetal thymus, heart, lung, liver,
kidneys, adrenal glands or testes/uterus and ovaries between the
control and DBTCl-treated groups (data not shown). Histopatho-
logical examinations revealed no abnormalities in single pla-
centa and accessory spleen, and the histological structures of
single placenta and accessory spleen were similar to those of
normal placenta and spleen.

Plasma progesterone and 17B-estradiol levels are shown in
Fig. 1. Although higher levels of plasma progesterone were
observed in the DBTCl-treated groups, no statistically signif-
icant difference was noted between the control and DBTCI-

treated groups. There were no significant differences in the
plasma 17B-estradiol levels between the control and DBTCI-
treated groups.

4, Discussion

In previous studies, the teratogenic effects of DBT were
investigated in rats. The teratogenicity of DBT should be
studied using other animal species to gain a better understand-
ing of the developmental toxicity of butyltins. Non-human
primates appear to provide an especially appropriate model
for teratogenicity testing because of their high ranking on the
evolutionary scale [42]. The close phylogenetic relatedness of
old world monkeys to humans appears to render them most
desirable as models in teratology studies [43]. The similarities in
placentation and embryonic development indicate considerable
value in the use of monkeys for investigating the developmental
toxicity of chemicals [44]. In the present study, we determined
the developmental toxicity, particularly the teratogenicity, of
DBTCI in monkeys after administration over the entire period of
organogenesis.

The doses of DBTCI set in the present study were expected
to induce maternal toxicity, such as decreases in maternal body
weight gain and food consumption, and were given to monkeys
during organogenesis to characterize the effects of DBTCI on
embryonic/fetal development. Toxicological sign, as evidenced
by the significant increase in the incidence of pregnant females
showing soft stool/diarrhea and yellowish- stool, was found at
2.5 and 3.8 mg/kg. A significant decrease in the maternal body
weight gain accompanied by significantly reduced food con-
sumption was noted at 3.8 mg/kg. A significant decrease in
food consumption was also found at 2.5 mg/kg. These maternal
findings indicate that more severe adverse effects on pregnant
females were noted at 3.8 mg/kg and DBTCI exerts maternal
toxicity at 2.5 mg/kg and higher when administered during the
entire period of organogenesis in monkeys.

Embryonic/fetal loss was observed in one dam in the control
group and eight dams in the 2.5 mg/kg group and four dams in the
3.8 mg/kg group. The increased incidence of pregnant females
with embryonic/fetal loss was observed at 2.5 and 3.8 mg/kg, and
a significantly increased incidence of these females was found
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at 2.5 mg/kg. Embryonic/fetal loss occurred on days 35-64 of
pregnancy at 2.5 mg/kg, and on days 38-50 of pregnancy at
3.8 mg/kg. The embryonic mortality during organogenesis in
cynomolgus monkeys of 2.4-18.2% has been reported [45].
Binkerd et al. [46] also noted that post-implantation embryonic
loss was 5.4% in vehicle control pregnancies in developmental
toxicity studies. Average abortion rate in cynomolgus monkeys
was 26.1% in control data from 24 teratogenicity studies, and
most of the abortions (66.7%) occurred during organogenesis
{47]. In the background control data from 1994 to 2004 of
the laboratory that performed this study, the post-implantation
embryonic loss was 8.8% (29 of the 330 pregnancies). Because
the incidence of embryonic/fetal loss in the DBTCl-treated
groups was greater than in the historical control values, it was
considered to be due to the administration of DBTCI. The data
indicate that DBTCI at 2.5 mg/kg was sufficient to induce embry-
onic/fetal loss and the latter half of organogenesis was more
susceptible for DBTCI-induced embryonic loss in cynomolgus
monkeys.

We previously reported that DBTCI during early pregnancy
caused pre- and post-implantation embryonic loss in pregnant
rats [19,20] and that DBTCI suppressed uterine decidualization
and reduced the levels of serum progesterone in pseudopreg-
nant rats at doses that induced implantation failure [48]. We
also showed that the suppression of uterine decidualization
was reversed by administration of progesterone in pseudopreg-
nant rats [48], and that progesterone protected against DBTCI-
induced implantation failure [21]. Based on these findings, we
hypothesized that the decline in serum progesterone levels was a
primary factor for the implantation failure due to DBTCl in rats.
However, no significant changes in plasma progesterone levels
were noted in monkeys after the administration of DBTCl during
organogenesis. The peripheral serum progesterone levels during
the first 8 days of pseudopregnancy were essentially similar to
those found in pregnant rats, and the serum progesterone levels
rose steadily to a peak on day 4 and remained at a plateau of
approximately 70 ng/ml until day 8 of pseudopregnancy [49]. In
cynomolgus monkeys, plasma progesterone levels had distinct
two peaks, one about 15 days postbreeding and another at about
days 23-25, the progesterone decline which followed the sec-
ond peak reached minimal levels (1-2 ng/ml) by about day 45 of
pregnancy, and progesterone levels increased gradually through-
out the rest of pregnancy with average levels of approximately
4 ng/ml [S0]. In our previous study [48], rat blood samples were
obtained on day 4 or 9 of pseudopregnancy. At these stages,
progesterone levels could be steadily rising or remained at a
plateau in pseudopregnant rats. In the present study, blood sam-
ples were collected from pregnant monkeys that were carrying
their offspring and had not suffered from miscarriage on day
51 of pregnancy. At this stage, progesterone levels could be
remained at a nadir in pregnant cynomolgus monkeys. The dis-
crepancy in the effect of DBTC! on serum progesterone levels
between rats and monkeys may be explained by the differences
in the status and stage of pregnancy. Further studies are required
to characterize more precisely the relationship between embry-
onic loss and maternal progesterone levels in monkeys given
DBTCI.
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Decreases in the absolute weights of the brain and lung, and
an increase in the relative weight of the spleen, which were
observed in male fetuses at 3.8 mg/kg, were not thought to de
due to the toxic effects of DBTCI on fetal development, because
these changes were not found in female fetuses and differences
were not detected in the relative weight of the brain and lung or
the absolute weight of the spleen in male fetuses. Any adverse
effects on the parameters of fetal growth were also not detected
in the surviving fetuses of dams given DBTCI. These findings
indicate that DBTCl is not toxic to fetal growth atup to 3.8 mg/kg
when administered over the entire period of organogenesis. Pla-
cental examinations revealed single placenta in all groups. In
the background control data of the laboratory that performed the
present study, the incidence of single placenta over a period of 10
years was 0—66.7% (mean = 13.0%, 26 of the 213 pregnancies).
Histopathological examinations of single placenta revealed no
changes, and the histological structure of single placenta was
similar to that of normal placenta. These findings indicate that
the single placenta observed in the present study was of no tox-
icological significance.

In the morphological examinations of the fetuses of exposed
dams, a few fetuses with morphological changes were found in
the DBTCIl-treated groups. An accessory spleen was observed
in one fetus at 3.8 mg/kg, and a short supernumerary rib was
found in one fetus at both 2.5 and 3.8 mg/kg. In the background
control data of the laboratory that performed the present study,
the accessory spleen over the last 10 years was not observed.
Leemans et al. [51] noted that the exact frequency of acces-
sory spleen is not known, but is estimated to be between 10 and
30% in humans, and the immunohistological structure of the
accessory spleen was similar to that of the normal spleens. In
the present study, histopathological examinations of the acces-
sory spleen revealed no changes, and the histological structure
of accessory spleen was similar to that of the normal spleen.
The accessory spleen observed in the present study contained
only a minute amount of accessory tissue, and it was not consid-
ered to be a malformation. Short supernumerary rib is classified
as skeletal variation [52], and the incidence of this change in
the historical control data of the laboratory that performed the
present study was 13.3% (31 of the 240 fetuses). DBTCI caused
no skeletal retardation, as evidenced by no significant changes
in the number of ossified centers of the vertebral column or the
length of the humerus, radius, ulna, femur, tibia or fibula. Cha-
houd et al. [53] noted that variations are unlikely to adversely
affect survival or health, and might result from a delay in growth
or morphogenesis; the fetuses otherwise following a normal pat-
tern of development. Furthermore, morphological examinations
of aborted or dead embryos/fetuses in the DBTCl-treated groups
revealed no anomalies. Considered collectively, these findings
suggest that the morphological changes observed in the fetuses
in the present study do not indicate a teratogenic response, and
that DBTCI possesses no teratogenic potential in cynomolgus
monkeys.

In conclusion, the administration of DBTCI to pregnant
cynomolgus monkeys throughout organogenesis had an adverse
effect on embryonic/fetal survival, but had no adverse effects
on fetal morphological development, even at a maternal toxic
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dose level. The data from the present study indicate that DBTCI
shows embryonic/fetal lethality in monkeys.
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Abstract

Pregnant rats were given 1,3-di-o-tolylguanidine (DTG) by gavage at 0, 10, 20 or 40 mg/kg bw/day on days 6-19 of pregnancy and the preg-
nancy outcome was determined on day 20 of pregnancy. At 40 mg/kg bw/day, deaths were observed in four out of 24 females. The incidences
of females showing mydriasis at 20 and 40 mg/kg bw/day and showing decreased locomotor activity at 40 mg/kg bw/day were significantly
increased. Alopecia, bradypnea, prone position and tremor were also observed at 40 mg/kg bw/day. The maternal body weight gain at 20 and
40 mg/kg bw/day and food consumption at 40 mg/kg bw/day were significantly reduced. A significantly decreased weight of the gravid uterus,
increased incidence of postimplantation loss, decreased number of live fetuses, and lowered weights of fetuses and placentae were found at
40 mg/kg bw/day. The incidences of the total number of fetuses with external malformations at 40 mg/kg bw/day and with skeletal malformations
at 20 and 40 mg/kg bw/day were significantly increased. Significantly higher incidences of fetuses with brachydactyly and short tail and defects of
caudal vertebrae, phalanges and metacarpals were observed at 40 mg/kg bw/day. Delayed ossification was also noted at 40 mg/kg bw/day. The data
indicate that DTG is teratogenic at maternal toxic doses and the NOAELSs of DTG for maternal and developmental toxicity are 10 mg/kg bw/day

in rats.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

1,3-Di-o-tolylguanidine (CAS No. 97-39-2; DTG) is pro-
duced in the million pound range annually in the USA [1]
and used as a basic rubber accelerator [2]. DTG is known to
be a selective ligand receptor for the sigma site in the mam-
malian central nervous system [3]. Many findings have sug-
gested that the sigma site plays a role in movement and posture
through its association with brainstem and forebrain motor con-
trol circuits [4]. DTG has been reported to cause hypothermia
after intraperitoneal injection in mice {5] and subcutaneous or
intracerebroventricle injection in rats {6,7]. Intraperitoneal injec-
tion of DTG reduced the pain behavior in the acute phase,
but increased pain behavior in the tonic phase in the forma-
lin test in mice [8], and produced significant, but short-lived,

* Corresponding author. Tel.: +81 3 3700 9878; fax: +81 3 3700 1408.
E-mail address: ema@nihs.go.jp (M. Ema).

0890-6238/$ — see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.reprotox.2006.05.003

increases in the withdrawal latencies in mice [5]. In rats, DTG
also caused circling behavior after unilateral intranigral injection
[4], decreased locomotor activity after intraperitoneal injection
[9,10], increased bladder capacity after intravenous injection
in the anaesthetized condition [11], and no change in immo-
bility time in the forced swimming test after intraperitoneal
injection [12].

Itis generally assumed that the biological effects produced by
chemicals should be studied in laboratory animals to investigate
possible influences in human health, and the results of animal
tests on chemical toxicity are relevant to humans {13]. Toxico-
logical studies on DTG have given little information on acute
animal toxicity [14]: intraperitoneal LD50 was 25 mg/kg bw in
mice; the oral LD50 was 500 mg/kg bw in rats; the lowest pub-
lished lethal dose of oral administration was 80 mg/kgbw in
rabbits; and the lowest published lethal dose was 120 mg/kg bw
after oral administration in mammals, species unspecified. We
recently investigated the reproductive and developmental toxi-
city of DTG, according to the OECD guideline 421 reproduc-
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tion/developmental toxicity screening test in rats given DTG
by gavage at 0, 8, 20 or 50 mg/kgbw/day [15], to obtain the
preliminary information on the reproductive and developmental
effects of DTG, because the testing for reproductive and devel-
opmental toxicity has become an important part of the overall
toxicology. Males were given DTG for a total of 49 days begin-
‘ning 14 days before mating, and females were given DTG for
a total of 40-49 days beginning 14 days before mating to day
3 of lactation throughout the mating and gestation period. In
this screening study, deaths in both sexes at 50 mg/kg bw/day,
lowered body weight gain and food consumption in males at
50 mg/kg bw/day and females at 20 and 50 mg/kg bw/day, and
neurobehavioral changes such as mydriasis, decreased loco-
motor activity, bradypnea, prone position, tremor and/or sali-
vation in both sexes at 20 and 50 mg/kg bw/day were found.
Although no effects of DTG were detected on the estrous
cyclicity, precoital interval, copulation, fertility and gestation
indexes, numbers of corpora lutea and implantations, and ges-
tation length, significant decreases in the number, body weight
and viability of offspring and a significant increase in the inci-
dence of fetuses with external malformations were noted at
50 mg/kg bw/day. Oligodactyly, anal atresia and tail anomalies
were frequently observed at the highest dose. The total num-
ber of fetuses with external malformations, but not individual
- malformation, was significantly increased at 50 mg/kg, and the
teratogenic effect of DTG was strongly suggested. However,
this screening test does not provide complete information on all
aspects of reproduction and development due to the relatively
small numbers of animals in the dose groups and selectivity of
the endpoints. Only external examination in the newborn rats
was performed, and no internal or skeletal examinations were
carried out in this screening test. The prenatal developmental
toxicity study was therefore conducted to accurately evaluate
the developmental toxicity, including the teratogenicity of DTG
in rats. '

2. Materials and methods

This study was performed in compliance with OECD guideline 414 Prena-
tal Developmental Toxicity Study [16] and in accordance with the principles
for Good Laboratory Practice [17], “Law for the Humane Treatment and Man-
agement of Animals” [Law No. 105, October 1, 1973, revised June 15, 2005]
and “Standards Relating to the Care and Management, etc. of Experimental
Animals” [Notification No. 6, March 27, 1980 of the Prime Minister’s Office].

2.1. Animals

International Genetic Standard (Crj: CD (SD) IGS) rats were used throughout
this study. This strain was chosen because it is most commonly used in toxic
studies, including reproductive and developmental toxicity studies, and historical
control data are available. Males at 11 weeks of age and females at 10 weeks
of age were purchased from Atsugi Breeding Center, Charles River Japan, Inc.
(Yokohama, Japan). The rats were acclimatized to the laboratory for five days
prior to the start of the experiment. Male and female rats found to be in good
health were selected for use. Animals were reared on a sterilized basal diet (CRF-
I; Oriental Yeast Co., Ltd., Tokyo, Japan) and filtered tap water ad libitum, and
they were maintained in an air-conditioned room at 22 + 3 °C, with a relative
humidity of 50 4 20%, a 12-h light/dark cycle, and ventilation of 10-15 air
changes/hour. Virgin female rats were mated overnight with male rats. The day
when the sperm in the vaginal smear and/or vaginal plug were detected was
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considered to be day 0 of pregnancy. The copulated females were distributed into
four groups to equalize the female body weights among.groups. The copulated
females were housed individually.

2.2. Chemicals and dosing

DTG was obtained from Sumitomo Chemical Co., Ltd. (Tokyo, Japan). DTG,
a white powder, is slightly soluble in hot water and alcohol, soluble in chloro-
form, and very soluble in ether, and its melting point is 179 °C, specific gravity
is 1.10 and molecular weight is 239.3 [2]. The DTG (Lot no. 34K21) used in this
study was 99.5% pure, and it was kept in a dark place at room temperature. The
purity and stability of the chemical were verified by analysis before and after the
study. Rats were dosed once daily by gastric intubation with DTG at a dose of 0
(control), 10, 20 or 40 mg/kg bw on days 6 through 19 of pregnancy. The dosage
levels were determined based on the results of our reproduction/developmental
toxicity screening test [15], in which deaths at 50 mg/kg bw/day and neurobe-
havioral changes and lowered body weight gain and food consumption at 20
and 50 mg/kg bw/day in females, and decreases in the number, body weight
and viability of offspring and increased incidence of fetuses with malforma-
tions at 50 mg/kgbw/day were found. DTG was suspended in 0.5% (w/v)
carboxymethylcellulose-Na solution with 0.1% (w/v) Tween 80. The volume of
each dose was adjusted to 5 ml/kg body weight based on daily body weight. The
contro! rats were given only 0.5% (w/v) carboxymethylcellulose-Na solution
with 0.1% (w/v) Tween 80. The stability of formulations has been confirmed for
up to 8 days. During use, the formulations were maintained under such condi-
tions for less than 7 days, and each formulation was analyzed for concentration
of DTG and the results revealed 90.3-99.5% of the intended concentration.

2.3. Observations

All females were observed daily during the pre-administration period and on
the day of sacrifice, and twice a day (before and after administration) during the
administration period for clinical signs of toxicity. Maternal body weight was
recorded on days 0, 3 and 6-20 of pregnancy. Food consumption was recorded
on days 0, 3, 6, 9, 12, 15, 18 and 20 of pregnancy. The pregnant rats were
euthanized by exsanguination under ether anesthesia on day 20 of pregnancy.
The peritoneal cavity was opened, and the uterus was removed from the maternal
body and weighed. The numbers of corpora lutea, implantation sites, live and
dead fetuses and resorptions were counted. The live fetuses were removed from
the uterus and sexed, weighed and inspected for external malformations and
malformations within the oral cavity. Approximately one-half of the live fetuses
in each litter were randomly selected, fixed in alcohol, stained with alizarin red
S and alician blue [18} and examined for skeletal anomalies. The remaining live
fetuses in each litter were fixed in Bouin's solution. Their heads were subjected
to free-hand razor-blade sectioning [19], and the thoracic areas were subjected
to microdissecting [20] to reveal internal abnormalities.

2.4. Data analysis

The statistical analysis of fetuses was carried out using the litter as the
experimental unit. Maternal body weight, body weight gain, adjusted weight
gain, weight of the gravid uterus, food consumption, numbers of corpora lutea,
implantations and live fetuses, fetal weight and placental weight were analyzed
for statistical significance as follows. Bartlett’s test of homogeneity of variance
was used to determine if the groups had equivalent variances at the 5% level
of significance. If the variances were equivalent, the groups were compared by
one-way analysis of variance. If significant differences were found, Dunnett's
multiple comparison test was performed. If the groups did not have equiva-
lences, the Kruskal-Wallis test was used to assess the overall effects. Whenever
significant differences were noted, pair-wise comparisons were made using the
Mann-Whitney U-test. The incidences of pre- and postimplantation embryonic
loss and fetuses with malformations and variations and sex ratio of live fetuses
were analyzed using Wilcoxon’s rank sum test. The rates of pregnancy, non-
pregnancy and females showing clinical signs of toxicity were analyzed with
Fisher’s exact test. The 0.05 level of probability was used as the criterion for
significance.
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Table 1

Maternal findings in rats given DTG on days 6-19 of pregnancy

Dose (mg/kg) 0 (control) 10 20 40

No. of rats 24 24 24 24

No. of pregnant rats 24 24 24 24

Initial body weight 256 £ 13 256 £ 13 256 + 13 256 £ 13

No. of females showing clinical sign of toxicity
Death 0 0 0 4
Alopecia 2 2 3 2
Bradypnea 0 0 0 2
Decreased locomotor activity 0 0 1 1"
Mydriasis 0 0 12" 24*
Prone position 0 0 0 3
Salivation 0 0 2 2
Soil of perigenital 0 0 1 4
Tremor 0 0 0 2

Body weight gain during pregnancy (g)*
Days 0-6 40 + 8 39+8 40+8 - 39+£8
Days 6-15 507 49 £9 37+ 11" 23 + 10*
Days 15-20 7749 7749 71+ 10 47 £ 16™
Days 0-20 167 + 17 165 + 21 148 + 24" 109 + 21°*
Adjusted weight gain® 88 £ 15 87 £ 19 77+ 15 49 + 17"

Food consumption during pregnancy (g/day)?
Days 0-6 23+2 23+2 232 23+2
Days 6-15 2642 26 + 2 24 +£3 20 + 3™
Days 15-20 28 +2 28 +3 26 £2 22 +3%
Days 0-20 2542 26 +2 24 +2 21 £27

Weight of gravid uterus (g)* 79 £ 10 78 £ 11 72+ 15 59 + 10™

2 Values are given as the mean £ S.D.
b Adjusted weight gain refers to maternal weight gain excluding the gravid uterus.
** Significantly different from the control (p <0.01).

3. Results

Table | shows the maternal findings in rats given DTG on days
6-19 of pregnancy. At 40 mg/kg bw/day, death was found on day
8 of pregnancy in two females and on days 7 and 19 of preg-
nancy in one female each. Statistically significant increases in
the incidence of mydriasis occurred at 20 and 40 mg/kg bw/day,
and in decreased locomotor activity at 40 mg/kg bw/day. Addi-
tional findings that appeared to be treatment related, but not
statistically significant were decreased locomotor activity at
20 mg/kg bw/day, salivation and soil of the perigenital area at
20 and 40mg/kgbw/day, and bradypnea, prone position and
tremors at 40 mg/kg bw/day. These signs were observed consis-
tently throughout the dosing period and relatively higher inci-
dences of these signs were noted during the early administration
period. Maternal body weight gain was significantly decreased
on days 6-15 and 0-20 of pregnancy at 20 mg/kg bw/day, and on
days 615, 15-20 and 0-20 of pregnancy at 40 mg/kg bw/day.
Adjusted weight gain, the net weight gain of maternal rats dur-
ing pregnancy, and the weight of the gravid uterus were also
significantly reduced at 40 mg/kg bw/day. At this dose, food
consumption was significantly lowered on days 6-15, 15-20
and 0-20 of pregnancy.

Table 2 presents the reproductive findings in rats given
DTG on days 6-19 of pregnancy. No dam with total litter
loss was observed in any group. No effects of DTG were

found on the numbers of corpora Iutea and implantations, or
the incidence of preimplantation loss. At 40 mg/kg bw/day, a
significantly increased incidence of postimplantation loss, a
decreased number of live fetuses and lowered weights of male
and female fetuses and placentae were noted. The sex ratio
of live fetuses was significantly reduced in the DTG-treated
groups.

The summarized results of external and internal examina-
tions in fetuses of rats given DTG on days 6-19 of pregnancy
are shown in Table 3. No fetuses with external malformations
were observed in the control group: One fetus with cleft palate
was found at 10 mg/kg bw/day. Fetuses with external malfor-
mations were found in 13 out of the 328 fetuses (three out
of the 24 litters) at 20 mg/kg bw/day and 33 out of the 251
fetuses (11 out of the 20 litters) at 40 mg/kg bw/day, and sig-
nificantly increased in¢idence of the total number of fetuses
with external malformations was noted at 40 mg/kg bw/day. Inci-
dences of fetuses with brachydactyly and with short tail were
increased at 20 and 40 mg/kg bw/day, and significantly increased
incidences were found at 40 mg/kg bw/day. As for internal mal-
formations, one fetus each with microphthalmia in the control
and 20 mg/kg bw/day groups, one fetus with dilatation of the
lateral ventricles in the control group and one fetus with unde-
scended testes in the 40 mg/kg bw/day were observed. Variations
in the internal organs were observed in 11-19 fetuses in all
groups. However, no significant differences in the incidences of
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Table 2
Reproductive findings in rats given DTG on days 6-19 of pregnancy
Dose (mg/kg) 0 (control) 10 20 40
No. of litters 24 24 24 20
No. of litters totally resorbed 0 0 0 0
No. of corpora lutea per litter® 15.7 £ 2.1 148 £ 1.6 149+ 19 153+ 15
No. of implantations per litter® 153+ 19 147 £ 1.8 142 £ 2.7 152+ 14
% Preimplantation loss per litter® 24 0.9 5.6 0.9
% Postimplantation loss per litter® 35 34 48 16.4**
No. of live fetuses per litter® 148 £ 19 142 £ 21 137 £29 126 £ 197
Sex ratio of live fetuses (male/female) 0.56 0.49° 0.46" 0.46"
Body weight of live fetuses (g)* .
Male 3.64 £0.17 3.724£0.18 3.59 £0.24 319 £ 0317
Female 342 £ 0.16 3.53 £0.25 3.41 £0.18 3.03 £ 0.26™
Placental weight (g)* 0.47 £ 0.04 0.47 + 0.03 0.50 £ 0.16 0.40 £ 0.04™

2 Values are given as the mean + S.D.
® (No. of preimplantation embryonic loss/no. of corpora lutea) x 100,
¢ (No. of resorptions and dead fetuses/no. implantations) x 100.
* Significantly different from the control (p <0.05).
** Significantly different from the control (p <0.01).

‘fetuses with internal malformations and variations were detected
between the control and DTG-treated groups.

The summarized results of skeletal examinations in the
fetuses of rats given DTG on days 619 of pregnancy are pre-
sented in Table 4. Fetuses with skeletal malformations were
found in one out of the 184 fetuses (one out of the 24 litters)
in the control group, one out of the 176 fetuses (one out of the
24 litters) at 10 mg/kg bw/day, 13 out of the 170 fetuses (six out
of the 24 litters) at 20 mg/kg bw/day, and 26 out of the 130 fetuses
(12 out of the 20 litters) at 40 mg/kg bw/day. Significantly higher
incidences of the total number of fetuses with skeletal malfor-
mations were observed at 20 and 40 mg/kg bw/day. Incidences
of fetuses with absence, fusion or malposition of the caudal ver-
tebrae and with absence or fusion of phalanges were higher at 20
and 40 mg/kg bw/day, and significantly increased incidences of
fetuses with these malformations and fetuses with the absence or

fusion of metacarpals were found at 40 mg/kg bw/day. Although
skeletal variations in the vertebral column, ribs and sternebrae
were observed in all groups, no significant differences in the
incidences of fetuses with skeletal variations were detected
between the control and DTG-treated groups. A significantly
delayed ossification, as evidenced by the numbers of sacral and
caudal vertebrae, sternebrae, and metatarsi, was also noted at
40 mg/kg bw/day.

4. Discussion

In order to obtain further information on the reproductive and
developmental toxicity of DTG, the present study was conducted
in compliance with OECD guideline 414 Prenatal Develop-
mental Toxicity Study [16]. DTG was given to pregnant rats
during the time of implantation to the term of pregnancy to

Table 3
External and internal examinations in fetuses of rats given DTG on days 6-19 of pregnancy
Dose (mg/kg) 0 (control) 10 20 40
External examination
Total no. of fetuses (litters) examined 354(24) 341(24) 328(24) 251(20)
Total no. of fetuses (litters) with malformations ] 1 13(3) 3An”
Cleft palate 0 1 0 0
Brachydactyly 0 0 8(3) 3an™
Short tail 0 0 7(2) 10N
Internal examination
Total no. of fetuses (litters) examined 170(24) 165(24) 158 (24) 121(20)
Total no. of fetuses (litters) with malformations 1 0 3 1
Microphthalmia 1 0 1 0
Dilatation of lateral ventricles 1 0 0 0
Undescended testes 0 0 0 1
Total no. of fetuses (litters) with variations 16(10) 119) 13(M 19(12)
Thymic remnants in neck 13(10) 8N 12(7) 17(11)
Dilated renat pelvis 2(2) 2(2) 0 0
Left umbilical artery 1 1 1 2(0)

** Significantly different from the control (p <0.01).
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