ARAD VY IOERE—BIUNBERT VY — MHRERBERE 5|

TN R BCR T S R R TRAD AL TP TN LSO I N F i B O SRR R Ly ARRR T i TR 2 SO S T TR S X

RO7— I, QOITESSAST— 5 FH, 3
IMRAS AT B AW ididh B & & D LA~
DOV Ebe, D32THhb.

9, MBRORZIIOODDTTUILNT S
BB L OREORE R, L. WEsh
OBEAEILD, ERAATTIRMAERETE L 2 R
FHRO—E GEd, EEMRERAE S, IERRD
Z2WT, F¥EMETE LRI L2 HRIL
720 7, FEORENIMECELL ) BV AT
LiIZLTwh,

(3) Mi2%d L CHEERERE T RICRHA T

bas 111013

T ZIIMEICHE SN Y AT ANIIHES
REINB, 77 FIHORELZBONL T — R
IZoWTh 2EMBERBLA-SESLL, IDTH
B4 b, 612, S5EMER LKL THOIDE
FUFLIMITBALLIEICEY, whwh [Z
oy 2z ] & LREICL, IEdiinsl s
AP ETELVIKBIZT A LItk > T b,

SkORE

0EDENDDH HMRPTIIEIEMATS T/
FIHBLTWAE V), FEIFETHZEZ L, ]I
DWTHBAT T L7200 147201551000,
B7e &b 5 RKOERRIFDS 7 VITKE L Tw
bo THOLHIEBETFRIHMTESL /T,
VR DdBERIRCAKNDREH G HIE, R

B OIRBETEEL A SHENZ LTWE ENDT ET,
HERINEDF A — 7L A5 EOMA 2 xhie %
L EINTWAI LD, bivbiudlsts
O A LT TR, EBPER 2 HE L
ThY, T3\ —ORES & > TR L/ HE
FRGUAGD I E 2 A (20065F 2 F) IR 2T THILOER
B L UWMENEL, BRIKLTWLFE) THD
M EHo7uvzs bThHUL, EFEEIIIW
THMEDZT SN LR ZAES T E R 54
Ve D720, EEZOFRE Ry bT—7 %
WL, 7y &2 {AA L e OMHBSER L oY
HIEDEZTCBY, BIAZ DT IGH TV 5,

Tz, BHRBICER STV S ERITIEE
DAL LG 3N TEY, Hery—~H
LT ABEIRLN T AL EDbNE, ZD&
I RERD IS HAMB OFES] 7 — 5 N—2
HRLELZLONHLEDT, ThHiIZoWTidYt

V=R L TVAN)—VAFAELTHAILTY

5o THRBIN G T — 7 X—ZEY 247> Tudik
{TRESHRVEEZTED, BHREFRE~ND
BEPTLLTWLFETH b,

52, TS OMRPZIZLOMRM L v
T =2 R HOEFMRANDEE DT> TV E
TonEEZ T,

[4F87 & EiEH Y ¥ — ORIV E& ]
TEL. 03-5494-7845 .
ZAHEEE SER (10:00~12:00, 13:00~16:00)
URL = http//www.ncchd.gojp/kusuri/index.html

nEEEE 2006.2 (Vol.48 No.2) —— 83(231)

— 159 —

RN IRLN e STy



B R A I S YR

eama’@

195 !&&m }%L%CE ?ﬁ

10 Ay AVE RV IV ADE £ -

AN AERBE ARSI AT LR FR Ry

FROFYRPT [Tk FEABSSNE

="

5
i HAYASHI Masahiro

FUsHIC

1960SEALDH ) = A FHELEINE 20, K
FEVEF LD & L0 HESRIZEY OMBE LI
T BHEMAEE L, TRt L AR RL %
Fa B DH B,

oM (LUF. Bk T, ol
X DAL & FH T 5 BB TIO8SIE (2 FEM AR &
FERNFASILE T TR & AR ] 2B
i B mm%@hMVﬁﬁ/fU/7¢ﬂ)L
W,

Z DY THERNM L, W OMFRAEEE I
& BT 5 & & QIR OB L IRIGIROR
B, EMEEROME, IRESEE T, EEA
BHEELEQIZHY U2 v VR ffo T b, F 12,
COHETIX, MEREOTIR A O MR o
T, RS X ARG IRAOREEZ LTI
FERG 0 b OWSIAESE A 17, KA IR~ 1
HIRMEH LT B,

TR & SEAEESR] DRESR

BT 19850 4 111 ERATEE IO )
[8°C [REHR & SRS ) & BB L. 200549 1
A TIT8307 AD UL O RFR I LT H FIN

OF RlEEAIBRR

LN LAY T A L PR Y 1P Ae e ST e

KB OMRERE > TV D
M‘ﬁﬁmwwg%ré#ﬁv¢<meum
Bl St AR & T A, 1T4E 48
BLOPS 7THETOREEBRITH L, Z O
WoBREIEED T/hE, HiR4 ~5HOBERT
IR D BB 2 v Tb i e %
EREY & O LiaBE Lo BEBIRA THREEM OIS
VR HEINLOBITR 6 WIS & X Tw
b MBREBHMOBROKE S (BREKE,

crown rump length ; CRL) %, 5 ~10mm#AEE &

ENTHEY, RFELATEONIRIZEREAR A
CTuahBidd"Trxlif§ TElT s &gl
HTH5,

L7chio T, IR DM BHEORICRSE L /-

WRORGIGELTHY v ) 7 RTH 2001
Y E ARSI D b O AR e E
AT IR & 1TV, fer b5 BE & A
T 5LV EENFRS LY 5o

AL BT 0 19874F 24 51X, A%*mEﬁAﬂ
B2 5 Y OMR T 5 W&o HIEEA &
EEEHRFHIBEAO L I ICHFE SN T,
THIRE QAL B ERAER, TR
A ERRIB R BIT BRI, REREOHR
PO % 2 P A LRI L <
Vo BIRGEERR AR OB TH o 7ok
KOO BRMERRRE AN S B RTE) »
SN L TEVERTIZ Vw275 &, 19884

Il oWT

R 20062 (Vol.48 No.2) ~— 69(217)

— 160 —



|
®
i

e 11

e N
r]mmmmm

. T\
£ | 75
A %
- &

%
: b
L A
HE
‘ (=
—’ %
HEE; ES i3
e A Bl

BT DEHREEEBNE] OVATL

1 BACREERAFL & BRIE DR TEE T 55D
FRICETAIREL W20, 127261, EBY
fEBRIEDORATM, fEREFHEizE, REtk%
BT, MEH LAKRZN, FHEHE, AR
WIS 2 R ARIER & RO MR LS v &
LT, 3AIKIZ4AALLDTFHZZIHIT 7

MERE AR OREEVAT L

Lk [HHR & FEHIR] 2 28T 5 HEIE,
9% H kiR TIREE Z1F, WELZTFEL TS
IR TH 5o HIRFOIRECHT 2GR EBREE S
B4 5L LERE 52 BHTERRESNS,

KHEENREZZT2HBOZHB Y — i
20D HB (B 1) —DFHEFLEBOERANE
7)) = 7 RO ERAH OEMA S O T
RHTHIY—Thb, b)—Didvra3I%
TEIRIAN T MRS, 4 v 7 — A v NS TUIR TR
EEMBIE] OTELHY, HEAAD S
BHUARETHY—Thhb,

WIS LT, BRI RGBT & 2
0, BTN - FREHEDS, EROMRFIML;
WoOMA - M, EHAR L OHWT ALY E

70(218) — EEER  2006.2 (Vol.48 No.2)

2 hoEYVIDKRF

T>Twhb,

FEDMIA L 75 5 WERROWEIE, 1A
i s [HES] ~TREFICRALTSS
IHRE LTV B, EEMBHTIR, TRAEE

LR LB B Y BAD - TP E 2z
ATV, 0K, EYORITTAEEROWER
BOBAE, AR OERAGAYE > B )
DIHABENZ B,

SRS ZERAROBEH CERAFHELE
HEATFRE LT (®2) ho k) ¥ 7 ffoT
VDo BEAIRTE, A LS R R B
T B IEE, ZOWERO b BRI TR
SEICHIT B Z A HEBML TV, ERARE
12, —ADE ) OEREORBIZHbET, WEL
RO/, BROFHREERICET 55
ZfToTW5h,

COSRO B, FEICIRE L 2ROk
BEE (AN O, AL &OBEA
B2 ERBILT Bk Th b FDOBKT,
BRI A B R & # 2 S B
MU AT AL R SRR LRI 2 0 &
WHIYRZ ATy a i, AERED
SERIAGASH S EEAREO 2 11H Th 5,

$70, AMBIPROBHE LT, HHELTH
T35 & A2 AR & U el B I N B
HBR TR, AR L B I~ 1Y
FTEIMADT — 7 X—= AL T 5, 1HG%

— 161 —



HEND U T DRE— ROPIREE [HEiRESEABBNR]

100 200 300 400 500 600(A)
A B

X3 Z2HBOFHRIN

1.000(A)

0 200 400 600 800
A H

[P

i

M5 ZAORMEES (EIREOERE)

#H 1 258879

OERABE
0 EDROEED
nE-S5)
ORAKE

o S HiE

B 7D

4 ERHOERA L TLICERE

g e Lz EBRABRIMGEMEEY SfTb v
728, HERPORRIE & IR~ OFEICHT HEE
fERIIED TA LR WBIRD S o HARIIROE
Bl ) BRIBOG L B MAD, KitROHk
ELBOBROGEH I BHMEIIL LD LW
Y, AMRI RS S TROFFETEABL TV 5,

COMERRERY, REIDEOMERERIZE
FETEB LI, BREH, B, F-SAD%
EHTAIT->TH Y, AEHIRTH) ERLE
FDIHBE LT 5,

MR & SEIEBSR] DRI

19884 4 A ~20014F 3 H OHBE OME X A
T 5, HBEEDERIZ16~485 THRIL 0T
(03) LTWa7, 28~30AHRb S\, HiF
HERA L TSR, SEREUANSRLS
(B4) »BEIIEHTH o720 EWMHFIEILE

M6 HRIRARSDLSE

RIDSEATED, SFRBEND L B VBRER KR
LTwbdnEELLNL, T, EFTHAT
AHBEEIL 1B THoTH 5~ 10 EOKT & EH
LTHY, ITNIMAERBEMO—REEZR S
Nizo MIREMEMZIRA L TR, @5
BEEA61.4% S VHEZEBHORBED
321% (®5) 5. BEVFEDOFBEERDZ
R HEREOBE S SHETBRUE & Xidh
2 BRERELII, FiR481Z DL 5DOBHITK
DORBAEE AN T 5, ARORMIRL
FLL—ETLWI EAH VIHRICAF SIICW
LI EYD Y, FEREORVEEORENS
WERE E 2 bhiz, HEAMRA L T/ EAO
WMFEE, PR, B RENERS ORER AR LSO
ERidRb% <, ERTHEALLEAZRMALT
WA S IZRWTE o7z (B6). El
ARHE (AR R 22 ER O IS 3 A BRI
BOHEYEDET LI EDHRIZZ > TWVDN,
ERTEER BT T AR HRAROEENFLE

EEBEE 20062 (Vol.48 No.2) — 71(219)

— 162 —



A aﬁai;@

WE e

x 1 (HBHEEOBVES

B RREH panR | Eo EHEH R
T | B ERR 33%2| 1 |mEmmA, . |0 842
o |wamEs - - 2106 | 12fi | REXHIRA 802
31 | MLt EBAE 1.906 | 13fi | ZOROMEERAA- | 796

LAfT | EWE (CS. PCR) | 1.894 | 14f1 | oS VA 770

Sfi | RIREEESEI WREM | 1.067 | 15 |@EMEMT . | 767

61 | HERRER 983 | 18f1 | —a—F /OVRIAER| 705

7t | EOWOPLLF—ME| 938 | 1761 | kUvA, BE@E |- 675

ety | mAMA 1. -913 | 18 | sEmEmE 630

of | s 873 | 1ot |#mM. . [ 580

9f | MERZ VA 873 | 2of1 | BIERILEVA 513

-
! (%)
16.00
—— BRECHAERER]
14.00
1200 —— HEREH

g 0 HEnH

£ 800 (PC., CS)

% SRNER
6.00 (D:1—$/D‘/§§)
400 - fEIRRAAY.
200 R

—— PR
O " n "
1988 89 980 81 92 93 94 95 96 97 98 99 2000 (FE)
£ =

H7 SREBIOBMAEORSE

I EERELTVDS,

HMROSVEESEEHTHHEL, R1ICEL
W7ze HIEHAMRA LAERESE LT, BHM, B
FTH BB SSERE LR R, TS
TRFEFSNDIE X5 I VEE, T L F—384%
HEUMBELTRoTWE, F7-, X FL R
KRB L THREMMEREE, SSRI®P~NY VY
TEE Y RONAREN LMV RHEHE R > TV,
—75, WA, HZRERENE, Toborr 7
FHEREOHILEREN L W L4, THRIZEH
TR SNAPEZEOTHEESLELE2 Hh
Bo F7z, EEMBE U CELEDR O

72(220) — L BREH  2006.2 (Vol.48 No.2)

W e 55 L, BB REFEElRAEm AR,
BRI, SSRIRNRY VIV T7Y¥E V2O
PREFHEMLTHEY (A7), EEILELZE
Zbhb,

MR SEHEBIPR] [CB1FD
TERRREETE "

1. BYBEROBIRETH
HAETIE, R OEY RS- (M 5 fab
OLWEHE LT, BAXREBRRBHN GRS

6075°) (23D BRI BERE G R SO O AL L

— 163 —



X2 BEYESHREMRETES

HRAY Y VI DR —— BOPIRRR (iR FARRAR

5| - BFAATHEEIHD LEENICEISN TS,

CER, £REHROBR. b MIOREEISDISEENICEISNTLD,

AR | - BFBEACHILETRT DBENDD. FLRBETLEERSHHD, E500ENREEEN.

CEE BERERITONTUED, BLUESRICHT EREOBEVEFNRSHERDD.

3R | - BFBECHEFLERRY 2RELSEENRSHHD . L5550 EVIEEEN.

DD

C & ld, BEBERTONTVEVS, BEFROEHNERENDD. FEFSELEEDRSHHDELH

258 | - BFBERTONTOE, BEOE FTORBHESTT DEMBESIZIL,

UL, S£IERTEHBEOREDNSD. FREELBEORENTOELH DN,

1R | BFHBERITODNATOEN, BLURSGEZSET DEMREEEL.

- EILld, BAICEAT S LDBLUERE,

BLULBHRITITONTULEND, FIEIFESREERD SN TULEL.

OR | - BFRETHEFEOESFEN, BIUHER ZHET DEHIWEREL,

CFE, BREULTHERINTLZHO,

DIEE, HF, ER, RGOS OEOLRK
DB 5,

i, R, BRIBCEETILEND BEE
R, SEIEEHICET 268 H 205602, LEBR
HEEZIEWMTHILE R > T, 72, BIE
B, BRMAEER, EFRRATSETHONTVS
RHICEDILELBEHEEERT 2L 98D ON
Tnb, ' .

R XEFEOHEIL (G LI e, 5L
RO EHEE L] LB SNEA, TF
WK LI EAEMTH S, Lz,
GEHEL AT 2B ERE HLT LHOH Y
) TR, BRRETHEIE, RS5UIE
OHHAHBPLIEPLOEREEHHTLED
58T %,

—%, HRIZEAPTIRS LTL TS E
D fE b5 BE R IR K DB T & B b 2z 61203,
CORBUILTLOIBEIZE LS kv, i,
IS HHEHA [RHFEELEIEFOH L] b

VRV HDETHFINTEY [KE LAV L]
LRI NLEROTRTUMEF RS 5 b

BRUEELRIIITONT LWL, #EFRIGRD SNTULEL,

Tl Th b, ,

COft, KETIZFDAIL X > THIBICHT 5
BRI OERIER FHT 2 HEIRER TS, &
@ [FDA Pregnancy Category : HEHIME e
SREE#E| G, #FTV—A, B, C, D, X®
S5EIET [3FRE] LA»S [ LT
HXET, MEXCRRESHAT S gL 2o
Twb, BIOERERAER, © bOBRGERE D
L, BHNOGHREE 5 v 2T 5 &40 BK
MIRENTEY, BROEMEFIBVTHE
Zllhdo 12721, HEEEIFDADDDTH-
Th, ZOFNFIIFREREDGHERBLL T
T TwallE, bYEOFRMNXELE EkLIE
LOEVBARONLZ EDHYVEEVPLEE L D,

2T, Sk [k e MR TiE, E
Al DfEPRIE 2 BREEAL U CRFMli 4 5 721K 215
U7: (A RARIEFMS] 22D T, &Y
A, B, AMABROMECHERICEAMN T
L7 fak sl 2 L v 5,

2. IREBSHAOBRETE
KRR O FERI DWW B B & BT

— 164 —

SEEER 20062 (Vol.48 No.2) — 73(221)



&R 3 BEREHOHSHERETES

BRAZELAL SOBY il
og~ 278 BB o0&
288~ 508 EMESE | 5K
518~ 848 BB | 3
‘g5E~1128 mEsm | 2|
1138~ wEERT | wEaws | s

MEI MR, BROEWOBRKE L & bICIRER
MIAKELERE 25,
EEEOBLA, O &b M ARIL, BiSoh
RS, OB, TH1LRE, TR S OSSR EI R
MU BRI B 7z BTk 4 B EH ~ 7 BE K
FTOHMEFML T 5, BT, = DOHIRH
T, EHFTARICE L CEAICR OB, [EhE
B L LTI OBMEY S L, LT
RRFER M O BEH A BR M) (R 3) 12 L7z
Ao T, HIXEEUN 3 51, HBLABM 2 5, B8
B 1 7, BB O AL SERICHEL TV,

CIRE DT

SEARAPAEIR L 72 hs s R B B,
EMHEORIE L REMBIOEIRIEIC X > Tk
HEINDo fbEBRZ 5 MISMBR T SN2y
TH, BEBHTHIRLAKBBAD 0~270

3. G

BOBUICIREL/-OTHNT, EBVS -1+

PITHIRARIL Lo vo —F, HRATESZ LT
NTHBIRICHEEI Lo 72bDEEZ SNL, i

2, mOEBLEABICH-TH, REL
EVHREPRBEFIIESIN TV AREDRDOY
7 IVRABEETOL, ZO/RBREIZERT
BULEIENLDEFHETE 5,

LEETIE, TRORICL > TEMORBRE S
EIRERPOfERESBY R -AREEHL,

- ETNERBEBRESRELT, 0~6413 (&

L], 7~11803 [EE], 12~1940 (8%,
20~25554F [fEbR] D AR TEE (£4)
LTw3,

x4 HOHTRIHESR (RARAKS. 694\ PETBEEA 507 A)
N -7 72 W FFHL | OJBESBD -
=t . o B R ZDfh gt
| W | G| mm
BAK 4,475 1,024 166 12 17 5,694
BRER 3.687 737 74 5 4 4507
FREL 3.442 679 62 4 3 4,190
BRSO 83 13 1 0 1 o8
TR - RE - FOM 162 45 11 1 0 219
* D REHEHEE BEA~OBH
Rema |y = BE~DHH
0~6 | ME | AL BRI~ RETALL, % o7 BA GV IR HTAES 5 BELHA S A
L&ﬁ"_)i'/\& i’)/‘(ﬂﬁf&)%u
T~ |iE B SR L DR~ ORAEIE, FHE B0L v, LA, BIRICEHA S5 HE LA L
AL GAs AL FEAEREIRE AL B v BHATIREMG 2 W HFETho7 0, v |
TRTRMCH D WO BMTRT A THENARE ST VD 2Bl BeE Vv &ALk /e
T ETRELEAOND,
1219 [ B 8| RANOMARLEOAIENLLE S 2 AFBet Lo TA) & TR LTyl oo ook Wil 25T
SHEREVRETHYE, SOGMTEAN2 ~ 3%EITIL 00 LR, BEMEIL Ao i
CEBYBHRIILDELEL L,
20~25 15 B SAOMNNIC X - RN 4 A5 D & T AETL LI L % 7 7B s £ JLRE L <160 Bt TS
B SAEBINC A CHHRDEBATT DI L LC b, S0 UMK 2 DRI AR A 4 0)
TR L,

74(222) — EREE  2006.2 (Vol.48 No.2)

— 165 —



F

RN U Y DRI — RO (SR SRR

D (MR bR ST ]
Kk R _ EWAKO ARIEBE N >
| b EREAR T faREAN

C ORERIL, BROBER, B oORs v 7
MChaRERELZEEL L AT RICHERT
B, EMERELRET HEERE, © MEFIH
HOWERE, BAWEZOMME, EFREDHE
MCE B EREERBEICRB LD TR RV,
EEHIF A Y &) U TR RBTAT ROt %
7O BRI, HBER— DU & o2 XM, EAF
HHER L THRT B LESH B M1+ TEEN
AT AE-F AN

YEIRIRSEN Y > B U U S OBEX

(IR & SEMSAE] T, BMoBRASTITE
BT AR A T 572 2T, fEBRE O
ERETELIICHY Y %2 fToT0 5,

AAERAHEROSKEH L L, EWriRE
LTWARVWRERRTH-TH, BLF1%DOH
HEWRIAT & A OSEE A LT 2 L A
ENTWVD, 20HITHHLHBOFHLEDL &0
DY, L Eb2~3%DBAERIMS A%
KERREIELTVWAEZEZLATHE, 20
i, EMBRIESEEN e o LTY,
HR~OBELTI N EY, HFIOMAER B
RURBENEL) B LEERL TV Do EIE
AP RO M EREROEI T, 2KT23%
CHABAEDORTED, BEEBE T LR
THoTH24%IIH/EFE LTS (F4), L
P2t T, HERAEHROETHRS A E L BT
L9 A CIHREL TV RV L, B R~
DREREELLBENADH L, —F, LFERE

DERFEEEZBRALTED L, EWIfahttrn
WEETH->ThH, HFBEMIIHT 295 1FH
THIENTE LD, TD/2D, MG
~OERELHBT ARG, FTEROSGER
HRIZOWTHBETESL L HEEL, ZOHER
AR EYPEMSEL0EPEVIBANS,
FBRRIEEEIT) L) LT T B,

HHENEGIDRER

HYETIE, HFOEYBRRIGHPZOWERE
Fi3, RECEOHTRERAESEOWCTHESRT
WA, IO LS IRERE BT DL
AT ALy,

BETHA L LIS, KRN TIZHES
REBEXTHETLIAREE->TED, 800061%
M2 5 ERIRES & 20 HMESEICET 5158
ERL TV, HEIREZDT 2 HENERE
LTRHBELBTT A EZbE LY, B B
HHE L OB IEEAIC L ELBRA IS 74—
FSw s T H0LENDHLEEZ TS, FEERE, B
BRSO — 88 LTI L& R0 5 M
FRBEFIDOZ G2 BRI OVTEREZBNT 5,

ENCTHERINTEY, MRS $TIRE
THRBI A% K B WBRBHAEREE O XY 7
g7z F b)Y hid, BRETHEHERShTYS
EH D%  HEERICE T 5 BREE T~ 5 138
HTHRV, R ITHE Y RORAKELF
VIALENTERINTEY, iRk ZiHT
IR 2 R0 A % { s, ERMLZRES
7o CHIHBIREF ORI 2 ERITED TS
v,

1. OO0z U9 L
witaEicaxysu 7y M) Y AEIR

BEEES 20062 (Vol.48 No.2) — 75(223)

166 —



HL, HEEROWETE/HRENI26AT
Holo

(1) RASEROERI N

MEREDOERIL, 19~MUBOHP T, 24~345%
L ELTHML T,

(2) IRMHEK

PR BAE, EEISAERDEL, HMHI3
A, RN, SMERE12A, BEREI2A, Bl
AN A TR ZHIOAD T HUTR TV,
(3) KExhaEM O HE

Hesxt BB ORA B ¥, 1~6 BEIAZ L,
1HA43A, 2 HEA29A, 3 HEA39A, 40
H20A, 5 HEIAI9A, 6 BEAILATH o720
—%, L HEBEUEORBFI6IA G,

(1) BFRSEAIR
BRTRAL TV 0121 ADAT, HEY
LAMERA 9N, 2AIA21A, 3HIAB0N, 4RI
17N, 5&IA28N, 6#A20A, 7HA21A, 8
AI8N, AV I6ATH o7 10MLUEZHEEL
TW2BD45 AT,

(5) MEDREBE

26 NP HERDOBD HNHERIZ 6 AThH
EIBT 5 — M7, BRTHRBERE KX &
WBEBD OGN Lhol, /2, 6 AMICBOOLNE
AN Y D1 B H Lo R (AT VAN

2. IFJSLh
HXSERBIIC 55 22 RAL, MEHKRO
HEERT & ZAHASBNLISOA Th - 720

(1) MHSESROIER i

HRE DERL, 2~43FOHP T, 24~36%
ZWLE LT LT,

(2) ME®

MR E 9L, ALk A5 A &b %<, D
DIE23N, AIRIBA, /3= 7 BEEILA, HiH5 A
AR N TV,

76(224) — “BEER 20062 (Vol.48 No.2)

(3) RExHBBURONRMAH &

SRR & ) BRA L T ) iERRE SR % b REseR s
BIABONEE Do 70

—75, HR;HBLTKRETZ2ELH Y, &t
AEHIORE BB, 1 BA512A, 2 HEIA4 A,
SHEHA4A, 4BHEM6 A, 5HMAS A, 6H
B3N, 7THEA 6 AN, SHEA7A, 9 HE
D5 ANTH o 720 10~228 B ORRABIIL9A 72,
(4) OFHEEARIRL

HATRAL TWDRNADAT, #HEES
LVRERDISA, 218N, 3HA0AN, 4K
13N, 5HIM16A, 6FIAIAN, 7THIAS A, 8#
6N, 9FA S NTH o7,

(5) WO
1I30ANHRFROBOONFHAEIRIE2AT, b
PENCBT 5 — BRI BRBERRERE K& 0%
VIO LN hr oz, Tz, 2 AICEED SN
A BRI SRk ho T

BHbIC

SRS DI T, BRI A D 2T
DLEHZ 7 LIERANOEEOL 10 BRI 5E
RATEENE % Do EBEMAEE L 7%
BEET->TOTH, EWORTIAEI T2
TR LRELTH Y, & LSBHL
REZ MRS Bo = DI, HARHOIEY
HETIE, IRE D EWOUEN L ot 4 8
BTES L BIIRMT S E L b1, U R 2
%P5 IR LR LB TR R B C B
Do TR BTN AT AR S OB A
ThH Y, HEWIERICBINTE 2 X5 KE+ 2
BEHDH B

REA % 35 & U 72 BRBR S BA A T 7 B A
BYEN T A 720, 1R & BRI B o

— 167 —



B e T B B e T R P R ROy B B R R R S TR T S T B A e

LAENHUE, RESERO LA TH RS HICC
W E e Tvd, THIZEBMOBIZ 7 -
Th, ZhhllEbsdE LI v, Lz
T, FURMICERE AL, Bon ey
IR L 72 9 2 CRAMIIGHE S 2 FEAEE
2% 5,

5, bAENIBIT A, KBRLetERo
U, B, R R T AOEEIEIFSRTE
n, BEEI0B, REEHE L & -1 [k E EF
it vy — | BERRSN, Bk TR

NFH B I DEE— ROPYRE TR - SR

O & LIRS R O & BRI T 9,
OTIS (Organisation of Teratology Information
Specialists) ®ENTIS (European Network of
Teratology Information Services) ¥D#EA D
Bo HAENIB VT H IR MEEIT L 5 i i
BRSEAHRR ARG & HUREAS RIUEE & 2 7 L O EEA
BETHY, 29 LHROEFIHAKD (ks
FMEIE] ELTOMOHATHCLENH S
EEZ T 5,

SIS
1) EEEE, - HE  EREE, L), 1992

EEEER 20062 (Vol.48 No.2) — 77(225)

— 168 —



EES
bW HikeE<9b

HF) P A FEECSHEL T, AL 2B RN T IE & R 5500 8 5 .
F, IR T ) PDOEICGEERKI S EWLS I EFOnEPESINPENZ A BAEME 5 B
DES DO LS ML 72W0A 15 ~ 256817 - T X i A s 2 K 2 4405 &
EHD TN EDEH B, ITHRE T e AFHRIZE » CTIW A MG TH O |
PIYIRIENS C AR 2 KTl bk AFHK AT A > TR < EJNITH B

RERDCPZFLBNZ TE B 7 EA A T L a0 2 &3 i3 Loy, Lo INEES
(RO 7280120y 5 40 % BN D ISAT Itk O 72 0 L D T AR5 8 D e < s, & 40 AT
FHVLTOWBEOLSINIT, v RAEMNOWN S &2 oGO LPEE (i 5. FHK
7 ELZ MERZA 56 RN 2 E O TR A W 701D R, PRI 0 el z i L
TUS T R B JHEN H B, F72. T, RTINSk S0 4 1
A AT E TS D (KM & BT E D) A Eh AT 8L Thaidan
(¥ Pl AFHRIZIE b S ¢dh B H).

HAvhH I AFHR G PR & =30 T IRSE A AT I T L 2278 KLk
P EVITINE LS ZITS, BTk >k, ThEMINZAROhGE TEZ 5 k1t e
Wa, RYIZMETERBGNEH 50, 3 THOWE H 5. ZOMN T TIE & 4R
WK B EE O EER A O T SNEAE IS B EWN B EDTH D, THbIET
ZIEDI™NEE RS MIEESHIFE A 2 DA T AT 2zhd, R 17 P o137
g T ey B —=THBINVIRTIIRNE v 2 = AT O S AR D HL AR 7. &
FIUAE AT DTy Wik TH D

DHAHOAEALEL) CHCIE . FDA BRIP4 — 2 b7 U 70 RUZR . e i
HY AT OAEAO RNINER L$EBS Evhii T s, £ HAHTOARIGE S
TSR E DA< Ly, L2T RN E I AL OIIT B NAS N E - T0
5. FDA L 4 — 2 59 7% . Briggs ¢ Drugs in Pregnancy & Lactation 73 JLi%
MESHINEN TR LA 7EH R . DA TCIRET T — 2 120D 7= 4 X = 2% ()
KL WA NEATEDL S 27 L 62K B3I Eake st kit v o — 5 h
L& Ui I E - Cvd . ARCid, 2o e bHAETod ) 2 2 5 Mo fakiz45 )
LCuvd £ 23—l AF & <3 D O KA RGO B & i 7 4 i sl ir & L ¢
L5 H &Ll

URXFEEREZRERRAR S82)

OIRO-9T92OTNIO0/T1ICLS

— 169 —



Early Pregnancy Failure Induced by Dibutyltin

Dichloride in Mice

Makoto Ema,’' Sakiko Fujii,2 Tsuguo Ikka,? Mariko Matsumoto,' Akihiko Hirose,’

Eiichi Kamata'

'Division of Risk Assessment, Biological Safety Center, National Institute of Health Sciences,

Tokyo 185-8501, Japan

2Safety Research Institute for Chemical Compounds, Co., Ltd., Sapporo 004-0839, Japan

Received 27 June 2006; revised 14 August 2006; accepted 1 Septermber 2006

ABSTRACT: In this study, we examined the adverse effects of dibutyltin on initiation and maintenance of
pregnancy after maternal administration during early pregnancy in mice. Following successful mating,
female ICR mice were given dibutyltin dichloride (DBTCI) at 0, 7.6, 15.2, or 30.4 mg/kg bw/day by gastric
intubation on days 0-3 or days 4-7 of pregnancy. Female mice were sacrificed on day 18 of pregnancy,
and the pregnancy outcome was determined. After administration of DBTCI on days 0-3, the rate of non-
pregnant females and the incidence of preimplantation embryonic loss were significantly increased at
30.4 mg/kg bw/day. The incidences of postimplantation embryonic loss in females given DBTC! on days
0-3 at 15.2 mg/kg and higher and on days 4-7 at 7.6 mg/kg bw/day and higher were increased. No
increase in the incidence of fetuses with external malformations was observed after the administration of
DBTCI! on days 0-3 or days 4-7. A decline in the serum progesterone levels was detected in mice given
DBTCI at 30.4 mg/kg bw/day on days 0-3 or days 4-7 of pregnancy. The data show that DBTCI adversely
affects the initiation and maintenance of pregnancy when administered during early pregnancy in mice
and suggest that the decline in serum progesterone levels is responsible for pregnancy failure. € 2007 Wiley

Periodicals, Inc. Environ Toxicol 22: 44-52, 2007.

Keywords: dibutyltin dichloride; organotin; pregnancy failure; early embryonic loss; progesterone

INTRODUCTION

Organotin compounds are chemicals widely used in agri-
culture and industry. Disubstituted organotin compounds
are commercially the most important derivatives, being
used as heat and light stabilizers for polyvinyl chloride
(PVC) plastics to prevent degradation of the polymer dur-
ing the melting and forming of the resin into its final prod-
ucts, as catalysts in the production of polyurethane foams,
and as vulcanizing agents for silicone rubbers (Piver, 1973;
WHO, 1980). Wide-spread use of organotin compounds has
caused increasing amounts to be released into environment.
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The most important route of entry of organotin compounds
as nonpesticides into the environment is through the leach-
ing of organotin-stabilized PVC by water (Quevauviller
et al., 1991), and its use in antifouling agents resulting in
the entry of organotin into the aquatic environment
(Maguire, 1991). The identification of dibutyltin (DBT) and
tributyltin (TBT) in aquatic marine organisms (Sasaki
et al., 1988; Lau, 1991) and marine products (Suzuki et al.,
1992) has been reported. TBT is degraded spontaneously
and biochemically via a debutylation pathway to DBT in
the environment (Seligman et al., 1988; Stewart and de
Mora, 1990). Food chain bioaccumulation of butyltin in
oysters (Waldock and Thain, 1983), mud crabs (Evans and
Laughlin, 1984), marine mussels (Laughlin et al., 1986),
Chinook salmon (Short and Thrower, 1986), and dolphin,
tuna, and shark (Kannan et al., 1996) has been reported.
These findings indicate that butyltins accumulate in the
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food chain and are bioconcentrated, and that humans can be
exposed to butyltins via food.

Organotins possesses toxic effects on reproduction and
development in experimental animals (Ema and Hirose,
2006). We previously reported that dibutyltin dichloride
(DBTCI) by gavage throughout the period of organogenesis
resulted in a significant increase in the incidence of fetal
malformations in rats (Ema et al., 1991) and that rat embryos
were highly susceptible to the teratogenic effects of DBTCI
when administered on day 7 and day 8 of pregnancy (Ema
et al., 1992). Tetrabutyltin (TeBT) is metabolized to TBT,
DBT, and monobutyltin (MBT) derivatives (Fish et al.,
1976; Kimmel et al., 1977). The TBT compound is metabo-
lized to DBT and MBT derivatives and DBT is metabolized
to MBT derivatives (Iwai et al., 1981). The developmental
toxicity studies on butyltins suggest that the teratogenicity
of DBT is different from those of TeBT, TBT, and MBT in
its mode of action, because the susceptible period for tera-
togenicity and types of malformations induced by DBT are
different from those induced by TeBT, TBT, and MBT
(Ema et al.,, 1995, 1996). Tributyltin chloride (TBTCI)
(Harazono et al., 1996, 1998ab) and DBTCI (Ema and Har-
azono, 2000ab) during early pregnancy produced preg-
nancy failure in rats. In rats, the predominant adverse
effects on reproduction and development of TBTCI and
DBTCI on days 0-3 of pregnancy were a decrease in the
pregnancy rate and an increase in the incidence of preim-
plantation embryonic loss, and TBTCI and DBTCI on days
4-7 of pregnancy mainly caused postimplantation embry-
onic loss (Harazono et al., 1998b; Ema and Harazono,
2000ab). The doses of DBTCI that caused early embryonic
loss were lower than those of TBTCl (Ema and Harazono,
2000b). Thus, the possibility exists that DBTCI] and/or
metabolites participate in the induction of early embryonic
loss due to TBTCL.

The reproductive and developmental effects of organotin
compounds, including DBT, were extensively investigated
in rats (Ema and Hirose, 2006). We are unaware of any
studies in which the adverse effects of DBT on initiation
and maintenance of pregnancy have been assessed in mice.
Studies in mice would be of great value in evaluating the
reproductive and developmental toxicity of DBT. The pres-
ent study was therefore conducted to determine the adverse
effects on the initiation and maintenance of pregnancy of
maternal exposure to DBTC! during early pregnancy in
mice.

MATERIALS AND METHODS

Animal Husbandry and Maintenance

Male and female Crlj:CDI(ICR) mice at 8 weeks of age
were purchased from Atsugi Breeding Center, Charles
River Japan, (Yokohama, Japan). The mice were acclimat-

ized to the laboratory for 11 days prior to the start of the
experiment. Male and female mice found to be in good
health were selected for use. Female mice were caged with
male mice and checked the following morning for signs of
successful mating by examining vaginal plugs. The day

-when vaginal plugs were detected was considered to be day

0 of pregnancy. Successfully mated females were distrib-
uted into eight groups of 12 mice each and housed individu-
ally. Animals were reared on a <y-irradiated basal diet
(CRF-1; Oriental Yeast, Tokyo, Japan) and filtered tap
water ad libitum, and maintained in an air-conditioned
room at 22°C = 3°C, with a relative humidity of 50% *
20%, under a controlled 12 h light/dark cycle, and ventila-
tion with 10-15 air changes/hour. This study was per-
formed in 2005 at the Safety Research Institute for Chemi-
cal Compounds. (Sapporo, Japan) in compliance with the
“Law for the Humane Treatment and Management of Ani-
mals” (Ministry of the Environment, Japan, 1973), “Stand-
ards Relating to the Care and Management, etc. of Experi-
mental Animals” (Prime Minister’s Office, Japan, 1980)
and “Guidance for Animal Care and Use of the Safety
Research Institute for Chemical Compounds, Co.”

Chemicals and Dosing

DBTCI was purchased from Tokyo Kasei Kogyo (Tokyo,
Japan). The DBTCI used in this study was 99.5% pure, and
it was kept in a dark and cool place. DBTCI was dissolved
in olive oil (Wako Pure Chemical Industries, Osaka, Japan).
The female mice were dosed once daily by gastric intuba-
tion with DBTCI at a dose of 7.6, 15.2, or 30.4 mg/kg bw
(25, 50 or 100 pmol/kg bw) on days 0-3 of pregnancy or
on days 4-7 of pregnancy. The dosage levels were deter-
mined based on the results of our previous studies, in which
increases in the incidence of pre- and postimplantation em-
bryonic loss were caused in female rats gavaged with
DBTCI at 7.6 mg/kg bw/day and higher on days 0-3 and
days 4-7 of pregnancy, respectively (Ema and Harazono,
2000ab) and our dose-tinding study in which no adverse
effects on embryonic survival at 15.2 mg/kg bw/day and
lower, increased embryonic loss at 30.4 mg/kg bw/day, and
one death and three pregnancy failure in four females at
60.8 mg/kg bw/day were found in mice gavaged with
DBTCI on days 0-3 of pregnancy. The volume of each
dose was adjusted to 5 mL/kg of body weight based on the
daily body weight. The control mice received olive oil only
on days 0-3 or days 4-7 of pregnancy. All DBTCI solu-
tions were prepared fresh daily.

Observations

All mice were observed for clinical signs of toxicity twice a
day during the administration period and daily during the
nonadministration period. Females showing a moribund
condition were euthanized under ether anesthesia. Maternal
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TABLE I. Matemal findings in mice given DBTCI by gastric intubation on days 0-3 of pregnancy

DBTCI (mg/kg) 0 (control) 7.6 152 30.4
No. of females successfully mated 12 12 12 12
No. of females showing clinical signs
Dead 0 1 0 0
Moribund condition (euthanized) 0 1 1 1
Vaginal discharge 0 1 0 0
Jaundice 0 2 7* 10*
Decreased locomotor activity 0 2 1 1
Hypothermia 0 1 1 1
Soil of perigenital fur 0 0 1 0
Initial body weight (g)* 214+ 20 27221 2712 +24 272+21
Body weight gain (g)*
Days 04 1.7x1.1 06*12 1216 03 £ 0.9*
Days 4-8 29x 15 25+26 21%£20 1.6+ 15
Days 8-18 20191 213+ 124 136 =122 8.6+ 122
Adjusted weight gain® 8934 99+38 79+ 48 53%50
Food consumption (g)°
Days 04 182+ 1.8 15.0 + 1.9* 16.7 = 3.2 14.8 + 2.3*
Days 4-8 229+49 220=x27 21.7x 35 209 £ 3.5
Days 8-18 71.7 = 10.1 71.0 £ 125 64.6 = 133 57.8 £ 13.4*

“Values are given as mean + SD.
® Adjusted weight gain refers to body weight gain excluding the uterus.
* Significantly different from the control, P < 0.05.

body weight was recorded daily, and food consumption
was recorded on days 0, 4, 8, 12, and 18 of pregnancy. The
females were euthanized by exsanguination under ether an-
esthesia on day 18 of pregnancy. The uterus was weighed
and the number of corpora lutea was recorded. The num-
bers of implantations, live and dead fetuses, and of resorp-
tions were counted. The uteri were placed in 10% ammo-
nium sulfide for confirmation of the dam’s pregnancy status
(Salewski, 1964). The live fetuses removed from the uterus
were sexed, weighed, and inspected for external malforma-
tions and malformations within the oral cavity. The placen-
tal weight was also measured.

Analysis of Serum Steroids Hormone Levels

Blood samples were collected from the abdominal aorta
under ether anesthesia on day 4 or day 8 of pregnancy, 24 h
after the last administration of DBTCI at O or 30.4 mg/kg
bw/day on days 0-3 or days 4-7 of pregnancy. The serum
was separated and stored at —80°C for later assay of steroid
hormones. Serum progesterone and 175-estradiol were
measured by Teizo Medical (Kawasaki, Japan) using the
liquid chromatography-electrospray ionization Tandem Mass
Spectrometry (LC-MS/MS, Applied Biosystems/MDS SCIEX).
The detection limits of serum progesterone and 173-estra-
diol were 10.0 and 0.25 pg/mL, respectively. The intra- and
interassay coefficients of variation for 1783-estradiol were
below 6.4% and 8.9%, respectively. The intra- and interas-
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say coefficients of variation for progesterone were below
9.0% and 7.9%, respectively.

Statistical 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, food consumption, num-
bers of corpora lutea, implantations, embryonic/fetal loss
and live fetuses, fetal weight, and placental weight were an-
alyzed 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 signifi-
cance. 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 were not equivalent, the Krus-
kal-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 external malformations were analyzed
using Wilcoxon’s rank sum test. The incidence of clinical
signs in dams, pregnancy, nonpregnancy, and litters with
fetal malformations, and the sex ratio of live fetuses were
analyzed using Fisher’s exact test. The levels of serum pro-
gesterone and 173-estradiol were analyzed by Student’s r-
test. The 0.05 level of probability was used as the criterion
for significance.
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TABLE II. Reproductive and developmental findings in mice given DBTCI by gastric intubation
on days 0-3 of pregnancy

DBTCI (mg/kg) 0 (control) 7.6 15.2 304
No. of females successfully mated 12 12 12 12
No. of nonpregnant females 1 3 4 7*
No. of pregnant females 11 9 8 5%
No. of implantations per female®® 9551 98x71 83+70 5467
Pre-implantation loss per female (%)° 9.7 29.7° 340 58.3%
No. of pregnant females surviving until scheduled sacrifice 11 8 7 4
No. of litters totally resorbed 0 0 1 1
No. of corpora lutea per litter™ 105+ 43 13.1 49 124 + 44 13313
No. of implantations per liter*® 104 43 126 * 49 123 =44 - 133%13
Pre-implantation loss per litter (%)d‘° 1.5 33 1.1 0
No. of post-implantation loss per litter™ 1.0+ 1.0 1.1£15 41x32 40x54
Post-implantation loss per litter (%)*" 10.1 14.1 41.3* 322
No. of live femses per litter™* 94*42 11.5*53 8.1 x50 93%6.2
Sex ratio of live fetuses (male / female) 50/53 47/45 30727 21/16
Body weight of live fetuses (g)°

Male 1.54 £0.19 1.30 = 0.12% 1.14 £ 0.22* 1.12 = 0.10*

Female 142 £0.15 1.28 £ 0.20 1.08 £ 0.26* 1.01 £ 0.11*
Extemnal examinations of fetuses

No. of fetuses (litters) examined 103 (11) 92 (8) 57 (6) 37(3)

No. of fetuses (litters) with anomalies 1(1) 0 1(1) 0

Cleft palate 1 0 1 0

Kinked tail 0 0 1 0
Placental weight (mg)* 125 £ 56 116 £ 15 120 £ 17 119 x 16

*Values are given as mean + SD.
® Values obtained from females successfully mated.

“Value obtained from 11 females, because corpora lutea were indistinguishable in one female.

4 Values obtained from pregnant females surviving until scheduled sacrifice.
“[(No. of corpora lutea—no. of implantations)/no. of corpora lutea} x 100.

r(No. of resorptions and dead fetuses/no. of implantations) x 100.
* Significantly different from the control, £ < 0.05.

RESULTS

Administration of DBTCI on Days 0-3
of Pregnancy

Table I shows the maternal findings in mice given DBTCI
on days 0-3 of pregnancy. One death was observed at 7.6
mg/kg bw/day, and one female each showed a moribund
condition at 7.6, 15.2, and 30.4 mg/kg bw/day, and was eu-
thanized. The female mice in the DBTCl-treated groups
showed vagina discharge, jaundice, decreased locomotor
activity, hypothermia and/or soiled perigenital fur, and the
incidence of females showing jaundice was significantly
increased at 15.2 mg/kg bw/day and higher. A significantly
decreased body weight gain on days 0—4 was noted at 30.4
mg/kg bw/day. Food consumption on days 0-4, days 4-8,
and days 8-18 in the DBTCl-treated groups were reduced,
and significantly decreased food consumptions on days 0-4
at 7.6 and 30.4 mg/kg bw/day and on days 818 at 30.4 mg/
kg bw/day were observed.

The reproductive and developmental findings in mice
given DBTCI on days 0-3 of pregnancy are shown in

Table II. The total absence of any implantation site, i.e.,
nonpregnancy, was found in one, three, four, and seven
of the 12 females in the control, 7.6, 15.2, and 30.4 mg/
kg bw/day groups, respectively. In the successfully
mated females, the pregnancy rate was significantly de-
creased, and the incidence of preimplantation embryonic
loss per females was significantly increased at 30.4 mg/
kg bw/day. In the pregnant females that survived until
the scheduled sacrifice, the number of corpora lutea per
litter, implantations per litter, live fetuses per litter, the
incidence of litters totally resorbed and of preimplanta-
tion loss per litter, and the sex ratio of live fetuses were
not significantly different between the control and
DBTCl-treated groups. The incidence of postimplanta-
tion loss per litter was increased in the DBTCl-treated
groups, and a significant increase was observed at 15.2 mg/
kg bw/day. A significantly lower fetal weight was found
in males at 7.6 mg/kg bw/day and in both sexes at 15.2
and 30.4 mg/kg bw/day. One fetus with cleft palate in
the control group and one fetus with a cleft palate and
kinked tail in the 15.2 mg/kg bw/day group were
observed. The placental weight in the DBTCl-treated

Environmental Toxicology DOI 10.1002/tox

— 173 —



48 EMAETAL

TABLE Ill. Maternal findings in mice given DBTCI by gastric intubation on days 4-7 of pregnancy

DBTCI (mg/kg) 0 (control) 7.6 15.2 304
No. of females successfully mated 12 12 12 12
No. of females showing clinical signs
Dead 0 0 1 0
Moribund condition (euthanized) 0 0 0 1
Vaginal discharge 0 0 4 4
Jaundice 0 0 2 6*
Decreased locomotor activity 0 0 0 i
Hypothermia 0 0 0 1
Inidal body weight (g)* 28.1 £ 18 28.1 1.8 281 1.8 282 1.7
Body weight gain (g)°
Days 0-4 1.6 £ 1.0 1908 1.2x1.2 1.6 £ 09
Days 4-8 =11 1.9%1.6 0.5 = 1.8* ~-03x21*
Days 8-18 249 +91 14.9 £ 8.9% 29 *£6.3* 24 £ 24*
Adijusted weight gain® 83=x135 8.1x43 32 +5.3*% 3.8 £ 32%
Food consumption (g)*
Days 0-4 185+ 1.9 18924 184 £2.7 188+ 1.3
Days 4-8 218 * 19 19.2£2.6 16.4 + 3.3* 15.6 = 3.5%
Days 8-18 745 * 12.1 67799 55.2 £ 12.6% 57.2 * 6.2*

“Values are given as mean * SD.
I’Adjus(ed weight gain refers to body weight gain excluding the uterus.
* Significantly different from the control, P < 0.05.

groups was not significantly different from that in the
control group.

Administration of DBTCI on Days 4-7
of Pregnancy

Table III shows the maternal findings in mice given DBTCI
on days 4-7 of pregnancy. One death was observed at 15.2
mg/kg bw/day, and one female that showed a moribund con-
dition at 304 mg/kg bw/day was euthanized. The female
mice in the DBTCl-treated groups showed vaginal discharge,
jaundice, decreased locomotor activity, and/or hypothermia,
and the incidence of females with jaundice was significantly
increased at 30.4 mg/kg bw/day. The body weight gain on
days 4-8 and adjusted weight gain, which indicates the net
weight gain of female mice, at 15.2 mg/kg bw/day and
higher, and on days 8-18 at 7.6 mg/kg bw/day and higher
were significantly decreased. Food consumption on days 4-8
and days 8-18 was significantly lowered at 15.2 mg/kg bw/
day and higher.

The reproductive and developmental findings in mice
given DBTCI on days 4-7 of pregnancy are presented in
Table IV. Although nonpregnancy was found in one, two, and
one of the 12 females in the control, 7.6, 15.2, and 30.4 mg/kg
bw/day groups, respectively, no significant decrease in the
pregnancy rate was noted in the DBTCl-treated groups. In the
successfully mated females, the number of implantations per
female was significantly decreased at 15.2 mg/kg bw/day. In
the pregnant females that survived until the scheduled sacri-
fice, totally resorbed litters were found in 2 of the 11 females
at 7.6 mg/kg bw/day, 8 of the 9 females at 15.2 mg/kg bw/day,
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and 10 of the 10 females at 30.4 mg/kg bw/day. At 30.4 mg/
kg bw/day, no live fetuses were obtained. The numbers of
corpora lutea per litter, implantations per litter, and preim-
plantation loss per litter, and the sex ratio of live fetuses in
the DBTCl-treated groups were not significantly different
from those in the control group. A significant increase in the
number and incidence of postimplantation loss per litter, and
a decrease in the number of live fetuses were found in the
DBTCl-treated groups. The weights of male and female
fetuses were significantly lowered at 7.6 mg/kg bw/day. One
fetus with omphalocele, and one fetus with exencephaly and
open eyelids were observed at 7.6 mg/kg bw/day. The placen-
tal weight was not significantly different between the control
and the DBTCl-treated groups.

Serum Progesterone and 17 §-Estradiol Levels

The serum progesterone and 17 3-estradiol levels are shown
in Figure 1. A significant reduction in the serum progester-
one levels was noted in female mice given DBTCI on days
0-3 or days 4-7 of pregnancy. Although higher levels of
serum 17f-estradiol were observed after the administration
of DBTCI on days 4-7 of pregnancy, no statistically signifi-
cant difference in 1708-estradiol levels were detected
between the control and DBTCl-treated groups.

DISCUSSION

The present study was designed to evaluate the adverse
effects of DBTCI on the initiation and maintenance of
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TABLE IV. Reproductive and developmental findings in mice given DBTCI by gastric intubation
on days 4-7 of pregnancy

DBTCI (mg/kg) 0 (control) 7.6 15.2 304
No. of females successfully mated 12 12 12 12
No. of nonpregnant females I 1 2 1
No. of pregnant females 11 11 10 11
No. of implantations per female®® 126 = 4.4 132 46 15 £ 5.7* 11.1 £54
Pre-implantation loss per female (%)*° 8.9 89 24.7 18.3°
No. of pregnant females surviving until scheduled sacrifice 11 11 9 10
No. of litters totally resorbed 0 2 8* 10*
No. of corpora lutea per litter™ 13.8 2.1 145*23 10.6 =52 139 +28
No. of implantations per liteer™® 13721 144 +22 94 +5.1 12.7£41
Pre-implantation loss per litter (%)d‘e 0.6 0.6 10.7 10.2
No. of postimplantation loss per litter™? 0.6 =10 72£6.1* 8.7 £ 4.8* 12.7 £ 4.1*
Post-implantation loss per litter (%) 4.3 48.3* 94.4% 100*
No. of live fetuses per litter™® 13120 7.2 £5.6* 0.8 £ 2.3* 0
Sex ratio of live fetuses (male/female) 82/62 50129 4/3
Body weight of live fetuses (g)*

Male 1.45 = 0.10 1.23 = 0.10* 1.27

Female 1.39 £ 0.10 1.18 = 0.14* 1.18
Extemal examinations of fetuses

No. of fetuses (litters) examined 144 (11) 79 (9) 7(1)

No. of fetuses (litters) with anomalies 0 2(2) 0

Omphalocele 0 1 0

Exencephaly and open eyelids 0 1 0
Placental weight (mg)* 102 10 99 * 12 114

*Values are given as mean * SD.

® Values obtained from females successfully mated.

“ Value obtained from 11 females, because corpora lutea were indistinguishable in one female.
“Values obtained from pregnant females surviving until scheduled sacrifice.

“[(No. of corpora lutea—no. of implantations)/no. of corpora lutea] x 100.

r(No. of resorptions and dead fetuses/no. of implantations) x 100.

* Significantly different from the control, P < 0.05.

pregnancy, recovery by the end of the study was not found
in females given DBTCI at 7.6 mg/kg bw/day and higher
after the administration on days 4-7 of pregnancy. Follow-
ing the administration on days 4-7 of pregnancy, a signifi-
cantly lower adjusted weight gain was also noted in females

pregnancy following maternal exposure during early preg-
nancy in mice. The most striking finding in the present
study is pregnancy failure, decrease in the pregnancy rate,
and litters totally resorbed, in females given DBTCI during
early pregnancy.

Death and/or moribund condition were observed after
the administration of DBTCI at 7.6 mg/kg bw/day and
higher on days 0-3 of pregnancy and at 15.2 mg/kg bw/day
and higher on days 4-7 of pregnancy, and significant
increased incidence of females showing clinical signs of
toxicity were found after the administration of DBTCI at
15.2 mg/kg bw/day and higher on days 0-3 of pregnancy
and at 30.4 mg/kg bw/day on days 4-7 of pregnancy. These
findings indicate that more severe general toxicity was
induced by DBTCI on days 0-3 of pregnancy than that on
days 4-7 of pregnancy. However, adverse effects on body
weight gain were detected after the administration of
DBTCI at 30.4 mg/kg bw/day on days 0-3 of pregnancy
and at 7.6 mg/kg bw/day and higher on days 4-7 of preg-
nancy. Although the recovery of body weight gain was
observed after the administration of DBTCI on days 0-3 of

given DBTCI at 15.2 mg/kg/day and higher. These findings
indicate that more severe adverse effects on body weight
gain were induced by DBTCI on days 4-7 of pregnancy
than that on days 0-3 of pregnancy. More severe effects of
DBTCI on body weight gain following the administration
on days 4-7 may be attributable to the significant decrease
in the number of live fetuses.

The earlier administration period, days 0-3 of pregnancy,
corresponds to the period before implantation, and the later
administration period, days 4-7 of pregnancy, corresponds to
the period when implantation is in progress and the period
shortly after implantation in mice (Rugh, 1968). We expected
that DBTCI insult on days 0-3 of pregnancy might result in
preimplantation loss of embryos; i.e., the absence or decrease
of implantation sites, and DBTCI insult on days 4-7 of preg-
nancy might result in postimplantation loss of embryos; ie.,
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Fig. 1. Serum progesterone and 173-estradiol levels in female mice given DBTCI on days
0-3 or days 4-7 of pregnancy. Blood samples were collected on day 4 or day 8 of preg-
nancy, 24 h after the last administration of DBTCI. Values are given as the mean + SEM of
seven or eight mice. *Significantly different from the control group, P < 0.05.

the resorption of implantation sites. The most striking adverse
effects of DBTCI on reproduction and development were a
decrease in pregnancy rate, complete implantation failure,
when DBTCI was given to mice on days 0-3 of pregnancy.
The findings of an increased incidence of preimplantation
embryonic loss in successfully mated females, and an
increased incidence of postimplantation embryonic loss and
low fetal weight in pregnant females survived untii scheduled
sacrifice after the administration of DBTCI on days 0-3 of
pregnancy may suggest that DBTCI adversely affects preim-
plantation embryos and also the later survival and growth of
embryos/fetuses when administered during the preimplanta-
tion period. On the other hand, the predominant adverse
effects of DBTCI on reproduction and development were
postimplantation loss, complete litter loss, when DBTCI was
given to mice on days 4-7 of pregnancy. The findings of an
increase in the incidence of postimplantation embryonic loss
and a decrease in the fetal weight after administration of
DBTCI on days 4-7 of pregnancy may suggest that DBTCI
has effects on the later survival and growth of embryos/
fetuses when administered during the peri-implantation pe-
riod. Considered collectively, these findings indicate that the
manifestation of adverse effects of DBTCI on reproduction
and development varies with the stages of pregnancy at the
time of maternal exposure.

The corpora lutea are essential up to the end of pregnancy
in mice (Deansely, 1966). The embryo transport process in
mice is triggered by progesterone and requires progesterone
activity for its maintenance (Kendle and Lee, 1980). In mice,
24 h of progesterone priming is not only adequate for implan-
tation, but this priming has a long-term effect on implantation

Environmental Toxicology DOIL 10.1002A0x

(Huet-Hudson and Dey, 1990). In our previous studies in rats,
increases in the incidences of early embryonic loss were
observed after the administration of DBTCI during early
pregnancy (Ema and Harazono, 2000ab). The suppression of
uterine decidualization and reduced levels of serum proges-
terone were found in female rats given DBTCI on days 0-3
or days 4-7 of pseudopregnancy (Harazono and Ema, 2003),
and lowered reproductive parameters in female rats given
DBTCI were recovered by the administration of progesterone
(Ema et al., 2003). Based on these findings, we hypothesized
that the decline in serum progesterone levels in pregnant ani-
mals was a primary mechanism for the implantation failure
due to DBTCI in rats. In the present study in mice, a decline
in serum progesterone levels was detected after the adminis-
tration of DBTCI during early pregnancy. These findings are
in good agreement with previous findings that DBTCI]
induced early embryonic loss and decreased serum progester-
one levels in pregnant rats. There is a similarity in the effects
of DBTCI on progesterone levels in early pregnancy in rats
and mice, and these suggest that the decline in the serum pro-
gesterone levels is also the factor responsible for the DBTCI-
induced pregnancy failure in mice. Early pregnancy failure
was also caused by systemic activation of the CD-40 immune
costimulatory pathway in mice (Erlebacher et al., 2004).
They noted that pregnancy failure resulted from impaired
progesterone synthesis by the corpus luteum of the ovary, an
endocrine defect in tum associated with ovarian resistance to
the gonadotropic effects of prolactin and that pregnancy fail-
ure also required the proinflammatory cytokine TNF-a and
correlated with the luteal induction of the prolactin receptor
signaling inhibitors suppressor of cytokine signaling 1
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(Socst) and Socs3. Our results of the present study may sup-
port their argument. To further evaluate the adverse effects of
DBTCI during early pregnancy, determination of the gene
expression profile in the uterus of mice and rats is currently
in progress. ’

In conclusion, DBTCI adversely affects the initiation
and maintenance of pregnancy when administered during
early pregnancy in mice, and the present data suggest that
the decline in progesterone is the responsible factor for the
early pregnancy failure in mice.
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