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REZER/EERBERENRFEZEIL

"B ki

SR EREEMEMABRTRMEESR

TIER

& T

(R e7F8 A 208, R AM: 87F 11 A 27 B)

FHE ULERE 95X 2 ARMMEMIEHN36C, BHEEA 30 rpm 21 RIEHE 48 /I8, HETEH
BERBEARR. FERERERZRREE, SRET, ERESHAREHNARRE. KRATEZEYR
B, ANRE. BESA. BOR. RUHAERLIRERIERFLRAPHERN, THREFBARSE
95 ARBERHEKF /M., RE. WHZEETE. FHRFE. AEEE. FHRNERRE. HRIEFE
. ErEm#ERAENAE,. TERRMBRESR. THRETEIR, RPEREMEIRS, THERE
HEBHRE, RERE. BESELRRGURRE -REME, »FHAELTERERYBEAREEE
R, HbTTHA, £RMREBBRUFGTERFERWHZIN, [TEaKH, THER, RELHRFRER
WM EARARATEZEL, PEBBE25 (1) 6976, 1999, “Hi#s A TEL: 04-330 2101-505, FAX: 04-

- 332 3073, e-mail: lusueyen@tactri.gov.tw]

B HmgRErE. XE. £m5%

&

HET EffAE SRS HE=TEER
ETAEN AR GSEE, BE W HEEE
(structure-activity relationship, SAR) JFFitEn#E(L
YA GERE, HkEEETEE Y, HRRES
7 ERE 2 T b — R {5 7 3k 0 AN S S B R 14 EF
fli, FIREREH ARSI 4 TR 2 1 R
—eEF R (9], HriBRE ARt
EOW A TG 7 i SAR T ISR LB B A )
W BAERRREE, RABARE. #. /N
(3] <BYFEE N #REERAR IS, 1
Al TE R BT 2 S . (AR EFI A AES
FEHESFEMEE#EOTEE [15], E£E8
AR A BRI AT FE T AR Z T
H, HuitbaEEREsSE AL L [9], BEAR
AEE AR T T REMEE N BETERRZ
FTEEAHRY, HGRRIFRAEREH, "EEER
LA BE A AR DL < PREG S B RS ER MR R (S S S,
RS G A L C BAEEREE, 1~EE,
AR B IR G A T B UE R AR

T

e, EaTEUREEhe H, LETLH
FETEE L T BE BB 2 SRS B M AR B, R
=T EEENIE,
RVEER TR TSR ) R 2l s
YV E R 2 AR, BRI E TR
FH 2GR RS E B AR IR, 55
s BRIATE, MEFERE GRS E
LB EERE, (BEATH REMWIRE D LR
NEEE [13] REREE, K. DETRBERLE
HARS (organogenesis) T AIBHEZEE 7-15 KK 6-
12K, New (1978, 1979) HEBERENARIZ
REIERE S ERMm [16,17], 1980 4 Sadler §§.2
R NRz it L (191, FRIIERE SRR
frh R EERIEEEE R, B HesE
RRGAHER B R B F A MR AN L A (ex-
traembryonic structures ). P Ol & # ( visceral
yolk sac). F & (amnion), #E # (chorion).
FRFE (allantois) & f5#%% (placenta, ectoplacenta
cone), HABH#RMBERETLTEEREFT L
M#H #% (extra-embryonic tissue ). B & Ul = &
(parietal yolk sac). B&EZE (trophoblast) MEE{R
MEEHE (Reichert’s membrane). 55— 4 88 4 F i
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Fat s b, SRR ER-TaEE, Hil
PARR BRI 48 /NP R A G . TG 2
TeREHMERET TS, BT EREERT
50 %5 5 Brown Fll Fabro (1981) ATETE [6],
TERCHESMEEMN AL —AEFHAEEHZ
LS E  HEEEE (4], FEEREAHAEY
(7], Z 8% [14]. ®Z B [18]. Valproic acid
(5], miEm [19] kZHHM (8] ZIEFEXEE
o ko, AESELUEEN SENE R
HY A EE) ) 2 RS RSB [10], RF A
—HEFEFMEZ B AR (apoptosis) LR
(21] EFHa#EM: (3], HEEANSREREE
B FEIFFER I .

i RS ERPEES I TES L, BE
R RIS R, HEFSRESHIZRE
CHEEE, S HEE8BEEETIRTE
KEATT . BRI, R FR Mk %,
B ] 1 K| A B ). AR EE A AR L
AERBL 2 SRS RE R R DAL B SR BB T
BRRETE . AEHEST 4B AL BRI 2 IR,

MR E

RS

IEEE AR ESRE O E R R
.

BRE® G E T =R B R H S LA Hank's
balanced salt soution (HBSS), pH 8.35, {EE#&
g

el EEN FHFES (benomyl) 95% [ ELY 45
# (Bifenox) 99% [Ff8, HABBEEAF R,
BERE WM (dimethyl sulfoxide, DMSO)
(Merck Co.)

HEBY  Wistar 7 FH KBl (Rattus norvegi-
cus), W BB GBRRERBYEBE YRR L
SPF B)¥1 55 « IO Bl . BEK R (M, 7316 g5
M, 81+ 8 g) AR SPF BY) e B E 8 Hil
(i, 233411 g5 I, 304£13 g), HHAEHEST
LA

BMERIE G5 =RAR SPF B5E, & 22
2T, JEHE 12 /0BF, HE% 12 /NEF, EDRMESHRR
(Purina Laboratory Chow® , No.3001, U.S.A.),
ERARIE R,

Hik

mFEEERE ®WE BEEHKZEABER 500
g, PAZBERERAF A 18 G #1598 B BN ARIR L.,
MGEE AT SLENLL 2000 < g, B0 5 7548, BE
30-60 578 L 2000 x g B0 10 4788, HIBFILE
WS - 200, BRIV HEF, B - 200 R
EEFER RS 37C B E R A AR, B 56T, 30 45
S AR B I R AL, BRI
T, DRl LB &, Wi 0.22 pum
B ER IR R A

FRREW SR HAEE SR  MEMENBEI R 8 Hln, I
R FEEATRCRE, 2 AR B TR EE
(sperm vaginal plug), HIRFAIRSARELRL, &
HRBHEZEE R, WAEBEAE 1R, KILE
¥, FHEEBERE 9.5 O, {TRRSIERTIE, kR
o, B CE Mg SR -20C, EEEA. KR
IR EAEE AR B RIS ER  (late-head fold stage) Bk s
Z2559.5 0 (0 B4E7) MR, B5iEhS HBSS A7,
REERERIERERE (14), REETEBINEE
HAlE o0 (I8 B E ARG, SRR T AR R
BRWEF.

ERTER uﬁiﬁmnmz%ﬁﬁ(me¢,

Nunclon® , Denmark) JlIA 5 mL & & B MR 4,
558 2.5 U penicillin G/mL., 2.5 g streptomycin/
mL serum K & 2-5 {EiE, WRER 50 mL ik,
i 36°C 15 & 55 # 4 (LT1-613, TKS, Taiwan,
R.O.C.) Hifx 48 /Iy, HoREmfaTigRiR R
28 (RS-01, TKS, Taiwan, R.0.C.) & _FTHEED
TR 30 rpm (A0 Fig.1). PEEERATRET 5%
0, 5% CO,;, 90% N,AHR 2 min ; £ 24 /N
HBELL10% O,, 5% CO,, 85% N,7% 2 min; 5
EEEEE 40 AN LI 20% O,, 5%CO,, 75%
N,78% 1 min, 48 /NFREEAGHEGIEENEE
HBSS Z s #iaeh, HRMEREME T e AR
BE . PREREIE R R

RIEEE  LI%4ES (0, 0.0125, 0.025, 0.05,
0.1,0.2,0.4,0.8, 1.6, 2.0, 2.5, 3.0, 4.0 pg/
mL) BB EHEER, L5 (0, 0.8, 1.6,
3.2, 6.2, 12.8, 25.6 pg/mL) B HEZER,
T SEH 3 HYE S DMSO, it REn, EHE
B ISR T B TR 2 0.2% I DMSO
RELEFRE, FNEREERBERS S L, Bt
DMSO Z BRAEFER 10 puL.
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Fig. 1 With 30 rpm embryo shaker (RS-01) was put on the incubator (Lti-613), which keeps temperature at 36°C .

Fig. 2 Wistar rat embryos explanted at pregnant day 9.5 after 48 hours culture . A. normal embryo; B. flat head
and split trunk 5 C. split fore and mid brain; D. split mid and hind brain.
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FHEA % 1K Brown Fll Fabro (1981) A iE31E
s (o, FMLEHEH UMM ERERTISE
FEE, FERREN & 806 58 5 4 1~ B8 0 0 i 4= 1k Bk
&, HITESEC,

BT E BB crest FIABBROEYE R
(crown-rump length, CRL)., #EHZH#H (develop-
mental score, DS), BT RE (head length, HL) .
BSET# (somite number, SN), G EL (yolk
sac diameter, YSD) 2B E-FKERMMR (dose-re-
sponse), FLLCFINIEE FRRIBE EHBAR BT
RS P TE SEB R R A R 9 2 (88

s 0=

BIASE K RIERE 9.5 K T R EIIRTE RS &
WB/ERCINEEBER, BEEBRE, HYE
B, BESH. BEE. O, ERFELGER
THEBRESBEENE TR, INERER, R
B 0.0125, 0.8 B 1.6 pg/mL #FEE/NEE R HE
44, HERIBEHSRE (p<0.05) /NAHEM,
RE—ERRARZHE (p>0.05) RS, HAE
HEHAEE S RIS BELRMES. &
FERBEIFEER, RIRE 1.6 pg/mL HER
AHMRRE R, BT 0.4 % 3.0 ng/mL HHEE (p
<0.05) /NEEIEHE, HESFE (p<0.05) EE
— B ERIRR, RGBS A A A REREEE . B
EEE, FRIBE 0.8 pg/mlL B EiAMEEER
i, B 0.2 % 3.0 pg/mL BETE (p<0.05) /)
i, BJRREE (p<0.05) RE—RKIEM
R, BRTAEGHEMES RSN A HEEE
Mo

EHREFEHRE, BREE 0.025 % 0.05 pg/
mL B2 ¥ B AH R 2 (p >0.05), #E
0.0125 % 3.0 pg/mL ¥JEZE (p <0.05) /pe%f
W, EEEE (p<0.05) EBERERGR, &5
A EEE SRR, RE. EEE. L. B
THARE . RS, RS, RIS, BRE. HEREK.
IR, MM, CEEE. TAEE. I RRNE
TEAR AR, BB B AR SR A VE A
.

HWEEZEH, JREHEZE NP HR
M, HEEE (p<0.05) EE—RERSR, &
IR AR A, SR, WEE02E

4.0 pg/ml ZFELCER S0 F 100%, HEE (p<
0.05) mrEEME, SUtER AR SE. 2HE
FHE R, BRIBA 4.0 pg/mL HIEC Y, HEREE
ZBEARE 100% (MIE 2).

B2 A BRIEREREE, HIiEEFHHA
(yolk stalk obliterated), @R &% IR M 43 B¢
B, BE3% LA RRREY, MmagimEhEmrl B, REE
HBIR, ONEU/INVE RBSRE S EE, WO, &
SRR, RARCEM S, BT RIRE
53 BR RS B i B BH 2 SR U B = TEEE, HE T S0 BR
PR TR, T i A R e RS I P ER P TR A o
#E, [EERPIEIEISE o B S n (e 55 Y B B
M T oW, REEERFREERR, A, BE
e HRMER AMEE &g, MR
FRRARE, RBAFHBMRZEE, B Mm%
BIGRESE MM EEE, TiRCEERZEEm g
BRI TRt B2

RIS HEAESE 9.5 KIEBAFHSE/NME
(microphthalmia) . #ER (anophthalmia). F7A&SE
H T & (prosencephalic hypoplasia). 5E i &
(flat head) (AU[E 2B EAMIFEHNTT) . AAEENE
(prosencephalic blisters) . SHASEER &3 FE (head
or trunk necrosis) . EfSEEIEE (abnormal axial
rotation) . ¥EEEEI M #f (short blunt trunk ) k¢ it
HFEA T (cloacal extrophy). T EFHLf NS A E 4>
24 (4niEl 2B & A RIS ERAT R ) . i A EE 4 2
(4niE 2C BSTEEATR) . KRB SR (AE
2D B FTEEFTR) . REEEM TR EIE L Mk E,
HREEE (p>0.05) ZRE—NERR, HHRE
BEREEESERED IR EIESE R R
W, BRGAFE (R, BEX 0.8 % 25.6
pg/mL, TimilEEER, FRESRE. 65
RE. #F5R. BEH. CFE, BREENSE
TR RS AN R RO E R (p>
0.05), Vb ERE TEREEFHS, $R
DA EREETE.

W

BT S (R A B AL BRI R A R e Y
RN R R R 2L TR L SR B i A B 2 PR
WifaTE [3,4,5,7,8,9,10,12,13,16,18,19], 64
HERE TETT ORI RS S — R B RS ZE T,
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Table 1. Embryotoxic effects of benomyl on GD-9 rat embryos cultured for 48 hours.

Concentrate YSD CRL! HL' Ds' SN Dor A ABN  Ending pH
(pg/mL) (mm) (mm) {mm) (%) (%)

0 3804054  2.96+0.41 1.61-0.42 46.4:2.1  25.1+0.9 0 0  7.2310.07
0.0125 4.58%£0.60 3.03+1.38 1.75+0.35 40.5+0.7° 12.5+3.5° 0 1007 7.34+0.08
0.025  5.00£0.35° 3.00£0.00 1.63+0.18 43.5£3.5 17.5+2.1° 0 100" 7.43+0.08
0.03 5.3840.53° 3.00+0.71 1.75+0.00 47.5:3.5 18.0+2.8" 0 100"  7.37+0.08
0.1 5.65+0.21° 3.50£0.71 1.63+0.18 51.5£2.1° 15.5+0.7 0 100 7.31:0.08
0.2 3.17+£0.15° 2.47+0.15 1.03+£0.15° 36.0x£2.0° 16.0+1.0° 577 1007 7.36£0.08
0.4 2.6310.17° 2.45+0.21° 0.90+0.18" 33.0+1.8" 15.0+0.8" 507 1007 7.3220.07
0.8 3.55+0.21 2.05+0.07° 1.15+0.07 33.5+0.7° 16.5+0.7° 827 100° 7.28+0.05
1.6 3.7540.07 2.70+0.42  0.90+0.14° 29.5+0.7° 14.5+0.7° 8" 100" 7.3310.06
2 2.45£0.07° 2.05+0.07° 1.05+0.07° 29.0t1.4° 16.5+0.7° 87" 1007 7.32+£0.07
2.5 2.95+£0.07° 1.75+0.07" 0.65+0.07° 17.5x0.7° 2.5t1.5° 90" 1007 7.41+0.08
3.0 2.75+£0.07° 1.45+0.07° 0.65+0.07° 15.5+0.7° 2.5+0.7° 92" 1007 7.34+£0.06
4.0 - - - - - 100" - 7.31£0.08

YSD: yolk sac diameter, CRL: crown-rump length, HL ! head length, DS: developmental score, SN somite number,

or At dead or atrophy, ABN: abnormal (including all kinds of abnormalities from little to severe)

- ¢ dead embryos and data is not available.
" $<0.05 compared to control

' p<0.05 for dose response

Table 2. Embryoctoxic effects of bifenox on GD-9 rat embryos cultured for 48 hours.

Concentrate YSD CRL HL . Dor A ABN .
(pg/mL) {(mm) (mm) (mm) DS SN (%) (%) Ending pH
0 3.89+0.54 2.96+0.41 1.611£0.42 46.4+2.1 25.1+0.9 0 0 7._23i0.07
0.8 4.20x0.14 2.80+0.42 1.60+0.14 45.0+t1.4 25.0+t1.2 0 0 7.31+0.05
1.6 4.10x0.14 2.80+0.28 1.65£0.07 42.5+0.7 24.5+0.7 0 0 7.32+0.07
3.2 4.15%0.21 2.85+0.35 1.65£0.07 44.0+2.8 25.0+1.4 0 0 7.34x0.03
6.4 4.25+0.07 3.05+0.07 1.70£0.14 44.5x2.1 25.5+0.7 0 0 7.37£0.06
12.8 4.23+0.06 3.040.05 1.65+0.07 43.5+2.3 24.5+0.7 0 0 7.31£0.05
25.6 4.11+£0.06 3.01£0.05 1.43+0.06 41.5+£2.3 22.510.7 0 0 7.37+£0.05

YSD: yolk sac diameter, CRL: crown-rump length, HL® head length, DS: developmental score, SN: somite nurﬁber, D

or At dead or atrophy, ABN: abnormal (including all kinds of abnormalities from little to severe)

" p< 0.05 compared to control
" p< (.05 for dose response

REE LU F S NE AR E RS R AT, A
5 [2] EFEM (exencephaly). 248 (gastroschi-
sis) ., fER (anury). #E (bent tail), 5 KE
(edema) ., BHE S (bent trunk). H3EE (pho-
comelia) ., RfEO (astomia) FERIEZ, 2540
SEAMTAAERESE, Y, REEREMEE
R AEEY, Lol CGRERER). HE
B oL SR VIR A S R AR A N S SR AR

AR 28 BH I — AR B A SR R PRI T i T ER (2 Y
AN HE.

AR RS HEG IR RT3 R A e A
H%, BB REIHE, —BRARERT
& EE RS ERAT, = ORI AT O e
EEk . PHENPRESECERESR
100% AL, 28 BRAERMARMBRE -
RRSEPR AR, RS WG R AR T A O o IV A
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RORE AT VR BEE R AR E TEE Loz v [111],
ERHRARIMIGERF ARE, B, S R/IEZI
WERWREE RN, A AEMRE, %03 me/
mL # & EE NI & SR TR, s sit
R E, AGERERF 100% A UM 5 RS 5T
i, HRERAEL.

Bt REe R REER s CE#EHRESE
=2, BEFEREEHEEN, SeREREREZER
EERE e, FRIE New (1978) FiT il 5t &5 50
KANETE 8.5 F 12.5 HISFrifR 2 @0 EREES
BESS5%. 20%., 40%. 95% [11], #44yep
B 24 2 48 /NRF N B 2R IR P 2 ML I O 4 T A
TEIFHEE [3,4,5, 7,8,17], A EE=EEARTREE
=, 01 24 /NEE, LLS% O,. 5% CO,. 90% N,,
iR 3 S8k, 24 /NEE, LL40% O,. 5% CO,.
55% N,, Fod 14588, RIESES 40 /N, LL40%
O,. 5% CO,. 55% N,, &2 /78, HEEIS
FRBEREE 81 24 /NBF, L 40% O, 5% CO,.
45% N,, FiF 2 58, % 24 /INEE, 40% O,. 5%
CO,. 55% N, (§ k), Fo& 2 408, 95% O,,
5% CO,. balanced N, (F4), Jo8 2 7788, B
240 /NHE, LL95% O,. 5% CO,. balanced N,,
ToH 2 SRS 10.5 RAFEMHE, B saU R
HETRE, FlERBERTBRE I (REE
Erb), BAREBERGMAREE, AR,
TamE 9.5 5 10.5 RALHA, ANLLRT 24 /B, 5%
0O,. 5% CO,. 90% N,, FooR 2 7%, % 24 /B,
10% O,, 5% CO,. 85% N,, 7R 245788, Kbz
5540 /NEF, 20% O,. 5% CO,. 75% N,, & 1
i, BHENREEHNERE, HILATBLUL
EGRERERSEFEEEES, TEIHERER
B,

SR /R F IR SRR 45 K,
MEKRTE T = F K% (differentiation) A
MEEL, KAV EREREE 15K, 7F
AR B BB E S B Y E REUER Y,
New (1978) F|HAE#ILBEABAZEEEE
0.5 RZREBEILEZ R, EHBNEZRE IS
1. 5 R G B [E I ] A S A i = B A
L, LAV R IR s s B 5B (11, Hg
21 FRE R I Rk A AR U TR
B MW AR R EE (3,4,5,7.8,17), AEE=E
MF AR BIEZE 9.5 & 10.5 KA REEHE S

RS SR, SRR —EE R E R
HAFIBZE 0.5 KIWE BE KIEEY 10.5 K8
AU, HnlaEIR A B 9.5 K % & i 57 FE i
10.5 FEBUE, B, AABLIARIEZE 9.5
R BRI

RS EE R RS T AR R ) B H AT
HRTERE R 48 /NRF R Al IR B B & REE RS RE R 4
PR, R TIIHBER, RBERERN,
AR, BE SR, MEH. R, ENER
B T ERECRBESERE O FAREE
#E, IbAh, New 25 (1979) FTHEST A8 A Bl 4 s
SBR[ o R [14), SREMIEL,
ABAERE 9.5 REUHEBAAEEE 11.s K2l
i, HERSSCEREEEEN, RERmEEE
BT TS A S MIDERRT AR BB B ), MBS
RPAT, RIS RS BRI,

I ALEN Y AR R R, AR
HABEHR R G Sl 2 T B — FEEE U, R 4
P, MyEER . SEYEREBAIGERK ST
PR, [RC7E 4 B O Al i 2R B 2 BB R
%ﬁ%ﬁ@%@% Fit AR R AR RS 5o SO RE 15 35
i Z (EME TS B —2h 888 2 0EE  SRTI 4 R4 20ms

ﬁﬁmr*ﬁ&m%ﬁﬁi%WZE?ﬂ%%
A, (EAEAMIAR B R s 4 i Py B A 4
ERAMALEREEGETT, R TERFTA]
VERBR S EZ R, SABREINE AT %
TEW SRR G A1, (HAE OH A S A S A B s
ZHE, HFRREEE . oAb, A SR A R A
BRI B Bt S 2 BRE T B e ThEE, BBAEE
B AE I FF A R AR L B AT B e SR E
eV FIRE I LARD 38 A2 48 N BRSPS 2 TERE I e
FEER 4 E I, HIG MR8 2 3,
FREA SRR, B R4 88/ BOCRE B 12 1 i Fe 8
fir, HEIRRE SmEEE C BEAHRE <.

%

KR ST R EREML) (87 BHE-
1.3-88-26 (6-2-1)], IATB5ERY, FBIMEG .

2E R

1. B, HER., TIRM, & FHERELHS (Beno-
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Setting up and Validation of Whole Rat Embryo Cultures in Pesticides
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ABSTRACT In order to set up the in vitro teratology for pesticides, we cultured the whole
embryos of pregnant day 9.5 rats at 36C and 30 rpm incubator for 48 hours and compared the beno-
myl with bifenox in developmental score, morphology, and medium pH. Abnormalities induced by
benomyl were microphthalmia, anophthalmia, prosencephalic hypoplasia, flat head, prosen-
cephalic blisters, head or trunk necrosis, abnormal axial rotation, short and blunt trunk, cloacal
extrophy, dorsally trunk and hind brain splited, fore brain and trunk splited, mid-hind brain split-
ed. The results showed that yolk sac diameter, crown-rump length, head length, developmental
score, somite number, dead or atrophy and abnormal rate were treatment-related in benomy! but
not in bifenox. Based on the consistency of results in in vivo and in vitro for benomy! and bifenox
we concluded that in vitro assessment for teratology served as a screen of the teratologic po~‘
tential of pesticides in rats. ["Lu SY and Wang SC. Setting up and validation of whole rat embryo cul-
tures in Pesticides. | Chin Soc Vet Sci 25 (1)t 69-76, 1999. * Carresponding author TEL: 04-330 2101-505,
FAX® 04-332 3073, e-mail: lusueyen(@tactri. gov. tw |
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