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Fig 1. A: Rat fetus, ventral side, pinned to a board in
preparation for internal visceral examination; lines |
and lines 2show where cuts are made to examine
abdominal visceral, and line 3 where to cut expose
thoracic visceral. B: Normal head of rat fetus, a:

eyelids, b ear (pinna), c: nares, d: lower jaw, ¢: nostrils.

The line shows where section is made to examine the
palatine shelf. C: Normal head of rat fetus, coronal
view, a: eyelids, b: ear (pinna). Lines 1-5 show where
sectons 1s made.

6.t ik

TGO ER R R D S S B
LA R - BB E aﬂsz ST IRAS
E o AT T R B Fﬁ, C R

iR TYE S - AREEZHiET hgfﬁﬁﬁ’?l‘_‘j‘?ii -
R MR TE TP EEAEAETT - 2 HIJ}LF' B TR
Eéfl’f‘ﬂf“*;;f} [ ) A B S BAL Ta
fail] > LI-E A4 (2 distribution ) #55 HIE0 B 58
WW%E@J: * I RAT-test Bt & 7 - SO FER % ( dose-
response relationship, D-R ) fa e BEE ~ ITHE B+ 5
IS B 8351 (18) - AIFIAREgE R
RIS T/ R RS E PO CREEEE) - SERIRIE

A CRRlEEEIE ) BB TR E (F
SR ) SRETEIE R A= SR R R SR
BRI LA —RE R R 1L

—+ (high toxic effect) : Fodg&E B REE,
Ve R R B L (BRI - %
PRI B (IRRGTEIE ) T 7B I 7 S
3R FMEEE S HEYERE - IE
el rEmt i EmmErE (++) -

-+ (Intermediate toxic effect) @ Fpfii®m
R E BN E S ESE LM (BES
)~ FRE IS (RIS ) BT e
Bl A (TR ) SEEE o B
BHE - eI E B S (+) -

— (little or no toxic effect) @ FermirS Big L
BES AR/ SEME L M (BEF
TR FHIRERARA S (IREARE ) 7 B e+
BAEREE CFESE) S JLlHEHﬁ T EEES
BERL ~ W6 o B e 1 51 08 5 6 A I ol e 5

(— ) :
8 J I D AL i 5 AT o I 5
o e I AT o A S B B A 2 i S e
%’ﬁn TR GRS =4

R (+) ¢ ERZE=1.2x IEHE - &
A E TR bﬁﬁ%’ °

R CIx PRI < S < 1.2
WEE > For *Inpﬁmﬁﬁ‘f' RMELT

IEH C=) B = 1 155 FoRmE
T L N

H%@’éﬁ%ﬁﬁl}iﬁﬁ'{ﬁfﬂim% liZ

Yo7 ( anomaly ) ul f3 EL
( variation ) SZEELH IHU

R T SE PN B Y AR S T E R
KL R 5 T — fe

A( i BB, ) AR NP R R B —
geh o H SRR 2 R @Jﬂﬁ Al —Fd A
(1) H=mE L) 285 ( variation ) 0 (2) &

CREERLL B2 Canomaly ) 0 (3) —FREGL)

7 Wi (malformation ) 3 » Fermad s 1 B B
IZ -

( malformation )

B(F RS I,

Bt ) SN PSRV R RS =
o 3SR T

JEanE 19 —fER e —m



lo4

A FEARIEL R o MRS BE TP B (RIS A 3 R BB TR 1 L

PR UL IE

(1) B IESLUT 2 88 ( variation ) > (2)
FEEYAE Canomaly ) & » Feomadliy 7B SHDE -
C(iﬁ%f‘*jﬁ ERE, — ) AN SRR R A RS =

H S EWHE < B8 A TV S e — 0

(1 ) — A (O varjation ) 0 (2) fiEA# R

( variation ) # » FeoralE T SR MR F -

ERHEE - BRRETEOSM
AT AN BT R - E R ARTITIE

FH PR BT 1000 mg/kg/kay BT-ECHY S IEH

S o LR b LR IR MERTEE ] - AR T B

ﬁﬂggﬁf/\ PR SR - FLER TR g B I (B B

o M - B AR R R R R O S B R R
TEEIL e FIR-SFER AHMRRE G E () K
006 (F1)  FTRREHH TEASEHEEE
SR F o 17 R Bl i 2 i I 7 o 6 o 44
o ERERATET B R N - BRSA
e B - R - FREELY - BEIgH -
W B~ e /A e R P A i/ R R R R B R
S H PR R GBS A ] 0 {H SR - FIER
Ko PRAT IR A A g i s s (&
2) - fRf BMETE > RESEREEESRET
Mo/ R E R ELLE (RFEEEAETEE) ke
1000 mg/kg/dayFik BT B B R B RS B LD RS A

B AR 400 meike/day B A 5 5 O AH 51 P - HegtgBl IS 2R > HAE
T HERT R B O B A o S R IR IR b A A LU R - L ERA R 2 0.8 - 5

BT AT E R B P A A - FFEUEE - @
FHIS AT P R A e R S - i~ TR
A - ARSI S R R A - B
FrUH ek B/ B B R R R B 1000 mg/kg/day Tl &

LSRR - MECLAE AN ST S B B
BRGS0 - AR RS (RS
2) RHERT AP AR - SR AR

JERPR.2r < 0.6 - E{hHERRHE A IERRHE - W

Table 1. The effect of benomyl on maternal toxic, embryotoxic, and fetotoxic activities in rats'.

Dose ( mg/kg/day )

Toxic sign 0 200 300 400 500 600 700 800 900 1000 D-R"
No. C/L? 1591 1.6 1575 2.1 17.8% 3.8 17.2% 3.6 18.0f 5.7 181 3.7 160+ 42 180% 53 16.7F 5.2 14.9% 2.5 -
No. M/ 148t 1.5 1262 4.6 157€ 3.1 1465 22 155t 2.1 141 33 132+ 1.8 1465 2.1 14.6% 23 1214 240 —
No.RIMIJL 11 1.5 3.1+ 48 2.1% 3.0 2.6% 32 25542 40857 28t42 34t 52 21+42 238f 28 -
No.F/L° 1312 1.0 662 5.7b 7.0% 72b 9.5t 65 5.1F 73b 6.4% 63b 1.8t 4.7b 0.4% 13b 2.8t 5.1b 5.5t 54b -
No.PIMI/LS L6t 1.2 6.0% 5.7b 8.6% 6.7b 5.1 63b 10.4% 64b 7.7¢ 6.1b  11.4F 43b 142+ 2.6b 11.8% 5.6b 6.65 526 —
Wwe' 60.3% 21.0 81.8% 16,1 74.1% 14,1 73.3% 143 50.9% 257 63.6F 18.9 64.2% 158 62.1% 25.7 60.1+ 24.6 60.8F 17.6  —
Fg' (&) 42t05 39207b 355 05h 3.6t 04b 32+ 0.7b 3.0% 0.6b 3.1% 0.1b 2.4% 0.1h 3.1 0.5b 2.9 0.6b
Fg (%) 4105 35t06b 355 05b 33t 05b 32% 05b 2.8 0.6b 3.1+ 03b 2.8F 02b 2.9 0.5h 2.3+ 0.4b f
LB%" 391 02 4.0f 04 391 02 40k 04 41F 04 42+ 04 41t 04 43t 05b 43F 0.6 44% 04b

'Sample size in control and treated group are ten female.

*No. C/L: the number of corpus luteal per litter.

No. IM/L: the number of implantation per litter.

*No. RIML/L: the number of pre-implantaton loss per litter

°No. F/L : the number of fetus per litter

*No.PIML/L: the number of post-implantation loss per litter

"W, g : maternal weight gain

F,g (3 ) : male fetuse weight

F,g ( 7 ) : female fetu weight

"L/B, % : maternal liver weight/ maternal body weight.

"D-R means dose-response relationship (r?) +: (P=0.8) , +: (0.6=<r<0.8) , —: (£<0.6) .
b means that data of treatment is significantly (p<0.05) different from that of control.
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Table 2. The effect of thiophanate-methyl on maternal
toxic, embryotoxic, and fetotoxic activities in rats'.

Table 3. The effect of fungicides on maternal toxic,
embryotoxic, and fetotoxic activities in rats.

Dose(mg/kg/day) L Fungicide
T 0 Toxic sign -
Toxic sign 0 600 800 1000 D-R Benomyl Thiophanate-methyl
No.C/LY 159416 160£33 181238 185452+ Maternal toxic - -
No. IM/LY 148415 127443 155416 128513 * Embryotoxic + -
No.RIMIAY 11415 33418 26417 54+13  + Fetotoxic s -

No. F/L?
No. PIM1/1.°

131£1.0 12243 147214 11.7+ 1.6 -
1.6+1.2 05+12 08+10 1.1x12

W, g’ 603£210 55.5£ 7.0 474+185 5444242

F.g' (%) 42405 45407 44205 42+04  —
F.g'(%) 41205 41406 40405 41405 -
1./B" % 39402 48106 44302 41302 —

1. Sample size in control and treated group are ten female.

2. No. C/L: the number of corpus luteal per litter.

3. No. IM/L: the number of implantation per litter.

4. No. RIML/L: the number of pre-implantaton loss per
litter

. No. F/L : the number of fetus per litter

0. No.PIML/L: the number of post-implantation loss per

litter

A

7. W, g : matemnal weight gain

8 F,g (%) : male fetus weight

9. F,g (%) : female fetus weight

10.L/B, % : maternal liver weight/ maternal body weight.

[1.D-R means dose-response relationship (r 2} +: (r2
=08) ,F: (06=r2<08) , —: (12<0.6)

12.a means that data of treatment is not significantly (p>>
0.05) different from that of control.

{EF R EHARE (TEHEAEE)
Fi:400 mg/kgiday?hS BlG Y 1 B BRI &/ a
fHo BESBIR-IEZ2 <06 BHE M- #TE
AR E TMHES B O MR- Mgz =
0.6 - FICHIE EEAT FEHEME (F3) - PFESE
B PHE\ N B E B U B AR B B L - R
e Bl - T B A R - B 7 A I T
BRI AR OB AR HRR-R 22 <06
wtEem A LR R - SRS R
3) -
LR AETUNE - RiE - A EREsEsE
SR [ BRI T R - &
g ~ Mgl - 8 - 2 5okEE - BhEEN - B -
HERIECT  Hpm DIGRES - Mg R S S

++: high toxic effect, +: Intermediate toxic effect, —:
little or no toxic effect

£ o 1 RRARS R FERAWT I R B R S IR R R B
.2 200F 1000 mg/kg/day /3518501 &5 - 31 ~.20 -
152165016« 53% » BRFNGH &R 1o B %
AREEN (F4RE2A2B)  BESFEHIEH
B2 - B0 BRER(E - RIEEBT
600 mg/kg/day(® HIROG AW E S — 185k ERFRA
FEHE200ZE 1000 mg/keg/day s H R LA 2 HE g a
FISRK ~ BB 8GR - e B E T 23 -
R R mERsn ARt L Hhkgi B aes |
HERFHMEEH e I PR R (R5R
B340 o i AR AR R IR S R B P R K
o RigIE IR (F6) - [BENEIE
B AR U S 8 R S s 2 22 FIAR
BRI AR E BRE AT AT EERs
R RIERTAAR AR T B =4 B SRR
Ch SRR o RIS RS - RS
WHEEMRR - 58/ 6iRE - WERE L
B - BVERGS MR R T e R
DRI+~ s =R+ RSB ERE

Fig. 2 A and B: Benomyl induce exencephaly and
gastroshisis. C: Normal head. D: Malformation head
section: hydrocephalic brain with marked dilation of lateral
ventricles indued by benomyl.
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Table 4. Types and incidence of external malformations observed in benomyl-treated rats.

. Dose(mg/kg)
Malformation — 200 300 400 500 600 700 800 900 1000
No. examined 557 66 64 95 41 58 18 4 25 55
Exencephaly’ 0 12 69  66) 37 509 0 0 [(4)  9(16)
Gastroschisis® 0 0 0 0 0 23) 0 0 0 2(4)
Anury® 1(0.1) 0 35 9(10)  XT) A7) 0 125)  1(4)  9(16)
Bent tail 0 12)  6(9) Iy 0 12y 0 125) 1@ 5(9)
Edema® 0 0 2(3) 1y 0 0 0 0 0 1(2)
Bent trunk 0 0 12) 0 0 0 16 0 14)  2(4)
Phocomelia® 0 0 0 I(1) 0 0 0 0 0 0
Astomia® 0 0 0 1y o 0 0 0 0 0
Death® 0 12 23 0 0 0 0 0 14 0
Total® 0.1 3(5)  20(31)  19(20)  6(15)  12(21) 1(6)  2(50) _ 4(16)  29(53)

* Number of affected rats for a dose / the number of rats examined for a dose < 100 %.
" Values of treatments are significantly ( p</0.05) different from that of control by y * distribution.

Table 5. Type and effect of skeletal anomalies and variations observed in benomyl-treated rats.

Anomaly/ Dose(mg/kg)
variation 0 200 300 400 500 600 700 8§00 900 1000
No. examined 270 31 31 27 19 33 .10 5 12 24
Large open

fotanelle® 29(11) 18(58) 25(81) 18(66) 7(37)  5(15)  8@80) 0 10(83)  8(33)

No. sternal<6® 5(2) 16(52)  8(26) 14(52)  9(47)  17(52) 1(10)  4(80)  5(42)  14(58)
Hypoplastic or

split sternal® 23(9)  18(58) 23(74) 23(85) 6(32)  20(61) 8(80)  4(80)  9(75)  20(83)
0

Fused ribs® 20 26)  8(26)  8(30)  4(21)  4(12) 0 217)  3(13)
Wavy ribs® 7(3) 0 0 0 0 3(9) 0 0 0 0
Dumbbell-shaped

thoracic” 14(5)  7(23)  12(39) 15(56) 7(37)  8(24) 1(10)  4(80)  6(50)  10(42)

“Number of affected rats for a dose / the number of rats examined for a dose > 100 9.

" Means that values of treatments are significantly ( p<C0.05) different from that of control by y * distribution.

A B

Voo TN

G o

Fig. 3. A: Normal skull of rat fetus, dorsal view. B: Fig. 4. A: Normal vertebral column and ribs. B: Malformed
Malformed skull of rat fetus induced by benomyl. C: wavy ribs and dumbelled-shaped thoracic center and C:

Fused ribs(4 ribs) and D: Fused ribs (2 ribs or 3 ribs)
induced by benomyl,

Normal sternum of rat fetus: five sternebrac and
xiphisternum. D: Malformed sternal centers: split and
off center induced by benomyl.



HE S EEREL G @il Taiwan | Vet Med Anim Husb 67:161-171(1997) 167

Table 6. Type and effect of skeletal anomalies and Table 7. Type and effect of skeletal anomalies and

variations observed in thiophanate-methyl-treated rats. variations observed in fungicide-treated rats
Anomaly/ Dose(mg / kg) Anomaly/ Fungicide
variation 0 600 800 1000 variation Benomyl  Thiophanate-methyl
No. examed 270 60 71 55 Large open
Large open Fontanelle + -
Fontanelle 2911y 2(3) 3(4) 4(7) No. sternal<6 + -
No. sternal<6 5(2) 0 0 0 Hypop[astic or
Hypoplastic or split sterna + -
split sterna 23(9) 0 0 0 Fused ribs + _
l;:;SEd UES ‘383 8 8 8 Wavy ribs -
avy ribs
Dumbbell-shaped D ”}‘]’“bb‘?“‘ShaPEd
thoracic 14(5) 0 0 0 thoracic * -

* Number of affected rats for a dose / number of rats — no effect; 3 little effect; +: obvious effect

examined for a dose x 100 9.

Table 8. Types and effects of skeletal anomalies and variations observed in benomyl-treated rats

Anomaly/ Dose(mg/kg)
variation 0 200 300 400 500 600 700 800 900 1000
No. examined 272 30 29 26 18 31 9 5 13 23

Irregular trachea® 8(3) 413y 5017y 4(15)  2(11)  6(19)  3(33) 1200 431y  4(17)
Side-weighed

kidney" 10(4) 5017y o(21)  5(19)  4(22)  7(23)  444)  2040)  3(23)  3(13)
Enlarged ventricles

(hydrocephalus)®  12(4)  4(13)  3(10)  &(15)  5(28)  5(16)  4(4d) 2040y  3(23)  5(22)

Cleft pharynx” 0 0 2(6) 1(4) 0 0 0 0 0 0
Anophthalmia® 0 0 2(6) 0 0 3(10) 0 0 0 0
Micropthalmia® 0 0 2(6) 1(4) 0 310y 0 0 0 0
synophthalmia® 0 0 13)  28) 16 0 0 0 0 0

* Number of affected rats for a dose / number of rats examined for a dose > 100 %3.
® Values of treatments are significantly (p<0.05) different from that of control by y * distribution..

Fig. 5 A:Normal nasal septum, conchae and palatine Fig. 6 A: Normal eyes. B: Microphthalmia and C:
shelf. B: Asymmetric conchae and C: Normal pharynx Microphthalmia and D: Anophthalmia induced by
and D: Cleft pharynx induced by benomyl. benomyl.
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Table 9. Types and effects of visceral anomalies and
variations observed in thiophanate-methyl-treated rats.

Dose (mg / kg)
600 800 1000

Anomaly/ variation

No. examined 272 62 73 58
Irregular trachea 83 1(2) 23 1(2)
Side-weighed kidney — 10(4)  3(5 ) A5 AT
Enlarged ventricles

{hydrocephalus) 12(4) 0 0 0
Cleft pharynx 0 0 0 0

@

means that the number of affected rat in a dose / the
number of examined rat in a dose x 100 9.

Table 10. Type and effect of visceral malformation
and anomalies observed in fungicide-treated rats

Malformation/ Fungicide
anomaly Benomyl Thiophanate-methyl
Irregular trachea + -

Side-weighed kidney + -
Enlarged ventricles

(hydrocephalus) 0 -
Cleft pharynx + -
Anophthalmia + -
Microphthalmia + -
Synophthalmia + -

—: no effect; £: little effect; +: obvious effect

Table 11. The effects of fungicides on external
malformations, skeletal, visceral malformations and

variations in rats.

L Fungicide
Toxic sign -
Benomyl  Thiophanate-methyl
External A C
Skeletal A C
Visceral A C

A (+, obvious effect), B (£, little effect). C (-, no effect)

CEHIAS B 5 T R SRR A AR

I "RE (3R7) o FRPES SR g
RCHEER ERE RTINS - AT - RIBE7E2003
1000 mg/kg/day il =i g3 A R L8 2 5T H
A~ Blgct A — RS S R CERETE A
CE2C, 2D ) ZF 55 0 (300 ~ 400 ~ 500 £2600
mg/kg/day &b R R E HEL R - A~ )

ok
m
&

AR T S (28 fE]5,6) TR (RipkR
60021000 mg/kg/day Tl a8 Fig iy B TR B
lgAc kA ok SRIERAGER (£9) -« 7F
RS A e T 2 52 - I P R S 1 AT
o CARRMTEAE - R A S RE AN - AL
et AN — - ISR A - I R - R
KR R+ BT - M RAEG BRSSP
FE MW PR R RE (F10) 0 B8
RERES R R T G o BRI R e
AL LARIFE T EAME - M8 R i SR e
THHS N E TR EAME - AR AR R R e
PRl AfR  MAELEBSIESCHE (F
1) JREIS A A B LA S - AIERE R
BN R RS T B R HU R A e
B HIET R N AT

DI

anh

SR RS TSR R TR
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carbamic acid methyl esterZZBCM ) {HHF L {R1F
TEREIM 12 SELLREE Ji = ( degradation ) HETTEL(L(E
M ( eyclization ) ffi 7 ‘2 2-alkoxycarbonyl
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Appendix.  Structural formulae of benomyl and
thiophanates, and of their conversion
products BCM (benzimidazole carbamic
acid, methyl ester) and BCE
(benzimidazole carbamic acid, ethyl
ester)(code names between brackets).
(Fuchs ef al., 1972

(“) - 5-HBC flI5-hydroxy-2-aminobenzimidazole Bt 25

5-HAB) (ChE - RTARRZE) (8,9) BT

P8 = R ] S BRHE I O 2 AR5 A ST A b AT T R B S A N8 6 R HE-1.6-

BUM I 2 T ] B B 20 AR B Y B P ] /}Fﬁ? FE-12 (3-2) ] W358 0 - FEILEGH -

R s BIRRG Z BCM > H B 9t R e i £

S

Lo mkahl ~ ARTEE - FIERY - 1994 - EEH BRI G4EE (Benomyl) B BUIEILEE - FER] - chiEg)es
=520 1 348-3506.

2. AR S AR ENERE < 1995 o RPN 25 (Carbendazim) ¥ BB IAMEA EREAL - fETRS T 37: 331-
338.

3. PG~ ENER - 1996 - FUIEELEEM AR OO MEELE . B - hIEEEEGE 22 ¢ 402412,
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A Comparison of Teratologic Characteristics between Benomyl and

Thiophanate-methyl in Wistar Rats

Shui-Yuan Lu” and Shun-Cheng Wang

Taiwan Agricultural Chemicals and Toxic Substances Research Institute

Abstract: The study was conducted by gavage to compare benomyl and thiophanate-methyl with
respect to teratologic characteristics including external, visceral and skeletal anomalies of fetus in
Wistar rats. Results showed that benomyl induced external malformations, viseral, and skeletal
anomalics whereas thiophanate-methyl only caused a little large open fontanelle, irregular trachea, and
side-weighed kidney. External malformations such as exencephaly, gastroschisis, anury, bent tail,
edema, bent trunk phocomelia, astomia, and death were observed in the benomyl treated group. Skeletal
defects including large open fontanelle, the number of the sternal lessthan 6, hypoplastic or split sternal,
fused ribs, wavy ribs, and dumbbell-shaped thoracic center were discovered in benomyl-treated rats.
Visceral defects including irregular trachea, side-weighed kidney, enlarged ventricles
( hydrocephalus ) , cleft pharynx, abnormal eye (anophthalmia, microphthalmia, and synophthalmia),
were induced by benomyl. Thiophanate-methyl has the similar chemical structure as benomyl. But
thiophanate-methyl seems to be a weak or non-teratogen. The main reason may be the difference of the

physical and chemical properties between benomyl and thiophanate-methyl.

Key words: benomyl, thiophanate-methyl, rats, teratogenesis, structural-activity relationship
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