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Developmental Abnormality in Agricultural Region and Toxicity of the Fungicide Benomyl on
Korean Salamander, Hynobius leechii. Choi Yeoung-Ju, Chun-Sik Yoon?2, Joo-Hung Park?,
Jung-Hyo Jin! and Seon-Woo Cheong!* (Dept. of Biological Education, Graduate School of
Education, Changwon National university, Changwon, Kyungnam 641-773, Korea, 'Dept. of
Biology, College of Natural Sciences, Changwon National university, Changwon, Kyungnam
641-773, Korea, ?Institute of Genetic engineering, Changwon National university, Chang-
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A numerical variation and abnormalities were studied on egg bags and embryos of
Korean salamander, Hynobius leechii from agricultural habitat. The teratogenic and
toxic effects of fungicide benomyl were also investigated with early embryos from
non-agricultural habitat. We collected 144 egg bags from agricultural region, and
3418 of early embryos were contained. The lengths of egg bags were varied from 10
to 23 cm and the most frequent length was 19 cm. The number of embryos was varied
from 7 to 43, and the most frequent range was 22 to 26. Spontaneous abnormalities
were occurred in 406 embryos among 116 egg bags, and 24 kinds of external abnor-
malities were found. Individuals showing severe external defect were histologically
studied and they showed optic dyspalsia, thyroid carcinoma, somatic muscular dys-
plasia, partial biaxial structure, decrease of red blood cells in the heart, cephalic de-
generation and intestinal dysplasia. 385 embryos from non-agricultural region were
exposed to 200 nM~1 pM of benomyl at blastula or gastrula for 12 days. All embryo
were dead in the concentration of 1 UM (LDioo) and 75% of embryos were dead in 800
nM of benomyl. Specific effect due to benomyl was acrania or cephalic dysplasia and
this result suggests that the benomyl inhibit strongly to the development of neural
tissue. These abnormal developments may be caused by antimitotic action, inhibi-
tion of tubulin complex, destruction of microtubule, inhibitions of neurulation and
closing of neural fold, and by the inhibition of the movement of neural crest cells.
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7}# gk o (Spencer et al., 1996), A|F7tA9} o] AH]
o aqare] Aol Fof A vepdrd, ox ;o) A
o] el Fe] Ul FES Aoz HIHAH
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AR e, mEZL A W Sl ") 4 2k
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al., 1988), sertoli celle] microtubules?] I}z = A x|
AL WA Hel FelE §4% 5 dx doz uy
=9t} (Nakai et al., 1992). H2] A4 WelA benomyl
o] Aol o8 HAMZE= 2709 3, A ), o] W3,
ARG A, A 0, QA o4 Fol BAH
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1082), 203 ppm& A FFe] Al A A4 §ojn)a
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Table 1. Numerical variation of length for each egg bag
in Hynobius leechii (n =144, SD: 2.95).

Relative Cumulative
Length (cm)  Frequency frequency frequency
10 1 0.007 1
11 4 0.028 5
12 15 0.104 20
13 10 0.069 30
14 16 0.111 46
15 17 0.118 63
16 16 0.111 79
17 17 0.118 96
18 8 0.056 104
19 24 0.167 128
20 8 0.056 136
21 2 0.014 138
22 2 0.014 140
23 4 0.028 144

Table 2. Numerical variation of embryo number for each
egg bag in Hynobius leechii (n =144, SD: 7.05).

Number of Frequency Relative Cumulative
embryo frequency frequency
7~11 3 0.021 3
12~16 23 0.160 26
17~21 29 0.201 55
22~26 43 0.299 98
27~31 24 0.167 122
32~36 18 0.125 140
37~41 3 0.021 143
42~ 46 1 0.007 144

2 N 22~2670 2 4370 9] dFH YA o]} 3
= o] 5 el Foh HA AR 7~117] Alel=
379 d3my, F3142]9] 37~437) Alel: 479 &
FHYel £33t metd AA| dFey F 95% o]
oA 12~367H2] w7} Sl Qlich(Table 2). AA| &5
w1447 3 A wje] = 3418791 0w %hz‘
U] 4 Zele 16cm dFHY o H v o] &
24785 ek. A vl 301270913 Ehte] %Zﬂi
HellA =& w7t Aoz sk dFey:= 28
el BHatiet v F7u o EA S dozl
HuE 11670 S A A3 v 15670, vl A
Ab @At vl = 2517093 T} (Table 3).
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Table 3. A condition of surveyed egg bags and embryos of Korean salamander, Hyonbius leechii. TN: total number of egg
bag, TE: total number of embryo, HN/LN: the highest number of embryo per egg bag/the lowest number, L/S: the
longest egg bag/the shertest egg bag (cm), EL: average length of egg bag (cm), LS: standard deviation of egg bag
length (cm), EN: average number of embryo for each egg bag, NS: standard deviation of embryo number for each
egg bag, NE: total number of normal embryo, AD: number of all developed egg bag, DA: number of egg bag inclu-
ding dead or abnormal embryo, DE: number of dead or arrest embryo, AE: number of abnormal embryo.

TN TE HN/LN L/S EL LS

NS NE AD DA DE AE

144 3418 43/7 23/10 16 2.95

7.05 3012 28 116 156 251

WAy o] A2 2517 A A el ow o AiEl W= Y
AZ st A3 3747 A= o] & A =R
Bl o]abAe] oFA 24FF 2 29FESlv (Table 4).

| Z|Akgl WS A elgk Aleolw WA e] A}
o] FFe AHE s G2 2ok 2stE HAN
A 2 E3hEe] ol o] Wt o)A
Ay Row meEls A v v Este] FEe] oA o
o} (Fig. 1, Plate 1). ¥ld, mg]7} 3)ojx]&= 7 (tail bent)
< B57F e el Aoy FHE wkeke ER
%, 5 3% o Solx(Fig. 1, Plate 2). 2]e] W89
2] (cephalic dysplasia)dl7 1} (Fig. 1, Plate 3) A1 =] ¢]
w7t A3 wEA] ok 753 (acrania) JHA =
Aot o AT A wEske Aol kel
A 23] A BA (hypo-pigmentation of eye)2 K o] 7| A
7 Ao o] Hheo] Rxldtel AL ElE A
WAV FH e kE BT po] WA o )
A= #ZE AT (Plate 1-4). M| &l 717} JAH =
7A¢= Ao (Fig. 1, Plate 5), 3h42] F&el F 7|
9] w7} B Fq s) A (siamese twins)®= ERGE=
o =2 3709 7EA 3 Slsdet (Fig. 1, Plate 6). 5-%- )
T ER7F v o R HEe] d3tow  viulq
F7F A= 75w (Fig. 1, Plate 7), &% (hernia)2
Wade] EHg £ e} 9HE »F¥ 79-o|n(Fig.
1, Plate 9). #%52] Fo| Hoz =7, o}A]3 (Fig.
1, Plate 11)3} UA}3S Heol: /A7t glglon 2 2
AellA doz FHezl MA= sl o) ibihd A F
i FAE g glov el FXH A= U+
(Fig. 1, Plates 8 & 9). 7 2]o|x w23 A A (caudal
dysplasia)2 F43 wWATA S AHANA R mE]
HAde] 2 HA g Aol Al =gu| WERA L 5
3 wjze] A =gu|rh WA wesbA] ok Ae ofu]gt
o A FAAFEA-E AANA L] olrbr By 27} ofs}
Ak ALl A EA] ok 9ol wje] 4% (ventral
blister)= &3 o] A7 $x7} vtoz wjA Hel:
Zoltt. o|#3 27t wE| g} Tkl A A=
ik =o] ete] EebAsiAY ¢l A= IEEH

Aok 718& Yehd 2510 Al A Beole o7 7pA] i
Aol & wlwA wibshs o] A w3 FARA, A=
o] SR, w7} A= A, A PR, 13
FE, 0 A A Foln R vl o]
oA gARA oz 92/l VehGa AAF o= o
2ol 7H whe]l vehb: R4 mEjR9 = ub o)Ak
MAAA mEle} #AHE o]abo] vlebwdel. at Ay o
2}& Bolx ASL Table 443 )] AAo)A @
A 7579 LA o)ide] veRstHh
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o} (Fig. 2, Plate 2). ¥l o] A7) A= Fig. 1, Plate 52] 7§
Aol 7, o o] nm|efale] whutEdt AL E
3 Y FFAAEAE v AW Z1HEsT A
9] glom ol A = (tyroid carcinoma) g 7=
2} 9l%io} (Fig. 2, Plate 3). Fig. 1, Plate 72] 7§41 2|8
7 o) Aol A WHAEA] E3t w9 sl2v o), & S A
o) glo] SHAZL st Aalel +AA} oz B
ARE fabe nslow $HA AAw We] mleky
o} (Fig. 2, Plate 4). Fig. 1, Plate 109] 7|A = AAH o=
Azl Ffo] TR delgle] Whdo] moksittE A
< o $ 9lom Mo A3 g E 279 JHE
volxm Qgieh =R iR B2 wRe A9
B 4 9ladv} (Fig. 2, Plate 5). Fig. 1, Plate 22] 7JA|&=
A or Fo] MAFPARAE Bo|n ofrin]e] Wbt
o) mefalx ;es} olFez Qs FolA Holx
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Table 4. The external pattern of 37 abnormal tadpoles of Korean salamander, Hyonbius leechii. A: caudal dysplasia, B:
underdeveloped fin, C: tail bent ventrally, D: tail bent laterally, E: tail bent dorsally, F: coiled tail, G: branchial
dysplasia, H: ventral blister, I: hypo-pigmentation of eye, J: eye dysplasia, K: trunk bent laterally, L: abdomen
swelled abnormally, M: cephalic dysplasia, N: arched back, O: U-shaped back, P: pectoral blister, Q: acrania, R:
process on head, S: hernia, T: cephalic blister, U: process on back, V: nasal dysplasia, W: postcephalic region bent
laterally, X: siamese twins, AC: abnormal condition, IN: individual nhumber, KA: kind of abnormal condition, Al:

individual showing each abnormal condition.

INAC A B C D E F G H I J K M N O P Q R S T U V W X KA

1 . 2
2 L] L] L] 3
3 L] L] L] L] L] L] L] 7
4 L] L] L] L] 4
5 L] L] L] L] 4
6 L] L] 2
7 . . 2
8 L] L] L] L] 4
9 L] L] L] L] 4
10 L] L] L] L] L] 6
11 L] L] L] L] L] L] 6
12 . 1
13 L] L] L] L] 5
14 L] L] L] L] L] 5
15 L] L] L] L] 5
16 . 1
17 . . 2
18 L] L L] L] L] L] L] 7
19 . . 2
20 L] L] L] L] L] 5
21 L] L] L] L] L] L] 6
22 . . 2
23 L] L] L] L] 4
24 L] L] L] L] L] 5
25 L] L] L] 4
26 L] L] L] L] 5
27 L] L] L] 3
28 L] L] L] L] 4
29 . . 2
30 . 1
31 L] L] L] L] L] 5
32 L] L] L] L] L] L] 6
33 L] L] L] L] L] 5
34 L] L] L] L] 4
35 . . . 3
36 L] L] L] L] L] L] 6
37 L] L] L] L] L] 5
Al 20 16 13 4 4 2 23 9 4 11 3 117 3 2 6 2 2 1 1 1 1 1 1

o w2 e e Wt} Fobd lov]
wol ¥ Hoz el Alx Push Aze) W)
B 7& 214 =k (Fig. 2, Plate 6). Fig. 1,
Plate 8-> w2], §%, 12]9] =& F9ox Alg g
2AE wolE Zo] EAoln o|xsl 3o Flo|A

o] A= FEH o2 F %2 nerve cordg He|w, 3}

el x5 Fol ISk A4l ol x7} B
U A Fol A wslelA B (Fig. 2, Plate
7). Fig. 1, Plate 72] AAl: Mo 221813 ol
299 194 54 AR o, 44 W) 3 9
Z9ol4 WAL W w3 Ko o] wlslw 3
A4 Fo] WA AAlE A& 1ol F1c) (Fig. 2, Plate
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Table 5. Dose dependent survival rates (%) when embryos were exposed to 200 nM~1 pM of benomyl at blastula or early
gastrula for 12 days. Lethal density was 1 uM of benomyl, and 75% of embryos were dead at 800 nM of benomyl.

Day
Benomyl (M) Case

2 4 6 8 10 12

control 46 100 100 100 100 100 100
200 nM 46 93 93 93 93 93 93
400 nM 65 92 92 92 92 92 92
600 nM 46 97 74 74 74 65 65
800 nM 56 40 40 40 25 25 25
1uM 59 0 0 0 0 0 0

8). Fig. 1, Plate 4] /fA|= Al7be] "ol WA g o] Table 6. The pattern of abnormal embryos exposed to 1

3 AN A7} obF AA vehgor] Ade o
&3P =)o) 915 (Fig. 2, Plate 9)
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1) 9H o4
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ASIE A3k S o WA S A 5
Jeigich EF AT E w7t abd e wasll
o1} 200 NM~1 pM2] benomylg x23}9S o), 200
nMel| A= 93%7} AE3sle]om, 400 nMol| A= 92%,
600 NMel| A= 65%, 800 nMol| A= 25%, 1 uMej| A= =
£ wi7b AAbstedet (Table 5). whebr] =ol) =& ol
Z7] Al e =% w2l benomylell =gk A2
Abs %= (LDioo) = 1uM vl & & 4 sdslem o] A
7] =2% v LDsp2 600~800nM Aloel] gl= 7o
2 Jepdoh =2 %9 27] W] 3 benomyle] =
Aadhs AAEZE ZALEE 1M o] Ael M= WA o]
A& AP A k= Zlolm 100nM o] el A= ulj 2] 1t
A &=t 2R3 e fxr) e WAV B
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2} slujel= ido] Rxldte] Wt A FPoz HiH
+ Ao® vehdn 8709 dFmy 3857]2] wiel 1
PM~10pM2] benomyl& 22]38t5& o A|ARE Avt
Ao] FA" 7H7‘<ﬂ (Fig. 1, Plate 13)& A| 2|3k 2|3= W
Aol MA= F 69 WA o™ (Table 6), o] ElA
bt Ay °VJS 9] A (external gill) 2} ﬂl”fﬂ””ﬂ
(Fig. 1, Plate 15), =83 A 2.A (Fig. 1, Plate 12), ¥

=, BX 2734 (Fig. 1, Plate 16), 7}&54-%23 A (Flg 1,
Plate 14), g o2 F g (Fig. 1, Plate 18), AF7}3] o] &
% (Fig. 1, Plate 17), 333 A3 5 0%72 vepch
QAT A o4 F WA e NEE Jehhs A
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pM~10 uM of benomyl. Total number of tested
embryos was 385, the number of abnormal emb-
ryos were 69, and dead or arrest embryos were
119. Many abnormal individuals have two or
more defection in their body, as seen in table 4,
and the sum of abnormal embryos is not same to

69.
No Abnormal condition Number of Rates (%)
abnormal embryo

1  Ventral blister 26 37.68

2 Thick-set body 25 36.23

3  Caudal dysplasia 19 27.54

4  Acrania 14 20.29

5 Branchial dysplasia 6 8.70

6  Pectoral blister 5 7.25

7  Tail bent laterally 3 4.35

8  Triangle trunk 3 4.35

9  Cephalic dysplasia 3 4.35
L 2w 334 (ventral blister), W33k |3 (thick-set
body), 78] A1 X.7] (caudal dysplasia), 7%= (acrania)
ol M w2 WER vepe o FH4Ed

A} o] gt} (Table 6).
2) 228 o)}

274 Al 100nM ©]&}2] benomyl 22 & 3
S zAehd o4 sk 100 Mol A= AE
o] wAA Wy Brigr) AFgEglon wut =3}
=7} 23157 okoly, o] H3lrl BAE R ok A
o= Yepdoh 1nMeA = AlRke] Felea] HEsle]
S u A B on] HAL n|xAbH oy, W
e 1] Bl A oln el

B4 2
AEe] HAFS. 53] 44 5 FRUAAL Bk

7R Al

flo

¢

2R o2 %3 = g (Fig. 2, Plate 10). 1 nMo| A= &=
o] F9eAM HAY L wf w2 AAAH oz YA F
o= A gllen AAA PP o o3k ol &
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Fig. 1. Various abnormal condition in tadpoles of Hynobius leechii collected from the agricultural region of Uiryeong
(plates 1-11) and the malformation due to 1 pM~ 10 puM of benomyl (plates 12-18). The abnormal tadpoles from
agricultural region shows malformations that described in table 4, and plates from the experiment of benomyl toxi-
city shows abdominal swelling, caudal dysplasia, tail bent, and developmental arrest. Plate 1. Newly hatched nor-
mal tadpole, Plate 2: tail bent ventrally, Plate 3: cephalic dysplasia, Plate 4: hypo-pigmentation of eye and coiled
tail, Plate 5: head with process and caudal dysplasia, Plate 6: two headed siamese twins, Plate 7: abdomen swelled
abnormally, Plate 8: developmental arrest and blisters, Plate 9: intestinal hernia Plate 10: developmental arrest
and blister, Plate 11: arched back, Plate 12: cephalic dysplasia and bent tail Plate 13: developmental arrest and
failure of closing yolk plug, Plate 14: pectoral blister, Plate 15: branchial and caudal dysplasia, Plate 16: ventral
blister, Plate 17: triangle head and trunk, Plate 18: lateral bent of tail.
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Fig. 2. Histology of normal and abnormal tadpoles of Hynobius leechii collected from the agricultural region of Uiryeong

(plates 1-9), and they showed retinal hypopigmentation, thyroid carcinoma, somatic muscular dysplasia, partially
biaxial structure, degeneration of cephalic neuron and various organ dysplasia. The histological abnormality was
also seen in the tadpoles exposed to 1 pM~10 uM of benomyl (plates 10-15). They showed various organ dysplasia
including central nerve system. Paraffin section and H-E stain. E: eye, OV: otic vesicle, PH: pharynx, AT: atrium,
VT: ventricle, LI: liver, B: brain, NC: notochord, EG: external gill, DA: dorsal aorta, SC: spinal cord, SM: somatic
muscle, R: retina, TC: thyroid carcinoma, L: lens, M: mesenchyme, HT: heart, V: vetral D: dorsal, E: eye, Bar: 200
pm. Plate 1: Longitudinal sectionednormal tadpole at the lateral part of head. Plate 2: Cross section of newly hat-
ched normal tadpole at the level of pharynx and liver. Hepatic cords of liver and somatic muscle are well develop-
ed. Plate 3: Longitudinal sectioned abnormal individual of fig. 1, plate 5 at the level of eye shows thyroid carcinoma
and degeneration of central nerve system. Plate 4: Longitudinal sectioned abnormal individual of fig. 1, plate 7 at
the level of eye shows lens hernia. Plate 5: Longitudinal sectioned abnormal individual of fig. 1, plate 10 at the
level of eye and brain shows cephalic dysplasia. Plate 6: Cross sectioned abnormal individual of fig. 1, plate 2 at the
level of eye and brain shows abnormal head pressed laterally and abnormal position of eye under hind brain. Plate
7: Cross sectioned abnormal individual of fig. 1, plate 8 at the level of hind-brain shows partial bi-axes. Plate 8:
Longitudinal sectioned abnormal individual of fig. 1, plate 3 at the region of head shows cephalic dysplasia and
thyroid carcinoma. Plate 9: Cross sectioned abnormal individual of fig. 1, plate 4 at the level of heart shows the
reduction of red blood cell and somatic dysplasia. Plate 10: Histological abnormality of tadpole exposed to 10 nM of
benomyl. Individuals were cross sectioned at the heart level showing neuronal dysplasia and thyroid carcinoma.
Plate 11: Cross sectioned abnormal individual exposed to 1 nM of benomyl at the level of eye shows neuronal dyspl-
asia and thyroid carcinoma. Plate 12 & 13: Cross sectioned abnormal individual exposed to 1 nM of benomyl at the
level of intestine shows twisted body, intestinal dysplasia, neuronal dysplasia and thyroid carcinoma. Plate 14:
Cross sectioned abnormal individual exposed to 1 pM of benomyl at the level of intestine shows intestinal dyspla-
sia. Plate 15: Cross sectioned abnormal individual exposed to 1 pM of benomyl at the level of eye shows neuronal
dysplasia.

3 ¥e) wreke] A g9} (Fig. 2, Plate 11). 2] 2 3k wjelE 1 (Fig. 2, Plate 12), o}@ Ajalel e 2
QoM Ashr)Be] ko] Aol glom AR & o AU o= AHE B o] BAHSITH(Fig. 2, Plate



Developmental Abnormality and Toxicity of the Benomyl on Salamander 209

13). 1 pMol|x= A3} o] & (otic vesicle)2] ZF9]olA T

Zalole wf, vlmA A odefe B Aoz yEehge
v A7 e w2 w9 sk ofsks wE Alow
B9} (Fig. 1, Plate 14 & 15). &, 10 pMo]Ate] %=

o

benomyl *2] Al =55 AAA FAQl wEA )
7} Fglo] Yehta 43A o Rzl 9 A Feol
Wkl T 1 pM~1nMe] P& 2w E 9} F&
v 23k A4 A e WA 7} Eelsln] AsbA ] wigkx)
2 A4 Fol wbdslodet ubd A A" 2 A, e
o|xe] e ohe 7]3ke] el Hls) benomyle]
sto] GFFE ofstA e o A & $ Uk

!
o

i &t

St2Al =23 (Hynobius leechii)e] <dFmy =7]
W o] el W 7152 19754 SHEEAE =7 (7
, 1975), 87 AAXERA AFz2AH(EAA, 1987) 5
FAA oz vept ok FAEE = dFHY 2
7} 12~14cm, wje] = He] dFmu el BE 30~
757 o] 3 w7} Abtel wie] 4o 57~12570
AMEEe] vk 2E]3 87 A Al A2 AR| A
arzEmUe] Zo|7} 12~14cm 2ha = o]Q)c}. 1999
o] A 5 ZAbl|AME 73%] dFH 7} 16~21cm
o] Zo] Welel EE™ wje] = 19~987h =k 319
ol o] &7 vlwF & w 2 AT 91%2] dFHY]
12~20cm2] Zeo] WHele] == glom wje] S 7~
4372 SAE A GFHY ] Aol Faide] 7|5
E3 Aol BolA dsgkont mjo] fell gleA =
3 WHS7E ok Al el ol# s xpeli= w3
A A = A 2 ZAA] bW FAEA ] 7]
A3t AA = FESE 2APL o] FoiA wf A 4
geejet ot g, wjo] Ao ds] & A3 AA
HA oA Tty mi2s AlPAe] g7le] o|Ed}ed
wj o] AA Al o] FEfA= Aoz Vel &, F
ol o] Fg4s vy 22 A wa s =3 87
Al E] AF2ALME AERAI717) 49 39 A o)=)
sl o, FAE =7 M AlgtEl wirh 3315 7]714]
T 3~457F Hesloa s 18y B dFelA e
A o)Al A o] AbekA]7]7) 39 20 o2 Bo
o AltE w7} BIEs) AR = 2~3% st A0
=
2]

oo K

Aoz dehtd oleja A4S 2 AT w7
o) chepat roziEe] zalo] o3 vehited

A 33 282 7] Fod AR7d QAR

Rt HaE e

2559 W7l A £F WS A8 o4
2 Aol HalME o2l AH 2de] Qg 4 3
Fuie] ARAZL 54 BF wote) of o

13 & et g7AA N 2AE w2 Rl A
o

)

Fol NEelA AFE, SFF pep oz SHNY
& ¥ o AYATES 1 o gshrle] Ak Aol
ge oz wel =l old AR Fotel AR 5
= A%se] ol G FUE Aoz AR o9
2o ¥ BAomNE FUHE o2 AN faHE
© AT Al uh clake Ful AAA AgE o
o

A olEE AT I 7t FEA s Ul

Ae w7} e 4 9l
w2t W) A2 AE A BEe AhA

Ao) wrerolabel gk, ol2ie Agr AW
RAQ 2752 A7 g el Lol

2 =E 9 olE 3eAH vehdes o) A= 4
Z3t 'S5 Abele] &7 Aol U7l Wil
= 7l (Kageura, 1995) 0.2 A 7hgo}. m=3) A
< vl o] A= wel #AFEH oAl
HE glel HAsM= A & 5 ot A
s

o L o T

i

r3l g zA)ola o] F3f= o px] UGE
A3} Eu| Ao Zdo] O3] doid & oz B
2 FHsicty & 4 gk

FopAlgafo] He Flow A7EE QA AA=
=552 vel I 2AR= A 5 (1999)°] o5 zAHR)
vl glom AAH o= W) WS s Wxst B oo
7o Az} vaFPs W 2 Ao dehdeoy I
QA w2 oA oAb o] YeR) I F7 ]
Mo =F%0] F 54 IA AR = AA )
o} o]2]gt A Aol A AFE wie] benomyls 2]}
Yehts oAk HAXAM AHE =F% o 1A
olA HElroE wheslgl o) XApe Al o] AbubA) <]

©



Al .
A

210 AT - 7

M

Wxs 4 #7 vebdoh Benomyl A2]oA veht
< 7 Ao} FrolAx= A TR
3| 1=t o= benomyle] =F5-o] WA A ol A
A7A L wEE FA Afdite A BeAFE 7o
. oleiat A4S ojze] FAANA AHa vl
A% e AesA ol benomyl 4
A A e s Aaks) Fe. ol
stk Al 71?‘3‘% benomylo] 7}A]= M| 25 A 3] 2H-8-
%38 A]8)3}= =HE-(Spencer et al., 1996)
o] A7 9l wefel] otedikE 7|H yehte A
4 Qe ma A4 Fe] §AE W) 2 915l vehte
A7 A M| E (neural crest cel) 52 wje] 5 Zo 2 o]|F
sted W2AAA, HEn A, MMz, e dF T
, Az 5& TAAIZ]=H, benomyle] o] E2] o]
< Wl ste] wAA WA o] Yl RS 3l Aoz
oA glew T A 27 XA gkE 79
Zoltt. 7L 9], o] 59| #goz yehts A4
W3t A AAHoE 32240 sj=y 4l
wstel S A gt o] FHFFE] AAA
23 FHo] Qo= By} gloem (Jerome et al.,
1989), 9] A EF42AE It W} 499 Axs
v MZzEH e 4s I8k 2402 benomyle]
713 & §=3t= B % 9)of (Hess and Nakai, 2000).
o]} zre] A|F7HA] w3zl benomyle] Az el A2
gkt 712 1EEdS W =F5ol gk benomyl
A2 AgelA vehts o]l B R o9} A=
H Aoz AzEd
Benomyl®] AlA| Ag-HATFo] ofA) A FellAl dwt
v g A= A dHA vt glom B A7 A

i

>
=

Y
2
lo
e

now B

9} v w3l mEE) & whslol. Benomyle 9] AbF
A2 ALE A] 35~7TmM2] FE=E ARg-o] AREH I 9l
on o] =% w9 LDige] 1uM o] & 7hets}

QAL o, FFHU7} od R A E9o] okof] o317
Ak 2 B-2] ofo] whol w7} x| o=t} = 1pMA
£9] M= 7|8 o] WAsl= Aow Hol Ao =
falg FAMEbH At '&—3& =2x0] ] @ 237t
A A Al o]& 7
A 2A4E wgusl AAAL SAANA e
AR pelel F5E dohis) skl ol9ein o

S E3le] ZF 2o A ALLE ok 2RE HEX
/\]- 3 = A3} benomyl A A= AFEE Qo) AL =
oko] 27} thoksle] £2x oA Bl T
AA 1R e W 15 ok 7t 2gHez el
& Azelw A7k

Olok

TEs SAT AYFEZ o] &H o2 model TE
o ohlet PEEolmE oEg o] AT
< 3t dE o8 7HA oy o] Fuhedh °1 5
WA AL DofdA] i 7] o] o
PORARSAAR A
It dFeuE AASH w¢ FHAT v=
2 sfsietolet g A AN wealel 2
A= o= A AR S shefof vt 7)o o
o, A= Zul7]HY 27] @ulr]e] dFHUE A
Wato] ARk Ao 2 ATl % bz 43
F9] shteltt mpebr] B AFelA dejxl SAAHA
e Thdzel 23 APE st B F27) 9ok
=8k benomyl2 B <ol A wl= 7 carbendazim=} but-
yl isocynanate2 W3Elmz Hd fNE A z}sle
350 wiell 4143 Helsta 1 ME|de A5 wA|
3 Foota = ol FajabEe] mIE wAY 4
ek & & A7elA debd benomyle] S} F
713 el Hg &b o]E EejAbES] &l AN
z3E 7l5Ao] vt AZFT 2822 carbenda-
zim3} butyl isocynanate?] &2 7z BAE= S o
o IAAF A&AQ AF7F o=

E

th bt ol

tal
Fo

gk =550 dFHUE FAANA AAst 1
oo ufo] ol HF Hele ARSI 0T wie] o)A
WA ARl 228 o) E dATekidnt o Ml 5
A 2HE AR =g vie] AFA] benomyls
Azlste] 71 L N R SAHEAE w5
el Zo| wWe] Z2& 10~23 cmelglem Atful=s} 7}
w2 A2 19emoldn. dFHy 7 v 4
7~437§] We] Fg drhflen 22~267) Afol7} 7}
& s vebge 24 F 144709 Y,
3418708 Yol wiFelAl 1167H2] &Fm, 40674 2]
el A A A] = A o A doF] wjrt

3l

vebgth 23 o] AR, SR
A, ERPE 5 2472 A dARez A
o 3 5 A3 A4 o)E Hele MAES 24
AYE #AT A3 v oA U AAAE TG
A AR B e, FER Qo] S8, ARk v
A o T A, He] e Ao weERAl
ol ®EHAUH

=) == g 27] el e & A4 el



Developmental Abnormality and Toxicity of the Benomyl on Salamander 211

129 =<l 200 nM~1 pM&] benomyl-S x]g]3}4 o
EE Wl 1pMe] sxollA XA sl Benomyl A2
o) E4Hal oAb wele] o] RAlak A A3 1}
Ehtz] ok Alelm, o] 3t o] benomyle] =5
o] A RAANA AFA L e FA A g A
& majn) olgjq =AW WA BAHS benomyl
o] $AFR G A, tubulin Z=3+e] #3), microtubule?]
9 g3 e A Aesh A4, A% o
A, AABAAMEE] o]FS Az 2HEel o3 dolut
= Aoz J7E.

A A}

n 03_%—5— fz =842 54 97 200-005-D20021

2l & & ¢
7hed ), §0¥. 1975, AR =R A7 FBH (FA -
_\:’L

A, AL, £F2. 1999, FAANA A" =%
(Hynobius leechii) 7] vj2] 44 wWeo] & A=A wj vt
Ay o] A}, Sh=-8-4>3}F3] %] 32: 261-270.

3744, 1987. 87 AAAHA AZ2=AF (IV) A2 = (kA
7 9EF - AT p.5-12.

Alvarez, R., M.P. Honrubia and M.P. Herraez. 1995. Skele-
tal malfornations induced by the insecticides ZZ-Aphox
and Folidol during larval development of Rana perezi.
Arch. Environ. contam. Toxicol. 28: 349-356.

Banks, D. and M.R. Soliman. 1997. Protective effects of an-
tioxidants against benomyl-induced lipid peroxidation
and glutathione depletion in rats. Toxicology 116: 177~
181.

Barnes, T.B., A.J. Verlangieri and M.C. Wilson. 1983. Re-
productive toxicity of metyl-1 (butylcarbamoyl)-2-ben-
zimidazole carbamate (benomyl) in male Wister rats.
Toxicology 28: 103-115.

Boyer, R. and C.E. Grue. 1995. The need for water quality
criteria for frogs. Environ. Health Perspect 103: 352-
357

Bridges, C.M. 2000. Long-term effects of pesticide exposu-
re at various life stages of the Southern Leopard Frog
(Rana sphenocepala). Arch. Environ. contam. Toxicol.
39:91-96

Burkhart, J.G., J.C. Helgen, D.J. Fort, K. Gallager, D. Bo-

wers, T.L. Propst, M. Gernes, J. Magner, M.D. Shelby
and G. Lucier. 1998. Induction of mortality and malfor-
mation in Xenopus lavis embryos by water sources
associated with field frog deformites. Environ. Health
Perspect 106: 841-848.

Carter, S.D. and J.W. Laskey. 1982. Effect of benomyl on
reproduction in the male rat. Toxicol. Lett. 11: 87-94.

Carter, S.D., J.F. Hein, G.L. Rehnberg and J.W. Laskey.
1984. Effect of benomyl on the reproductive developm-
ent of male rats. J. Toxicol. Environ. Health 13: 53-68.

Chiocchio, V., N. Venedikian, A.E. Martinez, A. Menendez,
J.A. Ocampo and A. Godeas. 2000. Effect of the fungi-
cide benomyl on spore germination and hyphal length
of the arbuscular mycorrhizal fungus Glomus mosseae.
Int. Microbiol. 3: 173-175.

Cummings, A.M., S.T. Harris and G.L. Rehnberg. 1990. Ef-
fect of metyl benzimidazolecarbamate during early pre-
gnancy in the rat. Fundam Appl. Toxicol. 15: 528-535.

Dolara, P., F. Torricelli and N. Antonelli. 1994. Cytogenetic
effects on human lymphocytes of a mixture of fifteen
pesticides commonly used in Italy. Mutat Res. 325: 47—
51.

Edmund, J.C., O.N. David and E.J. Fichard. 1998. Interac-
tions of gonadal steroids and pesticides (DDT, DDE) on
gonaduct growth in larval tiger salamanders, Ambysto-
ma Tigrinum. General and Comparative Endocrinology
109: 94-105.

Elliott-Feeley, E. and J.B. Armstrong. 1982. Effects of fen-
itrothion and carbaryl on Xenopus laevis development.
Toxicology 22: 319-335.

Flaskos, J., M.J. Fowler, C. Teurtrie, A.J. Hargreaves.
1999. The effects of carbaryl and trichlorophan on dif-
ferentiating mouse N2a neuroblastema cells. Toxicol.
Lett. 110: 79-84.

Hauptman, O., D.M. Albert, M.C. Plowman, S.M. Hopfer
and F.W. Jr. Sunderman. 1993. Ocular malformations
of Xenopus laevis exposed to nickel during embryogene-
sis. Ann. Clin. Lab. Sci. 23: 397-406.

Hess, R.A., B.J. Moore, J. Forrer, R.E. Linder and A.A.
Abuel-Atta. 1991. The fungicide benomyl (metyl 1-
(butylcarbamoyl)-2-benzimidazolecarbamate) causes
testicular dysfunction by inducing the sloughing of
germ cells and occlusion of efferent ductules. Fundam.
Appl. Toxicol. 17: 733-745.

Hess, R.A. and M. Nakai. 2000. Histopathology of the male
reproductive system induced by the fungicide benomyl.
Histol. Histopathol. 15: 207-224.

Hoekstra, E.J., M. Kiefer and A. Tepper. 1996. Monitoring
of exposure to be benomyl in nursery workers. J. Occ-



212

B
02
ol
ED)
Ffp
1=

up. Environ. Med. 38: 775-781.

Hurtt, M.E., C.A. Mebus and M.S. Bogdanffy. 1993. Inves-
tigation of the effects of benomyl on rat nasal mucosa.
Fundam. Appl. Toxicol. 21: 253-255.

Jerome, M.G., L.R. Georgia and L.C. Ralph. 1989. Effect of
the benomyl metabolite, carbendazim, on the hypotha-
lamic-pituitary reproductive axis in the male rat. Toxi-
cology 57: 173-182.

Kageura, H. 1995. Three regions of the 32-cell embryo of
Xenopus laevis essential for formation of a complete
tadpole. Developmental Biology 170: 376-386.

Kallen, B., E. Robert and J. Harris. 1996. The descriptive
epidemiology of anophthalmia and microphtahlmia.
Int. J. Epidemiol. 25: 1009-1016.

Kratke, R. and F. Kirschbaum. 1996. Effects of the antie-
pileptic drug valproic acid on the development of the
axolotl (Ambystoma mexicanum) : histological investi-
gations. Teratog. Carcinog. Mutagen 16: 149-167.

Linder, R.E., G.L. Rehnberg, L.F. Strader and J.P. Diggs.
1988. Evaluation of reproductive parameters in adult
male Wistar rats aftersubchronic exposure (gavage) to
benomyl. J. Toxicol. Environ. Health 25: 285-298.

Nakai, M., R.A. Hess, B.J. Moore, R.F. Guttroff, L.F. Strad-
er and R.E. Linder. 1992. Acute and long-term effects
of a single dose of the fungicide carbendazim on the
Male reproductive system in the rat. Journal of Andro-
logy 13: 507-518.

Nakai, M., R.A. Hess, F. Matsuo, Y. Gotoh, T. Nasu. 1997.
Further observations on carbendazim-induced abnor-
malities of spermatid morphology in rats. Tissue &
Cell 29: 477-485.

McLean, W.G., A.D. Holme, O. Janneh, A. Southgate, C.V.
Howard and M.G. Reed. 1998. The effect of benomyl on
neurite outgrowth in mouse NB2A and human SH-
SY5Y neuroblasoma cells in vitro. Neurotoxicology 19:

=

Olok

- FEE - BMR
629-632.

Pilar Honrubia, M., M. Paz Herraez and R. Alvarez. 1993.
The carbamate insecticide ZZ-Aphox induced structu-
ral changes of gills, liver, gall-bladder, heart, and noto-
chord of Rana perezi tadpoles. Arch. Environ. contam.
Toxicol. 25: 184-191.

Razmovski, R. and D. Pejin. 1997. Effect of benomyl on
Saccharomyces cerevisiae during continuous cultiva-
tion. Acta. Microbiol. Immunol. Hung. 44: 249-256.

Schuytema, G.S. and A.V. Nebeker. 1998. Comparative
toxicity of diuron on survival and growth of Pacific tree-
frog, bullfrog, red-legged frog, and African clawed frog
embryos and tadpoles. Arch. Environ. Contam. Toxicol.
34: 370-376.

Snawder, J.E. and J.E. Chambers. 1993. Osteothyrogenic
effects of malathion in Xenopus embryos. Toxicol. Appl.
Pharmacol. 121: 210-216.

Spencer, F., L. Chi and M.X. Zhu. 1996. Effect of benomyl
and carbendazim on steroid and molecular mechanisms
in uterine decidual growth in rats. J. Appl. Toxicol. 16:
211-214.

Staub, R.E., G.B. Quistad and J.E. Casida. 1998. Mechani-
sm for benomyl action as a mitochondrial aldehyde de-
hydrogenase inhibitor in mice. Chem. Res. Toxicol. 11:
535-543.

Sunderman, F.J., M.C. Plowman and S. M. Hopfer. 1992.
Teratogenicity of cadmium chloride in the South Afri-
can frog, Xenopus laevis. IARC Sci. Publ. 118: 249-256.

Urani, C., E. Chiesara, P. Galvani, L. Marabini, A. Santa-
gostino and M. Camatini. 1995. Benomyl affects the
microtubule cytoskeleton and the glutathione level of
mammalian primary cultured hepatocytes. Toxicol.
Lett. 76: 135-144.

(Received 20 July 2002, Manuscript accepted 25 Aug. 2002)



