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Vitellogenin assay (VTG assay) ¥ aromatase
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Terminal deoxynucleotidyl transferase (TdT)
assay
‘:’7“1 7 AT F A A7) RES Fdd}
22 Az ool xylene2 2
J}E}I{l‘% AAS L AFEE AHES] F3AZ TS
proteinase KZ w28 Rajgle] HZ9) E.TL]JH—Q
=9t TdT enzymeC. & &4 w2 oz & 33}
EZZ fluorescein isothiocynate (FITC)Z  labeling3} o
488~530 nmol| A BA3HT}
20 9 g
34 LCso test
AAHE 529 sword tail juvenile fisho) t)dt FA
LCso A& ¥ 13} 2tk Molinates} alachlore] b]3)
endosulfanol A= -9 @& X7} JEldt}. o]9)
& AN E ) tE o]&Q Rainbow troute]] o3t
73$-9} vlA7IA 2 endosulfane] EAo] wfL =o A
o2 =t} (Schulz, 2001).

Table 1. LCso values of EDCs such as alachlor, endo-
sulfan and molinate

Test material acute LCso value
Alachlor 6.01 ppm
Endosulfan 7.57 ppb
Molinate 12.47 ppm
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Vitellogenin assay (VTG assay) 3 aromatase
assay

FAAMY FBAM AL vitellogenin} 9 ol A
F2 go] YA estradiol®] HFAHQ] estroneS T
Azl #o93E 849 aromatased] WHAEE W
7] $3tf RT-PCRE AAESIoH, oo AgH
primer®] sequencer= ¥ 29} 72t} (Jonsson &, 1994;
Gronen 5, 1999; Kwak 5, 2001).

Table 2. Oligonucleotides used for RT-PCR analysis

Primer sequence

up : 5°-GGT TGC CAC ATC TGA AAG
GAC-3®

down : 5°-AGG CAG ACA ACG CAG
CAC AG-3

Vitellogenin

up : 5-CCT GAC CCT GAA GTA CCC
CA-¥
down : 5’-CGT CAT GCA GCT CAT
AGC TC-3
up : 5°-AGA ACA GAA AAT ACA
Aromatase CCT CGC GIT T-3
down : 5-CGA GCA GCT CTT TCT
CGT CAA C-3

B-Actin

VTG assayE A A|3F ZA3 alachlor ©=<2, endo-
sulfan?t molinate®] oA vitellogenin mRNA2]
wrgo] §EA 0 HAHAI(2E 1, 2), aroma-
tase assayZ AA|3t A o)X= molinate A 2]FEE A
g O F FolA] aromatase LHo| LFoJEHO
2 ALY 3, 4, 5). Vitellogenine Fofa 2
< xenobioticsl] &3 Az 2B WHIE =l
AF2-E]= biomarkero] ™, aromataser FH AA T2
B2l estrogen?] Ao #AEHO = wHo|tt
(Finlayson 5, 1986; Kime %, 1999; Mellanen %5,
1999, Nicolas &, 1999; Orlando &, 1999). F 7}
biomarker®] A}-8 ZA¥} aromatase?] Ao © &
RAoE #AGHH YWEHAZTELDR i 5
T 95Ty A% %‘%”} oz} molinaed 3 ©5 =
F2 grigte EAde
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Fig. 1. Results of vitellogenin mRNA level examined by
RT-PCR using 1pg of total RNA from male
sword tail fish sample treated with alachlor for
three months.(C : control, T : group treated with
testosterone, E : group treated with estradiol, H
: group treated with high conc. of alachlor, M :
group treated with middle conc. of alachlor, L :
group treated with low conc. of alachlor).
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Fig. 2. Results of Vitellogenin mRNA level examined
by RT-PCR using 1pg of total RNA from male
sword tail fish sample treated with mixture of
endosulfan and molinate during three months.(C :

control, T : group treated with testosterone, E:
group treated with estradiol, H: group treated
with high conc. of mixture of endosulfan and
molinate, M : group treated with middle conc. of
mixture of endosulfan and molinate, L : group
treated with low conc. of mixture of endosulfan
and molinate).
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Fig. 3. Results of aromatase mRNA level examined by

RT-PCR using 1ng of total RNA from male
sword tail fish sample treated with alachlor for
three months.(C: control, T: group treated with
testosterone, E : group treated with estradiol, H:
group treated with high conc. of alachlor, M:
group treated with middle conc. of alachlor, L:
group treated with low conc. of alachlor).

TdT assay

EDC o4 242 4zE: sl €@ apoptosis
2 3ol3ly] &le] terminal deoxynucleotidyl trans-
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DNA fragment®] 3-OH et AgE=g TdT #
3t A9l apoptosise] ATy HlFFRE B AFHd
AMEEISIE B3] AS A FZaelA apoptosis
2 necrosis7} #ZE $1a1, alachlor} endosulfan =3¢
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Fig. 4. Results of aromatasc mRNA level examined by
RT-PCR using 1pg of total RNA from male
sword tail fish sample treated with endosulfan
for three months.(C: control, T:group treated
with testosterone, E : group treated with estradiol,
H: group treated with high conc. of endosulfan,
M: group treated with middle conc. of endo-
sulfan, L : group treated with low conc. of endo-
sulfan.).
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1995, Haris %, 1998; Miles- Richardson, 1999; Mont-
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Fig. 5. Results of aromatase mRNA level examined by
RT-PCR using 1pg of total RNA from male
sword tail fish sample treated with mixture of
endosulfan and molinate for three months.(C:
control, T: group treated with testosterone, E:
group treated with estradiol, H: group treated
with high conc. of mixture of endosulfan and
molinate, M : group treated with middle conc.
of mixture of endosulfan and molinate, L:
group treated with low conc. of mixture of
endosulfan and molinate).
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Fig 6. Normal testes (left upper, X200). Degenerative and necrotic changes (arrow) in the testes of sword tail fish
treated with alachlor (high conc. : right upper, mid conc. : left lower, low conc. : Tight upper).

Fig. 7. Normal testes (left upper, X200). Degenerative and necrotic changes (arrow) in the testes of sword tail fish
treated with endosulfan (high conc. : right upper, mid conc. : left lower, low conc. : right upper).
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Fig. 8. Normal testes (left upper, X200). Degenerative and necrotic changes (arrow) in the testes of sword tail fish
treated with molinate (high conc. : right upper, mid conc. : left lower, low conc. : right upper).

Fig. 9. Normal testes (left upper, X200). Degenerative and necrotic changes (arrow) in the testes of sword tail fish
treated with mixture of endosulfan and molinate (high conc. : right upper, mid conc. : left lower, low conc.
right upper).



SRAEA U WEeBluteEd i oo 4% 195

w
=
c 100
-
©
- 80
o
> J
n 60 —
()] .
@© 40 —
= i
Y
o) 20 -
° J
0 } ! ! t + } } + + ' ' ! + !

C T A-H A-M A-L E-H E-M E-L M-H M -M M-L Mix-H Mix-M Mix-L

Fig. 10. Sex ratio (%) of sword tail fish treated with each materials for three months.
(C:control, T:testosterone, A:alachlor, E:endosulfan, M:molinate, Mix:mixture of endosulfan and molinate, H:high
conc., M:mid conc., L:low conc.)

EndobL = EndoM

Fig. 11. Representative sword tail fish treated with endosulfan and alachlor for three months. The group treated with
mid and high concentrations of endosulfan and alachlor showed the shorter tail than any other groups. (Con
: control, Endo : endosulfan, Ala : alachlor, H : high conc., M : mid conc., L : low conc.)

Fig. 12. Representative sword tail fish treated with molinate and mixture of endosulfan and molinate for three months.
The group treated with high concentration of molinate showed the shorter tail than any other groups. (Con :
control, Mol : molinate, Mix : mixture of endosulfan and molinate, H : high conc., M : mid conc., L : low conc.)
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Effects on EDC-like farming chemicals in aquatic Organism

Hyun Woo Kim, Kun Ho Park, Jin Hong Park, Hua Jin, Joon Seong Kim, Gook Jong Eu, Hyun Sun Cho, Gami
Kang, Myung Sung Lee, Byung Hoon Songl, Jin Sup Shin’, Maing Haing Cho*(Laboratoy of Toxicology, College
of Veterinary Medicine, Seoul National University, Seoul 151-742, 'Pesticide Safety Division, Department of Crop
Protection, National Institute of Agricultural Science & Technology, 441-707 Suwon, Korea)

Abstract : Endocrine disrupting chemicals (EDCs) can alter hormone regulation that control reproductive system
in animals. The effects of endosulfan, molinate, and alachlor that suspected to have examined disruption EDCs
effect on a fish species of interest, Xiphophorus helleri (swordtail fish), were studied using vitellogenin (Vtg) and
aromatase as diagnostic biomarkers. Induction of Vig proteins was detected by RT-PCR in male fish treated with
alachlor, and mixture of endosulfan and molinate in dose response manner. Also, induction of aromatase was
detected by RT-PCR in male fish treated with alachlor, endosulfan, and mixture of endosulfan and molinate in
similar manner. In this study, swordtail fish exposed to endosulfan or molinate individually did not show any
adverse effects. However, Vtg and aromatase expressions and apoptosis were detected in swordtail fish exposed to
the mixture of endosulfan and molinate. These results suggested that low concentrations of mixture of molinate

and endosulfan individually do not affect swordtail fish, but may influence genital system, and induce apoptosis.

*Corresponding author (Fax : +82-2-873-1268, E-mail : mchotox @snu.ac.kr)



