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Effect of Organic UV filters, Benzophenone—3 and Octinoxate, and
Water Temperature Combination on the Final maturation
of longchin goby (Chaenogobius annularis)

Jin Sung Choi

Department of Marine Biology, The graduate School,

Pukyong National University

Abstract

2—hydroxy—4—methoxybenzophenone (benzophenone—3, BP—3)
and 2—ethyl—hexyl—4—methoxycinnamate (octinoxate, EHMC) are
one of the major compounds of sunscreens for protect skin or
products from UV radiation. BP—3 and EHMC are known endocrine
disrupting chemical (EDC) and have been shown to cause endocrine
disorders in a variety of organisms. In previous study, the effect of
BP-3 (0.5, 5, 50 and 500 ng mL ') and/or EHMC (0.5, 5, 50 and 500
ng mL™!) were examined in the maturing oocytes of longchin goby
(Chaenogobius annularis); showed a significant increase of estradiol
(E,) level in the BP—3, 5 ng mL™!. Therefore, in this study, we
investigated the effects of mixture (BP—3 and EHMC) on estrogens
(estrone, E1; E») levels and GVBD using maturing oocytes of longchin
goby. We performed two separate similar experiments. The oocytes
with average diameters of 730, 770 and 800 pm were incubated with
different concentrations (BP—3, 5 ng mL ™! with EHMC, 0, 5, 50, and

500 ng mL™!) for 24 hours under 15 °C and 20 °C water temperature



(WT). GVBD was observed under a microscope, E; and E, levels
were measured by radioimmunoassay (RIA). GVBD induction was

significantly increased in 15 °C, 770 um, BP—3, 5 ng + EHMC, 50 ng
mL ! compared to the control. E; level was significantly increased in
20 °C, 770 im, BP—3, 5 ng mL ! and E, level was increased in 15 °C,
770 mm, BP—3, 5 ng mL."! compared to the control.



I.A &

k)4 (ultraviolet radiation, UVR) el ¢J3lo] A= AL T
(AFst 2EgA) S I 2 d¥FS = & Ut (Pozo et al,
2021). ol& WAs7] Sleto] Ao ApdEd S AREshedH], wWlxd =
Al (benzophenone, BP) A}2]A 2pekA] (UV filter) = 24, AFF, 39
Axgolet 22 i vE F AAEEFL A, Ay, FJE, AF
XAl o] vhekst AFel AHEH T 3tk (Kang et al., 2016). BPs
%  Wx#:=-3  (benzophenone—3, BP-3)¥  JERAE
(octinoxate, EHMC)+= dwtd oz Zgw o] 33lstAd R & WA st
EgAL Bl tid FFAHS Eol7] S8l 7HE B AR Aol 89 A
&¥t}t (Vione et al,, 2013). BP—3¢F EHMC= AAAZ o2 de o &

Fx ek $hH 0 FEA =3 AJAFE DL AT (Mao et al., 2022). o]
FAg oz AUl sFo] 7hsskH ole AT W AZEE xSt

AET EFoA A HEH 3L ot (Table 1.5 Table 2.). o572 4%
AtA o ® Aol o BPs7k F2Ee} vt (Balmer et al, 2005).
TE BPst oF 25 %9 % AE AAAL AT xoAE FF= T
BPs7} vtz #FolEo] A5 o] y@EnAlE kA A A Hale o
FE vRtE A5 Bk 9lew (Spalding et al., 1997; Moeller et
al., 2021; Bongiorni et al., 2008), #to+= 3}2}oloA BP-39
EHMCE & 2 xpebAle] sj7h Aol Sl A5 Allst

L FAHAJ (Dos, 2018; Hawaii State Legislature,

kl
=
It
i
1o,
o



AEANZ F99 BPs9 A= ot=27, oArEzA 9 73AA &
2 F&A &gk, A% E Aol wolsks En] 7] Fel B4
Aol 9gekS v A= YEH w@EZ (endocrine disrupting chemicals,
EDCs) & o] A%t} (Wang et al., 2016; Arya et al., 2020). o] & A7
o4 <QIzte] BPs ADe A AgkAlel w2 FEoR =EE A5
ArERZ A AWo] Bd ¢ A== AAFEIH (Gago—TFerrero et
al., 2013; Zhang et al., 2013). o|Wl3l|5F (Mytilus galloprovinciallis) °ll
A BP—-37F AW 5523 (Regalado et al., 2021), ©o]= AF3 &
SHTA S (Caretta caretta) Sl Wit W&t 2 Age] F420 43
= "E 7hsAdel AZIE7E skdvk (Cocci et al., 2020). BP—39)
EHMCE M]3 ol ZA9A AdAlE Azold ==HUSs 3¢ 7
=4, W& a9 By 7o dFS rAe Aex gz
(Downs et al., 2022).

dEolie e F2 sEY FEE &
NS dYebdth (Leet et al,, 2011). BZojF2 GEAX 4% 44
& AASHRelA  EHlEHE AMd A=

=
(gonadotropin—releasing hormone, GnRH) ol &3] ¥ 3}rA] 2 ol A

e

HEZAZ52E (follicle stimulating hormone, FSH) ¥ 34 d4
+ (luteinizing hormone, LH) ¢ W& FX3tth, Gy 7] o= G =
MEANA  EH]E  estradiol-178 (Ex)7F ZF] o AE=ZA S84

(estrogen receptor, ER) o] zZFg-3lo] vlelZ Ad (vitellogenin, VTQG)



o] $4& =gt (Zhou et al, 2021; Hwang, 2012). F3847]7}
v T GERAELY FHFA 5ol doju= Aol maturation—
inducing hormone MIH)®] ¢J&] ZZA %™, maturation promoting
factor (MPF)E &4 AlA 4t 53] (germinal vesicle break down,
GVBD) Y w#&S F%3t} (Young et al., 1982; Hwang, 2012). =,
A AEHZo]E= ER W ot==27 484 (androgen receptor, AR) &
Fsk 54 ¥ FEA AFeto] Ao, QA A AHEo| =
=52 A% ER 4 AR Ido] WA= 4 Qltd (Sandra and Norma,
2010). ER % AR °]79 %7] ©AlelE TdEo] WdA = 9
A AHECE FE#Eol AEsh: AEE Al¥dtt (Devlin and
Nagahama, 2002). o7F9 =7 &Ale] AEZZ &4& YER &
3]

9 B4 k3T A4S BHH TR BE A I, WA dh, 5

_10(

Re 22 A a4, W BEE A 5o a3 YEEH (Filby et al,,
2007). BP=3+= 7 o7l VTG B8 <

ol BP-37} dAEEAG 22 a3E HE ZksAdol des UE
dt}h (Coronado et al., 2008). Bare] w=wW 5% BP-39 =a%
A B2t9 4] (Danio rerio, zebra fish) 2] AHZo|= A W g2& F
29 #HE FAA H3ZF 9lsltt (Bluthgen et al., 2012). 3+
BP-3 8l EHMCE 2o o8 $572 Ahelid AdAlS 54z A
By AR A =E3A A Ay 9 Hskgo] s oE4
o % ZFAsHivk (Lietal, 2018). AR etF]H o] zpof Bl A 310

BP-3%5 x=3AIZ A3 F3kg, AdE 9 AEgde Ael7t islew



Aol= A A ATl dAE THA = A FYsHA st
R T Aole Lk Aol Fart AhEd e, =5 Adoje
AX VTG %9 Fo% F7H7F AT (Kinnberg et al, 2015).
EHMC+= #el2E=z, gtuzz 9 <=7 A4S e,
Pimephales promelas®] A2 23} Wt} (Oryzias latipes) 2 A
Bk elA vigle mRNA S ®Ast= Zoz By Ho
(Kunz and Fent, 2006; Inui et al., 2003; Christen et al., 2011; Zucchi

O

etal, 2011). &3 EHMCol =% P. promelas A2 WA= AHZE

o]

[t

TEE 4% 29 Qe 7349 3B-HSDE| stF x4 o]

-

Eltt}t (Christen et al., 2011).

o] 7o Aaef QojA ze]Ad AAA Sl FF A g TS

dIFE F715E sttt (Wood, 1997). &= A5 4 W A Abst of
A

wey WS dEo] glom JRARY] HFAS Bl e

riu

&

&It} (Shein et al., 2004). Arantes et al. (2011)2] -

oA & W37} Prochilodus argenteus 9719 vt W Abgto] H-A
Al ko] Q1SS I3t A, Dou et al. (2008) 2] A&l Anguilla

Japonica®l Wizt W Abgko] £ w3l oF] wgEHAT. 3
Epinephelus septemfasciatus 472 8% E, 5+ F29 tfsle]
o5k ztol= glloy 2ol wel Frkshs dds Bt (Shein et
al., 2004).

Ao Atg® HWS  (Chaenogobius annularis) < &

o]
(Perciformes) W59} (Gobiidae) ol 3hy 3t P 9 AE Eg)



=&, GVBD % 9 oA2E=ZA (estrone, E; W E,) FX& WH3AZ
4 3tk (Woo, 2021). Woo (2021) 9] Aol AE52 453 d=
AEE 5 ng mL™'9 BP=3 skl 24 A7t E3AZ Ay GEAXE
AHZO|E tabz} tiztel] nlgte] FAIACO®E felsh ato]E YERYY
o (p<0.05), TAALE F9% Aol gl BP-3 v& &7
O % E, tAMEo] tixTe Hlgte] Fr7lete AES HAuTh ol EY
Z ¥ A E 5 ng mL "9 BP-3 skl #7e] &A= EHMC

<!
o

T (Table 202 71522 AAI % (5,50, 283 500 ng mL™)

7FA] AFe] A =;

GAlo] B oT =FHAS W WURAES AESL GVBD, AAE
15

S H7ete] AWEL ALV GRA X =ESA A 1,

—

27 55 W5E zA el B8 olsh Was] 15 C @ 20 T &
ol W Wan zAe



Table 1. Summary of environmental concentrations of BP-3 in reported studies.

Concentration of

Env1r(;;1rrienta1 Location compound Reference
sample (ng L™YH
B Langford et
Surface water Norway 670-6,700 al., 2015
. . Fagervold
Lakes and rivers Switzerland 3 et al., 2019
. Poiger et
Switzerland 125 al., 2004
: Balmer et
Switzerland 35 al., 2005
3 Bargar et
Sea water U.S. 2.6—7.3 al., 2015
. Emnet et
Wastewater Antarctic 16.7—195 al., 2020
. . He et al.,
Sediments China 0.8—1.6 2016
Fish Switzerland 123 (ng g™") 9 fher ot
is erla i al., 2005
B L | Langford et
Norway 20-1,037 (ngg™) o005




Table 2. Summary of environmental concentrations of EHMC in reported studies.

Concentration of

Env;l;(z;mi:ntal Location compound Reference
P (ng L™
Kameda et al.,
Surface water Japan 21—-260 9011
Lakes and 7 " 18 Kameda et al.,
rivers apa 2011
Kameda et al.,
Sea water Japan 12-1,040 9011
\ Giokas et al.,
Tonian Sea nd 9004
. = Goksoyr et al.,
Polynesia 13—-92 9009
Giokas et al.,
Wastewater Greece 4.1 2004
. _ Ricking et al.,
Sediments Germany nd—4 9003
Kameda et al.,
Japan 2.2—30.0 9011
Swimming pool Lambropoulou
water ¥, 1 et al., 2002
Fish Switzerland  56.5-61.3 (ngg ) Lentetal,
' ' 2010
} 1 Fent et al.,
Invertebrate Switzerland 22—150 (ng g )
2010
France 79-99 (ng g 1) Bachelot et al.,

2012




I A= ¥ 34

2.1 3524

2 AYA =Fo AFESE stetEAS WlxH=-3 (2-Hydroxy—
4—methoxybenzophenone, BP—3, CAS number: 131-57-7) %4 =E|
A o]lE (2—Ethylhexyl 4 —methoxycinnamate, EHMC, CAS number:
5466—77-3)> Sigma—Aldrich (Saint Louise, MO, USA) & 5-E] v
sdgom, 217t 1 mg mL™' $ERE o&& (ethanol, EtOH, CAS
number: 64—17—=5) o &3|AA — 20 Tl BT

| AEE (estrone, Ey) % | AEZHE (estradiol—17 8, Ey) #4

of a3k &A

rir

Z}7F anti Estrone—6—-CMO-BSA serum % anti
Estradiol—3—carboxymethylether—-BSAE Cosmo—bio co. Ltd
(Tokyo, Japan) S 2F-E Fwujste] ARGt WALEAE T=82
Estrone [2,4,6,7—-3H(N)] % Estradiol [2, 4, 6, 7-3HMN)]=
Amersham Biosciences (London, England) 2 FE J-uljsle] AFE-3FA
t}.

Aol mpHe] o] &3 2-dFAlo gk (2—Phenoxyethanol, CAS
number: 122—99-6)2 Sigma—Aldricholl A -l 3} t}.



2.2 4o AR 2 GEAE W

A&o) Atg¥l AWE (Chaenogobius annularis)2 2022'd 2945
2022 497kA] BAL FAEL] bl oA FEA 7] ZA S o] &5}
of AR & Az FAQ AFdlT7t @3 20 L 22 AT

s FoF *FIAIZ Ao A% (FAt 5.90 £ 0.34 cm), A (F
10 =, 0.14 cm) B AT (Bt 2.23 £ 056 99 & FHe ¥ 2-

S mL L ™HE wFHAI7]aL 70 % EtOHZE 253 377}
A5 ol&3dt HFE Aiste] dAE AF St AFHE dae
ice—cold balanced salt solution (pH 7.7, 255 % 300 milliosmol) °l
ol dx, ¥ 9 =S At & GRAELE FEste] ozl GEA
X 5 % 10 A& Heke AAEYAE (GmbH 37081, Zeiss, Berlin,
Germany) 2 #vl7d Zkd 2} (AxioCam ICcl, Zeiss, Berlin, Germany)

i

15 &2 3t Zen 2.3 lite T21¥o 7 Y AS 1 m7tA =43}

—

of Hits Teth SHE GEAEY] FH9 FEe 44 734 £ 23
m (730 m), 772 £ 34 m (770 ym), 18] 803 £ 41 m (800 ym)
%Ath (Table 3.).

24—well plated] Z+ 9 I Leibovitz L—15 (Leibovitz’ s L—-15
Medium, Gibco, Massachusetts, USA) #jd (pH 7.7, 255 % 300
milliosmole) 1 mLel #&8d GEAMEE oF 20 /|18 ¥ % BP-3 4

EHMCE »:¥#% (BP-3,5ng mL™'; BP-3, 5 ng + EHMC, 5 ng mL™};



BP-3, 5 ng + EHMC, 50 ng mL™"; BP=3, 5 ng + EHMC, 500 ng mL™")
Y& H wlk’]  (Multi—-Room Incubator VS—1203P4S, VISION
scientific co., LTD, Seoul, Korea) oA #]¢ &% 15.0 £ 0.5 C ¥
20 £ 0.5 T2 24 ARt gt wiksiginh. s dd= 3 o= d9

sk

10



/(ﬁrf"" " 7N :
L1 \
vt L
38— & E :\{‘ \.\‘l T
Ay \ -
mgﬁf i
! Korea |
Yellow Ii\ .»} East Sea
36— Sea & {
b £
" ot /
il {
: 4

Sk A ¢
v £

Haeundae-gu

e

92 Jejudo Island

| I | I
126 128 130 132

Fig. 1. Location of the sampling area; Cheongsapo, Busan, Korea.
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Table 3. Measurements of longchin goby, Chaenogobius annularis used in this study.

Total length Body length Total weight d%ﬁz;{:r

(cm) (cm) © (m
Fish 1 6.1 5.2 2.38 734 £23
Fish 2 54 4.9 1.45 773 + 34
Fish 3 6.1 5.2 2.32 803 £42

12



A5 4R A ¥ BP-3 W& T BP-3 + EHMC £3% ==

of & AAAR F9 AEEY GVBD = adE #E33

w
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o
=
(@)
jm)
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jm)
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o
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o
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o
(@)
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wW
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-
oQ
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o

FHota F2 2 Dol 1 mLA H7isk § AAdAu| A S o] 835te] WEA
GVBD o] 5= xA}&}t} (Stoeckel, 2000). A3 GVBD &
T 7 A9 QR M E FoA AMGSE GRAE 5 AL AE R

of 42 wygw by
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2.4 AN2EZZA 4 (FAPEHSAER)

BP-3 @& 4 BP-3 + EHMC &% A3 24 A =59 W2
MEL] wjFHow  FEH|E E, 9 E.)Y sE5E HAMHISAMY

(radioimmunoassay, RIA) &2 #2319t} (Kobayashi et al.,, 1987).

Hjoko] Eut F wjoke] 800 pyLE ¥ IS o] €3Fe] 2 mL micro tube]

L
N

7zt 5%t & - 80 Ce WdE RE#ASTh SRS dle &
ethylacetate : cyclohexane (1 :1,v:v) €d0=7 2 3] FF3}o]
AHRO)ES Atk E; ¥ B9 53 ¥ WelE 15 pg mLT! ~

3840 pg mL~! o]t}

14
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off
ki
rir
e
-
o,
44
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kA
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_>|4_tl
il
I
o
A9
+
&
=
wm
e
2]
wm

Statistic (version 27)& ©]&3dto] TS Lol dLBAHEA
(one—way analysis of variance, ANOVA) S AAsA 1, & 25
ot fFoxtE gelstr] S8l oldFAbEAl (two—way analysis of
variance, two—way ANOVA)-E& AA|tglom ALS #4092 Turkey
testE AAlsto] 95 % AF Tl e 25 U AL AdA] =7

= mEol wE dzTet A9t foA 28-S AAIsi
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m 2 3

3.1 BP—3 + EHMC &3¢9 u|X+= 29 9%; GVBD

ok A AWEe] R AFES dAFe 72zt 734 £ 23 mm (730 ),

ﬂ
ﬂ
\]
[+
w
o~
=
=
—
ﬂ
ﬂ
(@]
=
=
N
A
&
oo
=
w

+ 41 um (800 mm) Gt} (Fig.
2). 015 YEANEE F2Z03 BP-3 ¥ EHMC &g 24 A3t
=EAT & AAErACR BEste], GEAXS ¥ (germinal
vesicle, GV) 9] 91%], GVBD % At (e = duto] ok g dRA

g TRHYG. BE AFPolN AEES dxTE T I

15 €29 =7l GVBD: 730 m& 800 m2 RE AT+ dx
To| vlste] {23k Aozt ot 770 me BP-3, 5 ng + EHMC,
50 ng mL™! A& GVBD % (41.4 + 7.2 %) a&37t #2H
on, o] T (13.1 + 9.2 %)l H|ste] FAFCRE {5t F
7}akeith (Fig. 6B, p < 0.05).

20 C Wigx1de Ee AdTelM= GVBDY #FEE7E dFEA

gk,

16



Fig. 2. Morphological observations of oocytes (A, 730 wm; B, 770 um; C, 800 ym) in longchin goby, Chaenogobius
annularis before incubation. (GV, germinal vesicle)
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Concentration of UV filter mixture

Control

BS BSES BSES0 BSES00

15 °C

Fig. 3. Morphological observation of 730 #M oocytes group in longchin goby, Chaenogobius annularis after 24 h
incubation. Oocytes exposed in BP-3 with EHMC mixture treatment (B5, 5 ng of BP-3 mL™'; BSES5, 5 ng of BP-3 +
5 ng of EHMC mL™'; B5E50, 5 ng of BP-3 + 50 ng of EHMC mL™'; BSE500, 5 ng of BP-3 + 500 ng of EHMC mL"
") and water temperature conditions. (GV, germinal vesicle; GVBD, germinal vesichle breakdown)
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Concentration of UV filter mixture

Control

BS BSES BSES0 BSES00

15°C

20°C

Fig. 4. Morphological observation of 770 #M oocytes group in longchin goby, Chaenogobius annularis after 24 h
incubation. Oocytes exposed in BP-3 with EHMC mixture treatment (B5, 5 ng of BP-3 mL™'; BSES5, 5 ng of BP-3 +
5 ng of EHMC mL™'; B5E50, 5 ng of BP-3 + 50 ng of EHMC mL™'; BSE500, 5 ng of BP-3 + 500 ng of EHMC mL"
") and water temperature conditions. Asterisk indicate significant difference from control. (GV, germinal vesicle;
GVBD, germinal vesichle breakdown)

19



Concentration of UV filter mixture

Control

B5 BSES BSESO BSES00

154C

20°C

Fig. 5. Morphological observation of 800 #M oocytes group in longchin goby, Chaenogobius annularis after 24 h
incubation. Oocytes exposed in BP-3 with EHMC mixture treatment (B5, 5 ng of BP-3 mL™'; BSES5, 5 ng of BP-3 +
5 ng of EHMC mL™'; B5E50, 5 ng of BP-3 + 50 ng of EHMC mL™'; BSE500, 5 ng of BP-3 + 500 ng of EHMC mL"
") and water temperature conditions. (GV, germinal vesicle; GVBD, germinal vesichle breakdown)

20



60
A gi5ec
l az0°C
40
20 4
0 .
Con - EHMC. 5 ng  EHMG, 50 ng EHMC, 500 ng
with BP-3, 5 ng mL-1
60
B
*
40 A
=
s
=
2
.'}
w20
0 ’J_‘
Con - EHMC, 5ng EHMC, 50 ng EHMC, 500ng
with BP-3, 5 ng mL-1
60
C
40
20 H_‘

Con - EHMC, 5ng EHMC, 50 ng EHMC, 500 ng
with BP-3, 5 ng mL-1

Fig. 6. GVBD rate of longchin goby, Chaenogobius annularis oocytes (A,
730 (m; B, 770 pm; C, 800 m) after 24 h exposed in BP-3 with EHMC
mixture treatment and water temperature conditions. Asterisk indicate
significant difference from control (p < 0.05).
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3.2 BP—3 + EHMC &%) v|X&= 29 9% 9
AERAS & W3

Z7olA BP—3 ¥ EHMC &gl
24 A wEqE AEEo] GRAEZ (730 gm; 770 m; 800 m)

27 & #4353t Estrone (Ey)
o A%, *+A 770 m, & 20 C 271 BP-3, 5 ng mL™!
FET (931.60 * 102.09 pg mL HE 2& 259 thx+
(405.58 * 124.86 pg mL™ )l Bl8le] {23 2ol & e
t} (Fig. 7B, p < 0.05). &7 770 me 800 e ReE A+
ol M= FHe AolE Holx| gttt (Fig. 7A and C). wHA
estradiol=178 (Ey) F&t ¥4 770 m, & 15 C, BP-3,

5 ng mL™'eA 74 ¥ F5 (5,916.256 * 2,350.31 pg
mL™)E Yepilow, ol 2 2% tFE+ (1,081.77 *
749.77 pg mL™) el wlste] fog o]z} 9lrk (Fig. 8B, p <
0.05). 7 730 ms}t 800 me EE AFFo| 33 2}
o] Z Holx ¢ttt (Fig. 8A and O).
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Fig. 7. Estrone (Ei) concentration of longchin goby, Chaenogobius annularis
oocytes (A, 730 ¢m; B, 770 m; C, 800 ¢m) secrete to culture media after 24 hours
exposed in BP-3 with EHMC mixture treatment and water temperature conditions.
Asterisk indicate of significant difference from controls (p < 0.05).
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exposed in BP-3 with EHMC mixture treatment and water temperature conditions.
Asterisk indicate of significant difference from controls (p < 0.05).
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2 Ag= WHAY] HAWS  (Chaenogobius annularis) ©)
EAZE et 77 Hd 3d 734 £ 23
tm (730 m), 772 £ 34 gm (770 m), 12]31 803 £ 41 m
(800 m) o] HRANYE Lo, #AJXMX}EA| benzophenone—3
(BP—3) 9 octinoxate (EHMC) ¥%% (BP-3, 5 ng mL™};
BP-3, 5 ng + EHMC, 5 ng mL™"; BP—3, 5 ng + EHMC, 50
ng mL™'; BP=3, 5 ng + EHMC, 500 ng mL™") 181 &
Z7(15 € % 20 C)°ol GVBD. &, 4§ 9 orE=ZA
% (estrone, E; ¥ estradiol=17 4, Ey ol "] X+= A&
o el ZAbstd o
2 dA79 AR GRAM xS AEEe BP-3 % EHMC
EE SR 2 dxFo Hste] {3t Aol
e A okt Wood (1997) &= o728 Aal4 W 31 oA
GEAZE] ds7)dd 2571 9% vF 5 Jew O JEE
o wet oE ¢ Aoy FRESH. & AN AR
20 T A%s ARS gzt 73 5 AFAY Ha
F2o)™ 145 C Hu ¢F 55 T/ %S F29dd=
dRAMEZS BESoe IFe wAA dskon, o= duiA
| 4=o]F<l  damselfish  (Pomacentrus — amboinesis) 2]
FAA%o] 2 TY 2 Zol2 FZQ AMYE F7HE YERd
A3 tfZxzA o)t} (Gagliano et al., 2007; NIFS, 2022).
2 A GVBD #% &¥:= Hd FH 770 m
YEAES £& 15 C, BP-3, 5 ng mL™! + EHMC, 50 ng
mL™" Ao A tizTel Bske]  folsAl Frhekled,
Y 159 oE A+ BP-3, 5 ng mL™'; BP-3, 5 ng +
EHMC, 5 ng mL™"; BP—3, 5 ng + EHMC, 500 ng mL™") &
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tiz7-2F vlaste]  {folsk o]zt glith. ol el Had
ATl oy FREY ALY AdA EdS EFStY]
A0 Ao =EAIZ Ay, A9 AdAE =3
45 (EHMC ¥ octocrylene) 7 =Zo] ME 435 283l
@Gd shgtEel ost @¥te] nlste] wjo} e tist =4
dgko] ZAd & Qvtn B et (Li et al., 2018). #+d
AN 1A= 7 7HA ol FEEd EFEd =EE
A9 oY FHY A3 FHES se= Zow Yew

(Gomez—Eyles et al., 2009). d& Eo°, AFA
imidacloprid % thiacloprid ¢ A&% =3 & »=3
Caenorhabditis  elegans ¢ W2l &o] tjxFo] H|5H
S71etR 1 AR EEC =28 AP SO dggo]
dojrp otz Hlste] ®AES {2 Aol sl
(Gomez—Eyles et al., 2009). & A3 BP-3 ©=5 v
A¥F (BP-3, 5ng mL™) ¥ AsE £ A¥F (BP-3, 5
ng + EHMC, 5 ng mL )dAEe d3d5S GVBD #X=°
YIS TV oy, 3 w5 =¥ A4+ (BP-3, 5 ng
+ EHMC, 50 ng mL DA GVBD H%7F 938
S7Fetla, 1w 3 A%+ (BP-3, 5 ng + EHMC, 500
ng mL Y oAE G213k 2ol 7b ¢lodth ©o]= Gomez—Eyles et
al. (2009)9 AdoMAH 2 Ao 1sE APFolA F
stet=d 2o AsAge] 9ste] GVBD fFE2E FAohe
'2d7F A Zor FAAU. EI Re WA IEClA
BP-3, 5 ng mL' w5 AdFE dxzyet wlwste]
GVBD fr&=ell F2st zlolE  YERA &kedl, ol
A d] 3 Adojo A BP-3 & ==A17 A3, 191 ng
mL™" FEAME GRAEZ A&o] FREEA ol A7
5 ng mL™' %2 BP-3 & GVBD f+%°] 43S +4 I+
52 AZE (Kinnberg et al,, 2015). =3 wthg} Ao &

off
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BP—3 (10 ng mL™"; 100 ng mL™"; 1,000 ng mL™ ) ol =FA171
A}, 2FE (1,000 ng mL™) Aol dRAE £ gl
kg fo8 At vEhgen, AEE (10 ng mL™)
ofld= W7 gle Zol B Ad Ayel fAkelt
(Coronado et al.,, 2008). Fst Wlxd= AF th& A4
Z}e+A|Q1  benzophenone—2 & Pimephales promelas 2]
oo Al wEAY A 2 uygmL™! @D 100 pg mLT' FEoA
GEAESY BE dg 94 (7], 271 % FTDdA AN
HNEE Yepd A fAbe oy, JRY 2 XA
Hjgte] o]=2X Xsta Estst #HAwE  (atretic  follicle) 7F
B o 1,200 pg mL™' BT o] FRAA 7
GEAMEZTL FostA Haste] GEARES Ao FAFAQ

eSS WPt (Weisbrod et al., 2007).
= /\a o = WA 770 me HEAES 15 C, BP-3, 5 ng

8
mL ™V AETY E, & %9 20 €, BP-3, 5 ng mL™ A¥ T2
Ei ®E7b B71stgEh Ex & g oFeld 37

Gy o] dRAES] Edl wet Tk Al&ske] 7]
Gy o]l FZA4% #AAE UEHdTh (Lee and Yang,

2002). Woo (2021)9 A-olA @””i4‘4ﬂw4.(%ﬂ
34 770 m; 870 m) = BP—S 5 ng mL™! o] =EFA7)1
~HZolE EAUAES Rl Ay, 770 m IwolA
st zFol7k ot 870 pm FERAZAA = EXOAEO]
=7}k Tk, Coronado et al. (2008)2] <A-olA wt}7}Fe]
el 7lsolv A4 Vlss A7 A8l 16-620 ug
L9 BP-3 %7} Fegloy & Ader= 5 ng mL 9
g We FhoMR CdAERA Fro wWIE ey
oo WgtEe] o)z} Q= Ao E g7t s wtvt
dojE BP-3 °o =FAZ & AP FAR U I4A
Do Ey/T (testosterone, T) H]&o] dA 3] AT o



o] BP-3 9 A AHZo|E FE2E W7 JhsAS veRdY
oyt Az = #FY ®WI= o Ao @A s
ddo] e F Stk FUHHCeE Ey, o HA W T &9
7k S A ZEZ Wste AH=RO= A FAA
ol wHaoew AdyE £ du (Kim et al, 2014).
Cytochrome P450 aromatase aae 2 AS
N AERZOCE Agsl= oS st o 7ol A5 daolA

E;, + cytochrome P450 aromatase &4°l 2l& A=}
(Young et al., 1983). we}A Cytochrome P450 aromatase
A cypl9a 9 sl3F 2HL ofF F oA T o Aoz
S7F B Ep; o #A4E Uehdy (Kim et al, 2014). &
Adogrel E, % F7l= BP—-3 7} cytochrome P450
aromatase 5 A A|7|E= A AERAA O R ALAS T O]
At o ATelA BP-3 & A 237 douA &2 P
promelas oA =EAZ AP, Stz A A,
FoArEZZ A 2 JAEZZ FAS YWY BP-3 =
e FE&Ae AdIAA EFEHE] Fed avE
e, IEEN S-S HHAQ sjed v Ty 9
AAERA S F2€ F A" o] drERA @4
BP-3 7} 4—-3to|EFA] #= tiAtz EHdsts o ¢y &
Row, BEASIgtE Boh o AEeiA odAERZA FEA
2+8-3sk 4 9t} (Kunz and Fent, 2006). AXH &3]+ 9
dojell Al BP—-3 % EHMC & <£33to] w=EA1Z A¥ 1
A= AE, Avr 9w FEEo] A AstEd e,
YEHAS wdA7]E Aoz adyd A zpekA|zp R
AL A TEE EAAA AR g Ao
Leb S 7bsadol AZ1E 7% ST (Li et al, 2018). &
EHMC & wltat AojellAl =FAIZ A3 5 mg L' oA
H2algo] A3 faslod, X E, w29 W=
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geke nHS 4 Ut (Lee etal, 2016; Castafeda Cortés et

al., 2014; Tovo—Neto et al., 2018). AHZ}IH A=
EHMC °of =ZA171 & Fy 9 F, #A&S 323 49, Joj9
g4 E, 5571 f#asiglon, xojg A% W wge] =4
2971 %y, EHMC & Z3t 2Bz 9 ==
E29E YgHon AES AFHQd wE: ofFo] #Aglo]
doj Bt vl Zrst AgehA wkg& UEFHTE (Zhou et al,
2019).

B d7E A4 294 BP-3 @ EHMC £3d&E 9 £
Z719 %ol HAWE dRAHES GVBD F:5 ERT &
RoH, JARER FEE VA F USE HoFH. o
ojde] Ao BP-3 o xE¥H JRAME7 AArEZA
%WOI S7ket A3 FASIA T (Woo, 2021). T3 455

+° BP-3 % EHMC ¢ =%E&Ee°| ¢93ste] GVBD F%7}

5X]Q7]‘: 3k Aoz Kol o]zgt ze]A 2dA7F EDC =
2 ggs AoxE AZEY. ST 2 AFdAME E, =
A= T a8 1 Y-S F538h &4, cytochrome
P450 aromatase 2] % #}<l cypl9a °
o] Foj A x| ¢kgkom GVBD el AAA &S 517 a,
20B—dihydroxy—4—pregnen—3—one (17a,20B—P) &3t
=4 &# 9okl (Kagawa et al., 1995; Trant et al., 2001).
webd A7) s weke] tisk wAYUSES Iketetr] QA=

744 A7 e Ao Az
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