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ABSTRACT

Sex determination in some reptiles, amphibians, and fishes is known to be influenced
greatly by environmental factors. Successful reproduction of vertebrates necessitates
complex interactions along the brain-pituitary-gonad axis, it is determined by gonadotropin
releasing hormone produced in the hypothalamus of the brain, gonadotropin synthesized in
the pituitary gland, and sex hormone secreted by the gonads. The activity of the Estrogen (E2)
is regulated through the Estrogen receptor (ER), which is divided into two subtypes, alpha
and beta. In fish, the ER has been reported to be expressed in the brain, gonads, and liver.
Vitellogenin (VTG) is a sex-specific protein that appears in the blood of mature females of
oviparous vertebrates. The E2 secreted from eggs binds to the ER in hepatocytes to
synthesize VTG proteins. It is known that VTG receptors are produced in eggs, and that
ligands are produced in the liver. It is known that if a large amount of aromatase is secreted,
the sex is changed to female, and if a small amount is secreted by an exogenous treatments

of Fadrozole, it is changed to male.

Dopamine (Da) is a neurotransmitter that plays an important role in reproductive function,
and plays a decisive role in inducing the breeding cycle in seasonal breeding animals,
especially by regulating changes in gonadotropin. The sex hormones in fish include

Gonadotropin releasing hormone (GnRH), Gonadotropic hormone (Gth), E2, etc.

Aromatase inhibitor (Al) blocks P450arom activity to inhibit aromatase enzyme activity
and inactivates E2 production from androgen. In humans, ovarian aromatase in
premenopausal women is responsible for a significant amount of circulating E2 and is
extremely sensitive to changes in luteinizing hormone (LH) ; Al is also used to treat cancer
in women. Drugs that function as Als include Anastrozole (Ana), Exemestane (Exe),

Fadrozole, Letrozole and Vorozole, all of which inhibit the production of E2 from androgen
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by inhibiting aromatase activity. Researchers have investigated Al in various gonochoristic
fish species and sex changing protogynous species, including fish, to induce female

virilization.

Tamoxifen (Tam), an anti-estrogen (AE), is a selective estrogen receptor modulator that
competes with the estradiol binding to the ER and is used to treat sex hormone-dependent
breast cancer. Tam can be controlled by numerous variables, including growth factors. The
ER/Tam complex, bound to the ER, brings in another protein known as a co-repressor, and
this complex then binds to DNA and regulates gene expression. Researchers have also found
that Tam acts as an agonist of E2 in some tissues, but as an antagonist in others. Tam has
been studied in several fish, including Japanese medaka, tilapia, and zebrafish, with studies

primarily on female virilization.

The main objective of modern aquaculture is to intentionally produce seedlings to
preserve species, and create advanced fish species. Therefore, the research has focused on
artificially inducing sexual maturation and ovulation. Studies have typically been conducted
on methods such as; changing the concentrations of sex steroid hormones in rock fish
(Sebastes inermis) by controlling the water temperature and photoperiod, the effects of water
temperature and photoperiod on the development of Korean bullhead (Tachysurus fulvidraco)
gonads, and inducing early sexual maturation in scallops by stimulating the water
temperature. However, female fish generally exhibit problems with reduced immunity and
slowed growth due to stress caused by the physiological changes required to produce eggs at
the beginning of sexual maturation. Though studies have been reported on the induction and
control of sexual maturity, no definite effects have been verified. Furthermore, though many
experiments have been performed to determine the expression level of hormones by simply
administering chemical factors into the fish body, no studies have reported sex control
applicable to aquaculture farms.

Xiv



The goal of this study was to secure and test technology for controlling (inhibiting) sexual
maturation hormones such as maturation hormones through hormone regulation. To achieve
this, first, we measured what is the difference Da, Al (Ana and Exe) and AE (Tam) affects
inside a olive flounder (Paralichthys olivaceus), at several concentrations (in vitro). Second,
we intraperitoneally injected Da, Al and AE into the bodies of female olive flounder (in vivo).
This study confirmed the GnRH, Gth, VTG and ER mRNA expression in the hypothalamus,
pituitary, liver and gonad due to the Da, AE and Al, as well as gonad weight index and

histological changes.

Furthermore, it is necessary to compare these results and examine signaling pathways
through chemical and genetic comparative analyses of the effects of Da, Al and AE treatment.
This could be used as basic data for investigating the hormone secretion rate when injecting
chemical substances into the body, and in terms of direct application to aquaculture farms, it

is expected to be highly utilized in the industry.
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1. /ﬂi

T

o9 WAgs2 A4S (Hypothalamus) X 3}~ (Pituitary) A 2] 4~(Gonad) =
(HPG axis) &= o] o] A= W £ H] 7] ¥ho] = Hdsdlal 9l o, 71 Fol| A o] A]/3s}
oA ARE= AAAATEES WES 2 (Gonadotropin-releasing  hormone,
GnRH), ¥ 3}A ol A g4 & &= A 2] A 2= & 2 - (Gonadotropin, Gth) 2 A 2] 2] of] 4|
THE = A2 RS A B v S8 gk 93-S SFal 9l tH(Yaron et al., 2003).

Algat-oll A E1]E GnRH= = 8k=A 4ol #1412 GnRH receptoro} 2 §s}o],

oBL
2
foi
it

9] Gthl o LA ¥ A= & 2 & (Follicle stimulating hormone, FSH) ¥} £+ 3

i)
we
oXx
oXx
A
=2
)
&
rot
i

+(Luteinizing hormone, LH)2] 4| & f-X=3lo] A2 4 2

(Karigo et al., 2014).

AA W Z2e] Gl dg B2 A= A LSS &3 invitro 23S 531

W A7k A E o A ek o) o] ALE b 2ol uhel 11 ujok o] Theyal
u 2ol 2 UEhilth. o} f 7AE MG EhF e DAL MBS A Fo 49

i oL}, o Foll mE Al E o] RAFH 5o AR v, Waele] glolA A%
W oF e wjF =9 B, AIE vl dishe] HW A Ao BE o SarEo] At glo

2 oA 2 th(Kwon and Mugiya, 2004). Z =, A 7| F1(Oncorhynchus mykiss)2] 3t

AE el Bt w2 25 ALk, R $HA, Vitellogenin(VTG), cytochrome

o

P450<2] g4 % ATP-binding cassette(ABC) transporter W& & ¥ 3}sle] thefst 7]F

et ths B3 9tk (Lammel et al., 2019). B3+ o] F-2] 521(Head kidney)2 7

2

SEds UG 24 W YT 2H 020 WY W] FL R BE AXA

Ry 1R d—

(]

ol o] -85 31 ¢l th(Khansari et al., 2017). FA| 7| & & ©]-&3}9] activin®] &l & &

gb el AE wjgelA Gth 1 2 9] #HE Flel 2™ (Kim et al., 1999),



Sprague-dawley®] ¥ ¢} Yl A & Eel ko] wiA|o] AstAHFS FEEHE %
GnRH % Gth mRNA levelS 5% 3} Tyrosine hydroxylase(TH) activityS €13} Stk

(Arbogast and Voogt, 1997).

o 7ol & G thehn, gt e, 207 HAL A4 2 ABA Al S

TH(Ooi and Escalona, 2004).

o] 9} o] A o] T 2E Wt gt A= A, WAl 2 IHEA ]
2l S Fte] in viro Aol olFojMon, B AFolME mAds HA
(Paralichthys olivaceus)S ©]-83}] in vitrool| X A3, = 8lA] 2 7F A L& nl <
sho] 2y Ao A A& T 28 ApekE 2 2 24 7 Dopamine(Da), steroid 3! non-steroid
Aromatase inhibitor(AI)Q] Anastrozole(Ana), Exemestane(Exe) T8]a | A~EZ A9
71°¢& 7}%] Tamoxifen(Tam) 4714 8}8E4 & w2 HE g & ¢+ 525 3

& §-2 219 GnRH, Gth, ER ¥ VTG mRNA leveld] ¥ 32 2A}st4} 8191t}



2. A5 %

)
o
Iz

)

2.1. A Enjek

Al B H ek A Al a2 Bt T 400112 go] M s oFA @A 6 v E

|

2 phenoxyethanol(Sigma, USA) 50 ppm S 2 w}F F A|AFelit, i al=A] 225 2] 5}
ot 8 E AlASHE 2w ekeAl 2242 50 ml corning tubedll &% 7] HBSS(Hank’s
Balanced Salt Solution)Z 33| A& ¥ 1 mg/ml trypsin®l| A 25 Coll 4] 10=3F ¥k ¥, 1
mg/ml trypsin inhibitor 2 trypsin®] 35S A A ZA T A A ZZF] ol 25 mg/ml
DNase I = A7} & 1 mM EDTA(Ethylenediaminetetraacetic acid)7]- Z 7}¥ HBSS= Al &
% nylon mesh® A EZ #2]3}o] 1000 rpmol A 103%-7F A4E2] 3 3 mle] RPMI
1640(Sigma, USA) ¥iA| & H7lsto] dAEAIZIth dAEAIZ] A EEL trypan-blue
exclusion method 2 cell testS % F=E 3 x 107 7] 2] FX==Z 93] RPMI 1640 1) %] o]
100 U/ml penicillin, 100 mg/ml streptomycin % 10 % FBS(Fetal Bovine Serum, Sigma,
USA)E 7} F petri dishol] Yo 25 Coll A 3L free culture 3T 3L ZE  free
culture ¥ T2, E2(Abcam, USA) 2 x 10"M, E2¢} Das 712t 2 x 107M #7138k &3¢
T,Da T Da2x 10"M, Da2 x 10°M % Da2 x 10°M H7FA 9] F 671 AAT

= A3y gzl RPMI 16409] Da(Abcam, USA)S =<1 Dimethyl

sulfoxide(DMSO)E % 7}ttt Al = 6 3 v vl kol 8- ZropF3)u).

A wlYgS S5 380 £16 g9 M= ¢ Y XE 2 phenoxyethanol(Sigma,
USA) 50 ppm&. & v}F] § H5-5 d7lste] 1S 45 5 lingel &N o2 M2 % Ca™
free &N o]&ste] WS B3 N F ETES AASAH. ofF
collagenase(Sigma, USA)7} 3£ 3}% BSA(Bovine Serum Albumin, Sigma, USA) &<} S 2

e 23R F- Ca" Mg free 802 G40 A JAISke] T 2 A Sl

9



4 A 3 (Hepatocyte) 2] & 50 ml] Ca ™ free -89S %7} 3 cell= nylon meshE &

A A 28] 1,000 rppmol| A1 1027 G4 2] & S5 NS Al AT B2 pellet

lo

A= 3 ml€] RPMI 1640(Sigma, USA) HI A & # 7}sto] AEAIZITH @EAIZ A
SE 5L trypan-blue exclusion method 2 cell testS A A FEZ 3x10° 719 T2 23

RPMI 1640 #]=]°] 100 U/ml penicillin, 100 mg/ml streptomycin = 10 % FBS(Fetal
Bovine Serum, Sigma, USA)E 3 7} ¥ petri disholl Yo 25 Tl A 3L} free culture
Attt 347 free culture & T 2, E2(Abcam, USA) 2 x 107 M, E2 2 Ana(Sigma, USA),

Exe(Sigma, USA) il Tam(Sigma, USA)% 727y 2x107 M H7hek & Sk, Ana, Exe 2
Tam T35 2 x 107M, 2 x 10°M %2 2 x 10°M F 6711¢] A3 55 AA st} djx=of
= RPMI 1640 Al 2 Tam< ¢! Dimethyl sulfoxide(DMSO)E A7}ttt Al =6

A7k v HjFel & AT,

ul
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2.2. N BEZHE] S RNA == 9 ¢DNA T4

ARy, kA B PG AL A total RNA F+52 A8 A2 §- 3 A

e

6
A ReliaPrepTM RNA Cell Miniprep System kit(Promega, USA)E A3} #| Z2Ae] 2
EFo wa} total RNAS 53313 TE Total RNA concentrations Thermo Scientific
uDrop Plate(Thermo Scientific, Germany)X= =43} 31, cDNAE A260/280 ratio”} 1.8 —
2.00] =& 500 ng®] total RNAE PrimeScript 1% strand cDNA Synthesis Kit(TaKaRa,
Japan)®= Al ZEAFe] TR EFo| uwel FAsHRor, 44 cDNA Quantitative

PCR(qPCR) &4 o]l A}-&-3} 31T}

11



2.3. Quantitative PCR 4]

GnRH, Gth ¥ ER Z}7}9] forward % reverse primerE National Center for Biotechnology
Information(NCBI) & A}-8-3Fo] T]2}Q183 2., Table 19 YEFHATE qPCR 4]
TOPreal™ qPCR 2 x PreMIX (SYBR Green with low ROX) (Enzynomics, Daejeon, Korea)

S ©]-8-3}¢] Thermal Cycler DiceR® Real Time System Single(TaKaRa, Japan) = 2] &}
ST}, PCR cycling< initial denaturation 95 C 10 min, denaturation 95 C 10 sec, annealing
58 C 30 sec 40 cycles, elongation 72 C 20 sec, melting curve 1 min®] 2271 0.2 =38 5}%]

.

ZH4A 32 9] Quantitative PCR(GPCR) =241 ol| AF-8-% primer+ in vitro A2 2~ 2 7ho
A1 €] ER % VTG mRNA level®] W3HE &Rlat7] 913te] ER % VTG 22} forward 2
reverse primerE National Center for Biotechnology Information(NCBI)& AF-&-3}o] ] 2}
Q1513 o™, Table 201 YEFATE qPCR #2412 TOPreal™ gPCR 2 x PreMIX(SYBR
Green with low ROX) (Enzynomics, Daejeon, Korea)= ©]-8-3}9] Thermal Cycler DiceR®
Real Time System Single(TaKaRa, Japan)= 213} t}. PCR cycling< initial
denaturation 95 C 10 min, denaturation 95 C 10 sec, annealing 58 C 30 sec 40 cycles,

elongation 72 C 20 sec, melting curve 1 min®] 71 0.2 G335} 3T},

12



Table 1. Oligonucleotide primers used for Quantitative PCR (qPCR) in vitro, in vivo cell and

tissue of hypothalamus, pituitary

Gene Nucleotide sequence (5' — 3')
GnRHF ATG TGC TGG TGG AAC CTG ACGC
GnRHR TGG CTG CTG TGG TGA ATG TGG G

Gth F AGC TTC GAC TGT CGT CCA AC
Gth R CAG CAC CGA GTA CAT CTC CA
ERF TGG CTG AGA TCT TCG ACA TGC
ERR TGT CCT GAA CTG GCT GAA GA

Beta actin F

Beta actin R

TGA ACC CTA AAG CCA ACA GGG AGA
TGA TGC TGT TGT AGG TGG TCT CGT

13



Table 2. Oligonucleotide primers used for Quantitative PCR (qPCR) in vitro, in vivo gonad

and liver
Gene Nucleotide sequence (5' — 3')
VIGF AGC TTC GAC TGT CGT CCA AC
VIGR CAG CAC CGA GTA CATCTCCA
ERF TGG CTG AGA TCT TCG ACA TGC
ERR TGT CCT GAA CTG GCT GAA GA
Beta actin F TGA ACC CTA AAG CCA ACA GGG AGA
Beta actin R TGA TGC TGT TGT AGG TGG TCT CGT

14



2.4, FAA A

B 238 9] do]y Z¥}= IBM SPSS Statistics 21.0(SPSS Inc., USA)S &-8-3}9] one-

way ANOVA-test= &7 415 AAISH3 ) dloly 4k 2 %= Duncan’s multiple

A&

test AT € 414 bl om, P<0.050 A1 o4& BEssieh.

1= =2

ol

}o]

v
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Figure 1. Photographs of olive flounder (Paralichthys olivaceus) hypothalamus, pituitary and
liver cell culture microscopic observation. (A) The hypothalamus cell of olive flounder was
cultured. (B) The pituitary cell of olive flounder was cultured. (C) The liver cell of olive

flounder was cultured.
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3.2. A7gsl 9 i 8= A] Al o Dopamine ¢ % GnRH, Gth % ER mRNA level

m
==
o
2,
>
o
off
ol
e
=
kel

L of| Da ¢ ¥, GnRH mRNA level H3}5F2 E25 Fof 3 23+
oA Ad 3 % 6dA X7 tx=7¢ H]3] GnRH mRNA level©] 57}31¢lth E2
Da &3 o] 2% o) 4 2] GnRH mRNA level > 23 32 7 1.209 ug/ml& E2 Fo] 2
9 1.311 ug/ml Bt} S7F8FA] kA vk th 2 1.093 ug/ml B.tHe 57189 01, 6
d A E2 Fo A¥T 1.537 ug/ml Buh A4Sk Da W ol gk A TRl A 9
GnRH mRNAE 2 x 108 Mol A 7} w8 42291 0214 ug/mlE VEFEAIRE 2 x 108 M
W} st 552 2 x 107Mol A GnRH mRNALE 5] UERS S, 2 x 10°M 50
21¢] GnRH mRNA level& th %719} Bl 181313 o £-2] A4 (P<0.05)S §191 A1 % GnRH

mRNA levelol| F3&-& YER A= X8k th(Fig. 2). WetA], A48 GnRH mRNA

level> Da®] G FO2 DMSOE 7ol gk thx+-oF vustgle o, dA A s

-

ERui At

Hl| o 3 3} 4= A Eoll Da Fo] F, Gth mRNA level-> 79} B 28} S w) F7}3}
RomH, Dag Fog BE ATl = Al Da®] s =0 W& Gth mRNA
level®] W 3}ell A GnRH mRNA level?} f-AF8HA 2 x 10°M 5 2ol A 7Hd bhA| 2k 8t
R THFig. 3). ¥ 3t Al 4] Dag] Q& Al7d3H-2] GnRH mRNA level 2.0} T ¥ 3}

e A 2 kA 7 Gth mRNA levelo] DMSOS Fo] 3 tf 229} v]w a3 v, A4

3 Da 5o & A Ao 4 ] ER mRNA level ¥ 3 3-& GnRH 2 Gth mRNA level
I FARSHA AabEQl AAE e SITE 25 Fol8 S ul], A4S0 A 2] ER

mRNA level < 1.591 ug/ml= GnRH 2 Gth mRNA level & Q 34 Z713819 ©. ™, Dag}

18



(ot
g

E2 Z3} ¥ Da @5 Fof Ao A= 394 1.138 ug/ml 2 6L A 0,824 ug/ml= %

A

T 344 1.316 ugml 2 6¥ A 1.470 ug/ml@} H] w3} 1S o], F94 A FAE YER
ATHFig. 4). o] <} o] A|4F3l-o 4] ER mRNA level<> GnRH 3! Gth mRNA level 2=
EA 2 x 10°M F%7F obd 5 59] 2 x 107M 5204 0.460 ug/ml O = 714 ot
+ ER mRNA level= YEFH A THFig. 4). webA, A]243HTE ER mRNA level Da®]

O 2 DMSOE 7ol gk tha-2k v als3le wf, s YeER ATk
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2 =
3days m 6days
. d
E 1.5 cd bed
—_— - C d
< abc abc - ¢
é T abc ab
= 1 ea T
T
a fe
=
U 0.5 1 g
+ h
: . . . —
Control E2 E2 + Da Da Da Da

2X10-7M 2X10-7M 2X10-7M 2X108M 2 X10-9M

Figure 2. Expression of GnRH mRNA level in the hypothalamus cell of female olive
flounder (Paralichthys olivaceus) that were treated with DMSO (control), Estrogen (E2) of 2
x 10”7 M, Estrogen (E2) + Dopamine (Da) of 2 x 10”7 M each, Dopamine (Da) of 2 x 107 M,
Dopamine (Da) of 2 x 10®M and Dopamine (Da) of 2 x 10” M. Values are expressed as the
mean SE. Different letters indicate a significant difference in mean values (P<0.05 by two-

way ANOVA following Duncan’s multiple range test).
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m6days

h

Gth mRNA level

d
(o
3days
¢
a
T f T fh f
T g i

E2 E2 +Da Da Da Da

2X10-7M 2Xx10-7M 2X10-7M 2 X10-8M 2 Xx10-9M

b
a
11 T
0.5 1
0 T

Control

Figure 3. Expression of Gth mRNA level in the pituitary cell of female olive flounder
(Paralichthys olivaceus) that were treated with DMSO (control), Estrogen (E2) of 2 x 107 M,
Estrogen (E2) + Dopamine (Da) of 2 x 107 M each, Dopamine (Da) of 2 x 107 M, Dopamine
(Da) of 2 x 10*M and Dopamine (Da) of 2 x 10° M. Values are expressed as the mean SE.
Different letters indicate a significant difference in mean values (P<0.05 by two-way

ANOVA following Duncan’s multiple range test).
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ER mRNA level

d
2 -
c v
b -[ 3days E6days
1.5 -
a
- e
- a
14 f g g T J
I | | |
0.5 1 I I I
0 T T T T T
E2 Da Da Da

Control E2 + Da
2X10-7M 2Xx10-7M 2X%X10-7M 2X10-8M 2X109M

Figure 4. Expression of ER mRNA level in the hypothalamus cell of female olive flounder
(Paralichthys olivaceus) that were treated with DMSO (control), Estrogen (E2) of 2 x 107 M,
Estrogen (E2) + Dopamine (Da) of 2 x 107 M each, Dopamine (Da) of 2 x 107 M, Dopamine
(Da) of 2 x 10*M and Dopamine (Da) of 2 x 10” M. Values are expressed as the mean SE.
Different letters indicate a significant difference in mean values (P<0.05 by two-way

ANOVA following Duncan’s multiple range test).
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3.3. ZF& A 3£l Aromatase inhibitors ¢ $- ER ¥ VTG mRNA level2] ¥ 3}

3.3.1. Anastrozole©l ¢] 3t H 3}

,ER ¥ VTG mRNA level-& t %719

=
o2
N,
)
>
k4
2,
1
lo
esl
l\.)
E‘l‘
)
L
Jr
il
2
for

H &l AA A o2 FAasE T E2E 5o g 23 ol A 2] ER mRNA level 3¢ 2.509
ug/ml 2 64 3.305 ug/mlE 9] %421 S7FE vitellogenesis®] &A= &5kl om,
E2 9 Ana¢] £3} Fo] 23 o) A] 2] ER mRNA level S )79} v] W 8}9 S u, 5o

3L A o] A2l 7= YERNAA T 6295 ER mRNA level > t 27 1.643 ug/ml

o

vl ekl w, 1.589 ug/mlZ AR WA TS YERH AT Anadl Al & $ =

::J‘

o] A9 ol Al 9] ER mRNA level> 372} H 1L3} 318w, ER mRNA levelo] <]

X

¢l s YERATE Al 9719 55 A 2] Ana®] &5 A3 50142 ER mRNA
level= 2 x 107 Mol A4 0.717 ug/ml 2 2 x 10 Mol A 0.691 ug/ml = Sk ow, F A8+
7ro] fro) A= §lATH(Fig. 5). Ana®] E2 £3 2 5 Fo] 230 A 9] VTG mRNA
level= ER mRNA level?} A8 W8t FS U ER QI TE E29F Anad] &3 Fo] A3
o 41 2] VTG mRNA level< 1.272 ug/ml 2 1.009 ug/ml= =7+ 2 E2= vitellogenesis
Z HAAND AP TR Fo4 e ZAE el on, A 7ko] Xl uhal X <4
Al s YERASIT Al A9 55 Anad] Fol ARl A B A7l A
o me} VTG mRNA levelo] 214 <1 H2E YER 2™, 2 x 107M F =0l A 0.744
ugmlZ 7H 2 A5 JERN AT B2 9 Ana £3F o 2379 Ana W@ Fof A
392] 2 x 10°M FX=2] VTG mRNA level ZH2} 1.272 ug/ml¥} 1.241 ug/mlz A}
3L S YE Y th(Fig. 6). WEkA, tiZ& 7 DMSOE Ela e R ES e ]
W3S W, Ana2] Fo]= ER 2 VTG mRNA levelo] A A4 0 2 7442 UElo] 7t

FAL AH 4 FFS ebd = Y-S FAFAL,



3 g
c 3days m6days
; -
k|
< 21
| I l
=11
Control E2 + Ana Ana Ana Ana

2><107M 2X10-7M 2Xx10-7M 2 XxX10-8M 2 X10-9M

Figure 5. Expression of ER mRNA level in the hepatocyte of female olive flounder
(Paralichthys olivaceus) that were treated with DMSO (control), Estrogen (E2) of 2 x 107 M,
Estrogen (E2) + Anastrozole (Ana) of 2 x 107 M each, Anastrozole (Ana) of 2 x 107 M,
Anastrozole (Ana) of 2 x 10*M and Anastrozole (Ana) of 2 x 10® M. Values are expressed
as the mean SE. Different letters indicate a significant difference in mean values (P<0.05 by

two-way ANOVA following Duncan’s multiple range test).
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Control E2 + Ana Ana Ana Ana

2><107M 2X10-7 2X10-7M 2X10-8M 2 x10-9M

Figure 6. Expression of VTG mRNA level in the hepatocyte of female olive flounder
(Paralichthys olivaceus) that were treated with DMSO (control), Estrogen (E2) of 2 x 107 M,
Estrogen (E2) + Anastrozole (Ana) of 2 x 107 M each, Anastrozole (Ana) of 2 x 107 M,
Anastrozole (Ana) of 2 x 10*M and Anastrozole (Ana) of 2 x 10® M. Values are expressed

as the mean SE. Different letters indicate a significant difference in mean values (P<0.05 by

two-way ANOVA following Duncan’s multiple range test).
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3.3.2. Exemestane©l 2] gl H 3}

jus)
_
O

F PG Ao Bxed] B2 £3F 2 T Fo] & ER mRNA level tZ&7-¢f ]3]
A A o2 ZFAsHl v E25 T3k A @ 7] ER mRNA level 394 2 64 A 2] 4]
Ql 712 vitellogenesis®] F4 S 15131 0™, E2 ¥ Exed] &3 Fof A3 o A9
ER mRNA level> thZ7-9F Bl L8}l o, 5 {9 %<l HAE LER AT E29
Exe ¢ Fof 23] 5ol A 2] ER mRNA level ¥ 3132 t 27121 DMSOE Fof 3 43
T9F A QS FAE eSS B ol e}, Algbo] A el et 1.011 ug/mlel A 0.916
ug/mle. &2 x| &2 o7 744t Al vhA o] H=E Exed] o
10"M %0 A 0.421 ug/mlZ 7Hd ©& ER mRNA levelS 821313 © 1), Exed] o
Al 7kel whe} 39 A ER mRNA level 0.421 ug/mlol 4] 0.492 ug/ml= 62 A 24 2l
= 37 eI o, A5l 2 x 107M A & ol B]3)| -2 ER mRNA level & 1}

EF AT (Fig. 7).

=
o2
)
o3
>
k4
2,
esl
>

a

lo
esl
[\®]
rlol
%
s
L
Jr
il
2
for

, VTG mRNA level> tZ=7 2 E2&
o] &3t vitellogenesis® &3 A1 A F-¢F vl wlak Sl o, o4 A= AAE HE
W AT} Exe?] E29F 23t Fof A& o A4 2] VTG mRNA level ¥ 3} Ana®} +AFSH
W3t -e UEb It 5528 Exe &5 Fo] A3 9Rel 4 9] VTG mRNA level®] ¥ 3} %

22x10'M % 2 x 10*°M F =04 0.477 ug/ml 2 0.763 ug/ml &= 7} vk ke S
YERAATE 2 x 10°M 5214 VIG mRNA level 2] ¥ 3}&-2 thZ27 1.565 ug/ml 2
1.624 ug/mlel] ¥ &l 1.401 ug/ml & 1.383 ug/mle] 214 = A4S YEFNAATH A
Zrol Aol whet f-9 4 gl Wk e e 9kth(Fig. 8). Wk, DMSOE +

o] gk TG AH 3t = T-9F 1] w53 W, Exe] Fo1+= ER ® VTG mRNA level©] ZA|



ER mRNA level

d
3 4
c 3days m6days
b
2 4
a
k
11 T 1 d
_il_ .
g i i
0 L] L] L] L] L]
E2

E2 + Exe Exe Exe Exe
2X10-7M 2X10-7M 2Xx10-7M 2X%X10-8M 2X109M

Control

Figure 7. Expression of ER mRNA level in the hepatocyte of female olive flounder
(Paralichthys olivaceus) that were treated with DMSO (control), Estrogen (E2) of 2 x 107 M,
Estrogen (E2) + Exemestane (Exe) of 2 x 107 M each, Exemestane (Exe) of 2 x 107 M,
Exemestane (Exe) of 2 x 10®M and Exemestane (Exe) of 2 x 10? M. Values are expressed
as the mean SE. Different letters indicate a significant difference in mean values (P<0.05 by

two-way ANOVA following Duncan’s multiple range test).
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VTG mRNA level

d
3 g
_f 3days W G6days
2 1 . b .
- J j
A f .
1 1 I g ~ 1

Control E2 E2 + Exe Exe Exe Exe
2X10-7M 2X10-7M 2x10-7M 2X10-8M 2X109M

Figure 8. Expression of VTG mRNA level in the hepatocyte of female olive flounder
(Paralichthys olivaceus) that were treated with DMSO (control), Estrogen (E2) of 2 x 107 M,
Estrogen (E2) + Exemestane (Exe) of 2 x 107 M each, Exemestane (Exe) of 2 x 107 M,
Exemestane (Exe) of 2 x 10®M and Exemestane (Exe) of 2 x 10? M. Values are expressed

as the mean SE. Different letters indicate a significant difference in mean values (P<0.05 by

two-way ANOVA following Duncan’s multiple range test).
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3.3.3. Tamoxifenol ¢] 3} ¥ 3}

27 7155 7} Tam F9 %, VTG mRNA level®] W3}

2 Tam¥?} B2 &3 % Tam T Fo] A3 27 F94 A= A2 E HERUAT
E2E Fo] 3k A3 7] A 2] VTG mRNA level> 3% 2.080 ug/ml 2 6 A 2.623 ug/mlS.
2 19221 S7FE vitellogenesis F 4= &QlskA 0™, E2 B Tam®] =3 Fof A3+
o A 2] VTG mRNA level> thZ T 1.269 ug/ml £ 1.804 ug/mi} B 05491 w, 1.192
ug/ml % 1.058 ug/ml®] o] A Q1 HAE YEF AT B2 E Tam &3 Fof A8 -0 A
9] VTG mRNA level 352 #9420 745 YeEPU S ¥ ol g}, Al7ko] Aol
2} 1.192 ug/mlol| Al 1.058 ug/ml= A &4 Q1 7HA 5 eIt Al &A1 9] 55 Tam
G 2% AT 2 x 10°M FEoA 0.671 ugmlE 644 714 W& VTG mRNA
level& BRIl om, A5l 2 x 107 M2 Fof AgFoA Al7to] 2ol u}e}

0.945 ug/mll A 1.106 ug/ml o= 2] 4 1 F7FE YEFH A THFig. 9).

vk 7H Al o] TamS ¢ %, ER mRNA level2] W33 E2 2 Tam9 &3 5

2

R Tam T Aol o] thz-oF vlalskgle ), Fol o Fastglon, A7t

of Aol whet o] Al s JEb ATE Al DA 9] 52 Tame ¥l g 74

f
=
e

o] %o ¥, ER mRNA level:> X7 A|ZFo] Aol whe} o4 082 7438kl o,
2x 10"M F=0l A 0.662 ug/ml= 7Hg w2 HEA S Yef o] Fo) o E4Ql hA
= b A thFig. 10). WA, 27 DMSOE £ 3 74| X o -9} v 23}
< uf, Tam®] o]+ ER 2 VTG mRNA levelo] A A ¢l 7242 bl o, Asx

912X 10°M F RS M E 44 S el FE0 9492 F5Her
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Figure 9. Expression of VTG mRNA level in the hepatocyte of female olive flounder
(Paralichthys olivaceus) that were treated with DMSO (control), Estrogen (E2) of 2 x 107 M,
Estrogen (E2) + Tamoxifen (Tam) of 2 x 107 M each, Tamoxifen (Tam) of 2 x 107 M,
Tamoxifen (Tam) of 2 x 10®M and Tamoxifen (Tam) of 2 x 10? M. Values are expressed as
the mean SE. Different letters indicate a significant difference in mean values (P<0.05 by

two-way ANOVA following Duncan’s multiple range test).
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Figure 10. Expression of ER mRNA level in the hepatocyte of female olive flounder
(Paralichthys olivaceus) that were treated with DMSO (control), Estrogen (E2) of 2 x 107 M,
Estrogen (E2) + Tamoxifen (Tam) of 2 x 107 M each, Tamoxifen (Tam) of 2 x 107 M,
Tamoxifen (Tam) of 2 x 10®M and Tamoxifen (Tam) of 2 x 10? M. Values are expressed as
the mean SE. Different letters indicate a significant difference in mean values (P<0.05 by

two-way ANOVA following Duncan’s multiple range test).
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GnRHO A Gth®E #H]E A A 7)== 31etE 2 ¢l Das 2] @ dFo] A A& A A
A= GnRH % ER mRNA level, ¥ 3F<=A ol A 1] & = Gth mRNA level®] H 3} = 3}

sttt T A A A D Zhe A 2h8-5h= gt Al 7+ &5 Ana, Exe 2 Tams

Ak, 7 SR AT S AR, WekeAl D A BRI el AR G
Qg 4= At} T = v L] (Paramisgurnus dabryanus)®l Das 5 TAF 3 1A|7F
olulo]l GnRH % Gth7} A ¥ ™, Das Da 82 4 3A<l domperidone} &

Al 24 FAF T A A GthE 774X A DaZ} GnRH A= 2 Gth &S 2wkt o

il
%
Q)
=
o,

yus
i
12

A AR 7% S S B % A THLin et al., 1989). o] H &1 70|
A g s AR HJA AVGsHE 2w s A] AlaEol] Dags A 2 3 H 6UAR

T+ GnRH, ER ¥ Gth mRNA level> @A 421 ZH4AE YER o, o2t A3f= F

Hl
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lo,
2
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)
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ui
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o 4 3&-& 1| % th(Almey and Brake, 2015). B2 Da W%, A& % Da 8 &/d3}

£318 BT b, 2914 0.2 Fol
¥ E2E D2 84 Agte] 2 a5 zreval B a5 vk (Becker and Rudick, 1999).
HhH E29] I UFE V)5 O % Da e ol 5te] down-stream®] & 3= YEFN Y, v}$-

29] w3l A| Azl E2& A 2] 5135 ), adenylate cyclase &/ 0.2 Q13}o] D2
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T84 A7t 7FA~% AL adenylate cyclase®] D1 58] &4 3171 5-7131H (Maus et al.,

i

1989), E2°l 9J3l D2 &4 2% HdE3 AHE GTPase &4 3 G2 (GAP)?! G
protein Signaling 9-2(RGS 9-2)¢] W& #HAA7|+= 7ew 7HIval BaEQo
(Sliverman and Koenig, 2007). ¢ A]Zdst 2 W stmA] A3 v Aol A B2 &
Da &3 23 o) 41 2] GnRH mRNA level> 7F2238} 1A 1, Da W5 o] 213+ Hr}
7H225kA] 2 T Gth mRNA level G A E2 2 Da®] &3 A3 ol A 743 A 7E Da
T o] AT Bl 7hAshA] ekt gk, Al F WSk A Al E2 9 Da
T3 Fo] mixE A2l T, 394 2 62 A GnRH mRNA level-> A 7Fo] 2o w2} 7t
, Gth mRNA level& 5 7H YERH QLT whebA, o] Adk= E27F AlZEo] A
o up2} Da7} AlZdsli-ol A E29] plusd Q1 89102 2183} GnRH mRNA level= 7+
2A7IE 7 UEtE Aow AZEg o, Hepr Aol s nhg-2e] Ad A
ol& D2 =87 A5 Aol RGS 9-29] &S 7F4A]A Gth mRNA

A 3pel| whe} E20

levelo] 57+ A2 F43 = ATt o] A7, E29] 7] plus 2 minus 2§02

DaZ 3919 T2 A S 2 H3lA] AlEE A3 A3 2 x 10°M 2ol A

]
7H4 @& GnRH mRNA levelo] Z& & 9] o m o] A& Dad] 5 %7} GnRH mRNAS]

Aol FF= v A= Aow BZE et AR, A& Aol Dad] el W A
G AR e ob4 wae T ol AL Aol Dadl FE 8 A7 A3
EFoE A8 A5 A H ¥k A A 2] GnRH neuron R Da =& A

o] Wgts Ay 74 Ql Dao] skl whE 7)Ao ek Ag-h D asi AzhE
ol AlgsH R = sk Al Al Zu) o Al A Da= A7 8H- Al 3£ 2] GnRH mRNA 9

ol ARH o= 2H-g-8te] Gthe AA|A 7|, = 8kA] Al E o] Gth mRNA 97 ol &=
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g3l Wx1o) 4 A% A7 A % Al

Al A2 A of SEA| Ao A aromatase®} 2 33}¢] testosteroneol| A E22 7 3HS bct
sk SFetEd 2 4 A AN BRG] S-S AN 7= 7] BEgF 7FA AL 9lo] ER
o] &3} = F-9 T st FHAlE A 2HE-S dotr kvt 1 A3, A A7) of
W 7ol A ER ¥ VTG mRNA levelo] 72 E YERloH, oo} 2-& A 752 Ana
Exe 2.7 o LA 3o A aromatase®t A st Al 7155 ©] b ER B VTG mRNA®| &

e A s B UE Ve 7HAL v e & diT

o
)
P
[
it

Al 715 S 7H Tame 22 in vivo 2 in vitroo)| A1 ER A &A= 2+ &
UH(Custodio et al., 1994; Obata and Kubota, 2000). B %-©] E2 ©] <] 9] steroid= A 7] &
Y (Oncorhynchus mykiss)2] 7+ A3 v &F Ao A E2 < A], ERS § 3l VTG gene
Hd S 7 7 e, o] 2 gk VTG gene®] 7k Tamoll &3l $Hd3] oA|2
I thal K 315 )t (Mori, Sumiya and Yokota, 2000). ©] % 10l 4] VTG mRNA level
E2 % Tam®| &%, Tam &5 Fo A3 5 VIG mRNA g/ o] A=A} o] 2

7} Tam ER¥} 230 & E2 28-S 91 4]3l¢] ER mRNA levelo] 7FAES & 5 99

>

o}, 13k E2 2 Tam €38 5o Ag o 42 VTG % ER mRNA levelS 7HAE YEY

t}. o] 213t A3} = TamS ERY A% %, Tam/ER 234 7} ER mRNA 238 &= ) A 4] 7]

19 invitro A7 A3} Dat= A8 2 W stAo 240 28-S el A &
25 78 § 42 GnRH, Gth @ ER mRNA level S ZF2A1A A A< Ao d%0] 9
S Aoz AZHET) o] TA| Lo A 2R 9] A 2putkslE 7)1 5S 7 AlE 1

ZF M 3ol 21754 0 72 ER 2 VTG mRNA level S 7FAA A A 21 A7) opd 7hol H &= 2k

Y 5 909 U5 U0, Tam A 71 E9] Fol 2ERAN] AT Lhekd ¥ o}
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U2} ER/Tam % &4 7} ER mRNA #HA| & ] 4|5}

g sttt ol A g A =S vt O = in vivo 4
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brain-pituitary-gonad axis(BPG axis)°l] W& Ul&H] 7| o] ©dstal lom, o] A4
stol Al A E = AAAAFTE R WES 22 2l Gonadotropin-releasing hormone
(GnRH), > lAlo A g 5= A2 A2 3E 2E Gonadotropin(Gth) 2 A 2] of A
HHE = A2 93] 27 ¥ t(Baum, 1979; Tobet and Fox, 1992). GnRHE e &}
FAZHFH Gthe] 1] A=3kaL Gthis G4 E Ao S 2ol =0 9d 3t
&5 2 &S 23 (Nagahama et al., 1985). 2] 55 %ol 4] GnRH | 5}
Ao 2 HE AP AH =220 luteinizing hormone(LH)®}F o ZA5 5 =2 =21
follicle stimulating hormone(FSH)®] &4 % W&& ZXdatn, R ols A ¥
gametogenesisS = $HC(Sover et al., 2009). 3FA|WF o /& A& FAHA] o

= FSH %! LH¥ Gthl % Gth2 = A ghrt,
Dopamine(Da)2 ot =8l g d 217 0 2 H-H 417 HddE 2 2 norepinephrines 2] Al

7] 31 alpha, betal ~8A &5 A= AF&5 ™, GnRHY Gth W& 835 A|ste] 1 o]

59 B, S A dd I JaHEol=9 FHE A AsHA E tH(Dufour et al.,

&5 STH(Han et al., 2005). =3 D75 @} ¥ skA] S (Anterior pituitary) O = ©]

FE o] XA T2 H] M Q] gonadotropes®l] 2H-83Fe] Gth¢l LH 2! FSHE| 4]
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S AT EE TP E FX6HH, ol S E2E Aldekl &4 5= GnRH 4174 Al 32
o] &S 43} Daw 4 2+, crayfish(Cambaroides similis) 2 T M $-2] A 214
d < Aol @37t Jvkal B a1 9 S W (Sarojini et al., 1995a; Tinikul et al., 2009a), Da
o] A3A Q1 pimozideE ©]-83+ 2712 (Siniperca scherzeri)®] Wl &S =38t A9}

B2 s AT A ol Fof AR (Zang et al,, 1998), 4 4= AAE 917 Da

ojH A= v Ad s oF | (Paralichthys olivaceus)®ll 4 T2+ A=A = <&zl
DaE AW H5FFAL Sl S22 AR A A S T2ES JA = 7S &1
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Adsh 2w EkA] 24 ME9 RNAiso plus(TaKaRa, Japan)S 1ml 37} %
homogenizer& ©]-&3}o] 2|3} %l T} ©] % chloroform(Sigma, USA)200 ulE % 7}3h 7

% %2317 invertingdt o] -2 4] 5 min 7+ ¥H-§ F, 13,000 rpmol| A 10 min 7+ 1A &2

-

skath AAEE F FEHEs FEste] 59 iso-propanols 7}kl inverting ¥

A2l A4 5 min ¥--3 Al 71 T3 13,000 rpmell A 10 min ¥4 2] slivh L 3 A5

12

S A 73} a1 DEPC(Diethylpyrocarbonate) water 2 A 2% 75 % ethanol 1 ml= 3 7}8}al

ol O

Ay ol

o

13,000 rpm®l| A 10 min YA} F-2] 3} o1, 38] Q=SS T}, o]

ol

o
il

2
N
of
ol
El

pellets $743] A=A 7] F RNase free waterol] 50 A]/Zdsh5 B | s}pA] 2202
FE total RNAES F=3}9 U} Total RNA concentrations Thermo Scientific uDrop
Plate(Thermo Scientific, Germany)= =7 3} %1 31, cDNAT A260/280 ratio”} 1.8 — 2.09]
%= 500 ng®] total RNAE PrimeScript 1% strand cDNA Synthesis Kit(TaKaRa, Japan)=
A zALo] R E Sl upe} /dskl e, 3Hd ¥l cDNAE Quantitative PCR(QPCR) &

Aol AHg-3H9AT.
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2.5. Quantitative PCR 4]

Quantitative PCR(qPCR) 2] ol] A}-8-% primerT in vitro©l| A8 3t primerE 5 U 3} 7|
A3 0.1 Table 19 LFEF AT} qPCR 221 & TOPreal™ qPCR 2 x PreMIX(SYBR
Green with low ROX)(Enzynomics, Daejeon, Korea)= ©]-83}9] Thermal Cycler DiceR®
Real Time System Single(TaKaRa, Japan)= 213} t}. PCR cycling< initial
denaturation 95 C 10 min, denaturation 95 C 10 sec, annealing 58 C 30 sec 40 cycles,

elongation 72 C 20 sec, melting curve 1 min®] =71 0.2 4=3 5} $ T},

A7 e B2 D A E 2AFSH] Hel AE § AN 24 AAA =S 0
2

ofo
ol
o
2
o
S
(¢}
)
D)
i)Y
ofy
oft
o

S48t A A AF A 9 (Gonadosomatic index, GSI)

BN FF x 100/ 2 AF]9] Ao oJske] AxkaRL
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27. A 2 A B

=

LRI EENE S

T

Bouin’s solution®l] 1274

< ethanolol] ©HAI'H 2 dehydrate
Al A paraffinol] LA A 5 ume] F7 = sectiond} At} =

S [e)
Aoba) e

2S5 93, slide=
hematoxylin¥} 0.5 % eosin®l| &3 2 Al Zl T}

2.8. & AT A

- -

B 23 o] dlo]E Z 3} IBM SPSS Statistics 21.0(SPSS Inc., USA)S &85} two-

way ANOVA-test=Z &7 493

=

A&

Pl o, P<0.05ol A 94 & fHetstl .

v

A AT dlolH #ke] 9 %}+= Duncan’s multiple
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3. A3}

3.1. Dopamine H7FA} - A4t B 5] GnRH, Gth % ER mRNA level
5}
nd s 2 9 Al E2 9 Dag H7FAF 5, A SH- ol 4 €] GnRH mRNA level 2]

Aol FAF 2L A T2t H]

g
oty
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ol
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38,
o
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, A 5L At By F7bsk]
vitellogenesis7} A = 1t E2 A} & Das TAFSH A & ol 41 ©] GnRH mRNA level
2 T ob B el S W, 0.618 ug/mlol A 0.430 ug/mloZ 21491 A4S vERY
o™, 595 GnRH mRNA level-= 2 A 0.43 ug/ml 2.t} 0.482 ug/ml= 5 7}3F A 7F
2 0.625 ug/ml 2} W uL ekl S off WA st E2 B Dao] & A A
212] GnRH mRNA level ¥ 38}52 2 9 5A A 25 717} 0.386 ug/ml 2 0.192 ug/ml=
T Bo S dEsilon, sAA A EHA Q] A 8 oyt F4 % A4S U
WAt} Da &5 FAF 28 o A 2] GnRH mRNA level H3leF2 E2 2 Da &3+ A}
28 e} FAFeHA B al gl o, A 5D A 0.405 ug/mlol A 0.331 ug/mlzE 2] 4 91

A2 Yo, &3k FAL A o) A 9] 544 GnRH mRNA level H. U} =2 1

ni

&2 Ve thFig 11). ©ElA], Dals )2 DMSOE FAMeH 218 -9} v] ol

olt
o
38

= W, 4 A= A7 R v s Al7]el GnRH mRNA level 48 528 4 la< &

rlo

g s S g Aol E2 R Da 5 73AE 5 A/ 8-l A 2] ER mRNA level ¥ 3}

O:

o
filo

E2 & TAFako] vitellogenesisE &3 Al 71 A 379l 4] ¢] ER mRNA level?} H] 1L &}3]

d
o2

], 0.422 ug/mlZ 2T 0.649 ug/mlel| ¥] 3| S-718FSI ) E2 AL F Das A SH 2

DX
il

T-ol 4 2] ER mRNA level 529 A 0.649 ug/mlol] A 0.443 ug/ml©. 2 2] &<l 7+
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UehNglom, oz 0422 ug/mlish ¥ wak 1S W, S7HE b $lch B2 2 Da 23

a &5 FAF A3 o A €] ER mRNA level thx=7-¢F el S v 24 2Hz}
0.343 ug/ml % 0.348 ug/ml= 7HAE YRl ou, 597 Z35AF A3 FelA =
0.343 ug/ml°l A 0.330 ug/mlZ F-2]Ad o] ¢l A4S et Da &5 FAF A8
o A1 2] ER mRNA level> =] ¢] M s}= 4] 2 9kA] 7k 0.348 ug/mlel A 0.333 ug/ml
2 fFo04 = #AE YERN A HFig. 12). weEkA], AlZ3HEol A ER mRNA level->

2924710 Agbe] Aol wheh 2ta s EnRle), T el v g u, 7t

B>

atA] Gton, ujd s A7 o s el o 2 AFol & HERAA] e okt

nd s F2 @Al E2 B DaE A §- 8 A Gth mRNA level 2] W shaF2-
E2 AL ¥, vitellogenesisE &/ A7 A& 0| 4 9] Gth mRNA level-> oz -] H] 3|
0.341 ug/mloll 4] 0.743 ug/ml 2 F43] F7Fatlom, FAF 5 294 H|sto] 547
0.957 ug/mlZ A &2l 5715 YeENRATH E2 FAF &, Da TA e A& ol A 9] Gth
mRNA level> T2l 1|3} 0.360 ug/mloll 4] 0.482 ug/ml= 57}k S, FAF 5 2
2 0.743 ug/mlel A 5L A 0.482 ug/mlE Daoll o] &l 7FAa vk, 3FA 2, o) =9 v
e o, AHs] 7S UER I E2 B Da &3 FAF A E ol A 9] Gth mRNA
level> =19} Bl a3} S w, FAF & 29 4] 0.341 ug/mlol| A 0.134 ug/ml 7FA3}S

ANk 594 0.192 ug/mlE o3 Z716tlth Da ©E FAL 28 el A

lo
=
=

mRNA level2 272} HI WSS wf, =AF 2 5 0.341 ug/ml= W32 gll o
594 §-2l5HA 0.130 ug/mlo 2 74 tHFig. 13). Wk, Dats A% A1 7] Gth
mRNA level> A ZFo] Aol whet 744319l o1, tf 27 DMSOE A A 3¢}
vkl s W, SV YERSLTE sHAIRE, A s Al71el A Davs kAl 9] Gth

mRNA level 45 F 23 F 55 15t
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Figure 11. Expression of GnRH mRNA in the hypothalamus of female olive flounder
(Paralichthys olivaceus) that were injected with DMSO (control), Estrogen (E2), Dopamine
(Da) add to Estrogen (E2) and Dopamine (Da) alone. Values are expressed as the mean SE.
Different letters indicate a significant difference in mean values (P<0.05 by two-way

ANOVA following Duncan’s multiple range test).
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Figure 12. Expression of Gth mRNA in the hypothalamus of female olive flounder
(Paralichthys olivaceus) that were injected with DMSO (control), Estrogen (E2), Dopamine
(Da) add to Estrogen (E2) and Dopamine (Da) alone. Values are expressed as the mean SE.

Different letters indicate a significant difference in mean values (P<0.05 by two-way

ANOVA following Duncan’s multiple range test).
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Figure 13. Expression of ER mRNA in the hypothalamus of female olive flounder
(Paralichthys olivaceus) that were injected with DMSO (control), Estrogen (E2), Dopamine
(Da) add to Estrogen (E2) and Dopamine (Da) alone. Values are expressed as the mean SE.
Different letters indicate a significant difference in mean values (P<0.05 by two-way

ANOVA following Duncan’s multiple range test).
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Figure 14. Effect of Estrogen (E2) and Dopamine (Da) treatment on Gonadosomatic index in

female olive flounder (Paralichthys olivaceus).
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Da2 days

E2 — Da S days
Figure 15. Histological observations of the olive flounder (Paralichthys olivaceus) ovary treated Estrogen (E2) and Dopamine (Da). Op : Ooplasm,

No : Nucleolus, N : Nucleus, Yv : Yolk vesicle, Zr :Zona radiata.
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ght}ar BF S tH(Charlton, 2008). 74 = o] 7ol 4] 2 of] T g Da®] 417 &1 =4 7]5

2 1978 =591 (Carrassius auratus)s ©]-83F A = o] A5 < X th(Peter et al.,
1978). W&oy (Anguilla anguilla)®] AT-ol A= T ol glo] Gthe] WE< s}
7] $13l pimozideE ©]-&3t Das JA S W, LH ¥4 2 W=, VIG ¥ F49
vitellogenesis A=l ¢lo] GthE F7FAIZIthal H 315 QI tH(Dufour et al., 2003). S35+
=% % (Carassius auratus)®] in vitro Q7-° 4 Dat Gth II &S GA Al7|H, ol

GnRH 7HA= Q1% Gth II 5o ATl KB 15F3 th(Murthy et al., 1994). ©] A

Da2l A A< oAl B3 A5 thgdt o Foll 3ol A7 & Folnth

o] 2] Gth 1 % Gth I #7]= o] 2] Ak 2-g-Aol o] A=¥ ™, GnRHE= <4
A=A 2 2831, Daw 4 oA Al 2 283kt (Yaron and Levavi-Sivan, 2006). = <1
Tl A w5 4F GA ol Da EH4 FAFF, in vivooll Al AlgEHE- E W sk Al| o A
AuE= A AL B3 S22 529 GnRH, Gth 2 ER mRNA level > AA 2 ¢l 7HAx S
LFERU AT SHAIRE, Da w5 F=AF A o A ©] GnRH mRNA level & 7F2423F A 7,

P A AT mo fgasks A3 dElA £t HskaAl Gth

-/

E2 % Da

110*'

mRNA level> E2 % Da &3 FAF A@FolA A 22 levelo] #HEE AT
vitellogenesis -+ %, Da®] 57F ALl 9] 3+ X}=2 Gth mRNA levelo] 7FA3tol| = &

IS5
th o]y g A= m s @Al A G Aol Da

staL A= A7 R A dd skl

-

= E2% 213}9] GnRH mRNA level2 7+ 43}

¥9,
:

& 9502 Folstelw ofn] 5o
SR, in vitro®) ATkshi= thE A FA T 14 vhehilA e Ao AZkE e,
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& o] 7 (Salmonids) & 2] <1 -9l A Da+ vitellogenesis T+ 9| A E27} Da2] & A| 7|5
of 3t =82S vl B 33}S th(Linard et al., 1995). 34| 7k E27} Da2] ] #] 7|59
A 75 o m AgsteAlo] w53 AT Ay ofA /A Bl HA| ekt
TS wk-§-2<(Sprague-Dawley rat)oll 4] E2+ Da®] -8-#] W&o &S v XA &=t}

B 313}S) th(Lammers et al., 1999). Q17| A= E27} Da o|&4] Z 3lol] #oisith=
AT A3 B gFe e FEol Aol &4 A AA o FEFES XY= AT Ay
Eo] Eolubar 9 vh(Almey, TA and Brake, 2015). o] ¢} 7Ho] E2&= A A1 4 B ofu] g}
R ZPl M= 2Hgehs 2o O Ve s & vk FHE, ATellA E2
© A AFAEANAE= AdATh= A7 A3 Ao (Lu et al., 2019), B2 Aol A4 A
73 ¥l= 29} Aol A A E = E29 7] s o] e AlolEt AE T ol d w5
S XY At B skAl] Al g AR in vitro A7 Aol A E2 2 Da
3t Fol 470149 GnRH % Gth mRNA level> E2¢1 98] 7h4 9 S7HE vrEh)

KT} AR, in vivo A7+ A3l A A]ZdSHE- Gth mRNA level®] W32 in vitro9t =

kv

725 vEle, 5974 S e A &9k

Da+= GnRHOl| ©] 3t Gth ZE & #E Alste] 1 o] 59 A, S A2 Ao gz 4
2 H| RZo] =9 Br] = A8 A © tHDufour et al., 2005). Y¥H2 © 2 Datx= GnRHOI A
Gth= 9] 7 Zof #ojsle] S A A1 o= AZtE =, o] H Ao A Da

7h AlaFshel A4 49l dahS LER GnRH mRNA 42 o} Alste] Gihel 21 &
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Al 4 7

) A & = 5
185 4R X & 0|83 Aromatase inhibitors(Als)el ¢ §+

3 A= 9A
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1. /ﬂi

T

Aromatase= CYP19A1(cytochrome P450 superfamily)2] member= Estrogen(E2) 3
S 3= enzyme©| TF Y RFA © 2 aromatase™ FA2] &3} B of] 2H-8-5h, & 5of 9

EAo® 4 24785 e =T, aromatase’} B o] 0 E W G o0 2 W stalal vl

X

el Ogo]

T

i

H ™ $7 07 W3l Wt &el A 9l thBabjak et al., 2012). 18] 1L

=

H
=

l‘i
B>

¢

=
S B R

AT e o] 24 e T o] 3l

Aromatase inhibitor(AI)= P450arom activity= XT3} androgen® 2 F-E E29] 2§43

S At E2 X% E W31 Estrogen receptor(ER) A= THAAI7]= &

m&*‘
on

s @

(Kitano et al., 2000). ©] 2] $+ AI= nonsteroidal inhibitor®} steroidal inhibitor = - % T}
5

—

A]-8-4d Q1 steroidal inhibitor Exemestane(Exe)< A X295 &8l =&} 45 & &
AAstslo] A2 Uol A targetol] Wt G 45 At & A AEZ7 A 5

aromatase &4 H-¢]of

ﬁd
_IZi
O
fru
iR
%
ol
ol
£
M
m G
ox
b
il

o

2 © 7 androgen®] E22 #

|

313t A S ZF e (Brueggemeier, 2002).

874 Q1 nonsteroidal inhibitor Anastrozole(Ana)< Al X2 F33}A] 55lo] A E

4

[t

o] =g Ao At & dAdstato] Al ol A targetol] thHet &4 A FHekMiller
et al., 2008). ©] = aromatase®] &= A As= G2 3}, aromatase &7d -9l 7+

K o2 Agsto] FAAA JA|E F 3l androgen©] E22 A 25t= A= Adst= 75

F

7} ERO| B && a7+ 75 o= 2H-8-3Htk(Simpson, 2003). ©] ¢} Zo] AI& anti-

estrogen®] 7] % aromatase®] &S A AsI] A A A F 4

OSL’
rUO

S v =

-

=

o] Ao A = androgen©l| 4] E2=2 713} A] 2}-8-3} = aromatase®} A 33} 0] E22 9]

AHG oA B 27 Anad) BxeE M % WA E o BT} U

ul
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E2E o] &3} Q1914 S 2 vitellogenesis HAIE %= 3, A5 Al7] 2 0|5 A 7] 9]

2§ 21 2~ ER mRNA, 7Foll 4] ER mRNA % VTG(Vitellogenin) mRNA level®] W 3}&F 2 =

juh B

2]

)
A

o

£

g

8% v 245,
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[\®]
2
ki
HE,
ol
)

o

2.1. A8 5% 2 Aromatase inhibitors =] 2

at

Bt 330 £ 17 go] VA5 GRS AlF FAFANAN Fufste] A gl T

light : dark = 12 : 12, 18 + 1 C & 3U43F &4 A H T A 7|3 5 AL+

R

S 27 272 ARS8 Dimethyl sulfoxide(DMSO, Sigma)E
LA 2 AL-83F 2, Exe 22 ethanol= & Al 2 AF-8-3}3I T, Vitellogenesis
GAE FEsk7] fel E28 ARgsklth Ad 194 =2 ASA1R1 1A 307 E 2
phenoxyethanol(SIGMA, USA)S. 2 v}3 3 E2 % AIZ Z}7+e] Gufja|ol] o] 2 57) 9]

TR Y Z2 vitellogenesis, vitellogenesis = = ¢ AIE A}, E2 2 Al &3

Oft

A S ALRS FAF A B TE U 5 peg®] FE 2 Fuste] B4FA} g
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2.2. Aromatase inhibitors *] 2]

ot

K

st

el

Srobn 7] 9

488

1T}, VitellogenesisE = 5, Al 2]

2519

b

i
™

ot

iy

ot

B
fife)
™

el
i

ir
o

—_
1o

o

=0

o)

—

0
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2.3. 7+ @ A A 20 A 9] Total RNA =3 2 cDNA &4

FF R A2 4 222 8 E RNAiso plus(TaKaRa, Japan)< 1 ml 3 7} ¢ homogenizer&
o] &3l E43FSIth ©] % chloroform(Sigma, USA) 200 ulE #H7Fsk F FW3}H7
invertings} o] 2 - 4] 5 min7t ¥E-5- %, 13,000 rpmol| 4] 10 min I+ YA 2] skt o

A A5 AS B85t 5% 9] iso-propanolS 3 7}S}AL inverting ¢ A 2l A 5

K

min ¥H-5- A] 71 T 13,000 rpmOl A 10 min YA 2] AT 1 & A5 NS A

)
ol

]_

DEPC water® A %% 75 % ethanol 1 mlS % 7}8}aL 13,000 rpm®l 4] 10 min ¥4 72

d

stolom, 33] wkRelgltt. o] % AT NS A AL pellets Hd3s] dx A7
RNase free waterol] 5o JF 2 A2 4o A9 total RNAE F+E3FA T} Total RNA
concentration<> Thermo Scientific uDrop Plate(Thermo Scientific, Germany)= =7 3} %1 3L
cDNA A260/280 ratio”} 1.8 — 2.0¢] ¥]+= 500 ng®] total RNAE PrimeScript 1% strand

cDNA Synthesis Kit(TaKaRa, Japan)2 A| ZA}S] X2 & Fof upe} A sl o, 34

(o5

¥l ¢cDNA= Quantitative PCR(qPCR) 4] o] AF-&3}97 o}

59



2.4. Quantitative PCR 2]

Quantitative PCR(qPCR) 2] ol] A}-8-% primerT in vitro©l| A8 3t primer$} 5 U 3} 7|
AF8-3F91 0.1 Table 201 YEF L tE gPCR #2412 TOPreal™ qPCR 2X PreMIX(SYBR
Green with low ROX)(Enzynomics, Daejeon, Korea)= ©]-83}9] Thermal Cycler DiceR®
Real Time System Single(TaKaRa, Japan)= 213} t}. PCR cycling< initial
denaturation 95 C 10 min, denaturation 95 C 10 sec, annealing 58 C 30 sec 40 cycles,

elongation 72 C 20 sec, melting curve 1 min®] =71 0.2 4=3 5} $ T},

A7 e B2 D A E 2AFSH] Hel AE § AN 24 AAA =S 0
2

ofo
ol
o
2
o
S
(¢}
)
D)
i)Y
ofy
oft
o

S48t A A AF A 9 (Gonadosomatic index, GSI)

BN FF x 100/ 2 AF]9] Ao oJske] AxkaRL
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Zy Aol o] A A4 Z 22 Bouin’s solution®] 3174 ¥ ethanolol] T 2 dehydrate 2]

7 paraffin®l] LG A A 5 ume] FTAZ sectionds} T A A AzS 93], slide™

e SA#RS HFrisoazE Yeidlon, {93 IBM SPSS  Statistics
Subscriptions ©]-&3}] ANOVAE ©]-&3 t}5 774 © & Duncan’s multiple range test

o] o3l 317 33 th(P<0.05).
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3. A3}

3.1. Anastrozole &7+ A} 3~ ER 2 VTG mRNA level 3}

n) A<z o1 YA ol AnaS 7 FA 5, A2 A0 4 &) ER mRNA level-& 2 A 2 ¢1 7}
A5 YEHE Vitellogenesiss =5t 95kl E2& FARRE Aol A9 ER
mRNA level tz=7-ol 4|3l 57138151 T). VitellogenesisE J4 & Anas TAFSH A&
ol 4 2] ER mRNA level> thZ o] H] &l F=AF - 2L A vitellogenesis”} &4 =] &
7} %, Ana®] 23} FAF 5 A F 594 0.738 ug/mlol A 0.577 ug/mlE A4S YERH AT
SHAI AL, o 2o} vl sl S, T 0.422 ug/ml B T} 0.557 ug/mlz 7] 23 5}
ATH E2 2 Ana®] £33 FAF A8 ol A 2] ER mRNA level tZ7-o] 2L A 0.427
ug/mlel A 594 0.300 ug/mlz FHASFAA T, FAF 244 A 3 5UA o=
71 th Ana®] @ A} A3 oA 2] ER mRNA level2 0.261 ug/mloll A 0.250

ug/ml= 7FA5 YERUA R 2 A oF 5 A 79 A2 1A THEFig. 16).

Oft

E2 ¥ AnaE H7F TAF &, 7Hll 4] ER mRNA level ] ¥ &}+= vitellogenesisE - =3}7]
$13Fe] E22 FAFSE A8 ol A 2] ER mRNA level2 thZ 7ol v]&j] 2L A 0.627 ug/ml

ol A1 0.978 ug/ml, 5L A 0.672 ug/ml°l 4] 1.090 ug/ml= 5 7}3} S T}, VitellogenesisS
d 5, AnaZ FAFEE A E o A 2] ER mRNA level > thz -0l vlal A 5 2 A
vitellogenesis7} B/ =] 0.918 ug/ml= 57} - Ana®] 22 FAF & A3 54 A 0.776
ug/ml & 7FAE YERHSITE E2 2 Ana®] 3 FAF A7 0 4 ¢ ER mRNA level>
2ol ¥l 3l 0.501 ug/mlE 7HAakl ow, Alzke] Aol whe} 0.39 ug/mlE A4 4
¢ FHAE YER AT Ana T FAF A 1ol 4 €] ER mRNA level> o] %] 1] 3]
294 25U 2+ 0.388 ug/ml 2 0.320 ug/ml = WA A& o 29} 3 FAL

AT 0390 ug/ml Bk SHA skl ok 2 B 5L A 7oA 2 |1 A THFig. 17).
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E2 % Anas 57 TAF F, 7l A VTG mRNA level®] ¥ 3}l 4] vitellogenesisE =
3}7] 913le] E25 FAFE A3 ol A 2] VTG mRNA level th -0l B] 3] 0.868 ug/ml
o A1 1.391 ug/ml= < 7}3} 31t} VitellogenesisE A & Anas TAFSE A F Fhof A 2]
VTG mRNA level> T =70l H]| 3] F=A} § 2 A vitellogenesis 7} 334 = & 1.378 ug/ml
7 ZF7F 3 Exe?] 22} AL 5 A 594 0.802 ugml= 7HAS UERQI T E2 2 Exe
o] &3} A} A&F 2] ER mRNA level> tZ7-¢] H]3)] 0.453 ug/mlo. 2 7+A 3900
o, Alzko] xdol whe} 0.401 ug/mlE |42 ¢ 7H45 JERN T Exe @5 A} A
ATl 4 9] ER mRNA level-> thz=~]] Bl 3 244 2 59 &) 2+2} 0.388 ug/ml 2 0.220
ugml= A Al o, E29F 3 FAF AT HuhE vHA S sl om, Al gt

o] Aol met A& Q1 S YER A TH(Fig. 18).

Ana®] 7 FAF & A A4 ER 2 VTG mRNA level ¥ ZF VTG mRNA level-> 7%
FAF AT vlaLslels o, vid s Al7]ell E2 B Ana %, O A A Aol A
B A4S YER ST SHAI R B2 & H7 A vitellogenesisE J74 5, Ana®] 2
A A AE ol A ER B VTG mRNAE 29 A 3L 5A A vl alol| A A]Zko] x|dof u}
o} A o, xR Bl skl W, 7S YERH ST WEbA, Anate P15

Al 71914 ER % VTG mRNA level®] T 45 528 = US55 &35St
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sl
)

3.2. Anastrozole T-A} & A 2 A4 T &F 2] 4~(GSI) W&} 2 2] g4 W)

W% G A B2 R AmE A F AN FF A5 GSIE B2 9% FA4)
APTFAA Z7HHA0M, Ama BE FAF G TN E BF gastg s, o
2ok WA S W, GSIE FAFATE B A% A5 71 E9 12 B} ke 3]

£ e om, 55 Wstel] the ofn = 28814 errha A2k hFig. 19).

2484 Wt A A3 2+ DMSOE FAF 5 HlAd < ShA | A 9] A2 Aol A
WA A 8 gl 9lo] ¥EE] Q] O ™ (Fig 20. A), E2 TAF & A2 2ol A= vhefe] W3t
9 o E A S o] #2EE o vitellogenesis] 7] GAIYS & A TH(Fig 20. B).

E2 Bl Ana & FAF Aol M o) 2d A =2 Sk W stoll A WA A7) =t

UHFig. 20. C). T3 5U A VA Zo| A ARAE D BAA LI} AFE o] $A43171 A
3= -S A3 th(Fig. 20. G). E2 FAF 5, vitellogenesis= FJ A1 7] § Anag 22} 7+
AL A ARell A o] A8 Wsk= 29 A o o] GAES} vl sG-S ), A7 =
H] 28l om, 3 Qhof Qlo] v - E ot 5UA FAEAN M= 7|7} 745k
4 o] o] AsdA R A=A ek kth(Fig. 20. F). Ana ©H5 FAF A E ol A o] 4]
2 W3l 29 A A E] A7) = S8R O U B2 B FAL A ol A o] Waky

%ol ZAEFE BAHA Yo, 5% WAL Z7)E 2T R} oA F

O:

AZ7L B2 o] g4 37t AAR S 92T (Fig. 20. D. B)
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0.9 1

iz

2days ™ 5days

0.6 -
a
0.3 1 I
0 l

Control E2 E2—Ana E2+Ana

ER mRNA level
—_—

Figure 16. Expression of ER mRNA in the gonad of female olive flounder (Paralichthys
olivaceus) that were injected with DMSO (control), Estrogen (E2), Anastrozole (Ana) add to
Estrogen (E2) and Anastrozole (Ana) alone. Values are expressed as the mean SE. Different

letters indicate a significant difference in mean values (P<0.05 by two-way ANOVA

following Duncan’s multiple range test).
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1.2 1
2days ®5days

0.8 1
e
0.4 - ' T ¢
0 L}

Control E2—Ana E2+Ana Ana

ER mRNA level

Figure 17. Expression of ER mRNA in the liver of female olive flounder (Paralichthys
olivaceus) that were injected with DMSO (control), Estrogen (E2), Anastrozole (Ana) add to
Estrogen (E2) and Anastrozole (Ana) alone. Values are expressed as the mean SE. Different

letters indicate a significant difference in mean values (P<0.05 by two-way ANOVA

following Duncan’s multiple range test).

66



2days H Sdays
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VTG mRNA level
[=]
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(=]
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A

0 I | I .

Control E2—Ana E2+Ana

Figure 18. Expression of VTG mRNA in the liver of female olive flounder (Paralichthys
olivaceus) that were injected with DMSO (control), Estrogen (E2), Anastrozole (Ana) add to
Estrogen (E2) and Anastrozole (Ana) alone. Values are expressed as the mean SE. Different
letters indicate a significant difference in mean values (P<0.05 by two-way ANOVA

following Duncan’s multiple range test).
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Control E2—Ana E2+Ana

Figure 19. Effect of E2 (Estrogen) and Anastrozole (Ana) treatment on Gonadosomatic index

in female olive flounder (Paralichthys olivaceus).
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Ana 2 days

Ana S days E2 + Ana 5 days

Figure 20. Histological observations of the olive flounder (Paralichthys olivaceus) ovary treated Anastrozole (Ana). Op : Ooplasm, No : Nucleolus,

N : Nucleus, Yv : Yolk vesicle, Zr :Zona radiata, SC : Spermatocyte, SG : Spermatogonia
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3.3. Exemestane &7 A} & ER % VTG mRNA level ¥ 3}

O

n s 43 Al B2 2 ExeE H4 TAF 5, A2 A0l A 9] ER mRNA level ¥13}9
A vitellogenesisE - =317] $l38}o] E2E FAFSH A g -0l A 2] ER mRNA level-> )%
Tl B8l S7FsF3Ath. VitellogenesisE F4 § Exes TAFeH A3 7o A1 9] ER mRNA
level-> th 2ol H] &l F=AF 3= 2 A vitellogenesis 7} &4 ¥ o] =7} %, Exe2] 22} A}
% 0.791 ug/mlol A 544 0.316 ugmlZ A4S YeERA oM, 29} H w3} S

u 9 A] 0.442 ug/mloll A 0.316 ug/mlZ -2 2 2 742 JEP AT E2 2 Exed] &

E‘l‘

A& o A 2] ER mRNA level=> t 2= 1] 3| 0.422 ug/mloll A 0.305 ug/ml= 7435}
ow, 2947 0.310 ug/mlol A 5L 4 0.305 ug/mlzE G A 289 F-204 S ek

2] 9T} Exe @5 FAF A8 Lo A 2] ER mRNA level> thZ&Foll Bl &) fo] 4 o2 2
A A 0.427 ug/mlol A 0.227 ug/mlZ ZF2E HERH A0, 5L A 0.148 ug/mlZ #] &4

¢l #HA S YR ATH(Fig. 21).

E2 ¥ ExeE &7 TAF %, ER mRNA level W3}l A vitellogenesis =& 9|3} E2&
TAFSE 218 -0 A 2] ER mRNA level tl Z=-ol H] 3l 5713} S1 T} VitellogenesisE &
d 9 ExeEs TAFSH A d o 42l ER mRNA level thZzo Hl&] A & 2UA)
vitellogenesis7} @Al ¥ o] F7} &, Exe 22} A} 5 1.071 ug/mlol A 23 594 0.516
ug/mlZ A4S Yeb o, 9 Hlwstgls o, 9A] 0.552 ug/mloll A 0.516
ugmlZ F-9] 4 7HAE JERATE B2 2 Exe?] &3 2 7ol 41 2] ER mRNA level
& &9l )&l 0.552 ug/mlol A 0.353 ug/mlZ 7S Ve AL, 29 A 0.360 ug/ml
ol A 547 0.353 ug/ml= FHA5F O}, oA = YEFUA] BT Exe W5 FAF A
ol A 2] ER mRNA level> a7 Hl&l] 242l 2¢ 0.527 ug/mlol| A 0.297
ug/mlE A5 el e, 59 0.178 ug/mlE #5221 7H4 S el A thFig. 22).
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E2 % ExeE 57 TAF %, 7Foll Al VTG mRNA level2] ¥ 3}l A vitellogenesisE =
3l7] 9 &to] E22 FAEH A 8 o)l A 2] VTG mRNA level-S th 7 0.602 ug/miol] 1] 3]
0.291 ug/ml= Z7}5FA T, VitellogenesisE F4 F Exegs TAFSH A& G0l 9] VTG
mRNA level-> 279l 0.602 ug/ml H] 3] A} 3 2L A 1.081 ug/ml= vitellogenesis 7}
P o] F7rstl o, Exed] 22 FAF -, A3 594 0.616 ug/mlE 7HAE LERY
ATt A RE, tHE T 0.602 ug/ml ¥ HIuL ekl S o, #-2]/d 2 AIATE E2 B Exe®] =&

A3 A 9] VTG mRNA level:> thx7-9F Hl sl w, 294 0.542 ug/mlol| A

0.626 ug/ml= 5713k 2™, 5L A 0.602 ug/mlol A 0.553 ug/ml= 2] 42 7HA4

il
v

EF At} Exe @5 FAF A E ol A 9] VTG mRNA levelS =&, E2 ¥ Exe &3

)

l xdy

=

AR} ¥ 05 S ) 0.373 ug/mlol A 0.184 ug/ml = F-2] 491 7HA4 2 %]

4
o
B>

£ e A TH(Fig. 23).

Exe®| 57F FAF 5, A4 A ER 2 VTG mRNA level 2 7F VTG mRNA level> o) &=
DMSOE 57 FAF A -9 vl uLeqlS wl, v]/d < Al 7]l B2 B Exe @55 A A9
TFollA BT AE Yepddth sHATE Ana®te TEA E28 54 FAleS
vitellogenesisS &4 5, Exe?] 22} FAF A8 Lol 4] ER 2 VIG mRNAE= 29 A 2 59
A vl aLel A Al Zko] Aol whef Akl W oy 2, th 9 vk gle ), A

s YR AT wEbA, Exes A s B A5 Al7]ol A4 4 B Fh ] 4 9] ER B

4

VTG mRNA level®] ZHAE 523 5 9

lo

& shan.
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e

3.4. Exemestane

of

A E

At ©

3

AaR

SIS, Exe

oA <7t

= <7kl

], GSI

92

H] 1l

v 47k 9l (Fig 24).

1
s

ST A 3
x4, 9

| o] A Ao A A

Z

e
0

<z ﬁO
P
=
B
=K
P

% 9 tH(Fig. 25. A). E2Z FA}

3 Qlo] g

& 4= A TH(Fig. 25. B). E2= vitellogenesisE 3

ol o
==

T o Vitellogenesisgl A7) @A

s

3

Y
e

N
P

™ (Fig. 25. F), E2 2 Exe?]

E7F AAH

Aol 74 EA

e, 5

o
A

R

o]

e}
K

2250

7}

B

A

UH(Fig. 25. C. G). Exe ¥ FA} A3

121

ox

ol W= WY A APH = As

7

A 243k

25.D.E).
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Figure 21. Expression of ER mRNA in the gonad of female olive flounder (Paralichthys
olivaceus) that were injected with DMSO (control), Estrogen (E2), Exemestane (Exe) add to
Estrogen (E2) and Exemestane (Exe) alone. Values are expressed as the mean SE. Different
letters indicate a significant difference in mean values (P<0.05 by two-way ANOVA

following Duncan’s multiple range test).
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Figure 22. Expression of ER mRNA in the liver of female olive flounder (Paralichthys
olivaceus) that were injected with DMSO (control), Estrogen (E2), Exemestane (Exe) add to
Estrogen (E2) and Exemestane (Exe) alone. Values are expressed as the mean SE. Different
letters indicate a significant difference in mean values (P<0.05 by two-way ANOVA

following Duncan’s multiple range test).
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Figure 23. Expression of VTG mRNA in the liver of female olive flounder (Paralichthys
olivaceus) that were injected with DMSO (control), Estrogen (E2), Exemestane (Exe) add to
Estrogen (E2) and Exemestane (Exe) alone. Values are expressed as the mean SE. Different
letters indicate a significant difference in mean values (P<0.05 by two-way ANOVA

following Duncan’s multiple range test).
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Figure 24. Effect of Estrogen (E2) and Exemestane (Exe) treatment on Gonadosomatic index

in female olive flounder (Paralichthys olivaceus).
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Figure 25. Histological observations of the olive flounder (Paralichthys olivaceus) ovary treated Exemestane (Exe). Op : Ooplasm, No : Nucleolus,

N : Nucleus, Yv : Yolk vesicle, Zr :Zona radiata, SC : Spermatocyte, SG : Spermatogonia
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4, 1F

HZ o7 A kel o] HA 7] A3 o] et A el o] AREH = 34T ] H
7HS A ALE AR&sto] o 719 A SHE ok A7) o] o A AL A TH(Gisler et al.,
1998 ; Miller et al., 2008). 15~ Ana®} Exet TF= Al B .t} H-2-8-0] o] ] g4 2 o]

AgH T gom, ol F R vhE FE] ATl % o] Ao gk,

Aol M v s S G A ol Anad] HAFAL S, A A B g A 9] ER R VTG

o

mRNA level 3} A4 o= 245 YE AT Anas ARl H7HA A o] Al
71 DA(Cyprinus  carpio)°| X testosteronel] T FE7F FUFeIGlow, o=
testosterone®| E22 2] 23S 2Fs} A thal K a1 % 9 th(Singh and Singh., 2013). =3},
fadrozoleZ} Anat™= A&, Z ¥ 2H = 2 Eg FgAol= Hro] 7HAE YERE B oly

2}, &3 3HE fl A 23} 5= 77l Sol Al A B Fe AHE0 A e Al

ul

Atk Ha% 9 thRanie and Maclatchy., 2017). 3FA|WF E Ao A E2 FAF &

vitellogenesisE Hd A # Anas 22} A8 S w, ER 2 VTG mRNA level-

rlo
N
>
B
Oft
il

RO, 27 Bl Lkl S W, FHAshA] gkt o] ¥ gk A ol A Ana= H]/d < A
710l A2 A o] SEA| o A testosterone©] E2E 2] A $hol] 223} aromatase2} 731 A
At AARE, Ao A7 2 A o] 55 aromatase$Fo] A e o] ofel = lvh AYZ}E}
AT Anav= 17HS] H G 7] R A Y T2 E2 2 LHY €3 oS HAAIR
S ™, testosterone®] @A o] AA S7FEATEL B 15 Y TH(Kyvernitakis et al.,

2015). Ana ©] 2] ]| %= non steroid Al & Q] fadrozole< T} 3t o Foll Al FH LA A A

4

A Z-go] = Ao = HIAE AL 9 THHinfray et al., 2013). Fadrozole2] 1o A
coho salmon(Oncorhynchus kisutch)®] = M| 3E o A E25 ZFA~Al ZIA| 7F, testosterone2]
wH] o]tk o g2 FAE 2] ¢F 9k O T (Afonso et al., 1997), WA & H | (Hippoglossus
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hippoglossus) Ay 21 2~ol| A & 4] & ¥t A3 1P st UEtdl= AR A E 2 A
Al = B w4 e 3k tH(Babiak et al., 2012). ©]H Ana®] 5745AF A 3ol A Ana= 7]

2ol @7 ANET FAT A0 Aot 114 A7) L A 71e] Aol

{

il

thatol sl ATEAE wkon, o Ay AelM mAds oA

A}

]
vitellogenesis= P4 & A2 4 2 7o A 9] ER % VTG mRNA level®] 743t A&

= Kol o] AlAFE] = Ao A Ana®] &5 ke Blo] g} wekE At

v s 7 Ao ExeE HTAF & A4 A 2 Zo 4] ER ¥ VTG mRNA level @
wWgleko A AJ2l 2 2 7o) ER ¥ VTG mRNA level> 244 0. & 7H438}gi o T4

E2E A} £ vitellogenesiss Al A ExeE 22} TANFS S W], ER ¥ VTG mRNA

levelo] 7Hadto] WA A 7]7} obd A< A7) el e A Aol AAE 58 F U
A& & AJTh Exe= B29] 343 & JAst] Fof & ThA7k o] 5 E29] 5%
5 UFE A4S 51, AIZ steroid 7l 2 9] hormone?] suicide inhibition®] 2} & 2] = 7}
s Eoto] aael ESAstE fFEshs aromatase®] 7|5 S JAStE 4TS g

]
{

(Tiboni and Ponzano, 2016). ER<> cell membrane®l] &= & 2] 3}A| 7 =2 cell U] 59 ]
3lo] E29F AgHS 3}, Exer steroid AI= cell Yol ¢ %] gk ER¥}e] AAA S & 4
ATt 20101 Bt otell Exe® wol AZS wf A+~ 2 3ol A E29}e] Bl Lol A Exe”}
A 24 ol A testosterone®] E2% 9] 2k xptsle] wE 5} © A AAS A2 WA
Z k3 H 3% 9 tH(Ruksana et al., 2010). 53k 20181 black sea bass(Centropristis
striata)S Exe®l| =% $, % 7] sex change®} gonadal gene expression®] 1-7-ol| A &= A2
2~9] female gonad development functions 7}4] = cypl9ala gene= A ol A 7+43}3

o gl zTet Al 2ol VERA] ¢gkon | E2 responsel] 7]ES 7R

esr2b gene 18] 3L egg envelope component®] functions 7}A] & zpc2 gene S A] Wl Z=
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o} & ol vpER A gk o} 7F A5kl vl 131 5] 91 TH(Breton et al., 2019). 3 17

ol E2& B7FAF T AIS A8 S v, ER mRNA level®] 7+4 d4to] Al ©HE o

o
=2
>
N
X
X
(o
fru
1
m
Q
Y
(e}
ol
£
(0]
o,
b
o,
oX,
2,
>
Q
2
il
o
z
>
i)
-
39,
Y
rlr
Y
o,
I

3L e 4= ATk B3, in vitro AT A3} A Exe™ Ana®l F-AFSHAl 7F 2 A4 A
o /] ER ¥ VTG mRNA level?] & A& A4 o2 JA = JFS e = A

S Ao, o] & A1) 7]50] obd T T2 VT o2 A A5 A 7S

A7ke] frkek A &oll 9lo] Ana R Exe®] &5 Hlal Aol A vl =o] = o] A%
olaL 7k ]l A o= v 0% M7k A Q) Exe7F E29] Aol ¥ &5 o] §-8)

Thal 1B 315 = d(Goss et al., 2013), o] H A Ao Al A] {2 A2 A4 F Tho

/] ER % VTG mRNA level®] WH3}eFa} A & 2264 7zko| A Exe’} Ana H.tF 9
ohthe A% 9 & 9lth HebAl, ALE ol 8 EabEel A A% Ao /1%L 9

N ek Al Z A o) 285} F7149) Ago] aTHoi Ao & Ao derw
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Al 53

A4 A X & o] &3 Tamoxifendl] &3 A A< A
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1. /ﬂi

T

Tamoxifen(Tam)-> H] 2| 20] =4 o ~ER A0 R A, f41, Tt 59 B2 4
71 ol M= B2k BAA o= Aeshs Ao A A glon, A 220X E2 2
= YERHA AR T2 22 o M= B2 A8 Y 9 ot A9 A dAERA
-8 A 28 A (Selective estrogen receptor modulator; SERM)= 283 TH(Dix and Jordan,
1980; Horwitz et al., 1981; Sutherland and San, 1979 ). SERM-> O] &4 0.2 A|A}5}5-

(Hypothalamus)®} | 3} =A| (Pituitary)2] ER(Estrogen receptor)dll 4 &2t-8&S 3]

ftllo
rob
iy

negative feedback®] ZH&38t4| ZstA st A Ass oA A7 9=

H
Lo
ot

(Mikelman et al., 2017). B3}, t}oF3t E2 24 T4 o )3t giA] 232 2=
o ~E 270 9] 55 & &tti(Howell, Johnston and Howell, 2004). Tam-2 17+ Al 91
4 ZEE T e ASAR AREHM, EROl 2R ER/Tam &A= co-

olH, o] Balx|= DNAo| Aasle] G2

g
o]
=
2
w2
Q
%
fr
2
i)
2
iy
i
AV
=
i)
il
filo
e
o
il

A & 243k 7] 5= 7FXITH(Shang et al., 2000).

o] ol 4] Tam-2 Japanese medaka(Oryzias latipes), Nile tilapia(Oreochromis niloticus)

2 zebra fish(Danio rerio) & DR ] o] Foll AG-Eo] gfom, T2 A 2] 34 3lof| o
Sk AF-E0] =5 o] H tH(Chikae et al., 2004; Singh et al., 2012; Van der ven et al., 2007).
Medaka®] A7°lA Tam= E2, alpha-cthynylestradiol(EE2), flutamide %
methyltestosterone(MT) 57}%] 3}et& 2 & Alzol] 4o do] &, E29 A3A o3&,
androgen®] A& Aol 7]5S HluE}S vitellogenin(VIG) Aol VA= F&FE
235} 9] TH(Chikae et al., 2004). Nile tilapia2] 1-7-oll 4] Tam= *] 2] ¢+ 1| d <5 tilapia 2]
d7ol ok vlalstele o, €53 wE S yebdthal B 318}l tk(Singh et

al., 2012). ©] 3% Tame ERQ] A3A 2 32 YEH, o] 7ol 9lo] estradiolo] <71
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st Al A VIG S SAIE YEldYal B 515 ) © 1 (Leanos-Castaneda and Van

s

ot
H
M
2
H
0%,
ofl
o,

Der Kraak, 2007), 49| ol A = xfol & Hefli Atk =3 4

Qe ATHE AL & 5 vk

Qst7] 918l vl = | Xl (Paralichthys olivaceus)ll F73AF 3 H R A2 Aol A -4

—_—

2] 29191 ER mRNA level?} VTG mRNA level = &2135}5] 31 A2 4 T 5F X 4~(GSI) 2

1o -

=784 W g Bl
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e

[\®]
2
ki
)

2.1.

i
%

% & 2 Tamoxifen =] 2

Bt 350 £ 13 go] VA& GRS AlF FAFANAN Fufste] A gl T

light : dark = 12 : 12, 18 + 1 C & 3U43F &4 A H T A 7|3 5 AL+

o
d
Oft
o
>
o
~

kot

S 27 =+ = A3 Dimethyl sulfoxide(DMSO, Sigma)E 81
A 2 AL-&-3F5 0.1, vitellogenesis T Al & +5517] 913l E2 ¥ Tam& AF-&-3F3iTh A9
192}k <=2 232171 93] 307F2] Z 2 phenoxyethanol(SIGMA, USA)©. 2 wl¥ % E2
2 TamS DMSO°) 5o 7} 57 9] =2 2 U] Z, vitellogenesis, vitellogenesis 2 %

% TamS A} B2 2 Tam9] &3 FAF 2 Tam @5 AP T2 U 5 pg/ge] $52 &
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A

2.2. Tamoxifen

Tor

ol

K
=T
ir
i

=
"o

sk 3

S

SFob ] 9

[e)

=

=) %

1T} VitellogenesisE +% ¢ Tame]| 2

PR

15}

-
1o

-

i

iy

ot

i
e

2.3. A

-

AAA &2 o

Z 4] 47 (Gonadosomatic index, GSI)
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A F A5 EEste] 5% 9 iso-propanols 713l Il inverting - A =-of] A
5 min ¥H-& A] 71 T2 13,000 rpmOll A 10 min 94 #-2] 3Tt L & A5 NS A A 5

31 DEPC water 2 A 2% 75% ethanol 1ml= % 7}8}FaL 13,000 rpmol] 4] 10 min 4] &2

40,

stglom, 38 WEA o F FFAL AARAL pellers R Ax A7)
RNase free water®]l %1t} Total RNA concentration Thermo Scientific uDrop
Plate(Thermo Scientific, Germany)= =7 3} %1 31, cDNAT A260/280 ratio”} 1.8 — 2.0°]
%] 500 ng®] total RNAE PrimeScript 1% strand cDNA Synthesis Kit(TaKaRa, Japan)=
A zALo] R E Sl upet gkl e, 3Hd ¥l cDNAE Quantitative PCR(QPCR)

o ALg3hednt.
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2.5. Quantitative PCR 4]

Quantitative PCR(qPCR) 2] ol] A}-8-% primerT in vitro©l| A8 3t primerE 5 U 3} 7|
AF8-3F91 0.1 Table 201 YEF L tE gPCR #2412 TOPreal™ qPCR 2X PreMIX(SYBR
Green with low ROX)(Enzynomics, Daejeon, Korea)= ©]-83}9] Thermal Cycler DiceR®
Real Time System Single(TaKaRa, Japan)= 213} t}. PCR cycling< initial
denaturation 95 C 10 min, denaturation 95 C 10 sec, annealing 58 C 30 sec 40 cycles,

elongation 72 C 20 sec, melting curve 1 min®] =71 0.2 4=3 5} $ T},
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[e)

Bouin’s solution®l] 1274

< ethanolol] ©HAI'H 2 dehydrate
Al A paraffinol] LA A 5 ume] F7 = sectiond} At} =

S o
Ao e

2S5 93, slide=
hematoxylin¥} 0.5 % eosin®l| &3 2 Al Zl T}

B 23 o] dlo]E Z 3} IBM SPSS Statistics 21.0(SPSS Inc., USA)S &85} two-

way ANOVA-test= S 7| &4

=

A&

Pl o, P<0.05ol A 94 & fHetstl .

v

A AT dlolH #ke] 9 %}+= Duncan’s multiple
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3. A3}

A} % ER ¥ VTG mRNA level ¥ 3}

B
o

3.1. Tamoxifen &7

s o2 A6l E2 3 Tame 57 FAF 5, A4 4 5L ZFol A €] ER B! VTG mRNA

W 3152 E25 A vitellogenesisE @73 A7 A= ol vl&f 57}
SE T A2 Ao A1 9] ER mRNA level<>- E22 vitellogenesisE &/ A% 9 Tam= 22k
FArete] LA, B2l 0.422 ug/mle}t B2 FAF A 9] 0.791 ug/ml HoHE UHe
0.343 ug/ml®] x5 YEHSITE E2 2 Tam =& A} 23 79 41 €] ER mRNA level
& =T vlal] SA T dstgl e, Al zko] Aol whet 0.381 ug/mlel 4] 0.322 ug/ml
= Fo A FAE YEATE Tam &5 FAF A 570 4 9] ER mRNA level 0.22

ug/mlZ 7Hg S A5 YEtW Lo, 24 35U A 724 2 LA th(Fig. 26). ™

s

B>

= el o,

—r

2}A, A2 2o 4 ER mRNA levelS VA< W A4 A7) &

£

il

g oh et S W, E2 2 Tam 5 FAF AT BE §

Lo
o
32
i
e

Jeny
At

=

71

i

-

5]
=

ZFoll A ©] ER mRNA level ¥ 3152 B2 57 FAF 5, vitellogenesisE & d A

™

= )z vlal 29 A 25U A 25 2] o] Ak Z7F8FA TF. Vitellogenesis S & 43 Al

.

% TamS 23} A} A8 ol A 2] ER mRNA level 1.378 ug/mlol| A 0.843 ug/mlo =
A% FAE YeRdod, B2 ¥ Tame] &3 FAF Aol s 2dA tlx+
0.727 ug/ml KT} 7+43F 0.449 ugmle] HAZFS YERHJA o 23} FA} o] F ER
mRNA level:> 294 WA fro]sHA] &2 7AaE YERAT b4 vk, tix+- 5¢Y
A 0.752 ug/ml¥} Bl L3RS w, 0.343 ug/mle] £ 4 ¢l 7+ JEh T Tam &5

FAF A Toll A 9] ER mRNA level> E2 & Tam®| & A A -9F A T &

S Yetd o, 54 0.419 ug/mlol A 0.420 ug/mlz 5] 2] 2po]= A A kA7t
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#9149l F7H2 eI 9 ThFig 27)

Zrol A 2] VTG mRNA level 31552 A3 4] A~ ER mRNA level ¥} f-AF3 2Ha o €18 v}
BN Th Tam @5 FAF A& o]l 51 2] ER mRNA levelS 2] A Q1 Z71= el vt

il
v

™M, VTG mRNA level& 22 0.361 ug/mlol| A 544 0.321 ug/mlZ -2 4 <l 7+

o

EFU QL Th(Fig. 28). WEkA, kel A1 2] ER 2 VTG mRNA level S th 219} H] ul3}F31
uf, v d s Al 7]l A A4S YER S, A5 Al 7] A] mRNA level> 24 4] 2 5

A Al ko] Aol whet skl o, th Tt eke] v alell A F7HE YER LT
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N
il
v
Au)
&
o
_EL
B
i{l
e
oty
K-
=
it
L
7
)
oo
_O,L'
)
&2
rlr
i)
K
r’
_O,L'
¥
P
2!
aQ
3

2ok wat B A3 U270l DMSOE A A g ol A e 4 4 Aol

A # g Qle] ko] o} ¥ $l oM (Fig. 30. A), E2 AL A3 el A 2] A Wy
2 oA ZAEZFo] FHEHA BEE O vitellogenesis7F A EH Ao & T AATHFig

=79 Hlast S W), dE T B A o2 R E AR, FAE A7) T
Hup 2ok ow B2 FAF A9} Blalo] A FA] GAETF oS0, AFA XS
& AEE A 2o} vitellogenesis THAl S 1Foll A A AH S & 5 AU THFig. 30. F). E2 %
Tam =9 FAF A ol A 294, FAIE 277 AR o G E A BEE SO

E2 FAF F Tam A} 2979k B Q8] o LA LS & 224 L ThFig. 30. C),

3F E2 2 Tam &3F FAF A E - 594 WA E 77 Fol o, WS E = s 4=
Slo] Aol R x x| ¢k B 8Yst= A o] IzE A thFig. 30. F). Tam @5 A A ¢

Toll Ao A e 294 A7) 7F xRk vl ekl g W, o] = A 2 (Fig. 30. D), 5

A7) 2 Wshe e gob %ol BH S-S o 29 ThFig 30. B).
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Figure 26. Expression of ER mRNA in the gonad of female olive flounder (Paralichthys
olivaceus) that were injected with DMSO (control), Estrogen (E2), Tamoxifen (Tam) add to
Estrogen (E2) and Tamoxifen (Tam) alone. Values are expressed as the mean SE. Different
letters indicate a significant difference in mean values (P<0.05 by two-way ANOVA

following Duncan’s multiple range test).
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Figure 27. Expression of ER mRNA in the liver of female olive flounder (Paralichthys
olivaceus) that were injected with DMSO (control), Estrogen (E2), Tamoxifen (Tam) add to
Estrogen (E2) and Tamoxifen (Tam) alone. Values are expressed as the mean SE. Different

letters indicate a significant difference in mean values (P<0.05 by two-way ANOVA

following Duncan’s multiple range test).
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Figure 28. Expression of VTG mRNA in the liver of female olive flounder (Paralichthys
olivaceus) that were injected with DMSO (control), Estrogen (E2), Tamoxifen (Tam) add to
Estrogen (E2) and Tamoxifen (Tam) alone. Values are expressed as the mean SE. Different
letters indicate a significant difference in mean values (P<0.05 by two-way ANOVA

following Duncan’s multiple range test).
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Figure 29. Effect of Estrogen (E2) and Tamoxifen (Tam) treatment on Gonadosomatic index

in female olive flounder (Paralichthys olivaceus).
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Control 5 day_s SO0um
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Tam S days E2 — Tam 5 days E2 + Tam 5 days

Figure 30. Histological observations of the olive flounder (Paralichthys olivaceus) ovary treated Tamoxifen (Tam). Op : Ooplasm, No : Nucleolus,

N : Nucleus, Yv : Yolk vesicle, Zr :Zona radiata
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4, 1F

E2:= A ] gto] 9lof TAA ] A& ahr, Al koM o A2 Al AFF =4

i

o]
st Ak AALE SA S 7]= EROl Ao ® 1 o gho] Al UR(Dhingra
and Kapil, 1999). ©] 213} E2= ER¥}9] 2% 0 2 ER mRNA HALS &4 314 A E27) &
233} @t} Tame H] ~F 2o]|= o] ~EZ 70 & E2¢9} ER9 bindingS 2tdhalE &
A2 B29 7|5 AdstAY ERY A3tele= Aoz d#x vt (Massarweh et al.,
2008). E=3F, o] Foll 1] Tam= ERQ] A &A| 2 35 Ve, o] Foll 3lof E27} &

sk 3Ll A VIG A3 9] A& vrebH Tkl 2315 ¢l th(Leanos-Castaneda and Van

Der Kraak, 2007).

ol¥ AT T4 % YA ol TamS BFAE 27 o 45 v} 2o Tame A4 A

»

o 4 2] ER mRNA level Z+A = Q15Fe] 7Foll A 9] ER & VTG mRNA levelo] & A & =

=

25 gHlseith ol e g A2 A Ulol| A1 2] ER mRNA level 74 Tam©] %71 ¥F-E-of
W& WERl E2 Buk ekl ERF A 9hsle] A4 4 Bl 7k A 9] ER mRNA level
S FaAA Aol B2 A Tam/ER 35 94A41E E2/ER 534 9= tHE ERES| N
ddol]l 1%+ Activating Function — 1(AF-1) 3% ligand binding domain(LBD)<]
Activating Function — 2(AF-2)l] ¥ 3}E 3] 71 tH(Ring and Dowsett, 2004). E2/ER &
A= LBD WolA Zgste] WdFor WEAIA AF2E A sA7E v,
Tam/ER 5 34= LBD}F W Ao 2 Q13 25 WA A A AF-29] 27335 A3}
o] AF-2 G 9ol AghA| 2] 2] o &2 3-tl(Shiau et al., 1998). ©] 9} 72| Tam ER}2]
FEHA R Vs om MEkE Fdsko] E2949

o]
AL B D ERS) 2T HUAA Q%0 AN FEsHE

m

o2 FehE A

Chicken ?17-914 Tam A 2] %, 47 A2 40 S e o, 234 testis©]
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FHE vEbdl o, 225t B A WMstE YEh A e gkthal B aLE 21 TH(Koo et

., 1985). 1A% @A o] Tam @55 2 E29F &3 A3t AP F8t4<l
mRNAS| W 3}= AR AA T, 244 koA WS YeEh A 2okt =0
FoAAM = FAN 5(Oncorhynchus mykiss)2} B 2+ o Oreochromis mossambicus)©]
A Tame] Fsel diat 77 R RSl AL A Rale] o] B LA
eroktlar W31 % A tH(Guiguen et al., 1999). =3k, 2007 | X o] TamS ] &) 812 o

ER alpha®} beta®] & 7 3}ol| A & anti-estrogenic 4 S 7RI thar 2135} 3) th(Kitano

oy

et al, 2007). ©] ¢} o] Tam> ol W& xfo] & b  ofy et A s A 2 A A
o F9o] A|7HA zlolo k) ER % VTG receptor®l] V] x| G &= z2Fo] & YEIU &= A

1 & = USATE SHAIRE, Tam SbA] 153 vpol 2ol ER¥}F 292 & = <=

ok o1 A7k Tamol €| B2 F430) 9lo] AFekit 41 4 2 F(BPG axis)

o 2% negative feedback Z+-&oll T3k 7}HsAl o] o= E Xk, o] 2] gk 7] 2] alo]=

o} ehx18] Wi vl glo] Tamell 44 49l Bol7} Sl A=) A 2sh).
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THaE

ol A= Als-ol A 1] 5 &= GnRH 2 ¥ s}Al o] A 4] 5] = GthE Ao &
T %+ Dopamine(Da), A 2] A~ 2] of 3 AL A testosterone?] estrogen(E2)2. 2 35S

Al 7]+ @491 aromatase®} A gsle] E2 A S A A 7] = Aromatase inhibitor(Al) 2]

9] 7|55 3} Tamoxifen(Tam) & 4714 3}8tE 4 S 0|83} in vitro AT2 A3}
3, S5 % A vlekshe] Aol 7} shekE A& E3 Folake] A AL
H, in viro 235 AR ORE A As @ =< GnRH(Gonadotropin-releasing
hormone), Gth(Gonadotropin), Estrogen receptor(ER) % Vitellogenin(VTG) mRNA level ©]

3t= #2357 Y&l in vivo A 02 njAd <

Wstoh 7 %ol B4 npE 243

X
:

1% A7)9 A4 A7) et

A7 G A E2& A vitellogenesis

fr
Jo
=8
_O‘h
2
=

>

GnRH ¥4 = A ghol| 1o} Dat= GnRH A1 74 A Tetol] 2H-g-31od Al oA
o8 dojdriarl el A 1=l o= Da Al o] GnRH A7 A 22 2) &5 A4 4 2
2 28 F dvh= 754 S A S 9 (Leranth et al., 1984), & 23S 534 Da

7} GnRH mRNA % Gth mRNA level?] 745 YEFH O 2 Dav}l 7|54 o2 A X559
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Figure 31. Sex hormone blocking mechanisms in olive flounder (Paralichthys olivaceus) for

used Dopamine, Anastrozole, Exemestane and Tamoxifen. Plus (+) means increase in mRNA

levels. Minus (-) means decrease in mRNA levels.
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