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Effects of Progesterone (P4), 17B-estradiol (E2), Melatonin and
Serotonin (5-HT) on the mRNA Expression of Reproduction-related
Genes in the Pituitary Cells of Eels (Anguilla japonica)
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Fish reproduction is regulated by various neurohormones secreted from the brain and
gonadotropic hormones secreted from the pituitary. Reproduction of eel (Anguilla japonica)
is also regulated by these hormones. However, how the neurohormones regulate the
secretion of pituitary hormones during sexual maturation is not completely understood.
Previous studies have shown that neurohormones such as progesterone (P4), melatonin
and serotonin (5-HT) are involved in the regulation of reproductive processes in some fish.
In this study, the eel pituitary was primary cultured, and stabilized pituitary cells were
treated with P4, 17f-estradiol (E2), melatonin, or 5-HT. The effect of these treatments on
the expression of FSHB, LHB, GH and SL mRNA was, then, investigated. P4 increased the
expression of FSHP and LHP in pituitary cells, and melatonin increased the expression
of GH and SL as well as FSHB and LHB. However, 5-HT did not significantly affect the
expression of these mMRNA. These results suggest that P4 and melatonin may play some

important roles in the early sexual maturation of eels.

Keywords: Progesterone(ZE2H AHE), Melatonin(H2LE L), Serotonin(MZE ),

Reproduction-related genes(H4] & [T XY, Anguilla japonica=a 4t HZE0f)
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(Tanaka et al, 2003; Kim et al, 2013). o}X
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MOl 2ol X WiolEt=s T8
et al, 2008; Kagawa et al, 2001). [T
QoM HHO d d= II_PHOﬂ O
8= 45 |k 7|2 7HMslof oiCk.
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tICh OIE S0 &|Q| Al4BHR0i|AM
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& e FESICE £ GrRHE Z/SH=H0|A GH (growth
hormone) 5 SL (somatolactin)®| 2H|E XI=5t7| = St=0|(Le
Gac et al, 1993; Bhandari et al, 2003), GHE IGF-1 (insulin-like
growth factor )2| MitS FESH0 HAl4 X5 2229| 2HIE
XF=5t2(Huang et al, 1999; Hashizume et al, 2002), SL= ¢10{t
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O MHATONE SPE AFO2 N 442 REI WO &
SO HAHE 24510 % RE0| o) 4 E& oty

ZHEE Kt L XN (Differentially Expressed Genes, DEGs)E
ZALSIQULE AHE 2ol WA S progesterone receptor type 1
(pgr1), growth regulating estrogen receptor binding 1 (greb1), solute
carrier family 39 member 4 (slc39a4), tryptophan 5-hydroxylase 1
(T5H1), 1,25-dihydroxyvitamin D(3) 24-hydroxylase (CYP24A1), mito-
chondrial, alpha-2 adrenergic receptor-like (o 2A-AR)E 414
20| AIZFE! HTO0N D= YHOEL} 308 O ek =
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2003; Wang et al, 2016) 2Z9| %|Z et XS5t =
ZolMe Bl d& W 28HS XtFeCHPaulos et al, 2010).

YO LIStH M=ol 4

FStCHBenedet et al,

It #E0| UAS 7Hs40| Ue HOZ LIEHHCHMun,

P4= HAZO{B0AM FSHRt LH 2rsi0f AES O] (Atteke et al,
A H

2 QFXF mRNA £310]| O/X|= Neurohormonel| 3 33

2hd progesterone®! progestin & 17a, 20B-dihydroxy-4-pregnen-
3-one DHP)= CHEXQ % & AHZOIEMIOZE Leid }
oH F3Lt WHOO| AT Y= A HiES FEoh=0l ABECt
(Ohta et al, 1996; Morini et al, 2017). 0| Q0= P4 Of2f M2
O Al IPHof geke O)X|= Ao Z SR CHMiura et al, 2006;
Murack et al, 2011; Fang et al, 2018). ZS R0 P4 9]
ASmatet BESI P4 X2| M 17B-estradiol (E2) priming2| &
40 tfet A7} O] M| RACHLagace et al, 1980; Lesoon
and Mahesh, 1992). 3t P47t melatoninOf oJ8} TS ot
ZHE Ao =2 H|7|Z|R 2O (Abecia et al, 2002; Nakamura et al,
2003), P47F 5-HTO| Q3= Seks HE=(odis et al, 1992) &
melatonin & 5-HT7F P42t &2HEA7} IS Ao E EHEE|QULE
0|2t Z0| P49| 2180] Clt H77F Q0| TIAE UKD HEO{ Q|
&7 4 ds A HAO| 20| p4 HE[of Dot A= KOtE
7| E&Ck

Melatonin2 =2 SUH0IM o 3 2H[=0, AE X &
7] &2 S Lot ML CrEet 7|sS Btk O F H
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XI7H& 01 (Oncorhynchus mykiss) %%
M melatonin®| X2|7} WAL X5
of Y2 NjX|= ASE LE |’lI;“:|' Khan and Thomas, 1996; Diaz
Rodriguez et al, 2001; Falcén et al, 2003; Carnevali et al, 2011). &
U0 A S WM 4 g 2 melatoninO|
S8 (Sébert et al, 2008) = 38X (Hyeon et al, 2021) 4=
Aoz HNE|UCE SIX|2 OFATIK|= melatoninO] #EO
= X HA0 ofH Y-S SteX| 2ot
Serotonin (5-hydroxytryptamine, 5-HT)2 AMAXMESE A ML=
EE0E HEI0] CHst YE|gH J|58 3T (Seyedabadi
et al, 2014). O & S80(Carassius auratus), Atlantic croaker,
Prussian carp (Carassius gibelio Bloch) & CtYst ZZ0{F0fA
GnRH HH| AJAlA X} S22 2H| MAIA M2 S3p 20| &
HLSE HAl ™| #Ooste A2 LIEHGCHKhan and Thomas,
1992; Wong et al, 1998; Sokolowska-Mikolajczyk et al, 2015). 1
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2 87 gict.
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Al BE FTAl mRNA 22i0| O/X|= Y-S ZARBIACH
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BB, Lot+HE =
SXISH7| el A 1Exp. 1), 2E 2Exp. 22 LHFOf A
WS RALE. Exp. 10M= gonadsomatic index (GSI) 0.23 +
0.25, hepatosomatic index (HSI) 1.6 + 03421 B4EO{ 350+ (K| &
1 +28 cm, M1 45+03 cm, XMF 5165 £505 g)E AHESHA
, Exp. 201l A= GSI 077 + 052, HSI 14 + 02691 #4%H0f 430+2| (K|
F636+42 cm, M1 42+£03 cm, HIT 4708 + 567 )& AtE3}
Ch RE A0l O|d=tt HEfR7| 2o 2+ &2 80|
120l AFSE|RACE

|X-IO|
==

ru> ;9 03 kI

2. k|SteH| M= B

HEoH YO Lot
Gibco)2 2 7K T&
solution (Gibco)22 M=ZEES £

OlM 1A1Z S0t HYBEALCY.
Gibco)2 X 2[3to] tryp5| n-ED
(200 xg, 4°C, 10 min) &
medium (Gibco) 89%, FBS 10%,
Gibco) 1%7 ZeHEl HiFHo| HESIRICE S5 MZE 2|3
= haemocytometer2 A|ZE & ZH3}1 trypan blueZ ME 4
Z82 ZOISHRACE ZH2ZE 1.1 < 10° cell/ml (Exp. 1), 64 % 10° cell/ml
(Exp. 202 MIZZ poly-L-lysin solution Sigma)22 ZEE 24-well
plate0l| seeding®t0] 27°C incubatordf| Al 427+ MZE oPYS}sI A
Ch QHESI7| M0l = 48A12F ZHA Q2 HYYAs WAL,
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Zt 3229 ME| s U A|ZH2 Lagacé et al. (1980); Somoza
and Peter (1991); Sébert et al. (2008) S2| AP ZIE AN
A5, melatonin X 5-HTS| HL 0| HTRUA melatonin &
5-HT ME2| = &SterolM HAla X5 2 229| walo| Rolot
Ko7t LE7] AZSe 828 Mek MEFLel sE2 ot
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P4 (Sigma) X E2 (Sigma)e 99.9% ethanol2 O|&3f =¢l =
et s s=MA T BlM3L0] £F ethanol B 0.001%
03}, P4 50 nM, E2 20 nMO| SR E|0] e HIYU S FH|ULCE

Melatonin (Sigma) S 5-HT (Sigma)= 99.9% ethanol2 0|83l
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Table 1. Hormones, concentrations and durations of each treat-
ment in the experiments

Hormones, concentrations

Experimental and durations of each

group treatment
Control GnRH (500 nM, 2 h)
P4 P4 (50 nM, 3 h),
GnRH (500 nM, 2 h)
Experiment 1 2 E2 (20 nM, 24 h),
GnRH (500 nM, 2 h)
E2 (20 nM, 24 h),
E2+P4 P4 (50 nM, 3 h),
GnRH (500 nM, 2 h)
Control GnRH (500 nM, 2 h)
. Melatonin (0.2 uM, 1 h),
Melatonin L 5 2H (500 M, 2 h)
. Melatonin (20 uM, 1 h),
Melatonin H - 2H (500 M, 2 h)
Experiment 2
Control GnRH (500 nM, 2 h)
) 5-HT (1 uM, 1 h),
>-HTL GnRH (500 nM, 2 h)
S.HT H 5-HT (100 pM, 1 h),

GnRH (500 nM, 2 h)

P4: Progesterone, E2: 17B-estradiol, 5-HT: Serotonin, L. Low
concentration, H: High concentration
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4.RNA FZ 9 DNA

MNZE2EH Trizo™Reagent (Ambion)E O[-&310] M ZEALOA X
AlZ|ofQleE 0| 2t total RNAS "EBP C} Trizol X2| &
oH3} 2 =71510] RNA 22

| & ddz

= chloroform (Sigma)&
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Table 2. Primer sequences for quantitative real-time PCR

Gene Primer sequence Prqduct
size
F GAGACCTTCAACACCCCAG
B-actin 95
R CCAGAGTCCATCACAATACCAG
F GATCCCCATGTGACTTTCCC
LHB 72

R GCAGTCAGACGTGTCCATG

F CTCGCCAACATCTCCATCTC
FSHB 99
R AGAATCCTGGGTGAAGCAC

F TTACTCCGACTCCATCCCTAC
GH 17
R GTCTTCAGAGGATACACCCATG

F AAGCTGCTGGACCGAATCAT "
SL 0
R AGCTGGGCTCGTATCGAAGA

F GGGTAGTGACAGTGAGATTTGG
pgr 116
R CAGCCCAAGACAAATTTTCGG

F CGACAAGAACTCCCTGTGCTA
mtr 175
R CAGGATGAAGTGGAAGAAGACC

pgr: P4 receptor, mtr: melatonin receptor

2/(4°C, 12,000 xg, 20 min)StRAL}. Isopropanol (Sigma)Z RNA
A = AME2|@4°C 12,000 xg, 10 min)st 1 75% ethanolS
A A& = CHA| FAE2|@4°C 7,600 xg, 5 min)3to] total
RNAE 2RALE. Total RNAE spectrophotometer (Nanodrop 2000,
ThermoScientific)2 & 2F = TOPscrip™RT DryMIX (Enzynomics)&
Ar8310] (DNAE g3tAL H2 total RNAE -80°COH| E2o}
UCt.

5. qRT-PCR

gRT-PCRE Toprea™ gPCR 2X PreMIX SYBR Green (Enzynomics),
DEPC (Intron), cDNAE Z&StRULt. B-acting CHERTALZ STHH
oz FEOIRD 2 Mo ABE 2 RTXLQ| primer sequence
= Table 22t ZL}. qRT-PCR =72 initial denaturation (95°C,
15 min), denaturation (95°C, 10 sec), annealing (60°C, 15 sec),
elongation (72°C, 20 seq)2 & CFX96 Touch™ Real-Time PCR Detec-
tion System (Bio-Rad)2 O|-83}0] &SI RALCY,

o

4 =4

HEFEQXHSEM)Z LIEFHSH one-way

Al B XX mRNA 2340] O/X|= Neurohormonel| &gk 35

Exp. 1

Fig. 1. Representative pituitary cells cultured for 4 days and
observed under a phase contrast microscope (200<). From Exp. 1
and Exp. 2, the cells cultured did not show any marked differences
in between experimental groups. Scaled bar = 100 um.

ANOVAZ 0|83t0f = 2= HM2|0f e} B4

MRSl mRNA 2510| HEtX|=X| ZASHI D Duncan test2 Of
© S22 X2 A0 F2lgt XH0|7F AU=K| FASEALHSPSS
Statistics 20, p<0.05).

my
H

Mz HiY 2 4 SQF QPERtE L|SteH| ME = plate HEEHO]
SXE[0] AlZHO] K28 A ML, RE HETOl M= HjY
HEle MZ XHO|7F GRACHFig. 1). Ol HIYE wlot=X| M 20|
22t CHE B EE(Exp. 12 Control, P4, E2, E2+P4, Exp. 2= Control,
Melatonin L, Melatonin H, 5-HT L, 5-HT H)E& X2 & GnRHZ
FSHB, LHB, GH & SLO| RS mRNA LS RESHAULE Exp.
12 ot 21} l5teHM MZ0|A FSHRR LHR Zoi0| P4 Ct
= N2 PO RS =Rk (p<0.05), GHRF SLo| a2 M
T ALOIOf Rolet XO|7F BEE[X| GRATHp>0.05). ETH pgrel
Y2 B2 ME|FUM FSHH S8R0 (p<005), P4 HE[0f|
olg mtro| Zal2 72ot XtO|E HO|X| YUUCHp>0.05) (Fig. 2).
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Fig. 2. Expressions of FSHB, LHB, GH, SL, pgr and mtr genes after treatments with GnRH only (Control), P4+GnRH (P4), E2+GnRH (E2)

and E2+P4+GnRH (E2+P4), (p<0.05).

Exp. 2& st 21} melatonin X2| 72| AL klsteH A=
Ol A FSHRRE LHBR| €al0| Mask ME|TFOM F2lotAH 715t
0 (p<0.05), BH ZALSH GH, SLO| LHE MasT H2|T0j|A
BOISHA| S 746t ACHp<0.05). E8t melatonin X{2[0f ofgt mtrat
pgro| el Jolot X0|7F GRACHp>0.05) (Fig. 3). 5-HT HE|F
O Z% &St MZOA CHET HIWHE T 7OI5H Xto|7t
AATHp>0.05). SFX|TH X[ ALO|Ofl= FSHRRE LHRS| 0]
Nel Xa|FolA 7Y &Rk, GHeL SLo| el 1&s= X2
TOIM 7HE =% CHp<0.05) (Fig. 4).

1. P4 S E2 X2|of ofst Al 2 QMXIO| mRNA
W Hol

P4 ZEO0IR WA IFHOIM ATl 2T M=t HYgh
=oAL =M FAE d= 2 RSEE AFT0n 4
ChPaulos et al, 2010). YHtH o=z H
X700 LHE|D HRE dx 27|of WA E CKSaito et al, 2003;
Jeng et al, 2007). & HTOIME PAZF O % BEOQ| LSt=K|
oM M= x£7|0f LaEl= FSHR®EDE OfL|2t LHR| EHE F7t
A|ZACE 0|9F S YUSHA zebrafishQ| HYLE w|St=K|0l| progestin
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Fig. 3. Expressions of FSHB, LHB, GH, SL, pgr and mtr genes after treatments with GnRH only (Control), low concentration of melatonin
(Melatonin L) and high concentration of melatonin (Melatonin H). Different alphabetical superscripts indicate significant difference

between treatments, (p<0.05).

= M2leh AFoME FSHE S LHBSl ZRio| &
HWang et al, 2016). 3t Ojd% EX|7HEN(O mykis9OIM =
4E B2 FAF Al L[S=HO|A LH 50| ROl8HA SIS
T(Atteke et al, 2003), {FO|Af P42| X282 FSHR I LHB SFA
9 mRNA &3S E7tA7|e A& YA ELC

2 A0oME E2 2| Al FSHR & LHRC| #$2 Q0o[st KO
7t GUUCE O] AN O XBt=H| MZO| B2 NHE2| 2
FSHRQ| &#10| Bt RChAroua et al, 2007). 280 Z/slA]
M= E2 M2l Al FSHR & LHRS| w0 Z7tstiy, 1 =t
= A4 e x| 2700 mEF Xto|E ERUCE EoF 29| H
da A7 % B2 2| 20 g2 2| o
A0 A FSHR S LHRS| &

oSt St

o M

gl 2ite &
(Huggard-Nelson et al, 2002) &

O| XtO|7F LIEFLIX| G¥RtE ZO|Tt.

GHe| #2 ZE& M2|FoM Rolet Xto|7t QIRACt. %%&HI
SEMEA(Anguilla anguilI M= ZlStE=Ho| P4 X2 =
=0 o0/t I&FS OJX|X| UUACHRousseau et al, 2002).
27 Lojo M= P4 R E29| ME[7F S0 WE GHO| 2H|E
ZEYCL dgLt Is=0Me 23|28 GHO| #HIE FESHK
XA HY 529 ME2[7t GHO| 2H|E R=3tl B agrt
(Degani et al, 1996). GH2| &&2 01FO0|Lt P4 & B2 XM2| =0
Olsl AtO|7t LIEHLL= {22 HO|H, 0|2 Ql3f O] d= HWE0 Q|
oth MZAME GHY| EHES RESH| XUSE A2E 42
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