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Effects of Melatonin on the Reproductive Endocrine System
in Male Golden Hamsters
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1Genetic Toxicology Department, National Institute of Toxicological Research, KFDA, Seoul 112-824, Korea

Abstract - Photoperiod (length of light per day) is a major factor in regulating repro-
ductive function in golden hamsters. The information of photoperiod is transmitted to
the reproductive endocrine system by melatonin. Thus the effects of melatonin are inv-
estigated in male golden hamsters exposed to photoperiods. Paired testicular weights
were markedly reduced in the animals housed in short photoperiod (SP, <12 hours
day!) and injected with melatonin in the evening, but not in long photoperiod (LP, =
12.5 hours day!) and injected with melatonin in the morning. The histological exami-
nation of regressed testes showed reduction of tubular lumen diameter including the
numbers of cells and Leydig cell number. The mean values of both follicle stimulating
hormone (FSH) and luteinizing hormone (LH) were also lowered in the sexually inact-
ive animals than in the sexually active animals. Melatonin receptor was identified by
reverse-transcription polymerase chain reaction (RT-PCR) and its expression was
examined in various tissues to scrutinize the action site of melatonin. It turned out 309
nucleotides and was definitely expressed in hypothalamus and pituitary including
spleen, retina, and epididymis. And gonadotropin releasing hormone (GnRH) gene,
which is a key element in regulating reproduction, was identified by RT-PCR but the
expression of GnRH was not modified by the treatment of melatonin. Taken together,
photoperiod via melatonin indirectly affects reproductive endocrine system, possibly
through the release of GnRH, not the synthesis of GnRH.
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ZE HAE<
BAEEE] AHAE F¢ M B ASele #
F7), &%, 7 Hel F44 5% o8 A7) e,
°|E F FF7I7t AES PAFHE AYIGn &
21 2o} (Reiter 1980). L o]-f-2 #F7|= wid o Sol
7hsstA g B2 S LAEE &3] o1F7) wEo]
o}
Ao wstel] wh2 A2El] A W= AT
2% o= A P vk 2HAHE AF5H 2
< 12 5*]7? oA HFINez FAIsE AAsH H
l & FAE A5, AFAZME AL} 22 1242} ©]
SHRFNE Fo 8F o WAIFH AAuHe FH

o} (Elliott 1976). A5 o] E3tg T dA 7]
7t FF 12.52)7F o] A9 Hlef| x=2A)7H GA] A%
ol RS Z, 870 125408 DAz se] 2
o) R Wolob AAFAL FAY + AUk
HAow A BoHE BFAR o FATE A
Aol Aol Haech Y2 e WY
7} s da W) A4S DA, 2R
Bk QS ek 4ol PR 5EE
o] ZAZ 5 2 E (follicle stimulating hormone, FSH)#}
4] 3.2 2 (luteinizing hormne, LH)-2 & *]3] o} A
AlgHe] QAIEE S SN RulE e et
ol o8] AA Pk (Choi 1996). Aetkzd& olqt £
HEE s2Romy ol Bte £FE {HA3RT
whell = oteF EulEle] ¥ £FE% BvH(Rollag and
Stetson 1981).

F37] A oA A2E 53 3 =E
o w2 ke B8 81 o] AR retinohypo-
thalamic track-& 3| A|Asl32] 3 R-¢)<l suprachi-
asmatic nucleus (SCN)2 A3t} SCN2 AJAlslE9)

2 x9)el paraventricular nucleus (PVN)E A1 35E
XY 1 PVYN2 AHHZ 7 -83le] superior cervical gang-
lion (SCG)e 2 Rt} SCGE F#S uelris A4S

o

ol

Soto] £74) Tehesh wlA £ o2t =
A Az A RuHlHE AAAGELEL o} wrEA
Aol WAl ok AskEd PAA dFE F= e
F4 ame] Ak AATARAN B no
repinephrine ©]t} (Dodge and Badura 2001). £=3}41-2
Abe] 7S dix e} b Ate] 7 el HAA|ElA, F
E A2 A H9) FAHF Abelo] &F A el

$]=) 8k} (Reiter 1981). 3+ )] £34A-& A A3}
W BFlske RS Aol 4290 geby
A2 w2 FF719) B A BulE
+ detEdd 9 FAEE o 5 39

A el 24l (N-acetyl-5-methoxytryptamine)-2 <2

Aol &9 HHAAA 2= vt (Lerner et al. 1958).
Wehwd e £33 AZIA ofF Eae) Fgoz £
Qe WYAA WET Sugden 1989). £
ARE e deede FYAE SR 7] wFel
ZAl P o= Hu|¥} (Maywood et al. 1991; Maywood
et al. 1993). Zf-5EANA ST A9 Hzte
Y 452 vbe] Zo)d| u]y ) (Stetson and Watson-
Whitmyre 1986). 582 AF7]dA] @F7]2 o|FA A
£ W, s34 /1R delEde] HAH ez Zex
o} (Hastings et al. 1987). HetEy] $£Fo0] =2 vl =
& Yol x=EA7E, £ deted Ao A

7] FAHe £ 2AH Gl AehEd fFel
Fastate o] Ase Yol Aeksd ANE AW
olw] g},

ehEde zﬂ% Aol 44 w90 33

o e -‘L]—r M| o] 1 %Zjilﬁ‘:%(Eblsawa et al.
1994). o|o| A, Wt eyl $gA e} Zt7] o2 ZHelr}
2E] (Reppert et al. 1994), A3 (Roca et al. 1996), &, L
2] 2 A}s} (Reppert ef al. 1995)& 33l YR H3x
EolA FelE e} o] 84+ G protein-coupled 4
SA 2wyl a8y FE FAEAME I R
T FAEAC delgEde A elde] v Jve B
o]7] W&o Hetel £4A 7} VHHE HTH ¢
A7} AAE] eF=H3 9ok FEAoR WetEd S A
AR A FHAA9 M 2A s

sing hormone (GnRH) 4176l ¢J38FS nw|d 7log Azt

gonadotropin relea-

A,
2 A7E 7 TE Y2E6lA F57) 9 debed
Hol vAE whe AFeL, W=D S447

(<]
spetsl s, Mebze] GnRH
o>

1L Ad5E

ARFEZE AF7IA 85 o] AMSEE 2£ I
Bl (Mesocricetus auratus) 571 A}L3lgch AP
< F(2211°0), <5 (50%)°] FAHE Sddgn
55 ASAlY] BE AR A Elelwy) A EE 33
5 AHE3ted 14417 2R 10417 &% (14L: 10D)#)
ZAF7) A 2 RE o] o WE I}
7] 8 2 Aed A2 AL 3 FEE A
At 5719 SEEE %5/1 A} e e
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Table 1. Experimental groups. LP (14L: 10D, 14 hours of
lights : 10 hours of darkness) indicates long pho-
toperiod, SP (10L : 14D, 10 hours of lights : 14
hours of darkness) short photoperiod

Group Photoperiod Treatment Time Note
1 LP Melatonin AM
. LP: 14L:10D
2 LP Vehicle AM SP: 10L: 14D
3 LP None
. AM: 4h after
4 LP Melatonin PM lights on
5 LP Vehicle =~ PM TM:2h before
lights off
6 SP None

10A17F 2% 14A17F &% (10L:14D)e] Z7A3}el|A] A
Salodnt AFR3tE ylo] A AtRe BRo|y B
28] FEr|= Ax|sT) Holsp B A4
] FF3ledct Table 13} o] A7|9k w37z
= F AF7|9 TEL A, 2T} ¢ Fo
Eyl 2 vehicle® £l v 218 0= R4
. 249 WatExld} vehicle Fol= AE 4417 Fof
9] Bell A% 247 Aol AsPse]

L Lo o ok
E
i
H
to
2

2. dAzted Fo

2} =] (Sigma chemical Co.) 15 g animal-! day™!
o] =2 3Mste] Fuisidet WetEsl2 Bl o3t
|37t Fouvz 100% U2 (HPLC grade, Tedia
Company, Inc)2. £33 ¥, 43E9 & =7} 10%7}
Hue FFez A4sd ALeskich SEuls 5 A
olel ¥|&}FAbz 100pl¥ 10F7F wiY FLg Azl
deley]g Zodsleit) Vehicled 22t AL =
Bede HHsked 8T TS FFF 10%7}
HEs A5 oA 1057 1004 v 3185}
2 Folalgich Wz gAe BAel wIHAT
QUL ol et RHEo] ALgsie.

= TAI) A A4
= laparotomy HI'H-& %3}
o}t W AE]S ethyl ether (Tedia Company, Inc.)2 n}
AN F AL VYIS 70% ATLE 258l EZ4]
A3, 4 7HE AT Aolsdeh AW B4

2 Ajs AAawt ZZAA vernier calipers (Mitutoyo
corporation, N20)2 AA 3 74L& &Aslgr}l. 49

£3& 243 & Asig 97 autoclip (MikRon Pre-
cision, Inc.) o2 23}qich A awAe] =A 7k
Z+2] {Formular for a prolate spheroid, Vol = 4/3 (4}
7D (AL o] 8Fte] AR A (Watson-
Whitmyre and Stetson 1985). Laparotomy2} Z--2]e]
St Hael ¥4 2He 5EE SN g3 A4
5200 %, 58 Fheel dFE Belehn AAA 3

4 o]k,

%] cardiac puncture B} o2 3 ¥
< AFset AT AL 4°C YA sAz F
x|8t & %1/*“ 22} (5,000 rpm, 4°C, 10 min)3}ed Ar
Zol < 2gslgdch 33 -20°ColA
9 waaolch Eeld 93 e 44 =2 FSH,
LH)®] F=g WAFAYSA Y (Biocode S.A)2 2 ZAH

5. 442 2484 24

10528 Wekedd Fo Aol B F Ao0E 24
tez AAlstel Wael AALADAS 2SI,
ZA&A ZJAR= cryostat (Bright Instrument Co., Ltd.)
E AHgstddh WA A 4E cryostatd] Wiel] Q= -
45°C%] freezer plateol|A] &3] o] Als}A] ¢k = embed-
ding oil3} 7 JEAIFSG L F PRI} -26°C~ -
22°C2 WAHe} Qx AdelM Hx 2HE 5umTA
2 wA3ted AHLS slide glasso] DEA S 1 Adel
2 100% methanolel] 587} HFX|sle] THAZ] &
embedding oil & | 713}7] S,L]z‘;ﬁ Ta= o) oF 307}
AL AL B F GAK) Aol hematos
ylin (Allied chemical Co.)oll 6%7F WFX|gic}. g3l o]
e B2 A AR H& B2 2~3\H A8 & 0.5%
HCI alcoholel|A] e 7}x & A FHu) vfA] B2 2~3H
24 % 0.5% ammonia waterol|A] F3}slgic) T2
Bol 587 A8 & A EAE HA5E7] 93] EosinY
(Sigma chemical Co.)ol] 287} ¥}2|3t}. ofA] B2 4
g 3 70%, 80%, 95%, 100% 43S 40 3EA W3
3 AR SeHAde AR 2 F A7 3R M oA
2] xylene (Sigma chemical Co.) H&] & E3] do} U=
265 AR s oz, dae) dad 249
of] 7}93}ed 9] canada balsam (Sigma chemical Co.)
S 3}e "ol cover glass® o] mountingT}
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1) 9 A A} (reverse-transcription polymerase chain
reaction, RT-PCR)

7182 Bud J2Ee wWeted 84 f3HA A
d 3 GnRH Ak M 9-& zalsled REg AAS pri-
mer2 A3}tk PAE|S] ohekil zAo)A AGPC
(acid guanidinium thiocyanate-phenol-chloroform) 4}
Bl o= total mRNA (messenger ribonucleic acid)& A&
393} (Chomezynski and Sacchi 1987). 7 total mRNA
£ template® 3}e] A} PCR (PCR cycle: stage 1;
94°Coll 4] 34, stage 2; 94°Coll A} 502, 55°Coll A 50,
72°Coll Al 90%, stage 3; 72°CollA] 103) vl o2 com-
plementary DNAS 3§41 8}¢it} (Feinberg and Vogels-
tein 1984; Seong and Kim 1996). 4% RT-PCR A&
£< agarose gelo| X 27|15 #<ldt ¥ 7jxeA)dq
Taol o Fste] WAL M A& AA s

2) Total mRNA &%

Total RNAY¥= AGPC ¥ly] o= AZs)qct 4 222
D £98 (4 M guanidinium thiocyanate, 25 mM sodium
citrate (pH 7), 0.5% N-lauroyl sarcosine, 28] 0.1 M
2-mercaptoethanoDol| A FA 3} glv} o] AP o] 2
M sodium acetate (pH 4), water-saturated phenol, 712}
I chloroform-isoamyl alcohol mixture (49 :1) S-o] X
ZH A ARl WA F AR sle] gFes
AN 5% d2&2 AAF F) RNA AHEE A
¥ StllAd Azt z, 2EE SF5l 390k RNA ¢
= ¥ E 2 Z20|E (Awo)ol| A A 2F3}E 9o}

=

A% o 0

FE7)eh detede] FE AT 4] gl v
- A SlEte, 103§ #5749 s
£ sl 2F 1Bz AR AL TA W
Fig. 1o vehfigdeh. AF7l¢ 4218 55 FelA
g A= A 4 AF7] H2F (LP-control)s}
oA Hetey A2 Mel-AM)T ©H U 9 Fo veh-
icle (Vehicle~-AM¥} Vehicle-PM)2 X33 &
F7Hel AY Foll A4 5ol AT A
Aot 2 FF72 o] FAA 105 F<t 7]
™ 2 (SP-control)z} #AF7)eA Haedl g

te o€ o

Table 2. Changes of LH and FSH. LP; 14L: 10D, SP; 10L

114D
Reproductive activity
Active Inactive
LH (ng ml-1) 3.4+145 0.94+0.93
FSH (ng ml-1) 31.3+0.40 2.3+0.41

PTW(g)

—&— MEL-AM
—O— MEL-PM
~w— VEHICLE-AM
1r —— VEHICLE-PM
—4i— LP-CONTROL
~0— SP-CONTROL

0 2 4 6 8 10
WEEKS

Fig. 1. Changes of paired testicular weight (PTW) by mel-
atonin and photoperiod.

Tk FE(Mel-PM)EL2 A7) EHFH Ax
FAZE AR SHA ZFAskAT) o] A 7)Ee] A}
o x]8} (Stetson and Watson-Whitmyre 1986). o] 7
e =l AAeHE 123 T2 YA $Hel
3} 5ER T AFHY AN 3=Es
3tdet. 2 A= Table 20 el ligleh Q2452
g FElME HF FSHe LHO =7} ¥t
A5l HitE FEAME 1 =) w$ @A
ehgrh & ANz =2 yer) B4 4" B
At AAeEE By ot I 3229 Fwrt g
A FES AAEH el sl o] AL
F717F fr=she AA 7% E3b Sabdels Bus
+ dzled Rz AU, F FF7]e] AHuot 4
S-S Afste L3S sk =3 o3
AA 715 Wl A4 3229 Hils fxdle] o
ofbe Aow Azt oehd, 37718 Fue) oa)
A 329 Fu7l 2, o)z Qs PAFH o)
AL AFE & U+

Az
a2
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Fig. 2. Histological examination of testes. Left pictures show reproductively active testes and right ones reproductively
inactive testes. upper panels; Mag. x 100, lower panels; Mag. x400. LP; 14L:10D, SP; 10L:14D.

29 Wag BAY AT 025 ANEL WAF A2 ARFAAH ] AR AEE 47 %2 A
2o H5y 2o AaF AW Aol AAgde] oz vehdwm 3 A% ARRL F717h gasias
Sl FE A5, ARV A BF 280ume A T AE

on, e A AN Bel, A4 wHe] HoE 5 AeENe O g Afetd g BTl
2o Fadlt ARAEC) =BA RIAAT AAE  olul FelA QA ARel, Wekmd et BEAE
BF 160pme A5l Sk 2o ARA wjH  R91E ABHE U JASAS w1 42 A7)
Auleh = Wag g0z BRANE o, 4 A 2AAch RT-PCR AH4& A2 E DNase2 A2
A 5de B Y ARDE Uyt ANNER SR vehgor) RS RNasex HJshl vehix
45 A At W, el Al B2 AYBE sb shelch =T mRNAge] 49stde @ RT-PCR AHE
AAele AANET} 287 e} AN AAF o) Yehin) geb) dEe] egHA dekse & S
do) 9t 2 AYBINE FAAE T AFe ek WebEd +4A2) RT-PCR AHEo] 3947,
2 U3 AL, od A, ARANE, IHT AA T =)k AR A79F Al 300 97)uc
E BHger ME2e 5~9%0% FHA ¥ okt SlelA Uelde(Fig 3). o] RT-PCR AHE-E 7|2
o AR RN E FAEe) FFFen, A BYALATAL By A HDE A (Fig. 4
Az el el SR WA melee  $AY Wekmd S84 A4 St 309§, of
W 34 2 P9 ANk W), YA Hakd §7) AdzrE Ee wne NG wlmshel, o)
ot AA@ el mE AzEel ARl =8 wAre 4T A% w3 Fig 40 ebich 349 o}
A pzdel A IA AYARS HAZE FBF  vlmAre) S 10249,

ert, 7L abEol $Ixehi ol AMESE AAANE 2 HAEolN 2% thobd 24& AHgste] RT-PCR
D1 AT BEHA by, ARF 4 AEFE 2 & $9T B3 Table 30 vehish WekEd S8
~azeoz AASHe ol FEE¥S 12 44 4 7

z

B Aol Aolzt Q7] el £ ATl
A BRI e B2 A2lsh oF Wekmd A W 49U 25 o= SeAE AT B
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Fig. 3. A representative profile of melatonin receptor de-
tected by RT-PCR. Some tissues examined in the
golden hamsters were represented. M: 100 bp mar-
ker, lane 1: cerebellum, lane 2: retina, lane 3:
spleen, lane 4: hypothalamus, lane 5: liver, lane 6:
pituitary, lane 7: muscle.

Cc aagtacgaccgactctacagtaacaagaat 31
K'Y DRIULY S NIKN 10
tcectetgetacgtgttectgatatgggtg 61
S LCYVFULTIWUV 20
ttgacgctagtcgccatcatgeccaacctg 91
L TLVATIMEPNTL 30
caaaccggaactctccagtatgatcecegg 121
Q T 6 TULQYTDEPR 40
atctactcctgtaccttecacacagtetgte 151
I Y sSCTVFTAQSV 50
agctcggtgtacacgatagcagtggtggtt 181
S SAYTTIAVVY 60
ttccatttcatcgtgectatgattategte 211
FHFIVPMTITIWV 70
atcttctgetacttaagaatctggatectgx 241
I FCYLURTIWTIL 80
gttcttecaggtccgacggagggtgaaacee 271
v LQ VRIERIZRUVIKF?P 90

gacagcaaacccagactgaagccacaggac 301

D S X PRULIKUPAQTD 100
ttcagg aa 309
F R 102

Fig. 4. Nucleotide and deduced amino acid sequence of
melatonin receptor gene identified in golden ham-
ster. Small alphabetic letters shows nucleotides
and large alphabetic letters amino acids. Amino
acids are symbolized by a single letter.

HE AstEe HsteAl g v Reke], o, e A,
Bz

Aol s wtEH ez vepgAn, 29 32

Table 3. Tissue specificity of melatonin receptors detect-
ed by RT-PCR in golden hamsters. Only presen-
ce and absence of bands were determined. +:
detected, +/—: doubtful, —: non-detected.

Tissues Expression

Hypothalamus
Pituitary
Cerebellum
Retina
Thyroid gland
Liver +/—
Spleen +
Adrenal gland -
Kidney +/-
Heart -
Pancreas -
Urinary bladder -
Lung -
Skin -
Muscle -
Testes +/-
Epididymis +
Seminal vesicle -

L+ 4+

I Ao dAA JA HEEHA ik AA S H
AR A o]9)e] xAAM Weley 4471 EA"
A2 detedo] FWHAT & 2ol LS A
3 o)g) A Ryt gl F Weked2 Al 3l
oM s Fr] 24, AAEHE 24 T 713 f-¥d
szRoz ¥z} (Pierpaoli and Regelson 1996;
Zhdanova et al. 2001). A|3}7} 2 A Fo g o] FHL o
A71e AdAle W AAE AsAdez detEdg
g3t FAe] gleiAlvts 317t Qv (Pierpaoli and
Regelson 1996). :=¢1E52] EH= g =L£& Fm,
ol we FETC) 959 4T JEE AT
AtA o] B 31551 Q) (Lagared et al. 2001). T3+ A x)] 2]

o5, 44 A ohe FBE YEo DAY
oA glvh(Bently 2001). o] Blol= Hatgd2 o
3hAA], Aol Foll HYE 2%S AU v AR
A7 Ha=E 3l gl (Pierpaoli and Regelson 1996;
Futagami et al. 2001).

AghEsh Haaisl B dre Bh e A
wu)Ae) F< GnRH A7AE Z¥shn e 3&
7Rk o, AehENle] of RN wAY Y ek
o] AU A HEUhy 2T 4 ok Wt
A GnRH §-8718] 93¢ zAstele. $49 GuRH
f32k2] RT-PCR AF2-$ Fig. 5A0] el 541
GnRH 4218 A 4 190 97|} (Fig. 5B). 2 e}
Eylo] GnRH 3= ae) mXx= o3k zAls}7)



230 Hed - 2diT - AU
A M 1 Azt BE7) (B F 124120 olske] 2l
- 2E3A7 SEES Ao WAEIE FA FEE
Ax FAE AAINA FdEGHH, AF7)GHE F
12527k olke] =)ol FA" $EF oAl H=
4 593 FEEY AL FAE 18R/ &
39 Aas Aoz AR Az AR HAol
2RI, AR A 27t Fe2AA o504
. =% 44 ol B3y $29 WF JrATs=E
3 gAs22Y $EE AN $HE R4S x5
gccagcactggtcctatggattgcgccctg 30 2o ula) EalelA Bastdnh deled Sad) o
gaggaaagagaaacgctgaacgcttgggtg 60 A A} polymerase chain reaction©.2 FA 1 22 E
attctttccaagagatggacaaagaggtgg 90 ol wg zAidS A% Weked #8AE 309
atcagctggcagagcctcagcacctcgaat 120 A7 e, A Akse} W3 eAl S £3ss wheket A
gcactgtccactggccccgctegececteca 150 71 R H AT A& 245k A4 49 gona-
i 1 i o 2 zle alsd _r,_\:_ql.
gggaccttcgaggagttctggaaagtctga 180 dotropin releasing hormone (GnR_H) SR z}e] ul
FAEGS 2y detEd AMele) FF7] AR
ttgaagagga 190

Fig. 5. RT-PCR product of GnRH gene (A) and Nucleoti-
de sequence (B) of GnRH gene in golden hamster.
M; 100 bp marker, lane 1; GnRH.

P [=]

#% APzl 27 GnRH

i T m
AALe) wyefAre zAbslgd o, Apol B WAAEA] B3}
Aot wetA, FE F2ES] el 44 535} GoRH
FAz Ly ASaAsL sue Aoz velyd
2382 ZHEFENAM GnRHZF A4 5H& 2-dshe=
HgolA A o, detEdo] GnRH $47H9) i3

ol d3FE X ¢AHh AAE GnRHE] ¥n]el o
e 74 5 e AT 4 ook AASAe) =
5 A2 AASIRY GnRH %71 ¥ 1 Bost
A= o] 2 S1bA sk} (Jackson et al. 1984).
Ao Asbs S8 & o, FF7)9] Aue S334ld
FoE e deteds Sl AMWEulAE dgd
o 4 ook AAE 2AsE A4 BAo] AASHR

=2 ha}
A ¥HEE GnRHYE At o, dzl=de] A

A

Ko
=

2
=

S #77] e A= GnRH A7) 35e
BHstel A4 BHE Ak Aoz Atmdeh
5 9
F771 @ 5 9ol Aohx BE A2HY A
245 79 2ol 337] Jut AhEds F
spo A4 EuAz AL gebd dekedel A
Noll wlAE £3E oJe FF7)o] 222 B2E el

GnRH §27} "48le] cjsbe w1XA ohskeh Fasha,
F77)9) w3 A EAE A Hshel WG, Aok
J& GnRH $8718) $8uche, 449 GnRHE] #)
of cjake A ANREnAel BHHeE F4H
o 4 glelet

AL A}

Q7 20009 A TA ke Ao 23k

B
ol 75 9] & (KRF-2000-015-DP0356).
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