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Abstract

Kisspeptin neurons in the brain stimulate gonadotropin-releasing hormone (GnRH) and
luteinizing hormone (LH) release. Kisspeptin neurons are mainly localized in the anteroventral
periventricular nucleus (AVPV) and arcuate nucleus (ARC) in rodents. Kisspeptin neurons in
the AVPV induce LH surges to stimulate ovulation in females, and those in the ARC regulate
LH pulses for follicle development and spermatogenesis. This review shows that androgen and
aging negatively affect kisspeptin neurons in the ARC. Additionally, kisspeptin neurons
regulate prolactin release through hypothalamic tuberoinfundibular dopaminergic (TIDA)
neurons. For this reason, kisspeptin neurons may be involved in the development of
hyperprolactinemia in older rats. Thus, kisspeptin neurons in the brain act as the main

regulator for the release of LH, so their dysfunction leads to attenuated reproductive function.
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Key words: kisspeptin, hypothalamus, luteinizing hormone, reproduction, GPR54

LIS

Kisspeptin (F A X7 F V) 1%, 2001 G ¥ ¥
X7 BRI 2R (GPRS4) OWHMEY v F&L
T Ma X ) IE S A SRR T R
Th %Y. GPRH DIEREAEZIRT b MR T ADK
TN oo EERERR TEE R LR E S
TN, R RE O H 4 12 %) 3 5 kisspeptin O f)
WL T 2 L) IR o772 ZOHBOIFIEICL D
kisspeptin {E PR AR IV E i AV E ~ (GnRH)
OS5 &Ky, AHERRGE % B 5

DGR ZHSTWEZENWHLNE Lo T

1. 45E#EEZ FIEd 5 kisspeptin —2—H>

HHHIZB W T, kisspeptin [ FIZHE TEBIZH 5
20O DM B L T\ A, i B S P
(AVPV) O kisspeptin = 2 — 1 ¥, EiREO L X
PRI L (TRDBIEDT 4 — KNy 7 %%
\7), GnRH %4 L CHRIR I IZ B D 2 AR H v
Y (LH) o =YV RSPWICHGLTwEEERD
nTw5® 5k (ARC) O kisspeptin =2 — 1 ~
1, neurokinin B (NKB) & dynorphin & 358 L

Correspondence to Kinuyo Iwata, Department of Anatomy and Neurobiology, Graduate School of Medicine, Nippon
Medical School, 1-1-5 Sendagi, Bunkyo-ku, Tokyo 113-8602, Japan

E-mail: kiwata0309@nms.ac.jp
Journal Website (https://www.nms.ac.jp/sh/jmanms/)



HEE KRR 2020; 16(2)

IXbOSY

et / \I 052

Eﬁﬁiﬂﬂilﬁ*ﬁ %Hﬁﬁ

T Klsspeptln\T

GnRH

d l
NAN

LH VLA

LHH—2

HEop IPRRRT. TR

X1 KT kisspeptin = 2. — 1 >~ OHEEX]
Wi E PAEE (AVPV) @ kisspeptin = 2 — 1 > (3,
IAMETYDIEDT 4 —F)Ny 7 %5%1F, GnRH %
ALCTLHY—=YEFREL, SNl boTWwA.
KB (ARC) o kisspeptin =2 —a > %, TZ buo
FULLBEDT 4 — RNy 7 %%, GnRH %4 L
TS E R TIRIKICE D 5 LH 7OV 2 557 o il )
W5 LTw5

TWbHZENS KNDy —a—a v LI TBY, 3
DORTF FAOHENEH T 5 Z LI X ) IRIEE R
TIHAZE D 5 GnRU/EARIE A IVE Y (LH) D8
WARGWIZE D> TnEEEZLNTWS(R).
APVP @ kisspeptin = 2 — 1 > L (3 & A IZ, ARC
® kisspeptin, NKB, dynorphin (T A a2 X
PRADT 4 —FNy 7225 F/z, BTBHME
HZEICLD, 203207 F Nid, LN Th) 4
DO/PNBIZHFHELTHWEZERHALNE oY, T4
B, kisspeptin, NKB, dynorphin (&, KNDy = =2 —
O YNTHIZICER, FWINTnwiLEIOLNS.

WWHHO GnRH = 2 — 1 > O TR
Bl L, TOMRBIEPTERICERS L Tw
%. AVPV @ kisspeptin = = — 1 ~ {2 F 12 GnRH ®
MR D 51288 L, ARC @ kisspeptin =2 — 1 ~
13 GnRH = 2 — 1 > OEN» % { 1T 5 IEh Rk
~AFGLTWB (R 1).

2. 7> KOS > & kisspeptin —2—0O >

kisspeptin = 2. — 1 X Zx9 B A IV E ¥ OB
DWTIE, = A a4 vid AVPV @ kisspeptin D %8

111

Hla2in &1, ARC @ kisspeptin D F8l 2 b & ¥
H., 7TrRur o ilonwTid, i~ 2D ARC O
kisspeptin =2 —01 V27 ¥ Fa 4 V2754 (AR) 2%
L THBY, Sa-dihydrotestosterone (DHT) % 4%
5.9 2% & ARC ® kisspeptin DFEBIFE T T 5 2 & 28
WMoHhERoTWAE T4bb, HETIZLH YV A

b5 ARC @ kisspeptin =2 —H Y {I7 ¥ F
O ICEBHEDTA—F Ny 722135 E2 6N
5.

ZhTIR, MTR7 Y Far v opBEz2 23507
A BT v RS MED L TIZHEIN SRR DS A
L, REZETH5IEPHLNEL > TWEE F
7o, BT v N R vE X % 3Rk P B % T
(PCOS) OZWMHIED—D>TH H B b, MT
b7y Fur o EEZ T AWEREES VL. B
WEBROKFELY, DHT 2 B S5 L2 v b
(DHT 7 v ) TRERABAZEEB 2R L Twik
D, bNbNEHELR LN 2IT-722 2 A LH SV
ADVHHEN T L DL - 72" (K 2a).
LH 78V 212 b % ARC O kisspeptin D FEEH 3 P
ENTwzzens® (K2a), ETH7 v Far >
1 ARC @ kisspeptin ®#iill # /- L T, LH D%V X
SwEMH L Tws X oMb, —J, DHT 7 v
k@ AVPV @ kisspeptin D FH 1L, R & #1324
CHEBPLTW2D, BREOLZ May #5128 %
LHY—YiRFRINLE 2572 (B 2b). #Z T, GnRH
VB2 5 L7-& 2%, DHT 5 » b TlX GnRH 1E
FHRIZ LD LHGWOMEF L TW2. 22 ehb,
DHT 5 v b ® AVPV ® kisspeptin ® 3§ 312 &b 1
ALNZWA, REIM® LH R o#shc £ ) FEAg
@ GnRH IR 2 SUBEAME T L, 0% LH % —
DRI DI VIRBIZ R > Twb LEZ LN,

7 v Rar v 2H5 KD ARC @ kisspeptin = = — |
YIZHEBLTWBH I LR, Hivo ALy I ORER
MOWHLENIZ R o TWBEYE bhvbidT v - DK
TH7 ¥ Fur Y BERPERL T 2092 HE L
72& 25, ARC ® kisspeptin =2 — 1 > DO 6 H]12
TRy ZFERPERL Tw. —7, AVPV
® kisspeptin =2 — 8B V37 ¥ Fax” v /54 % 13
EAERBIL TV o2, 7Y Far Yido A b
Oy BRI N TRICE TS 2 b H D75, &
DR IIMETD 7T ¥ Fa sy v 2% # kisspeptin
2= IEHL T A EERH S Z b %71 LT
W5, UEORRENS, MEFET v Fur v IRE
%k, AVPV O kisspeptin X, = A ha 4 /i)*ﬁﬁ
FTIIEEH T %55, ARC O kisspeptin (3 i & FHEIZ



112

(@)
n_onf_DHT DHT

'ARC

non-DHT [ DHT

g.

T | |
-

g1-\MW 1}
E-

o

o123 %0 1 2 3
Time (h)

HEEKE SR 2020; 16(2)

(b)
_ non—DHT DHT
Fvey B |
”tl 4 “‘ b
30 . &
2 1 B
= S  non-DHT S DHT
£ 4 at
2
T 3l 3t
m 2‘ 2'
8 1| 1t
Tl u. | e e 00 eeee
043 20 073 20

Clock time (h)

2 EM7ryruar 85 LzMT v o kisspeptin OFEH & LH 75
(a) BWI7 > rasr v &58# (DHT) L5 (non-DHT) OMES v FdFIREE (ARC) @ Kiss1 (kisspeptin % 2 — K3
%85 T) mRNA O%B % in situ hybridization 512 & ) WYL L7245 & LH XV 2o FEF %2 /R"$ (Bar =200 pum).
(b) WiEOTI A bur vEEL L2 EOmBEMEREAE (AVPV) @ Kissl 58 E LH % — Yo FEH % 7R3 (Bar

=200 um)
N
i
AR 75 L
AN AR
Kisspeptin “.":
ARSI = B #% SR
AVPV ARC
LH /\VRET

3 7 ¥ Fuy & kisspeptin = = — 1 ¥ OREEH
ARC @ kisspeptin =2 —8 Y X7 ¥ Fa 47 VS5 A
(AR) 24rLTT7 ¥ FRAZ VI DI Sh, 2ok
B LH SV ASMEF 5. —7J5, AVPV 0 kisspeptin
Za2—BVIZAREZRBLTEST, Ty Far o qf
HETTD Kiss1 3BT 5.

Ty arryzEhe s LTl S h, o8 LH
POVADHIHI S N T LI X D IR E ISR EIE
HEEZLND (R3). AUHIZO%R%% PCOS T,

LHo bR EET vy Fur ViE® 23 5. B
DR, b7y Fuar vidnikEo
kisspeptin Z ¥l 556 & & 2 5N 5728, PCOS IZH
LN LHO LS, 7 ¥ Fayr 2 X 58 % M
L, ZOHHILL I LH 2 i 22 2 3o KW T 258
Do TVADTIERWHEEZ TV,

3. MNEs & kisspeptin —=a1—0 >

MR DL TIRINEARTE DAL T I X D I~ D& D
Tx—F2Ny 7355 F ), LH = FSH @ 73 25Uk
THIEDPHMONTWAS. L L, MRERONE
AT, MR b BRI - 720z T, LH
7OV A DBEE F 72 IRIEASHA L T b Z & o5 &
NTWB™ BEEIZOWTIE, e e blicF X b
ATFa YRR T HAER LY, BHBETLTFANR
T U IR L VARG S Tw 2B F 7z,
PO LHIREIZW - < Y 72205, e & bIic EA§
BRERAHRE SN TV B2

BHHIC B TIX, M5 v M ThlEctEy LH 457
DT L LH 2OV ZADIRIFBOK T A 5N 5% F 72,
e~ ATH, Fne _TERTLH 2NV 2O E
EARIBASRA L TW B2 bhvbho Sy b OfERT
b, MEHEE B IENC Y, 3HERT O LH 45 & AMIK



HEE KRR 2020; 16(2)

Male
- Young [Z 2 0Old

£
o LW

;. L a¥
S LIS g

Young

Plasma LH (ng/ml)
O NWAROOD

012390 1 2 3
Time (h)

113

Female

Young - o

/ ; LR W
5 : o =deif “
I Wit o S LB
- g ARl PR, T
St S : o e
; v g S
e

Young " Old

Plasma LH (ng/ml}
OaNWAOO®
ANWAOO

0 1 2 3090 1 2 3
Time (h)

4 EWho v b kisspeptin DFEHL L LH 7%V A
Fits (Young, 2~ 3 4 Hiki) &##n (Old, 24 ~ 26 7 Hiks) OMEHET v b OFRAREED Kissl mRNA O%631 (LB, Bar=
200 um) & FARIEE ALV E Y (LH) o5wEiRE (FB) ofFE6%2nR.

T2 EHENELRSTVEY (K4). Dok
Brs, BHEED NI lERE & B 12 LH 4
PETLTW EEZEZ LN,

IESI2AE S LH 2o FiZ ARC @ KNDy = 2 —
O YHRHGELTWEO0METLCET A, BT v b
Tl MERE & b 12 kisspeptin, NKB, Dyn ® mRNA &
RTF FREABZNENE T LTV (R4). L
L. TD320XTF FORDST MR EG3Z R
ZNE S TW2Z ERD, Mt d KNDy = 2 —
O YORBOKRTIE, =2—ar»P7 K= A&
DAL T DT LS, FBRETORHAIMUT L
TWwLZEi2X Y, KNDy = 2 — 1 » OB
L, #RELTLHAWIIHEL TS LEEZLN
A, JNEEICHED KNDy =2 —8a Y ORI 5 2
HZALIZOWTIE, REFIS IR TR n
B, GHREIOLIBEVLETD 5.

4, 7’O5 %9 F > & kisspeptin Z2—0 >

WA RO F—/83 » (TIDA) =2—1u i3,
THREPSDOT T 7 F U HWICEE L TWw5Z &N
MHENTWE, TS IREISEHE %2 b > TIDA
—a—uiE, EHREREICES L, FRAEMIREAL
TTHEAEDZ 7 M a7 Illi&, Fus s Frpik%

PHILTWB, xa b=y R/ VT FLF) v,
IZbhasviE, TIDA=Zz—uarz2#HL, a5
7 F U X ¢ 57, Kisspeptin b 72, TIDA
Z—a—urEPHIL, TussFrESWMESELIL
DHAE &N TB Y2 kisspeptin @ i #E 25 TIDA
Sa—aVIZEIZEMLTWAEZE LN ER ST
W5 kisspeptin =2 — T VX T BT 7 F VR
BB TBY?, TussF ik TSR
532 EHh 5, kisspeptin & 71T 7 F ORI I
HERADRH 5 LB b b,

E#T v MIMEE DICE e T s F VIER RS
CERERSHMONT WA, F1 v v RERILEESE
(TH) &, 73—V 7 3 OHWEET, F—I3
IVZa-UuYORELELTHEEN TS, B7 o
T FVMIENA NS ERkET v O TH Bkl
> TH mRNA FEHEIIERE X TEIA LN,
VAT R IARMPRP O K =83 VRS, e kb
NTEMHT v P TROWZ EPHE IR TWAEY. $ 72,
THIGE»Z#GS v b TERWZ &2 5% E#s v b
THONAE 79I 7 F VidEX, TIDA =a2—0 v
DEDOWPIZE DL DTIE AL, THiEEOAIZ X
D, 7077 F 5P ELTHWEONd Ltk
Wy,

bhbhidm7ra sy F UIEE TV E LTEEME



Kisspeptin

HEEKEESEE 2020; 16(2)

(b)

Merge k7

EZg Eli

Kisspeptin

¥ TIDA

5 E#Z v Mo kisspeptin =2 — 1 > & TIDA = 2 — 0 > D5 etn {4
(a) 255 (Young, 27 Hi#h) &E#h (Old, 24 # Hih) OMES v b o kisspeptin #ikE (red) &M REE F—,83 ~ (TIDA)
Za2—BryOFHE%ZRYT Bar=50 um). F 0¥ YKERILEEFE (TH, green) &, F—/33 v =a—uwroiEfie LA
ENTW5. KHHIE, TIDA =2 —u |2 kisspeptin #HEA LML TV £ 2 A %283, (b) (a) DFROBRAEZIRT.
Filin & i & 12 kisspeptin #HEAT TIDA = 2 — 1 Y IZHM L T 7225, Z TR SIRE O Kiss1 OFBIAMKT L Tw/z2
s, EWMOTMEIRE O kisspeptin M PEfiAE L, kisspeptin D WS S 7z 2 L2 & D X7 F FHER L Tl b

SNzt EZHLN5.

Zv MIEHL, 782727 F Vi T TIDA =2 —
0 > & kisspeptin D HE 2 ZEALA D 5 O WA L 7z
LZAh, FELEIRL, ERMTHOEMSIRZICT
kisspeptin B PEfiAE S BIZE S h, BRI SIRE O TIDA
—a—urOB XV kisspeptin &3 L Tw5 TIDA
Za—BYOBLAEEEIR LN Lo 72% (K 5a).
L» L, BIRIE® kisspeptin DB IZZ# T v T
KTFLTWwW/AZ enb® EiTy bTBZgINYE
I RA% o kisspeptin B PE#RAE 1L, kisspeptin = 2. —
O > OIS & 7z & & THIBRER 3 12 kisspeptin
MPERL, fElktEcTRIb Sz E 2 5N
(B 5b). ZORRNPS, LB BEMSREICE
W kisspeptin & TIDA = 2 — 1 ¥ O EfE Z T
DHREL TCWAZEVHONE RS2, Z#iT7 v N T
Rohz®7a gz viiEld ik
kisspeptin DI D ZEALA TIDA =2 —1a Y &4 L
T, 77 F Y WIHELTVwLOb Lk
Wy,

Kisspeptin = 2 — 1 Y  TIDA = 2 — 1 ~ P4t D
B ENMLTTOS 7 F VIS LTwbs I LD
ZzbN5b TIDA=Z 2 —1T YIiZH15% L »
kisspeptin AR EHH L TR Ww®, F /2 ki3t
#+ X 72 5 3 T Ud kisspeptin = = — & ¥ 1 TIDA

Za—BrTiEdnl, ERMBEOF—1Ir=a—n
YENMLTTIRT I F WL TW SRR
RLTWBEY SlilbhbhOEBRERE»S®mT T T
JF VMMEZERTEMRT v PTIETIDA =2 —10 »
& kisspeptin DFEfHIZ O W THRERMLIC L 21T R
LN olzd® 5%, TIDA=z—ua Do
057 FU5ibliilbb=a—0 20T ey
LLBENRHDLEEZTND.

xED

LR T # @ kisspeptin 1% 42 5f 8% Bk o ] #8112 I 12
ERLMERTF FTHY, kisspeptin =2 —1T » D
PBEA AL, AR S%2A 5. 4Hl, T v
Fa & v R M#aAs ARC @ kisspeptin = 2 — & > {2k}
LCRICHZEZFHLAL, Iy, L7F
YR HURIR ARV E % BB RURIECR )V E Vi
AWV E Y (CRID"™25E %, L IEHEMIC
kisspeptin DU ELZ 5252 EBWA LN E o
TWwbh, ZOZEDHHIRTH O kisspeptin = 2. —
O VRN ORk A 2 ifE B L, Fhozfifi LT
O GnRH = 2 — v ¥ Z§lf3 5 2 & 12 & 0 g
BREZHIBL WL EEZLND.



10.

11.

12.

13.

14.

H KR 2k 2020; 16(2)

X ®

Kotani M, Detheux M, Vandenbogaerde A, et al.:
The metastasis suppressor gene KiSS-1 encodes
kisspeptins, the natural ligands of the orphan G
protein-coupled receptor GPR54. ] Biol Chem 2001;
276: 34631-34636.

. Ohtaki T, Shintani Y, Honda S, et al. Metastasis

suppressor gene KiSS-1 encodes peptide ligand of a
G-protein-coupled receptor. Nature 2001; 411: 613-
617.

de Roux N, Genin E, Carel JC, Matsuda F, Chaussain
JL, Milgrom E: Hypogonadotropic hypogonadism due
to loss of function of the KiSSl-derived peptide
receptor GPR54. Proc Natl Acad Sci USA 2003; 100:
10972-10976.

Seminara SB, Messager S, Chatzidaki EE, et al: The
GPR54 gene as a regulator of puberty. N Engl ] Med
2003; 349: 1614-1627.

Adachi S, Yamada S, Takatsu Y, et al: Involvement
of anteroventral periventricular metastin/kisspeptin
neurons in estrogen positive feedback action on
luteinizing hormone release in female rats. ] Reprod
Dev 2007; 53: 367-378.

Lehman MN, Coolen LM, Goodman RL: Minireview:
kisspeptin/neurokinin B/dynorphin (KNDy) cells of
the arcuate nucleus: a central node in the control of
gonadotropin-releasing hormone secretion.
Endocrinology 2010; 151: 3479-3489.

Kanaya M, Iwata K, Ozawa H: Distinct dynorphin
expression patterns with low- and high-dose
estrogen treatment in the arcuate nucleus of female
rats. Biol Reprod 2017; 97: 709-718.

Murakawa H, Iwata K, Takeshita T, Ozawa H:
Immunoelectron microscopic observation of the
subcellular localization of kisspeptin, neurokinin B
and dynorphin A in KNDy neurons in the arcuate
nucleus of the female rat. Neurosci Lett 2016; 612:
161-166.

Iwata K, Kunimura Y, Ozawa H: Hypothalamic
Kisspeptin Expression in Hyperandrogenic Female
Rats and Aging Rats. Acta Histochem Cytochem
2019; 52: 85-91.

Yip SH, Boehm U, Herbison AE, Campbell RE:
Conditional Viral Tract Tracing Delineates the
Projections of the Distinct Kisspeptin Neuron
Populations to Gonadotropin-Releasing Hormone
(GnRH) Neurons in the Mouse. Endocrinology 2015;
156: 2582-2594.

Clarkson J, Herbison AE: Dual phenotype kisspeptin-
dopamine neurones of the rostral periventricular
area of the third ventricle project to gonadotrophin-
releasing hormone neurones. J] Neuroendocrinol 2011;
23: 293-301.

Smith JT, Dungan HM, Stoll EA, et al.: Differential
regulation of KiSS-1 mRNA expression by sex

steroids in the brain of the male mouse.
Endocrinology 2005; 146: 2976—2984.
Goodman NF, Bledsoe MB, Cobin RH, et al.:

American Association of Clinical Endocrinologists
medical guidelines for the clinical practice for the
diagnosis and treatment of hyperandrogenic
disorders. Endocr Pract 2001; 7: 120-134.

Ehrmann DA: Polycystic ovary syndrome. N Engl ]

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

115

Med 2005; 352: 1223-1236.

Manneras L, Cajander S, Holmang A, et al: A new
rat model exhibiting both ovarian and metabolic
characteristics of polycystic ovary syndrome.
Endocrinology 2007; 148: 3781-3791.

Iwata K, Kunimura Y, Matsumoto K, Ozawa H:
Effect of androgen on Kissl expression and
luteinizing hormone release in female rats. J
Endocrinol 2017; 233: 281-292.

Hall JE, Lavoie HB, Marsh EE, Martin KA: Decrease
in gonadotropin-releasing hormone (GnRH) pulse
frequency with aging in postmenopausal women. ]
Clin Endocrinol Metab 2000; 85: 1794-1800.

Lambalk CB, de Boer L, Schoute E, Popp-Snyders C,
Schoemaker J: Post-menopausal and chronological
age have divergent effects on pituitary and
hypothalamic function in episodic gonadotrophin
secretion. Clin Endocrinol (Oxf) 1997; 46: 439-443.
Rossmanith WG: Gonadotropin secretion during
aging in women: review article. Exp Gerontol 1995;
30: 369-381.

Santoro N, Banwell T, Tortoriello D, Lieman H, Adel
T, Skurnick J: Effects of aging and gonadal failure on
the hypothalamic-pituitary axis in women. Am ]
Obstet Gynecol 1998; 178: 732-741.

Harman SM, Metter EJ, Tobin ]JD, Pearson ],
Blackman MR: Baltimore Longitudinal Study of A:
Longitudinal effects of aging on serum total and free
testosterone levels in healthy men. Baltimore
Longitudinal Study of Aging. ] Clin Endocrinol
Metab 2001; 86: 724-731.

Abbara A, Narayanaswamy S, Izzi-Engbeaya C, et
al. Hypothalamic Response to Kisspeptin-54 and
Pituitary Response to  Gonadotropin-Releasing
Hormone Are Preserved in Healthy Older Men.
Neuroendocrinology 2018; 106: 401-410.

Xia F, Wang N, Han B, et al: Hypothalamic-Pituitary-
Gonadal Axis in Aging Men and Women: Increasing
Total Testosterone in Aging Men.
Neuroendocrinology 2017; 104: 291-301.

Estes KS, Simpkins JW, Chen CL: Alteration in
pulsatile release of LH in aging female rats. Proc Soc
Exp Biol Med 1980; 163: 384-387.

Coquelin A, Desjardins C: Luteinizing hormone and
testosterone secretion in young and old male mice.
Am ] Physiol 1982; 243: E257-263.

Kunimura Y, Iwata K, Ishigami A, Ozawa H: Age-
related alterations in hypothalamic kisspeptin,
neurokinin B, and dynorphin neurons and in
pulsatile LH release in female and male rats.
Neurobiol Aging 2017; 50: 30—-38.

Freeman ME, Kanyicska B, Lerant A, Nagy G:
Prolactin: structure, function, and regulation of
secretion. Physiol Rev 2000; 80: 1523-1631.

Grattan DR: 60 YEARS OF NEUROENDOCRINOL-
OGY: The hypothalamo-prolactin axis. ] Endocrinol
2015; 226: T101-122.

Ribeiro AB, Leite CM, Kalil B, Franci CR, Anselmo-
Franci JA, Szawka RE: Kisspeptin regulates
tuberoinfundibular ~ dopaminergic neurones and
prolactin secretion in an oestradiol-dependent
manner in male and female rats. J] Neuroendocrinol
2015; 27: 88—99.

Szawka RE, Ribeiro AB, Leite CM, et al.. Kisspeptin
regulates prolactin release through hypothalamic



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

116

dopaminergic neurons. Endocrinology 2010; 151:

3247-3257.

Sawai N, Iijima N, Takumi K, Matsumoto K, Ozawa
H: Immunofluorescent histochemical and
ultrastructural studies on the innervation of

kisspeptin / neurokinin B neurons to
tuberoinfundibular dopaminergic neurons in the
arcuate nucleus of rats. Neurosci Res 2012; 74: 10-16.
Kokay IC, Petersen SL, Grattan DR: Identification of
prolactin-sensitive GABA and kisspeptin neurons in
regions of the rat hypothalamus involved in the
control of fertility. Endocrinology 2011; 152: 526—-535.

Araujo-Lopes R, Crampton JR, Aquino NS, et al:
Prolactin regulates kisspeptin neurons in the arcuate
nucleus to suppress LH secretion in female rats.
Endocrinology 2014; 155: 1010-1020.

Steger RW: Age related changes in the control of
prolactin secretion in the female rat. Neurobiol
Aging 1981; 2: 119-123.

Gudelsky GA, Nansel DD, Porter JC: Dopaminergic
control of prolactin secretion in the aging male rat.
Brain Res 1981; 204: 446—450.

Reymond M], Arita J, Dudley CA, Moss RL, Porter
JC: Dopaminergic neurons in the mediobasal
hypothalamus of old rats: evidence for decreased
affinity of tyrosine hydroxylase for substrate and
cofactor. Brain Res 1984; 304: 215-223.

Porter JC, Aguila-Mansilla N, Ramin SM, Kedzierski
W: Secretion by hypothalamic dopaminergic neurons
of the aged brain. Neurobiol Aging 1994; 15: 535-539.
Iwata K, Ikehara M, Kunimura Y, Ozawa H:
Interactions between Kisspeptin  Neurons and
Hypothalamic  Tuberoinfundibular ~ Dopaminergic
Neurons in Aged Female Rats. Acta Histochem
Cytochem 2016; 49: 191-196.

Higo S, Iijima N, Ozawa H: Characterisation of
Kisslr (Gprb4)-Expressing Neurones in the Arcuate
Nucleus of the Female Rat Hypothalamus. J
Neuroendocrinol 2017; 29.

Aquino NSS, Kokay IC, Perez CT, et al.. Kisspeptin
Stimulation of Prolactin Secretion Requires Kissl

41.

42.

43.

44.

45.

HEEKE SR 2020; 16(2)

Receptor but Not in Tuberoinfundibular
Dopaminergic Neurons. Endocrinology 2019; 160:
522-533.

Nakao K, Iwata K, Takeshita T, Ozawa H:
Expression of hypothalamic kisspeptin, neurokinin B,
and dynorphin A neurons attenuates in female
Zucker fatty rats. Neurosci Lett 2018; 665: 135-139.
Quennell JH, Howell CS, Roa J, Augustine RA,
Grattan DR, Anderson GM: Leptin deficiency and
diet-induced obesity reduce hypothalamic kisspeptin
expression in mice. Endocrinology 2011; 152: 1541-
1550.

Tomori Y, Takumi K, Ilijima N, Takai S, Ozawa H:
Kisspeptin expression is decreased in the arcuate
nucleus of hypothyroid female rats with irregular
estrus cycles. Neurosci Res 2017; 117: 35—41.
Kinsey-Jones JS, Li XF, Knox AM, et al. Down-
regulation of hypothalamic kisspeptin and its
receptor, Kisslr, mRNA expression is associated
with stress-induced suppression of luteinising
hormone secretion in the female rat. ]
Neuroendocrinol 2009; 21: 20-29.

Takumi K, Iijima N, Higo S, Ozawa H:
Immunohistochemical analysis of the colocalization of
corticotropin-releasing  hormone receptor and
glucocorticoid receptor in kisspeptin neurons in the
hypothalamus of female rats. Neurosci Lett 2012; 531:
40-45.

(%A - 2019412 H 25 H)
(=3 : 202045 2 H10 H)

HARER KA R MRS L, A
IE ¥ AFEN 40 EHE: (CC BY NC ND) 14+t~ A (https://
creativecommons.org/licenses/by-nc-nd/4.0/) A L7z, J
A2 ZFMED, TRTOMLOEMEHIIOWTIE, HARE
BRFERFEVPRFETLDDETEH. T4V APEEINRT
oW T, FEEMBENOLE,
FIRT AT ERFEMIC, TRTOEN, Forru—F, ZKkfl
H, 8, FER, A A4T) S &k,

LT, Z2VIAT47 -

TOWRLDI LIy M %




