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Research progress of manganese exposure on abnormal GnRH release in hypothalamus affecting
reproductive function MAOQO Huan, LI Yan (School of Public Health, Zunyi Medical University,
Zunyi, Guizhou 563000, China)

Abstract:

Manganese plays an important physiological role in the organism, and excessive manganese
exposure can cause impairment of neurological and reproductive functions. Gonadotropin-re-
leasing hormone secreted by the hypothalamus acts as an initiator to regulate reproductive
functions, such as gonadal development, onset of puberty, and gonadal hormone release. But
the mechanism by which manganese damages the hypothalamus leading to abnormal go-
nadotropin-releasing hormone release is still unclear yet. Kisspeptin, prostaglandin E,, and nitric
oxide may act as stimulators to increase the release of gonadotropin-releasing hormone, while
the stimulatory or inhibitory effect of y-aminobutyric acid on the release of gonadotropin-releasing
hormone is controversial. Based on current research, manganese has been less studied with
Kisspeptin, and studies with prostaglandin E,, nitric oxide, and y-aminobutyric acid mainly focused
on inflammation, oxidative stress, and neurotransmitter transmission. Therefore, taking
Kisspeptin, prostaglandin E,, y-aminobutyric acid, and nitric oxide as the breakthrough points,
this paper introduced the mechanism of manganese affecting the release of gonadotropin-re-
leasing hormone in the hypothalamus through the above four pathways, and proposed that the
abnormal release of gonadotropin-releasing hormone in the hypothalamus may be one of the
mechanisms by which manganese regulates reproductive function, providing a new direction for
the prevention and treatment of manganese-induced reproductive damage in the future.
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ERARERE, Bl mAETETIEES, T BT kA
UT, BRPRBERAGZNERAMT D, tt2EE
SRR W ITHEE iR LL, T B AT ET(E AR R
RO 2 (gonadotrophin-releasing hormone, GnRH) £
B, GnRH # — 25 F (& 55 14 4 B 2 (luteinizing hor-
mone, LH) 1 {E BF /& & A % (follicle-stimulating hor-
mone, FSH) B9 & B S TR, LH. FSH @il MR B EX
MR E, RIFRHEIVELE. MHEREK. BTFEK
ZIM8EY, LEHR GnRH UMW 2R B E. R
FRANHE R R ERIEES,

P& Mn EL L. BEf7. GG ZER, IR R
F Mn BEZHAS, EMTEBABRNESRNS H
BENBEHUREABR 2. RITHRFEERFTLZM,
Mn 2B ENFR) L BEFERRRENREEH
IRBTHIETBE"", TSRO REA, T2 Mn BEH
AREBEINELNEE, SEPRA™, MERLE
(manganese chloride, MnCl,) RERIE I, ARIMS TR
T BB AMIE R EPAE GnRH BRI EF S K HFH4E, B
MnCl, SRE S, GnRH BRSNS 4B E ™, kel
M, 7 Mn SEBEBEDIERGT, TERERDN
GnRH AJRERIZEE1ER, (B EHAH = BBk, Baith
R MVIE (Kisspeptin) « BIFIBRZ E,(prostaglandin E,,
PGE,) . y-&= & T B2 (y-aminobutyric acid, GABA) . —%&
1K & (nitric oxide, NO) A EIFHITIRR . AXAHLL £
®EX Mn @I T BN GnRH B B S AETAINEE
MEB AT BENLHIFHITERIR,

Kisspeptin @ITFEREFATIHIARA S, EES
BHAE. £HEBAEPESEXBIER, Kss-1 EE
B3y Kisspeptin 511 F GnRH 843 75 Lk BY Kisspeptin
AR Kiss1r 855, MR GnRH X T AR ER
B, srivastava IR R AL SD AR #HIT
MnCl, B &I, T B SKZEBAIRYAN Ras [BIRE
H (Ras homolog enriched in brain, Rheb) . "HELTHY)E
THE ZEEZE H(mammalian target of rapamycin, mTOR)
M Kiss-1 FKRIEIN, EEHL BRI, Srivastava 2!
Mn %S Rheb mRNA 18 %, E i i mTOR. KISS-1 #Y
mRNA RiX, FR24 52 GnRH UL 0. BE/S, ZXIE
EHE—FEAT Mn &R GnRH A& BIHLH] ——Mn
B384 BE 5 ZE 4 < EF-1(insulin-like growth factor
1, IGF-1) /& B E8 B(protein kinase B, AKT) /45 T3 |4 58
1L EE&YER 2(tuberous sclerosis complex 2, TSC2) {5

SIiEEK, 100 Rheb MTTEUE mTOR™, LU ELER KA,
Mn ZE/DEB53 85T Kisspeptin R BHFHAI AR TE
¥ GnRH BFHESFHERE R,

EX E, TENSRKZHBTLFERB Kisspeptin
fRETTHERIAFEZ AR B LT RMERLRLE 7T,
Moore ZEMIA NI HAL B 22K GnRH BlOHHIE S,
Kisspeptin 23X GnRH 73 /BRVIAIHE S, S2MERK N2
221k GnRH BKHBI(E S, Srivastava F AR RS
Kz Kisspeptin B, B F =fHEcHERFRANELE,
BEm#H— P IRR LR B ME2MEATE Mn BT
R AIE R GnRH BEILR & AR BIHH,

PGE, EEEMNREN, IS 5HIN. ZHF. I&
IBAEEIREY, TEREMKRRAMSE 5 PGE,,
5 GnRH #4278 ERYRTIBRZE E 1K 1(prostaglandin
E receptor 1, EP1) . BISIBRZE E 1K 2(prostaglandin E
receptor 2, EP2) RIRE S, MIMIEIMNAAAEA ca®. IFEE
FRRRENKRE, T3 GnRH 733", Ith9h, PGE, BT R
BUAEKETF =%, CeEiESMKABMMA L EESE
[E], {2 £ GnRH BEIFRERRA LM,

Qi EMER vMn RIEBEB AT B2 R R R
HRFPEAM, Mn BT ZERREF 2 HXEF
2(nuclear factor erythroid-2-related factor 2, Nrf2) /f{
BB A S EL 1A 5(metabotropic glutamate receptor 5,
mGIuR5) /3F & 14 B -2( cyclooxygenase 2, COX-2) /PGE,
ESBE TR ERR/IR GnRH 7374, HH, coX-2
10551 57 F7 b BB 4B AU I35 PGE,. GnRH K FBER 1K F
Mn 25 H, wu FRSHE 4 B/ R EEEE E 5T Mncl,
BRI, &7f& vn BUNEBTFHRER LD BERTF
RN, #E11 EPL. EP2 RS MIE GnRH 7K FFE1E.
£ f(testosterone, VK ERIFFHEHNRESFIE
Mn £R3E 10, BRIEZ 9N, Mn ATiES T BB 1GF-1 £ 5%,
IGF-1 E—ERE LS T Mn RIBH cox-2/PGE, &£
%, I8 T GnRH T liEt, SEEEHER,

EXRRAEIERN Mn SHIERBYIREEHMA,
5335 PGE, {€3# GnRH I, BB IR 73 AR 1 AR
ZINHHZEM Kisspeptin, FE XS T LN GnRH B
AR ERET, BEIMEFNEFRERAMRE
FiX GnRH 2, ALk, Mn IRET ERNE 2R R4
S 2 GnRH BN F B BINLEIA, PGE,. {EIERREZ=ID
HIBZE. Kisspeptin 5 GnRH Z{AIUE [B]RYX R{ESFH
—FH R,

www.jeom.org


www.jeom.org

#4557 &% | Journal of Environmental and Occupational Medicine | 2023, 40(1) 109

GABA 2— iGN REREMEER, TE
5 GABA, SRS AT T EN GnRH BI9378%, Pres-
tifilippo F &AW Mn 18I T REHEEAR T EMK
M £ [EC ZBAY GABA B 1K, 7 7E GABA, =2 (A 7 B
GnRH BHEIZ N, 20 1M KB MncCl, BB 5, Mn [&
7 MalX-T Mgl 389 GABA, 1K, R NO 1
%, €1 GnRH B, S AR M A B MHOINER];
B GrBA, ZEHHFINERERAEZE LIDS T
Mn iEFLHY GnRH G N, FEMREFS KT, 7]
0L, Mn BEERE R B EENMARY GABA B¢ GABA, %%
1K, B) GABA 5 GABA, ZALESHIN=, 1EI0 GnRH BY
BRSS9, AR GnRH DB REBERFERE,

FIRIFHEFAY GABA F1 GABA, AL S 3T GnRH
e ITEM EEEINFIER, 18 GABA, RIRFIENE
BftEEEIES GnRH A TTER, FHXTt18YEEEDh
BEMEIEARY, SR, %*F GABA XJ GnRH fHEZ T2
MEHEWHERBEFIEELEIL,. Ingram EYIRIE,
T EMSM4Y] A GABA XF GnRH R TTHY 2 Mk §5t
FUIEN A M, YE A B9 AR E.. KR EH
KELIE, HP, T ERERTIER GABA XF GnRH
ZTAEBMEER. 2 ANRTHRE, Yang EHH R A
MMM AR EE R E, B7F mn WERT
GABA NI GnRH BYRETK

NO B—MXEHNAMESHF, eal @I A A
4 5 EHEL IR 14 BB (soluble guanylyl cyclase, sGC) /3F B
2 52 F (cyclic guanosine monophosphate, cGMP) /2 H
BES G(protein kinase G, PKG) & 2 1& 58 GnRH B 93
WP, IF S BRI EREE sD AR T ER#EIT Mncl,
ZE/ LM, Mn BUET —EMUR S ES (nitric oxide syn-
thase, NOS)/NO & 4%, 3 cGMP 1 PKG 1G 10, M0
RIS HEZE R GnRH 73857 BEIFEH, Yang F 3T R
B FUEM KR Mncl, BB F&RIN, Mn tBEEIET NO &
ZRIB GnRH B FAT, RAFAMEM SD KR T EM
2 MnCl, BIXIBEFRE R, Mn HARZ8B TR NOS/
NO RZIE NN GnRH FETX, M2 BRI B NO TiFRY
sGC #l PKG, 3 /Il GnRH 93 7o Lee TN A Mn™'7E
TEMPHNEEERARERBE scC FM/3IEHN NO
REBNEAEF, N4 cGMP H S S HFHIRT GnRH
. AL, & & Mn 2&8E:d NO &2 RIEL GnRH
BEmeY, LIRS FiR. R RE5FI2

ERRYEWERERFTI,

2S5 A LE, RRE (B KA K AL L0 RR
Mn B]3@3iZ NO. Kisspeptin. PGE, f] GABA IER &M T
EX GnRH BRI, LHEZ Mn XHHER B R BRI 5
¥ GnRH D EBEEEE M, EEREMEBERE
NREERERE, XNTBA KA Mn BV ETETY
BERBRET —TERZEMKIB. AT, BaiXE &R
TRFIAERRIET Mn B85S GnRH R EH X, K
IR T o) LI AR L L0, MFHEE RS
FRRERIMETIABNEHESEREE, HFE
BZHRITRERRTREIEX—41E, HX, RERE
B 5REKRE Mn FIED AR T BN GnRH BIE 4L
JEINEE, BMATFEERRAENARES HEEF N,
MAAEERANFEMEASTENRE, SIERS
RNA. DNA R E NV EHESHARIRERE =,

2z EFRR, BMfE T EMX GnRH BRINZ E 2 Mn 5|
LA GIIVGIZ —, B Mn IRETERSH
GnRH BT & & BUA 5 i REBHA, RRATLUMULT A
E#HITRZS5HER: )Mn R{YEEET T ERZ R
GnRH BRUS R EETHEERE, R, B o] LLERE
BTFEHERES HETENEFEENA®? 2) TEM
HHEMEREE 2, FiH—F A Mn BT £
18 GnRH B EBINE 22, A LE Mn #IM45EI08E,
HEEMAESHAR LIEEBEBENS,
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