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Abstract: Melatonin is produced to regulate the rhythmic behaviour of humans and other mammals.
Biological rhythm represents a fundamental aspect of life and has been conferred by natural evolution. The
activities that organisms perform during their lifetime are controlled and influenced by their biological
rhythms. The pineal gland, located in mammals, serves as the regulatory centre for these rhythms and is
responsible for synthesizing and secreting melatonin. Melatonin has an important role to play in the rhythmic
behaviour of organisms. Previous analyses have mainly emphasised melatonin's pivotal role in circadian and
reproductive annual rhythms, while neglecting its contribution to other annual rhythmic processes. This study
aims to shed light on the regulation of melatonin in both circadian rhythm and annual rhythmic behaviour,
focusing on the production and mechanisms involved. At the same time, it elucidates the intricate network of
direct and feedback interactions that link melatonin to the biological clock and the neuroendocrine system.

Additionally, it highlights melatonin's significant role in regulating biological rhythms, thereby serving as a
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point of reference for fundamental research on melatonin and future investigations into the endogenous

biological clock mechanism in organisms. As mental disorders, such as circadian disorders, depression, and

anxiety, become more common, studies have indicated a close correlation between melatonin secretion and

these conditions. Consequently, it is imperative to explore the exact process by which melatonin governs

biological rhythms, in order to furnish theoretical signposts for treating such disorders.

K ey words: Melatonin; Biological clock; Mammal; Circadian rhythm; Annual rhythm

T (melatonin), 122444 N-ZBE%E-
5 HEE AN, RERIT 20 tHal 50 AR
(Lerner et al. 1958), [FLAEiETRER AR
WAL T b 7 AR AR ST 15 44, TESNIEY)
HE. dHEHEAKI (Que et al. 2020). ##
WER—ME AR AR R, XRAS
A “ IR 7 R AR A P
T 4 1 48 0 35 P 2 AR P 4T (Feng et al.
2022), MAESNYMAN, HEEEER I I EA D) RE
W BERAEIE B SS RI T (5 5 24k
(Yang et al. 2023). BEHIACH: 2 B PRE &
J&, 1RZ NIilnHEERR RS . SR AR R &5 i),
I R _E 0 78 A5 B8 B 2R AT AT R R IX L ]
(& E &% 2020, Moon et al. 2022). [},
KR RE R AL FLEN P Pt A D RE 9 A 225K
HE, RIEFTAE IS AA B IS
WEFETM (FUFEEE 20200,

AV R E R R W
RS PNIRVERE RS 5 R A
KIPVERCTTAITNT, DL AE TE A A HRAH
RKEVETE T . AR SO YRR B R 7=
AL MEH@SEEATARE, BCRAE B &
WP RS ER, BHRAHE B8 25 s AR T
(R EARVE R 72, AR T 5 G B Al R 2
BRI m AR Z Mgt R EDE
(A IR R AL S, RINAT A
FERE R M BE A 7T SR Ak LR AN LA

1 SINEIERRRBRR MR R

LB AN SRAK (pineal gland) ZHPZE
W iME IR, BT BA SR EOLE 548
REMFRN “H =R, BRI NEE R

JUF 7 RAERRIE A G (Axelrod 1974), 3L
G AR TS G 5 TR 1T (Lewy et al. 1980).
BERNE R EWE 1 s, Rk
JHO R FH A A7 A A W A B L R (tryptophan),
22ttt H R4l (tryptophan hydroxylase,
TPHO#:4k A 5-¥2 (1% R ( 5-hydroxytryptophan,
5-HTP), fE 2 KM M R M (amino acid
decarboxylase, AAD) MITER AL 5-F2 (4
% (5-hydroxytryptamine, 5-HT), WFRAILE
%=, FalfE B A RS (monoamine oxidase,
MAO) Al 5-F2aflZ-N-2Z. Bt 8 (serotonin
N-acetyltransferase, AANAT) [FJ/EH T 5-
¥ 3 ) Bk -3- £ R ( 5-hydroxyindole-3-acetic
acid, 5-HIAA) Fl N-ZJt-5-F2 il (N-acetyl-
5-hydroxytryptamine, NAS). 5-F}23:0|WE-3-2,
B2 (5-HIAA) fEVR AT AT HED, N-LB-5-
Rl (NAS) &3l 25 m| he-O- F R Iy
(hydroxyindole o-methyl transferase, HIOMT)
FRIEL, SATERAERRER. Hh -2 EL-N-
LR FE I (AANAT) AR R & U FE AR
Wl —, ZRES I, RIS
&5 F s A AS X E A% (suprachiasmatic
nucleus, SCN) HIZZ ML R GEIA B PP 4 KA
(Brzezinski 1997). BG4, MY &
(SCN) A i R TR y-2 0k T R
(y-aminobutyric acid, GABA) fEH T F kK
i = 5% 1% 40 M ( paraventricular nucleus of
hypothalamus , PVN), '~ B i % 5% #% 40 f
(PVN) #4155 F AL 3 28+ o 18] S0+
(intermediolateral column of spinal cord, ILCC)
TIEAZ, B JE BIA B L&Y (superior
cervical ganglion, SCG), #H EMZ&TT (SCG)
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g / 5-HIAA
] N KA)?
OH HO NH,
HO 0
AANAT
H 00°
FARAA o 8 PK
P?nealocytes /ZK 53
HO H [} )
(0]

3 N-Z.B-5- B EHENAS

HJK HIOMT

T
. P-Adrenergic receptor

Lol
AL RISMUE: ILCC

0

R

TR EF A PVN

GAB

N

SCN#:Z 4 g
SCN nerve cells

B1 HERAGHSEE
Fig. 1 Schematic diagram of melatonin synthesis

AAD. ZIEBLIRNE; AANAT. SR E1-N-Z MR E; AC. IRIFRRIFLEE; ATP. JRiF —BiRR: cAMP. IRBERRIRTT; GABA.y-EIETH;
HIOMT. ZIEW|E-O- IR EE: MAO. ML ILES: NE. £ LIRE: PKA. ABM A: TPH. (W& MRAZ 1L

5-HIAA. 5-Hydroxyindole-3-acetic acid; 5-HT. 5-Hydroxytryptamine; 5-HTP. 5-Hydroxytryptophan; AAD. Amino acid decarboxylase; AANAT.
Serotonin N-acetyltransferase; AC. Adenyl cyclase; ATP. Adenosine triphosphate; ¢AMP. Cyclic adenosine monophosphate; GABA.
y-Aminobutyric acid; HTOMT. Hydroxyindole o-methyl transferase; ILCC. Intermediolateral column of spinal cord; MAO. Monoamine oxidase;
NAS. N-acetyl-5-hydroxytryptamine; NE. Norepinephrine; PKA. Protein kinase A; PVN. Paraventricular nucleus of hypothalamus; SCG. Superior

cervical ganglion; SCN. Suprachiasmatic nucleus; TPH. Tryptophan hydroxylase
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b ERE (norepinephrine, NE) 5
FaRARGEf B ERRERRE B 2RSS, B
RRH R IMEEE (adenyl cyclase, AC), H&iE#E4
HIABERR IR (cyclic adenosine monophosphate,
cAMP)/KF-, i HF =12 (adenosine triphosphate,
ATP) /KNSRt RE R, BmiedtE A
Wl A (protein kinase A, PKA) gL 5-
FOE-N-L A T2 (AANAT), ff HASE
FEE PR, AT 39 048 28 2% (1) & ARSIl
(% 2018).

FA SR AN 2% B AN 4L 2R 1 1) R pm AE 4R 2
REUIREMRER, HORIFEEIEWMIE ., ik,
Bk MR S E RS (Tan etal. 2023). X4
BB AL AR R R R B N TS R,
{HAE—E 2T, HBEEZR TR R I 7 H A4t i
DRI A 22 3 ol RO RE TR, g T e 28— 40 AR B
TERE o WP S T RS R R 2R T L R S Y
Z CHZ A3, LR 5-F2 (0 )l -N- L k5%
FEMGREL AANAT 12208 FHAR B 257K PR30
R E®R T (Bhoi et al. 2023); #EE KA
A il A BT A A I D RE (Li et al.
2023),

PREE R R H OGN, TE e =M E A BE
FMABE R A B, WA SRR AR SR R IR FE L i
TR R B = JUAS - ( Acuia-Castroviejo et al.
2014) - FB R ZK HIEY) S Th e 12 2l 24 7
FEHEZ AR S AR ARSI, B+ R
LT =R R R 2 AR P Y, MT1.MT2 il MT3,
a3 B A T X R R G RN A R A 2 R

(Emet et al. 2016). WHFAZWYIHERAEH AL
B SRR RAR RS AT (pars tuberalis, PT)
FIRAE X 4% (SCN) (Klosen 2022), FHH,
MAE X A% (SCN)  H 22 8 A] 22 i g2 1 36 Wi 7.
AN TR S E R IIRE T (Dibner et al.
20100, [AITIHE B A T XCEAER], ERER
— MR TS X B (SCND [ S 5,
H RN R— PR R E BAEH TR X 1
% (SCND .o SZARFNHARGE & 7 1311 53 A0 2 B 48
BRAAERENZ A, XARE R 25

{E P K DO
2 WMIBERSEMTE

W L) R R 2 1 b B BT
LA ] 7= A 4 S 2% R ) ) 5 482 18] 1) K B sk B
(Buonfiglio et al. 2014), & [A]4E & & &M L
FFFEERE ARk (Song et al. 2023 ).
AR R G XA RGBS E A R
G, TAXPE RGHALT T LSS
X EA% (SCND, A i (13 3 8 a4 v A
2SR LR R (Ko etal. 2006). T
LAY BB AL T R B A X
(SCND W, HMAX E#% (SCN) Fzilidhsi
HIE (5 B AP BT (Cox et al. 2019),
WEREEYEKHNEERRES, BR/E
BTN H AT B SA T RE S “1 i &
HIZERIFI 8 E (Brzezinski et al. 2021). B2
(A5 5 18 g ] LA i 5 A e 22 HAE A L]
R B 05 G 4y A& — 4L
PREEER, W RN R B ROBEIS, 1X
LEE IR 17 W) 32 K ¥ Period (Per1/2/3).
Crytochrome (Cry1/2) FlIE[7]184% K Bmall
Clock (Ko 2006). WFLah¥IFs RAKKI SR
TERBIEHHR HAAE X A% (SCN) 1 2 il
EEBUSRINERE EIRE, SEmEuE R R R
B AU, BHERIEER Perl 7EAA SR A Y
i FRIL, HIHERE RS R [F RS2 2
EH'E EIR R AR (Wongchitrat et
al. 2009). {EBIEEMF T, 5-RMOE-N-LE
ol 5 AANAT J5 30 F 1 E-box 7Tft 5
Bmall-Clock 7 — k454, @M sm AANAT
[P SFFNRIE, SRR B RIIG ;158
WA, Cry Z2EX) Bmall-Clock 7 5Bk
FEAENEIVER, AR RR B 2K D> (Brzezinski
et al. 2021). HEREKER 7 54D PR T IE
AR RA BV RS, 55mREn 1
HAFAEREL, /MR (Mus musculus) 45 BRI
ALPE it AR FRER e A1 20T R T Per A Per2
FERIRIE KT, BR(K T Clock &R 2RIk 7K
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¥, fERRE KPR E B IER (Yamanaka et al.
2018) o KN [A] 56 BRI 10 Per2 B[RRI,
[E] B ] AANAT KJE (Coelho et al. 2019),
It Per2 B[R RIA AT R HE R R I A B A
FPifEm . A4k, Cryl F1 Cry2 FERHK /N
P B R R 1 = AR AIC (Papachristos et al.
20110, £ BRrk, wREBE S AL
Az BT .

HEEB R IR & B Wb T AR 4ERE H
WIS R KREE., AHYRHNER RN ERE
BRI TR A5 5, Bty . P lb
BfE db i AR BE R GRS 2021, Ku
etal. 2023). HBHEZ MWk L 1] B Lt
JRHERASA L, WF/RKEEER . MHEHR. W
i~ PIAR A XS0 (Cipolla-Neto et al.
2018, Sato etal. 2020),

3 MEREFTE

B RAB B ZR 53 WA /N R 2R P AR A T
TR, M5 AaBKERZFENT AR
(ARG, DRURR =] DO ARV TE B AROLE IR
M TR R LB R NG S, WA
AN DIREIZE T EBh S 2R B R A SR
IRIFEE (thyroid stimulating hormone) FTHUIR
iR 2 (thyroid hormone) 43 JE HH 14 33 3
P15 (Wood et al. 2020).

31 MEBREEHEFERE

BN 2R BT S B A e Al R 2R
M2 50T k-4 -PE 4 Chypothalamic-
pituitary-gonadal axis, HPGA) 4% (Olcese
2020) . 48 8 ZE N BOE T FfE I R ER R
% (gonadotropin-releasing hormone, GnRH)
T, BB RS R (GnRHD
VEF T BEAR T A 45588 ze (350 i f e i sk
% (gonadotropin) ZHIFIf#E A2 (prolactin)
il TPV WSE SIRITTIE A RS e g i T}
PN - AR-TE AR (HPGAD,  BLSEBLN
F PRI (BRETSE 2017a).

Ao 2T I L3 P 1 R T e B B

Mo, ' ) HA A 2R PR AR A I i 2R R AR B 2K
PR S EEE AR JETE Sl (Pal Chowdhury
et al. 2020 BRIEIR P AAAE K FE AR B R (Wang et
al. 2018), BP SR 20 ff A7 7R B 22 4
(Rai et al. 2021), FBEZK W] BN T 1E %
TP ¥ 5P S ORI A (Zhao et al. 2021). [F]
I 2R PR B T A R A 2 Ak, JEd ek
A LAE PR A M A A PR A B 42, SR MR R
R INEERIELAE (Castle-Miller et al. 2017) .
FLRI, RIE (Cynopterus sphinx) ] 5F &5 %
A SR o7 2 A SO, i — B W 3R A,
TR R ZAE IR T O ST RE AN IE B IR G K B ZEIR
JTHAEZE(EM (Haldar et al. 2006). %
T AR AR 20T B S G A 5 e PR 5 AR S
TR EEFN A B TE V) BL#EAE FH (Hashem et al.
2023) . filk FE 20 AT LU i 5 0 -5 0 L s ) AT
AEE B A G I B TR AT s . R
R AR IR B E (GnRH) mRNA
(R, A e P BRI E BB R (GnRHD
PSR4 Z (luteinizing hormone, LH)
R, A AR I (cAMP) AN B%
RS (cGMP) FREZE, DA o i -3 44 -
YRR (HPGA) &3 FEE (Chen et al.
2022), JEE (leptin) HHEMEEIA . AMIAEM
RE P47 LA AR B AR R AR G, AR R A
FRAETESRPE /N FR 25 THR R 2 A0, HE 3K
SR EHIN (Lvetal. 2019). #B 2 ik ] LUl
LA ME % Cestradiol) & AT INVE R &
(Liu et al. 2019, HHEFLE 1 F3 700t B AT
FR W IE R A 5 (Lincoln et al. 2006)
Fa, HEARARE (LH) EAYERET N
ZORE L, TR AT LAV FLah Y 1 i
0 (Sellix 2014). ZRKIEFEE Kisspeptin
AR TR L PR BB ZR (GnRHD 73
W, SZHR PR F I IE S ASAE B - T -
PENRS (HPGAD SEIAE M) 1) 58 A BATE 3l (8
HMEFLSZE 2017, Poissenot et al. 2021) . fRILZ 4,
HREE R AR E 2 W T BE A T R AR FLEh K
JYP L (Meriones unguiulatus) #t & T4 {1t
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ANUBEE, A )T H PR A ()3 3 fig 7 (g
FI5E 2017b) o JX R WIHE M 3K A RE ELIZ2 M T I
i #2270 B R Ve R R B T R (GnRHD 1)
i, FEHMRTERRER . SR RGE (LHD A
EURYEAE R (follicle stimulating hormone) ]
Gy, T S ) BRI B
32 MERELIRETH
MRS AR B I A B SR AR B A=
—PPAE SRS o AR AR AR AR AE 2
St A B 88 I B A SR IR B AR A IS
KA B PR ACHR I A RT3 H P s 1 Y
PR BT . fR R I BRI ARG T X
Y4 At AR P 7 0 AR IR AS R 5 T E P4
M AL 1 A R () 2 PR v R B A
F (Coomans et al. 2015, Lewis et al. 2017).
—J7TH, HREFNLIREDSRHEAIRGS .
08 73 W 7L S A0 1 A% - PR B[] ARTAH 56 0 A 2 e
N HH 4 2 25915 (Nieminen et al. 2002, Mustonen
et al. 2018). ML T AREE HARBEZR I/,
1E % & AR R 2 /D RBRAT N B 3 1
(Zhang et al. 2021), H i3t N AR 54K i -
5-FRTUE-N- O R Y] AANAT RiL R
TR (Yu et al. 2002) ., 459 4 R
(Mesocricetus auratus) AR A28 S _F %
(SCN) R S 2% R AR T KO E I
M52 K25 B (Schuster et al. 2001), %A XIRAT
NIRRT . (Phodopus sungorus) [£]4iE 2
R A Z AL (Recio et al.
1996) . LA, #B MR 500 IR &7 A I N 7
WA 5 3 B W A EE U R DR R R A AR KR
(growth hormone) % /% (Nieminen et al.
2002), 35 2z SLIE1F H DL A HR P 75 i 4
a2 [ N IR R DG e S a7 Y S A
MAZE BN S KRS R B R
I F R T T AL (Mustonen et al.
2004). CA BT TTUE SR B 2R B R & IRAT
N, IR BAEE R R E, 46 TKE
(B R R B AL B (VARG 5l kR
LL%E H /% (Bartness et al. 1988). 7345, #MJE

PR B 2R () A B OA AT DLAE K ACHR I 8], G4
ARG RMIM E AR R, AHRA A T
12%% 150% (Stanton et al. 1987), TMiiF 5 4k 2
R DU S22153 U 3 B A& HIR B [H] Y 45 K
(Pitrosky et al. 2003 ).

H—J71, MREREEA IR R E
15 BAK IR 7 & BRI R v i 144 Y D e ( Willis
et al. 2014). ARV AARAHIEA R A FR
) 2 21 B AR AL (Reiter et al. 2017), HLIA L
R RIAR B 3% 5 B SR PR 7K T 7 A B S 1) 2 3
hn, A B TR ARG R0 K i Fh B R A Dy B 1 4
FF (Schwartz et al. 2015), [RIIN A7 50 Z& A 75 I
b B2 B 2% I M AR s B R (Perez de Lara
Rodriguez et al. 2017). 74F, HRE RGBT
(R B P24 N- B I 25t mT ad i R 4 ot
AAHLE K EME RS IEH (Kang et al
20230, HR, HREZIE AT Lo A
JE AR A 5 2 Cinsulin) 23 WASR M BE &
VA7, It 25 IR A AR TR T A
B RHTTREE P4 (Cipolla- Neto et al. 2014).
1E K 2= A1 &/ 2= 7 79l 9 K B iE  ( Scotophilus
heathii) 7354k J 2 5 ATV BRIE B 2= K80, B
F T4 +r i & HEF2ZS (Srivastava et al. 2010,
Willis et al. 2014). HEERBEINHIALAL X B

(SCN) 71 %5 B5 0040, W L3040 i i 5

VF 22 Wi 1A SR A ARSI LE R &V FE A I 107 it A7 77
T2 T H 1) B B 2= PR U Bl A 5 ' ] AT 4
ZHH5% (Jonasson et al. 2011),
33 MRERRSHMETRITHN

R 5T TR ORIRER 7 RIMAAEE
FES RSN, B 5IEPE. W, DL AE ST
AT A K

A TS FE A A= I — PSR R S A
WIVF 22 5280y 1 Tk A il s = A T 44 381 B =
&R S EHL X . B AR R, R BIEE N
fr SRR WA ¢ (Gwinner et al. 2001,
Kumar et al. 2010). SRS FEHHRE R
PEIRIKF-BEAK (Coppack et al. 2011), X 7] fE
FT 5 RAE R B R e A Ay . I da i
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HHBEEM EAENIE S R LIS (Emberiza
melanocephala) FIHLHITHEEEARTHEAT N, K
B 552 (O J1Z-N- LI 7% Tl 5L ] AANAT FIHE 8
FZRIEH ) mRNA Rk 5 KT R e 4t
A BE %R (Trivedi et al. 2019), 15t BA4#
MR G HEITA M EEEA. f
FIEHEAT RRRAiNE, X P i 3 5
o3& B /K38 CLBUR] 56 BAE dr & 3 . Orgi 45
(2022) KB KKK A (Alburnus tarichi)
TE IS B AT BT A i FE v, Jifn
KARBRACPFm, AR TP AR E K
- DA 56 B S I 7R

BRI S E N ST N
5, WA (Skinner 2018). R Z 2
ik B2 E 2 RBGE A N i R 1)« 2
TR OGBS, R R R R EA
ZER B AT AR AR B 2 RIS (Munley
et al. 2022). 534k, MEFLEN T A R F
I EARL B R E % (Dawson et al. 1998), i
FLERZENTE T B AL B A AR TR
N (Stewart et al. 2022). 4R Fefi filaE{4
EEG SRR, 43°E (Ovis aries) 7RI
FE ) U B 8 L 3P o0 A R B R B
(Lincoln et al. 2006). BRItz 4k, #RHEZRILS
N 25 A AR NS K TG B AHOC (Seltmann
etal. 2016). WL (Surnuswvulgaris) % 7
B S GHRB R 2, MR RIS K
i X J& /N (Bentley et al. 1999). KAKEY (Srix
aluco) [k 0t 2L H 5 & 30l 4 H
FIZETTHIARE (Agostino et al. 2020), [KlIHHE
DU I L (1 75 B[] P AR T et 52 SR
ENioEA

4 RE5RYE

S NS e/ R EHIVE IS & N mt A
JROAAA SRR A AT T A T RE R A
W7t e WNHR TERE TR E R T 70 FKF, FF
HANWr 583 W IRVE A Bh i/ L], (HH
HITFRIBIE TE 45 SRATI AN A2 DA T R A R i

FEHLA]

HArwrse s, BRI Fi AR
TEFETEINFEE RN BRTAEET,
WRKESEMM Sy FILEREH. REERE
BRI 5-F2 (% -N- LB FE LB SE R AANAT
5 Bmall-Clock 77 R AR HEERE
Jls AR A R DR P D I [ R ) 1 4 R T TR B
SRR R KT, SEFEE R AR B
T, BEEA SR BERR RS, AMIAE
AR E R R RIS, O IR TG £ I
WAk, Hdr, HADER TR R WKL
S BIEE L5 TS ZkE
(BRELEE 2023), Fopkiil &5 A AME E ]
(1 A5 A A AR R bk 22 1) AR B R 1 20 A 52 2
0], &R S I BRI ThRE AL S
(FESCZREE 2023) . A ZTBG AT PIAEE |
YA E SR EA T E S — PR,
BFE NGB IR T —ADJ7 W EFTHEA
B, EREAGEDS BN S 5 AN
T P - T ARV i CHPGAD T $% S AE T 4,
RS REL AR TR RS RS S
Fofth CIn4 AR, IERESF AR 470D i
3. Kk, HREEMEDFEIEEN RIS
EWERAT RN b, FRERBE S A
BRAT AN, (H G TR B R AR AR FE 1)
FLARAE R R DA Bt T oAt 25 e 2 i
SR AR, X NG THEE RN
FARME T — AN EE ),

R LRk, M P IR AR R S AT
PR RADER], — AR TR IR
e, AT AE R T TR R RN Z
TH1 T i LA FH - T3 F1A T N S -

Z % X W
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