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Abstract: Melatonin is a multifunctional indole hormone mainly secreted by the pineal gland in mammals. It
has been known that melatonin, as an antioxidant, regulates sleep and circadian rhythms, enhances immunity,
suppresses tumors, and delays aging process of mammals. This review summarized the mechanisms by which
melatonin plays its function in delaying aging in mammals from two aspects of oxidative stress and energy
metabolism, including retarding oxidative stress by scavenging free radicals, stimulating antioxidation and
protecting mitochondrial function, and regulating energy metabolism by modulating metabolic sensing,
re-establishing circadian rhythm and promoting energy expenditure. Finally, the future development of this
field is prospected.
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HEHEZR (melatonin) L2 FE A N- 21 A-
S-FEIE AL (N-acetyl-5-methoxytryptamine ),
7R CisNoH 60, AN EE N EREH],
5-HAEE A N- S B RAEE, 0 0l e HoARe
MPIEE. fEMILAY R R S F E i R
WA —Fh 2 ThAemI I E, T LY HioFER
T B AR A LG B e S TS AR B e, Rt ]
PUHEA A 40, 52 & MZHZA 1) ThEE (Carloni
etal. 2018, Motta-Teixeira et al. 2018). F2 FL{A 4l
BRI G % (Reiter et al. 2014),
E ML AN B VR PR T, ] 3R ) A R ek
FLBANYD I 2R 1 AR B ARG B B R T R

(Barrett et al. 2012)., #REZF LA KR
THARAE, WATELRARN G (Suofu et al.
2017). RGBT A, 22
IR 2Ll (tryptophan hydroxylase, TPH)
A5 R R IR MR (aromatic amino acid
decarboxylase, AADC) HIFEAL IR AE F A ik
5-¥2tafi% (5-hydroxytryptamine, 5-HT), {4
75 B bt B e -N- B L % # 1 (arylalkylamine
N-acetyltransferase, AANAT) Fl¥% 05| g -O-
FILEFEM (hydroxyindole-O-methyltransferase,
HIOMT) 1 Z Bk Ak R AL A FH & il 22 3

(B D Az SME - G EEmEk
ZAR MT1 A MT2 454, S MR N AL s
PR AH AL 2 A A B R Z 32 A (nuclear retinoid
orphan/retinoid Z receptors, ROR/RZR) & il )i
W MT3 3244 (Biit )58 2, quinone reductase 2,
QR2) Z5A RERTHENR . R BRI, 1
SROBE ] AN IR SR . BORLR S )RR R
R RSS2 8 1/2 (peptide transporters
land 2, PEPT1/2) Wiy PERREREIEHEL R,
T 2 AR AR OE AR P BRIE % (reactive
oxygen species, ROS), ZEFFAIEEIRE.
HE 2@ AMPK/SIRT1/PGC-1a {5 5 J@ ¥ Al
AMPK/SIRT1/FoxO 155 i##, f(Eit&pifksa
(B 1D

AL A R A D) REAN AR B R4t
AR PR SE RV IR T O, T S UMK I e

$591k . FZ LT (Kubben etal. 2017). HE#
7S WA X E#% (suprachiasmatic nucleus
SCN) LIfReHIBR, 20 S 3oha Rk b1k 8
WK E N> (Majidinia et al. 2018) . fi
FRR BRI S I 9 H AR B BT M FR H
HFE A E ST, i e 2 sh P r) AL 4545 (Vriend
et al. 20150, ZERFAR M F KV T LURZE AL
W RS, WA (BN 1
¥ (Acufia-Castroviejo et al. 2017, Majidinia
etal. 2018). AIEZRIR | 1B IE L A
RN e R RE S 3 2 I AL

1 HBERE RN

R HBEHIRINA, BHEERESD
PIRIR, DL A= WAA B 1 22 G AT AT HEAR B
BRI RN, # s RBOEZ 3R (Harman
1956) . 1E i BE AR BHL AE Hh A il A % P S 7
A, RS H B AR S AR OR T R AR
o ARSI SR 7 A e P A &R
25 (1) 7 18 FIA& B 7 If £ 72 2R AR A B 38 e 8

(Monaghan et al. 2009). FEFEIEK, LWk
W HE HEZRER R, RATTE R, T
AT R G REZ WSS (Xu etal. 2014).
— AL R T 8 E R o R AT 2
PR M B (Finkel et al. 20000, M
e MR UAEAL ], BENE ERAE IR TR,
ad o 1) 4 1F R Bk A ) B B

(superoxide dismutase, SOD). At H ki 4
1L (glutathione peroxidase, GSH-Px). it
HAENE (catalase, CAT) EPLEAEETIE K,
A RPTA LRE T, T HAR R R AR T
Fiktads, BPIE 2 Mok ARG AE M4 1) A Ak
LK
1.1 BERTVHEERE B

HRRRE S — P BN B AR, BRI
BT A EIRER,  BONRE R R AR
WA T HEAA (Tan et al. 2015), HARE ™
Yo FE PN 3- 32 HE AR B R ( cyclic-3-
hydroxymelatonin, ¢c30HM). N'-Z.t-N>-Hfit-
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Fig. 1 Synthesis of melatonin in mitochondria and the signaling pathway retarding oxidative stress and

promoting mitochondrial biogenesis (Adapted from Majidinia et al. 2018, Tarocco et al. 2019, Zhao et al. 2019)

AADC. J5 &AM AN AANAT. J5 & Fidkit-N- OB L Fe ;. AMPK. IR RRIGIL R FE:; FoxO. SUKHFESKIAT O MAIR;
HIOMT. J2JE0|N-O-F I FALHE; Melatonin. #EMEZ; MT1. MEBEHZMR 1; MT2. #RMRZMA 2; MT3. MBEZA3; NAS. N-Z-
Fetafi; PEPT1/2. SERRFCIEEA 1/2; PGC-la. iR MBI IMIBIE 5208 v JLBUE R 7-1as QR2. BRICJSAE 2; ROR/RZR. MLEEER
RN ZAANERR Z %44 SIRT1. JIEREEIATTRT 1; TPH. BRARFAILEY; Tryp. A&RR; 5-HT. 5-% 6% SHTryp. - EER.
AADC. Aromatic amino acid decarboxylase; AANAT. Arylalkylamine N-acetyltransferase; AMPK. AMP-dependent protein kinase; FoxO.

Forkhead box O; HIOMT. Hydroxyindole-O-methyltransferase; MT1. Melatonin receptor 1; MT2. Melatonin receptor 2; MT3. Melatonin receptor

3; NAS. N-acetylserotonin; PEPT1/2. Peptide transporters 1 and 2; PGC-1a. Peroxisome proliferator-activated receptor-y coactivator-1a; QR2.

Quinone reductase 2; ROR/RZR. Nuclear retinoid orphan/retinoid Z receptors; SIRTI. Sirtuins 1; TPH. Tryptophan hydroxylase; Tryp.

Tryptophan; 5-HT. 5-hydroxytryptamine; SHTryp. 5-hydroxytryptophan.

5- FOE R MR M e N'-acetyl-N°-formyl-5-
methoxykynuramine, AFMK). N'-Z.[-5-F 4%
R MR Bk iz ( Nl-acetyl—S—methoxykynuramine )
AMK) 2%, FIFER &I A HHE COHD
KA EHBE COOH) FHHERRE
(Reiter et al. 2014) ., WF7E K, HEME 2 HAR
WA m RUE SRR i B BB T
2R S E (2dG) BEEEHE) C-Hl B HEE,
Bii 1k DNA 545, fRUr=4) 675 S48 BB %
(6-hydroxymelatonin, 60HM) Fl 4-$2FE 4R
% (4-hydroxymelatonin, 4OHM) it E&EE
WKIEER () OH &I EE ) (Pérez-Gonzélez
et al. 2019), =2, HRME AU rTiE
FrZ M E 2, HSB0RITER H e
S P B R 22—

1.2 WEBRBORTEMRMN
PR ELEERR B A RE I 4h, HREEEARNS
I 2 AR SRR, R AR T 524k
MT1. MT2 #& SOD 1 GSH-Px 541 (LA
A, PR A BFK - (Moniruzzaman et al.
2018) . JHiL HEERR A R B BT E AL E T, R
ERBRE] T A E LRI, RS DNA %
A . WA, MR E = SR KR
(Rattus norvegicus) HIFTEMIRA, SBHA
A 7 48 7K S I ik A A i BRI R R (Verma
etal. 2019), 7E/NR (Musmusculus) &,
Hh R RRRE AT DLk A A S, 1 A R R <
PGB FFREIIRERERS (Gao et al. 2019).
PR AR il it 5 SEE R DA
25 ¥k (“chelating cascade”) ) fE 77 (Galano et al.
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2015), HCONFMGTAMT] CngEEER C M E.
H FE BRI EH RO TG AT LB AR BT A 7
=R AR GRS EVELHPAIR
1.3 FBRRERFFLNIAIIRE
GRiARE H A AL, PR
P = KA vt S i VA S D AN ) NS B
() 4 B #s 38 A6 B R fk (oxidative
phosphorylation, OXPHOS) 7= 4 A= WA By 75 (1]
K5 =B iR 7 (adenosine triphosphate,
ATP) (McBride et al. 2006), & iEHE AN I
AIae A T 382 S PR ARIP IR B (0 D 38
BRI . Jk> ATP P24, IR SRR
R RERERS (Green et al. 2011), 1X itk X 2
HEhEPEER R SUEMFIR ARG E S 1A
IV B AR EE . IR AR, T — 22
feBE AR A D RERERS A A0 077, BRI
KPR FEE (Carrasco et al. 2015,
Kauppila et al. 2017).
AWFFERN], BB R DIEZRAR N & AL

(He et al. 2016, Suofu etal. 2017), ZZFifgsb
(¥ 4R 22 25 1 RE S PEPT 1/2 0K P JEE 1) 2 b
RN #iz (Huo et al. 2017). #REZR A PLET
AR AR R ERAA T RE: (1) ] ki
A 38 3% 1k #% ¥ fL (mitochondrial permeability
transition pore, mtPTP) [1JFF /i A ¥ 28 ki A4
B )i+ SOD1 #1 Mn-SOD (SOD2) [ I F13%
1P R 2 VA N 9 iD= IR Tk 5 VA LN

(2383 34 hnf# 45 5% 2 A Cuncoupling proteins,
UCPs) &, W/ ATP =4, st e
B (3) fREARAR L &R, TR BRI TE
AN T)EE (Tan et al. 2016, Baburina et al. 2017,
Reiter et al. 20200, WF5T L], BB AR
LRiAA N 203- I H R 3-1E IR — I

(2',3'-cyclic nucleotide 3'-phosphodiesterase,
CNPase) 7KV, VHFRTZEZLIL S 2/,3'-cAMP Xf
HEABIAER M (Baburina et al. 2017); fig
% ORARF IR EE B 38 38 HEAE Hh 2R ) ) B 78 4
% (Acufia-Castroviejo et al. 2017, Proietti et al.
2017). K, HREBFALI A A TR 5 5k

(¥ 2 b L LRI P S A B2 0 DA S Z kAR T
BfG, P ARARRRAS, HEMRI ORIk ThRE -
AR ORI I OCAT LA FE 2 3RS, T A
AL LRI R -

2 WERERENAH

R AR T o AR IR B A e R, X

HAEK., fFiiMmEHE A HZNIHEEN

(Roberts et al. 2006) . #EHEZE AT LAMEIHEEI K]
P R ERCTEAZEA, RR
AR OCHER 1 . R T LR IR
Re s QU ZEACHTE AN Th S I RIS 1 R
H ¥ B¥ ( adenosine monophosphate-activated
protein kinase, AMPK) {55, FiHUIE(EE
PR F 1 (silence information regulator 1,
SIRT 1)1 ; W0 # €4 iR il 41 2R (brown adipose
tissue, BAT) /=&, (it A ENENT4121 (white
adipose tissue, WAT) Ktk (browning),
R RE RV AE; HEEERCTHE, REEE
%15 514 % (Gutierrez-Cuesta et al. 2008,
Cipolla-Neto et al. 2018, Majidinia et al. 2018),
2.1 FRERFTARERmM

S A AR 7K o] A AN [RI B B 2

YA FT I, R EHT (metabolic sensing)
AR BRI AR VDR 1) 2 A A 7 AR WK 5
J#IT AMPK. Sirtuins. FoxO. PGC-la %5{5 5
T KAEAER . AMPK J2 40 Bl 1A= Y iR ge AR
UGB R, H B S A ae KT T
miEzh, K%, WalfE N2y IE - A

(Burkewitz et al. 2014, Vara-Ciruelos et al.
2019). AMPK W] JE M QT 2 R G i
k> ATP JHAE. FIECK 7 FAUTkh 78 ATP

CRIESE 2019). WIFURY], #FerBRER AL
HIE AMPK &5 [FB0E AR M 2 08 5| i p) 3
/N B F 4545 (Wang et al. 2017) . [AJFf
A DAY S R 5 2R 51 A 00 B 1 v ) 4 R A
A5, fRIZERLIR (Liuetal. 2018). HEHEZE
WOE AMPK {5 5, 87T 2Rk Rk pe S AR,
M ZHERE (Majidinia et al. 2018).

AE
fE
—Jlﬂj
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VIERE B AT (silence information
regulator, Sirtuins) FGAZE I NAD HKHi 1)
HEA X OWE, Wi S5HEA. BRET
FUAC U G 55 22 PR DIEAT 25 CBALTE R (5F%
B WL BRFIMEAN A B RS,
WATE R FE . DNA GRS E . 4R A7iE A
K FF s 2 i E) i 2 (North et al. 2004)
EZFEWIASY T, HREZ AL SIRT1 1)
HEREACFEIE RS . B, FhuiRE
HHEW L= ¥ SAMPS /MR SIRTI fFE A
(Gutierrez-Cuesta et al. 2008); 1 i BER 35
KR#ESH SIRT1 fJ#IA (Chang et al. 2009);
IS R R A 70, 3 1 SIRT1 IR,
458 PGC-1a+ FoxO1 # A «B (nuclear factor
kappa-B)F1 p53 2§ SIRT1 JEYII 2 ZBAAE H
(Tajes et al. 20090, {HHA —LEAH R 45 R,
PR SR SIRT1 IRIE, IXULH 2507
JEANM A 3E4T (Jung-Hynes et al. 2011, Proietti
et al. 2014). b4k, FHiUFEK, SIRT1 A LA
IS Gpr50 FE A T 4R B 2 17K (Leheste et
al. 2015). IXFRIHRE K S SIRT1 Z [A. B A HH
HAEH, (HEARNUGIEAE Rt — D8 . Fr,
AMPK #1 SIRT1 EA W FEIEH, AMPK A DL
58 JOF) I f B R A W e B B IR 3R, I L Y
NAD W JE, HEM#GE SIRT1, SIRT1 tA] PLiE
iU S AMPK (Canto et al. 2010, Price
etal. 2012), M2, MREFIEIIXT AMPK 55
I B R0 VR P K SIRT1 19 Fif, 45 & AMPK
A SIRT1 [ FAE AT, (2 a3k 2E 9 1k g =~ 1l
MR ZHRE.

22 MERRFETRBELENER TR

BRTTERRAEET LI EWIEN,
AR TR ER S () H AR AL, R H2 A= 2 AN
1T NI FE, B U & MR EE (Grubisic et al.
2019) . W FLANY) I Az B 2 B Bl 0 A2 X
(SCN) &l 71 J& i, AT 42 i1l i A A 2R
FTRIBR AR . KER o/ L sh ]
X ZE T PR B BULE AN [ (1 06 R 2% A R 3R R
e B PTG AL (BhEFSE 2017). B

FARH T« 5 R A < 1) I TR AR A R
(“age-related chronobiological hypothesis”), 5
WER RGN EZNE (Hardeland 2017).
HEAE WA R RR, RGBT
S 4 S (Nohara et al. 2019), 31 5 42 7
% OBE AN T 52 R0 v e OORE S5 AU 2% B Ak
(Roenneberg et al. 2012).

EMALEYI, ARB RN ER T R E
T SCN, i 2RSS &1 R0 A= i
AN, i H RE AR AR AR E AR S
REE 6 #AR 2 (Cipolla-Neto et al. 2018). 48
FRFCIE WU T AR DA K AR R A 2 200 Ho At TS
BRI TR . AKEER. LR
&) 1EtH s M ( Alonso-Vale et al. 2006,
Cipolla-Neto et al. 2014) . & 4 FEHR B K Al fE
AR A ERCTHE, IKE RS R G S 1%
5, THERIE R R APURE EREATNE, IAEIRE
=PRI (Cipolla-Neto et al. 2014), 2
FRL[A) SCN Wi, [FD AR N AT,
R B BRGNS A R B
T S INERCT RG22 1 BE E AR T
WATREEACH . EME TR ek, 2
2 A AR N 5 22 S50 T B (1) 24 B 2 T
HEWE
23 FRBRRFETVREENE

VPRI TG R BT R R A T
eI WA, AER-FEORIE T
AL KM ETE (Cipolla-Neto et al.
2014) HRE RS SRR T =12
. BRI GEAAFEAE, FRAERTTRE R
FEOTI R EEME . seEIHAES ARIGETA
KZHF L VIR, AT RE 2 2 0 A4
YIbRED” . AL E R, B EACHZE (resting
metabolic rate, RMR) F&{%, BEREIHFEFEMK,
SHEEELH (Manini 20100, FEEIEHA: = 4
(nonshivering thermogenesis, NST) s&zh#¥fE
BIHMERE AR, A2 N LB VI e
R R EZAE (Zhao et al. 2009),
LT A G 1 0 T R G B I LR R R ) R
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(Mattson 2010, XIHr3°5F 2014). BAT 7E{A
WEA = ARHIEE, 274 NST MFEEEE
(Cannon et al. 2004), Fj 4B FEH0E, XK
I RN T BE e A AT BB [ B (Guo et al.
2019). SR ENAFFN, SCAC BAT 52K
PERMRNETE FiRs, @ds g3 B L
IR SRS £, B AC-cAMP- PKA {551l
P, 2 Bhle A R OB R AL, S ABUE
PGC-la SEHe R 7, (RitLRiA A UCPI
HIZR1%&, $27% NST (Cannon et al. 2004 ), [F]H,
BAT 7 #iaed B8 v i 8 76 265 1 A T o7 1R I PR 1)
THEMT AR R, AP T R RV AR T T R 2
HRIEZXT BAT A HAZBOS/ER, vl ReisEd
PR MG T, 3808 A BAT 250 & M4kl fk
Jo i S Tee, A3k wiT g U 200 A e R g 7 4
11 734k (Fernandez-Véazquez et al. 2018,
Halpern et al. 2019) . ## 2t 7] L 52 444
M EERE WAT #eth, A5 74 Hoer HoAth
A B ] an FE A UR (Jiménez-Aranda et al.
2013, WEFERM], FhFEHB R AT LA IR B RE
HYHFE, FHEARIZIEEE (core body temperature,

Teore) (Jiménez-Aranda et al. 2013); VAR
o K BRARHPIRGL (Agil et al. 2013); K&
KR T AN HSE . PRl A gL
HLRIFEEFRES (Zanuto et al. 2013); 3N
R G = B BAT ARFUANE P, o s
7K~F (Halpern et al. 2019) . XEEHF TR, B
BRI ERAMBEEMAT, JEEX BAT
A WAT BIBOETEH BT Re ETH AR, 4EFF
YRR RPT . dRrreE R EAE T
L 2R SRR R R, (HRERSS
TR BARNLHIIL 75 E ok — B R .

S, FR B EAETE BRIE A a RE b AR
c30HM. AFMK. AMK Z5ARHF4, Xueqt
W) BA GRS RIS TR RE ), (kAL
WGP, AR, RN, WREFE T
WA AMPK {5 5@ FR Sirtuins
IR, geFrdebiiAfads; @i EuE BAT = #
R EVHFE; B EEER TR E RS R
G515, WiRERE. LhARSS5hE
ARUTAH AR o R 8 2 0d i Pk 22 A A BT
MR R R ESE 2 (B 2).

ﬁ #R B2 Melatonin I
v

; v
TR R W R TR B
caverlge Metabolic sensing Activate BAT Re-establish circadian rhythm
4 Rc30HM, AFMK . -~ N 5
AN Al WOEAMPKIFE . Ll (A AB R KBS RS
7 Sirtuins & 214 Promote energy expenditure Recover insulin signaling
P ' !}
Scavenge ROS o KN = le— VT RER AR
v Mitochondrial homeostasis | Regulate energy metabolism|<
AR | [
Redox balance
HAVEALRLI

> HEZEIEE Delay aging |«

Oxidative stress resistance

B2 MEFELESEMNRERWESREZKER LS

Fig.2 The role of melatonin in delaying aging through oxidative stress and energy metabolism

AFMK. N'- Z,18t-N2- FF Bt -5- @ R IR BE ;. AMK. N'- Z -5 FR A R IR IBE % AMPK. IREFRRIG (b 2K (1 BAT. B (IR 414 c30HM.

IR 3-RAEARIE SR ROS. iM% Sirtuins. YUER(E SR T

AFMK. N'-acetyl-N*-formyl-5-methoxykynuramine; AMK. N'-acetyl-5-methoxykynuramine; AMPK. Adenosine monophosphate-activated

protein kinase; BAT. Brown adipose tissue; c30OHM. Cyclic-3-hydroxymelatonin; ROS. Reactive oxygen species.
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