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[Abstract] The etiology of neonatal lung injury is complicated. Because neonatal lungs are immature in the
vesicles and alveolar period, they are easy to be injured by various factors. Clinically, the main manifestations of neonatal
lung injury are refractory hypoxemia, respiratory distress, and decreased lung compliance, etc. In recent years, newborn
treatment technology has been rapidly developed, but the incidence of neonatal lung injury is still very high, so more
attention has been paid by the medical community. Oxidative stress refers to a state of imbalance between oxidation and
antioxidant in the body. After newborns transition from amniotic fluid to the air, oxidative stress is relatively higher in
the first few weeks of life, and oxidative stress injury will be further aggravated under the stimulation of adverse factors.
Melatonin, as an important antioxidant factor in the human body, participates in many vital physiological and pathological
processes, and can directly scavenge oxygen free radicals, enhance the activity of antioxidant enzymes, inhibit cell
apoptosis. Researches have showed that the antioxidant properties of melatonin played an important role in neonatal
lung injury, however, the specific mechanism has not yet been fully clarified. The aim of this article is to review the
antioxidant effects of melatonin in neonatal lung injury and provide new ideas for the treatment of neonatal lung injury.

[Key words] Melatonin; Lung injury;  Oxidative stress

Fund program: Scientific Research Project of Sichuan Health and Family Planning Commission of China
(16PJ388); Sichuan Medical Association Scientific Research Project Plan of China (S16062)

DOT: 10.3760/cma.j.cn121430-20210521-00757

Neonatal;

A LIS TR PR _E 2 DL, w] iy 2R P R R 6] 5
A SRR T A LA i S B A LAE T A H B IZ
—o RALRIHOR IR HUATE m v B L S RS AR

AR SR A B S AL S DL TE R R A
EMRG SPUAMR G Z ) B A, (A AL I TE R
KREF, SR MR e AR, A AR S
BT HE LIBT3 B 5 R 32 Bk A 22 BOR B 1 G TE . B AR
I T A FEAS AR M R 2R 4 2 2 Ak i, HL
SRAIUHLE, B L THUR AL B LS A e, HA S

ZE ARSI R E B 22 T2 ik
UG R B0, (R3] H A X 2o O F BRI EA

HERIRCR

15 PESR (reactive oxygen species, ROS) yZ #8411
I BEFIEE A RS AR LA E A 4 T TE'FEEISE
F A U5 S5 e rh e R R . 7ERE AR, 1
Ao T 4T IR S EE TR AKX — i Rtk
Rt ROS B77/E . AN ROS 1192 U 3 B A0 45 140 [ 76
fifi T (nicotinamide adenine dinucleotide phosphate, NADPH ) %,
T ALk AR T 3 >, AR ROS J& 1F 3 S Qi Ay
Yz — ALENTBEIN R SR XA F 5P 5T, ZEPLIA
SFAL SPUEAAE IR, AT 5A%IR | 8 FUBURIIR BT & A i
B AR IR

B A L5 4505 PRI A 24 , K e ] i ke o 428 B 2 HL v
BN LR N 2 — , AR 2 i U] AR A / S AL



* 208 -

FRAEE TG A BEE S 2022 4F 2 H 45 34 3545 2 18] Chin Crit Care Med, February 2022, Vol.34, No.2

FRYGE, X I b e A B e H R 1AL F R 40 (alveolar
type II epithelium cell, AEC II ) P ELERETEVE R, (A 4 i
M ROS A= i, R 8 AL / PR R GE , e B4 21
AR TS ARV IUET A LB G S s
A LR PERT 8l bk 5 & (persistent pulmonary hypertension
of the newborn, PPHN), X 545 & & A E(bmnchopulmonary
dysplasia, BPD) 4544 ] W58 33 2 AR AR
o, RS RO A LI SRR SR Rk B ] AR TR & B AR
JUADRE HRZEL A8 L, e e Pk A Rt mT LS BRI
FR A B AR R ER AT RBTE IR Ak S b A D TR
VR AR Bl L MR SRR A 98 1 S 20 T
90 AR AL ARl 18— T R A, T AR AR AR S A SR A
PR AR ER R LOE , B X AR R R T IR TR A
R IHALEA B R IR 19 F i BA BOR P AR
FHL AT RATE B A B, A HEb TR AR S AR R 15
B RAA A VE RIBLH] v AN 58 4 B , U AR KA DGR R TE
B U T B A A FILR A 72504

1 #EEER

BRI 2T R N- Sl -5- B EfE, & Tl
FAEY, 53 TN CaH N0, HREE S —FPA
J&T G HE PRI Z BRI 52—, BA S A sk
oy TR U AN I B 5 R BE 7, AT AT BB b R
S A1 32 A G 3o 32 AR B A FR T 7 A
Sy, AR R R AR A R BAT B R
T, BRBRRATEPAEE AL, ) 5- AR N- 2
B, XA T R PR K TE BR ROS Y5 KA1, Horpr 5- 1
ST DUTE AR BRSO S R SR SRV B B H R e
J1, 70 N- ZBERE AT AGR 3P 8 R SR ABA A B . 7E MK
AN P 3 A AR PR PR AR 2 A, BB PR AR 2 A 1 Al
PRRZAR 2, K PRS2 30 A0 T NARR R L AL T
JUE | L PR T TP L BRI SR A ok e AR R
RSN R RIS —EEH .

KRN SMITFE R, 4l 8 R A ORVE B 5 A T A
ARAREEARSE 0T, AT, i B A 5 R v
A EEAEM " B2 AT R MR IR AT 5 R, 7R
h— MR N IRPEDT AR AR R R AR T AR R
WRZFNBORBZ B OCTE . AR R B R TR AT 2 K
M), AT o 2 Fh A SRR R, RE 1 S S H H B R AR I
N, RAFPUEANE R B T HA EHAE R H BT 51,
T BES ST AL W A S AR BT AR A
2RI T AR Pt [ R A — 2 iR VR
2 |NEHSHE LGRS

SAALNDHUE AR LA AL S BT A AR T R A —FioIR A
HHLAN ROS (94 B 3 I, LA AL R G 2 LU
FRZ R 1 ROS, A MR E AL S HT AL Z R P, 5
AR, AN L AU B L T ROS 5 R Y S AL
AR Bt AT S AR R U e Ak e
AE e AQ I, SR S RS T L T S AR R AR L X —

W FEFERIAE ROS (AL 46 A B8 7 A 2k (-0,7), i ik
A (H0,) FIFREE A 3L (-OH) 55 ) 7=k, REBUE LT,
ROS J& 5 A 10, 764 SRR A L2205 5 4% e
L HEE AR, (R T o SR 2 18 P B U e ol 2
A A BT A A B AL 32 2 BRI, =R B ROS 54K
FIJBE B JSURT DNA AR OB, WP AILA ™ A= AN Al it g4 473 o

BrA LN R B A LR 22, B AE LT 5
IR AR i 3 2 SO s 78 AR S AT TL R A e 1Y
AN, 5 R A JUARLE, i T 5 L S s £ | il
BB BT EACHLR SEAS B, it T 3% 1 o A oA A 45 A
R H A S R E AR AR, BB R
B LRI AT AR E L 5 1 &2 19— FR 0P 4 BPD
WA LIRFERE/NB A I 5 L 57 LR I RS 26 el i A= JLRH
B B R B AT B A LA T HIRA IR, 51k T
B Sk S = {11 [ LD RAE RS 71 = A A G S 2T ) d B R
JEH SR

TEARFEM A PRI, ROS (977 A4 SHUAALBT 0 R R
BOPAT . 400 LR A 18 T B S B AR 5 T ORI,
i AG IR S A, ROS B AE U AN (50) BréafLie Ji 324t ,
SH—RIEEA G R ROS SHrE LA B A e E
£ PPHN SR A1 SO ik i3 3 T3> 7,
PPHN SCFRAFEEN JLAEER , 24 A S5 M 10055 B 4 S
1o AR PR D4R 8 o TG BRI 7 (R 300 A bk il
MELLE AR PR AT S L I PR B o IR R AE S R
XIE—Fh Z R EEAE, MV R A A 32280 R 5K
K. BRI PR AR A R S A
Jo 1 R Pl i AL A 3R, T 464k / BT SR T-A LA G
AU bR R BPD A LA R R LB A
Bk EEE, Km A, BT ICA B BIA T Pan
2103 ST BPD Shp R WS hE B A BPD HAGTER
GO 4 T AR R AT B R AR T AU T /D BT
AW, s E ALY Ak i ( superoxide dismutase, SOD). &
B H IS E AL 1 (glutathione peroxidase, GSH-Px) Flid %8
LA (catalase, CAT) HTE T, 1M A AL RSO 9, A0 dfiad 42
1Tt (myelopemxidase , MPO) WV ASEREL / AR LR AN
(malondialdehyde, MDA ) i 7K - 2 AL, k] UL, & Ak
IR A LA s il 5 AR
3 REZBEHEILRGEIEALIERNE

B R ZR A Sy — ol Y PR SRR T A 2 N
FRUEBR A A AR, o rTHY R AR BT A AR 05 1 L £ 5 ST
SAACBEST, FIRPTIE T Bel-2 Mk BT IRIE T A
Bax FlIR A SRR R M e &2 &5 11 3(cysteine-containing
aspartate-specific proteases 3, caspase—3) E/‘]%%f_k[zu ' o AN, il
BRI B A bR AR AL Y DNA 45147,
HACH =Wy R RE B A —E e BB R
AR PRI R L DL E S R AU
3.1 Janus 0 /(555 S 55 5 0E N F (Janus kinase/signal

transducers and activators of transcription, JAK/STAT) {5 5 i



PR TG AR EE S 2022 4F 2 H 45 34 4845 2 18] Chin Crit Care Med, February 2022, Vol.34, No.2

* 209 -

B - JAK/STAT {553 62 AN 22 40 M0 PR 74 5 g 3 [l ik 42
FE B MAME ST 2 JAK B8 STAT SR21 . JAK
G SR B A0 P T S AR A R oA AR L
L[ 240 P A A5 G S Sl SR SO, TE 2 R A A 1 1y e
S R AR . AERUEOCR, A N TS R E 1
MR ZAREE G, SR Z A S AL, B JAK B
o, TG AR JAK I Pl A 4 0 R 1 P 32 AR 5 A
R R B R (R OG STAT 2 F1 Il 6 a0 ), ff STAT B2
b, BTN SZ AR i B3, A H2Z BB L SR AT 4678 2 40
P2 SRR A 52 AR B ROS AT 41 M 5 - 175
1Y JAK/STAT 5 538 #% , il 1L 3% in JAK SRR 1L, B £ ik
STAT JE R 544, i A 20 MR , P2 bt R AL L TR R38 , wai2b
FALRTIE S TR ROS ERUN S HHIZ S Sk .
3.2 PUARME S T 3/ A AL AL 2 (silent information
regulator 3/superoxide dismutase 2, SIRT3/SOD2) {5 5 18 % :
SIRT3 FEAFAE T LR, ZLRAR P fie 281 &5 kAL
(LR I E N 70T W 1= S VI €78 VL DI R s s RS % A
R ROS HYTE R - Z4K4E SOD2, SOD2 JELRRiIAN—Fh e
S HTE A , G 22 B L BEAL K- S2 0, SIRT3
AP L AL B SOD2 A% 2 L BEREAR A, 3 SOD2, fe
ROS FT B M ROS 97412, il 2822 ] I B 4 i b
A SIRT3 Y33k , i AT i A FEAR HL0, 3755 1 A0 S0E 1)
PUAALAEI . B HH] SIRT3 41T T 4R B Z A AL i
PR, DR D 3R s/ T LA o 4% SIRT3/S0D2 55
A LR A AL R

3.3 Kelch FEFRAGNBERICE T -1/ BT E2 MG T2
(Kelch-like ECH-associated protein 1/nuclear factor erythroid
2-related factor 2, Keap1/Nrf2) {5530 8% « EALN 7= A2
ROS W] 1 42 a5 [H] H2 458 03 40 i 3 03 590 5, Ak 1 e g
BT BRI AR BRI RE , 2GR KA S A I T i — &R
G GRAP PRI R G2 e A4 3 , 8 ey O AP PR D b 30 DX 1Y
Pr &8 AL 2 v oG (antioxidant response element, ARE) 223,
Nrf2 j& ARE (0% 7 AE e sk R 72— R 75 4t
SEACHEE AR L 52 Keapl (4%, Keapl AT LM Nif2
Az ZAk, TR Nef2 B35 AR T
Keap1 [ R7 57 P4 21 Db 22 1t 5k L BB 1, Keapl K 2512 R AL
Nrf2 (RE ST, i Nef2 TEANMRZ TSR AE i 3 2 PR L S
iOESININTT ke TR AR GOL (2 RN )| e B
FEFR AT A Pl A AL R R A0 i Nef2 AT, R BB X
SACEE VR T T BEJE R e S R Nef2 B0 R 240 MU A% J5 B
5 ARE WARTAEFIA S0

34 WEPEWEALEE 3 B / 25 % B (phosphoinositide 3-
kinase/protein kinase B, PI3K/AKT) {55 % « 45 FhAR Py Sh
B AL R RO 20 A PISK/AKT {5 5 7% i
H. XCGIHER 1T 03a (forkhead Box 03a, FOX03a) J& T X 3k
HER SR DR 7 52 168 , A VA1 A0 30 L e S A i i 4 35 2 b
AW AR SIRTL MPEHTT , FOXO3a AT A ff
E Y AL EE (manganese superoxide dismutase, MnSOD ) J%

CAT, T 441 & A AL B BT, Pl At 380 PISK/AKT 155
o S 3E A AKT BEER ALK ] FOXO03a A3 P , 15 i1 i
MnSOD J CAT fy7Efk . #REAZ W] L@ 0] PI3K/AKT {5
S FAm B, FOXO03a 16 4k, 306 MnSOD J CAT, i %]
P

3.5 HAhIRAR « AR E A A 0 E T AR
5 3% BN E AR AT R . AERE AR D R R R A AT
WBEGY T ME SN 0B FALEHEE MR iR bk fE
B X i RAEREE ROS 174 Ui % Ak Ak
If SR, AT 4% & A o T, 3R BRI ROS 1977
A, [ R LA R 3 T AR ki P MnSOD 1 GSH
A B, IR AR R SO Rk PR B 17 . MR SRR AT TR IR
W, AT 3 o At i A2 e is B Lk A, AT B i 14 1 BE AR
RN A A JFOA I S AL o 2Rk AR g B A0 . AR L Bl
Y ARB R SRR R ZIRES G S 2R E Sm i,
FALRLAR AR A T (A, B L AU 3R C B lw A
PR U T e S ) A T S e o s
AT AR 0 0 ) il A 90 DA T ol A A B 3 o o,
BERW i 6- R IREE  N- ZFk5E -N-2- Ik -5-
H A R R R ( acetyl-N-formyl-5-methoxykynurenamine,
AFMK) SF9IE I A A 508 6 & R B A bR A H 3, &
FEPCRAAEIT . (R 8 ) 2 20 T LA oAt b S AL
WML CORRE Q10 4 A BEIE B S A fLne

4 & &

AR B ST AR X A LA 495 1 & s AL i
SPHME AT T R RIS, SR, B A JUBA473 1) % 9
FRIERA SR AT [ ot 5 R A7 76 L AR AT IR
L 4 LG B o ok T UL M . B2k LR
I R L AR R e MRS, SR AL S PR A e B A
JUI03 A R R B R R 2 — , R AR A ST )
TEAR, BT 3R B S RSB A L5 Pl R,
FRFRRA BT E AR AT BB AR LA 43 TR T AR
T b, {F K S AR SR T I SRR A A R alE— 2D UERH
MR R T IR G 25 BE K R B 7 AR A RS2 0 2
KA . AATT LT Z RN SMF SRR R 2
WG A LI 5405 0 v g T ELAARBILA , PR IL B2 WIAE Ol
BRI AT R A LI 5 PR A B R AT ) AR -
FERFR I TEE YR AR 25 s
B ik

[ 1] Matyas M, Hasmasanu MG, Zaharie G. Antioxidant capacity of
preterm neonates assessed by hydrogen donor value [J]. Medicina
(Kaunas), 2019, 55 (11): 720. DOI: 10.3390/medicina55110720.
A ) [ BR, BN SE L WA Sl AR A5/ 2
W 30 235 AEVE AL o i AT 98 6 e (). P [ i EE 45 G
Zofkii, 2019, 26 (2): 242-246. DOI: 10.3969/j.issn.1008—
9691.2019.02.028.

[3] Yang SS, Lian GJ. ROS and diseases: role in metabolism and
energy supply [J]. Mol Cell Biochem, 2020, 467 (1-2): 1-12. DOI:
10.1007/s11010-019-03667-9.

TR, B0, ST, 5 L S PR T AR I 5 B I R4 (1],
FRAB G G a R R R | 2018, 30 (8): 737-742. DOI: 10.3760/cma.
J.1ssn.2095-4352.2018.08.005.

[2

[

[4

[



« 210 -

[5]

[

[11

[12

[

[13

[

[20]

hAESE G AR EE S 2022 4F 2 H A 34 45

% 2 4] Chin Crit Care Med, February 2022, Vol.34, No.2

Perez M, Robbins ME, Revhaug C, et al. Oxygen radical disease in
the newborn, revisited: oxidative stress and disease in the newborn
period [J]. Free Radic Biol Med, 2019, 142: 61-72. DOI: 10.1016/
j-freeradbiomed.2019.03.035.

EAE 2 ATEE, 55 A LS BE AR Z R K AR
ﬂcﬂ’]llmﬁ?ﬁﬁﬁ [J]. llmﬂ“cJLﬂm,_\, 2018, 36 (3): 170-174. DOI:
10.3969/j.issn.1000-3606.2018.03.003.

Tarocco A, Caroccia N, Morciano G, et al. Melatonin as a master
regulator of cell death and inflammation: molecular mechanisms
and clinical implications for newborn care [J]. Cell Death Dis, 2019,
10 (4): 317. DOI: 10.1038/s41419-019-1556-7.

Chitimus DM, Popescu MR, Voiculescu SE, et al. Melatonin's
impact on antioxidative and anti-inflammatory reprogramming
in homeostasis and disease [J]. Biomolecules, 2020, 10 (9): DOI:
10.3390/biom10091211.

JRfgE , WIEWG A AR AT A S AN TR T RERY
PRPVEH [T, sPAEfE R 2L 2E | 2019, 31 (5): 658-661. DOIL:
10.3760/cma.].issn.2095-4352.2019.05.028.

INF L TR 2 A RIS A O R SR T i
TEURME PRI R BB (). BRI RLERE | 2021, 30 (3):
171-176. DOI: 10.13283/j.cnki.xdfckjz.2021.03.003.

XIPF, 2R R HIEE )] IR SRR, 2013,
25 (6): 382-384. DOI: 10.3760/cma.].issn.2095-4352.2013.06.018.
Gonzaléz—Candia A, Candia AA, Figueroa EG, et al. Melatonin
long—lasting beneficial effects on pulmonary vascular reactivity and
redox balance in chronic hypoxic ovine neonates [J]. J Pineal Res,
2020, 68 (1): €12613. DOL: 10.1111/jp1.12613.

TEKI . L VPR SC LI 150 53 T AL BIF 88 HE % ().
FRAE G E 2 R 2 | 2020, 32 (7): 890-893. DOI: 10.3760/cma.
j.cn121430-20200324-00099.

Pisoschi AM, Pop A. The role of antioxidants in the chemistry of
oxidative stress: a review [J]. Eur J] Med Chem, 2015, 97: 55-74.
DOL: 10.1016/j.ejmech.2015.04.040.

Robertson NJ, Lingam I, Meehan C, et al. High—dose melatonin
and ethanol excipient combined with therapeutic hypothermia in
a newborn piglet asphyxia model [J]. Sei Rep, 2020, 10 (1): 3898.
DOI: 10.1038/541598-020-60858—x.

Datta A, Kim GA, Taylor JM, et al. Mouse lung development
and NOXI induction during hyperoxia are developmentally
regulated and mitochondrial ROS dependent [J]. Am J Physiol
Lung Cell Mol Physiol, 2015, 309 (4): L369-L377. DOI: 10.1152/
ajplung.00176.2014.

Endesfelder S, StrauB E, Scheuer T, et al. Antioxidative effects
of caffeine in a hyperoxia—based rat model of bronchopulmonary
dysplasia [J]. Respir Res, 2019, 20 (1): 88. DOI: 10.1186/s12931—
019-1063-5.

EA W 2R 5 ﬁgiﬂwﬁﬂ?lﬂﬂﬂ(mrﬂ’lﬂifﬁ Sl
BT (1], ll 'IIIIImETC’J‘lE SIRIT L 2021, 26 (4): 444-
448. DOL: 10.12092/j.issn.1009—2501‘2021404.012.

Pan L, Fu JH, Xue XD, et al. Melatonin protects against oxidative
damage in a neonatal rat model of bronchopulmonary dysplasia [J].
World J Pediatr, 2009, 5 (3): 216-221. DOI: 10.1007/s12519-009—
0041-2.

Yang CH, Xu JH, Ren QC, et al. Melatonin promotes secondary hair
follicle development of early postnatal cashmere goat and improves
cashmere quantity and quality by enhancing antioxidant capacity

and suppressing apoptosis [J]. J Pineal Res, 2019, 67 (1): e12569.

[21]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[35]

DOI: 10.1111/jpi.125609.

Pérez—Gonzélez A, Castafleda—Arriaga R, Alvarez—Idaboy JR, et al.
Melatonin and its metabolites as chemical agents capable of directly
repairing oxidized DNA [J]. J Pineal Res, 2019, 66 (2): e12539.
DOI: 10.1111/jpi.12539.

Xin P, Xu XY, Deng CJ, et al. The role of JAK/STAT signaling
pathway and its inhibitors in diseases [J]. Int Immunopharmacol,
2020, 80: 106210. DOI: 10.1016/j.intimp.2020.106210.

Singhanat K, Apaijai N, Chattipakorn SC, et al. Roles of melatonin
and its receptors in cardiac ischemia-reperfusion injury [J]. Cell
Mol Life Sei, 2018, 75 (22): 4125-4149. DOL: 10.1007/s00018-
018-2905-x.

Krylatov AV, Maslov LN, Voronkov NS, et al. Reactive oxygen
species as intracellular signaling molecules in the cardiovascular
system [J]. Curr Cardiol Rev, 2018, 14 (4): 290-300. DOI: 10.2174/
1573403X14666180702152436.

Qiu XL, Brown K, Hirschey MD, et al. Calorie restriction reduces
oxidative stress by SIRT3-mediated SOD2 activation [J]. Cell
Metab, 2010, 12 (6): 662—667. DOI: 10.1016/j.cmet.2010.11.015.
Zhou W, Liu Y, Shen JN, et al. Melatonin increases bone mass
around the prostheses of OVX rats by ameliorating mitochondrial
oxidative stress via the SIRT3/SOD2 signaling pathway [J]. Oxid
Med Cell Longev, 2019, 2019: 4019619. DOI: 10.1155/2019/
4019619.

Sies H, Berndt C, Jones DP. Oxidative stress [J]. Annu Rev
Biochem, 2017, 86: 715-748. DOI: 10.1146/annurev—biochem—
061516-045037.

Liu ZJ, Zhong J, Zhang M, et al. The alexipharmic mechanisms of
five licorice ingredients involved in CYP450 and Nrf2 pathways
in paraquat—induced mice acute lung injury [J]. Oxid Med Cell
Longev, 2019, 2019: 7283104. DOI: 10.1155/2019/7283104.
MRS, SCIEEDS |, T Il A i B 5 0t St ot A e 0 49 8 2
R BZ AN R [J). P22, 2021, 37 (3):
305-309. DOI: 10.16557/j.enki.1000-7547.2021.03.009.

Zhang CM, Suo MY, Liu LX, et al. Melatonin alleviates contrast—
induced acute kidney injury by activation of Sirt3 [J]. Oxid Med Cell
Longev, 2021, 2021: 6668887. DOI: 10.1155/2021/6668887.

Xu CN, Wang J, Fan Z, et al. Cardioprotective effects of melatonin
against myocardial ischaemia/reperfusion injury: activation of
AMPK/Nrf2 pathway [J]. J Cell Mol Med, 2021, 25 (13): 6455-
6459. DOI: 10.1111/jemm.16691.

ZEE JHEBL , RS A5 UL ROS XF FOXO03a #4531
@?E’Jﬂ%"%ﬁﬁﬁﬁﬂﬁ% | 2 A A, 2016, 32 (9):
1203-1207. DOI: 10.3969/].1551&.1001 1978.2016.09.005.

Mayo JC, Sainz RM, Gonzalez—Menéndez P, et al. Melatonin
transport into mitochondria [J]. Cell Mol Life Sci, 2017, 74 (21):
3927-3940. DOI: 10.1007/s00018-017-2616-8.
Yu LM, Di WC, Dong X, et al. Melatonin protects diabetic heart
against ischemia-reperfusion injury, role of membrane receptor—
dependent cGMP-PKG activation [J]. Biochim Biophys Acta Mol
Basis Dis, 2018, 1864 (2): 563-578. DOI: 10.1016/j.bbadis.2017.
11.023.
Galano A, Medina ME, Tan DX, et al. Melatonin and its metabolites
as copper chelating agents and their role in inhibiting oxidative
stress: a physicochemical analysis [J]. J Pineal Res, 2015, 58 (1):
107-116. DOI: 10.1111/jpi.12196.

(Hichis H 491 - 2021-05-21)

ATEE SHEMEN SR FERIEEFZZRARERT BRI SR
HER AR L BT TSR A TR 2 L0505 B CEEE 5 S AP B 5 A S

AR T BN AR R AR AR AR IE RS 7 24 AR T EO 1S NI

TR, SEET RO S,

AR W, AT 2R, R B “ml " ARAEHCH “mL”  br7s BB PR G4 5 “="ARAE SO “~7 o RRt A )



