46 45 5 2 ) L NI Vol. 46 NO. 2
2026 4F- 02 A JOURNAL OF GANNAN MEDICAL UNIVERSITY FEB. 2026

EF Nief2/HO-1 5 S B IR TTHREZXT
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(FRMTEE —BERE  fmd M 350008)

W E:B89:ET NdU/HO-1 5 5 @ H IR R Foad & 07 8 ik 7 £ RAR A KRR B i 47 e (B R HLAL . 5
B 24RSD KRN ABRF AL EE A HATEEZH, FHAR . WM IR AR H it & £ KM
HOEETHIZA, XX EEERNRMNEFE, B ARE-Fafe LT 8 MM, ELISA &0 & K #3545 F
JE M B M BE B BE (Bone-specific alkaline phosphatase, BAP) | 4T ¥ & B B £ # B B (Tartrate resistant acid
phosphatase, TRAP) Fn &, 1t Ji 3% 48 & # £ b 4 ¥ b 8 (Superoxide dismutase, SOD) | & b B ¥ 48 47 7 = B
(Malondialdehyde , MDA ) , 5E F 7% ¢ & & PCR(Real-time PCR) #8 & & Jit £ 7 (Western blot) % M A% & # % 5 B F E2
# % B F 2(Nuclear factor erythroid 2-related factor 2, Nif2) | it 27 % /v &, B -1 (Heme oxygenase 1, HO-1)mRNA F 2
AWM EAKT, GR:EBTFAANK HEAMBUAARTEELERK, RAFTEREA KR MERY.
BEXRTHI2AE, GRS HA LT RERLEELMEF AR (P<0.01), F /DR HE R Ao F /D R FE %
F, 1% BAP A2 TRAP & & 21 F i (P<0. 01) ,SOD & & 7+ & f MDA & & [# 18 (P<0. 01) ,Nrf2 (HO-1 # mRNA #n &
AREAFHEEAG. HIL B X T HE NA/HO-1 & 5 B, AR B SR G , 503 M 3 AT &8 PR 1R
FIRMEFEE K,

R 4 2 5 B BB AME 8 B 5 AN B Ne2/HO-1 7 5 8 3
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The effect of melatonin on oxidative stress damage in ovariectomized
rats based on the Nrf2/HO-1 signaling pathway

LIN Yu, CHEN Qiyong, XTAO Lili, LIN Ligiong
(Fuzhou Second General Hospital, Fuzhou, Fujian 350008 )

Abstract: Objective: To explore the mechanism of melatonin on oxidative stress damage in rats with rapid bone loss after
ovariectomy based on the Nrf2/HO-1 signaling pathway. Methods: A total of 24 SD rats were randomly divided into a sham
operation group, a model control group, and a melatonin-treated group, with 8 rats in each group. Bilateral oophorectomy
was performed to replicate a rapid bone loss model , followed by gastric intervention for 12 weeks. Bone density was
measured using a dual energy X-ray absorptiometiry, and bone microstructure was observed using hematoxylin-eosin
staining. ELISA was used to detect bone metabolism indicators including bone-specific alkaline phosphatase (BAP) ,
tartrate-resistant acid phosphatase (TRAP) , and oxidative stress indicators such as superoxide dismutase (SOD) and
malondialdehyde (MDA ). Real-time PCR and Western blot were used to detect the relative mRNA and protein expression
levels of nuclear factor erythroid 2-related factor 2 (Nrf2) and heme oxygenase-1 (HO-1) in the femur. Results :
Compared with the sham operation group, the bone mineral density of rats in the model conirol group decreased significantly,
indicating that the rat model of bone loss was successfully established. After 12 weeks of melatonin intervention,

compared with the model control group, the BMD of the melatonin group was significantly increased (P <0.01) ; the
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number of trabeculae increased and the trabecular spacing shortened; the serum BAP and TRAP were both decreased

(P <0.01) ; SOD was increased and MAD content was decreased (P <0.01) ; and the mRNA and protein expression

levels of Nrf2 and HO-1 were significantly increased. Conclusion : Melatonin can activate the Nrf2/HO-1 signaling

pathway, reduce oxidative stress damage, and improve bone loss caused by a sharp decrease in estrogen levels.
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Y5 28 J5 1 B MAE (Postmenopausal osteoporosis,
PMOP) & — i WL T4 28 5 Lo PEmy i . H 222
Jir PR SR SRR K P R T B, B e B R RN
B ARG UE B e R NS EOE i RUS: g T
L BT R AR BRI KB I E 2 R
e b S AR M AR IS BT R A R R A
0B RS W A S 00 B S [ 2 A
PMOP Ho 5 W Wi 322 8 3 JE i, Ak T 61 iR
A, T A f PR R B R 2R . AR 3R,
o B 1 SAUA0 R E PMOP i & #3524 1, LR Y
FIH i Y e AR, T A A AT SR A Y P AR
A&, TR A A B ORT 1R R 2R B R A 2 U
T2 TR P AR S A 0 B 23, DA
o 118 AR R R JEE o

1 5% 5% A 7 E2 A 2 IR F 2 (Nuclear factor E2-
related factor 2, Nrf2) /4t 8 A4k )2 W J6 44 (Antioxidant
response elements, ARE ) {5 538 [# /2 Bt 48 1k 1 341y
CiRY Y E =R CA VR €7 KT [ o N | EARE ) | E =)
fifi-1( Heme oxygenase-1, HO-1) AR E AL Yy B A ik
(Superoxide dismutase, SOD) %531k , i 14 $1it F AL N
PR A MIAE ] . R ZR (Melatonin, MT) J&2 42
SRR RS ZR IR , A LA R BT A
A B AR A 2R I BE L T AR R R TSR W], K
AL A 00 B 25 A, £ o AR 4 o3 f A
) B0 E 400 3 P, X PMOP 1) B i 3 O R AR 4 1
FH SR 2 A5 38 e BT AR AN R AR B BB AR
FHAREOFSE . HET U, AR 8 o 137 K R
FIRABERL, LA Nef2/HO-1 {5 5 8 B 0 VLA L, SR A
FRZRX O BE TR R it JBE AP Y S ], Ay R
R Biih PMOP $2 LS50 KA

| MRS

1.1 SEIEzh¥  SPF 2% 3 Ak MitESD KR 24 H,
(200+20) ¢, 4 [ A BEESLR SHPABRA W, A%
TS5 2021000402733 1, i35 TR a4 HH B 298] 2 B
LA B 2 vty S sh i A 7= 14 Wl HIES- [SCXK (97)
2018-0004 AN 4 AT HIES [SYXK ([# )2016-0005
SR AR AE T R B ORI 5 TR T 2L 38 W R IR 1 R R

PEATSEU . AT 4w M T 28 — A R Be e B 2% A
WAL (45 :2021068013) .
1.2 SEIZY @R ER MM S FHA T
J20130085, 7 i 4lb*5 : T014466
1.3 FERFIGMEE 4% HL M E W (L
KT AR LS PL110) ; EDTA B 45 )
(pH 7. 2) (Biosharp, 41t 5 BL616B) ; K Fl B 45 5 i
PERERR G ( LRI R B A R A E LIRS
ml037086) ; K FRHTI A1 12 IR 1 ot 2 il 1240590 4 ( g
fitg B¢ 2B W B H A R 2 |l 5T 5 ml106987) ;
TransScript® Uni  All-in-One  First-Strand  ¢DNA
Synthesis SuperMix for PCR (It it &0 & 4B AR,
fit %5 AU341-02) ; PerfectStart® Fast Green qPCR
SuperMix (b5t & & AP H A, L5 AQ611-01) ;
B-actin rabbit mAb (& 1§ 28 7 A=), #iL5 AC038) ;
NRF2 rabbit pAb (% [ %% 32 4= ¥ , #it 5 A0674) ;
Heme oxygenase 1 rabbit pAb (2 28 vg A9, #it5
A1346) ; BiFHR1X (BIO-TEK, %5 1.X-800) 5 RLAE X £k
B % AL (HOLOGIC, 15 Discovery Wi) ; A1 15 U1 A
HLOEE R, 5 RM2235) 5 1F B B il (T R ok
7S ivesta 3) ;Real-time PCR(ABI, %5 7500 Fast) o
1.4 Ak
1.4.1 #EBGEIF 24 H SD KR IL W EHL A T
B R 34 AR TR (Sham) AT HRZH (OVX) Al
AREE A (OVXH+MT) , A4 8 H o B B %) E 21 1 il
R 2 UL B9 ) B AR o A R BRUERGE R R
EREAREIK 12 b R R, G L 24 40 me/kg
i B S 4 B BRI, LS B L AT IE 2 D) i
AR G5 LI BIRE DI S 0 S5 28 4, L 75 5
BT R AR S R A R AE 7 vk HUTRR B0 58 4
B HEUE AT AR
1.4.2 YT HMMES KRi5@ERAIER
100 mg/(kg-d) BR R Z AT IR, B TF AR A A 7Y
Xof B AL fi A5 i AR AR K VE S ST 12 A K
FRUBR I A0 ML [T, 4T R R, JC TR 20 A 49T B
T8, 7040 B M A Sk, SRt g 2E R IR ; HR B Y
FIHR BB B ey AR B 5 LR 20 80, OO B
HL5EHE BRI AL
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1.4.3 BEE JIBRIAHS, EEBKRIEY
AR B, —20 CLIRAF A s IR A 22 iR TR
Rl B R IE s TR E A R
{3 oF B H RS HE BTG, AE 7 R K (Coefficient of
variation, CV) /7 0. 307% , B £8 /N8l W) i 43 HE i
AT G A R 0 T T R
& X 3% (Region of interest, ROD) 1B % FEE{H .
1.4.4 HARR-FOEE REET4%HE 400
IFil 7 W 48 h, EDTA JBi 55 3 d BE 46 1 Yk B2 B A5 58
B, K BRI , A S KL T K 7 B AT, £1
WA S wm U Fr SR ¥ A D) e A K
IARZRGED 20 min, KPE, 730, B R, K, DAL
et 1 min, ZKUE, PHERIEES A OEBETTTIR
1.4.5 ELISA A% 3 h, 50411000 rpm &
O 15 min, BO2FEAE 10 em, W EJZ 075 75K #1208
Wl B A5 SR ANARAE S FIAEAS , AR X5 100 wlL,

37 CHFH 60 min, FEROIF1E T, VEBMBVE R MU
A5 A B 45 50 wL, 37 “CHEYEHEF 15 min, il
LW AL SO 5 ot 4SO S P DI R R A A 7 o
%%Eﬁ(Optical density, OD)HIfEbREHT 2R , T34
B A4 bR B U P B B R B (Bone-specific
alkaline phosphatase, BAP) FI4T 18 A1 iR iR 14 i 1R iy
(Tartrate resistant acid phosphatase, TRAP) | %A fk i
A8 bR N 1 (Malondialdehyde, MDA ) FIliEE %8 1L 4
B AL (Superoxide dismutase, SOD) i 7 1

1.4.6 KB5S E 2 PCR (Real-time PCR)  Ji
‘B B AR A S RS R, TRIzol 2% 42 U RNA, A8
OD 260/280 nm WG , 345 53 g cDNA, =20 “CLRAT
£ R FEH 514 W3 1, SYBR Green 20 L [ {4
%,95C 155,95 "C 30 5,60 °C 30 s, 40 MEIHE N
B A, B B=actin B FAE NS, 202 5
Nrf2 F1 HO-1 3£ R i) mRNA A% 357K .

®1 51%F5
H kgl P K bp
B-actin 111 5'~ACATCCGTAAAGACCTCTATGCC-3' 223
211} 5'~TACTCCTGCTTGCTGATCCAC-3'
Nrf2 1E11] 5'~ATGCCTTCCTCTGCTGCCATTAG=3' 116
211 5'~ACCGTGCCTTCAGTGTGCTTC-3
HO-1 1EI1] 5'-TGACAGAGGAACACAAAGACCAGAG=-3' 109

I 5'-CTAAGGAGAGCAGAAGCCAAGAGG-3'

1.4.7 FEHEENF (Western blot) &8 48 %5
TIPS B K, SR AL B 1, BCA 28 T eI 2 P I
FEHFEAR A 5xLoading buffer 28 14 , =20 ‘CLR 7%
K 5 3 (U REAE 3 SDS-PAGE HEL ik , 55 15, JI i 0 43
B, 43 30 1:10 000 5 F& ) B-actin . 1: 1 000
Fi B 1 Nef2 1 HO-1 — 4T 4 “CHE IR 2 7% , TBST ¥
¥, 111000 40 % i H7 K 60 min, TBST L, 52,
Image) 7T 2541 K EEAE, LA B-actin i NS, 1153 Nif2
FIHO-1 W8 FARXS FRE 7K

1.5 ZEit=ZF43E R SPSS 26. 0 #4414 11
ST TR R xas T 5B IE S 0 A R AL
IR 7 2508, W LR LSD K 56, T 25 R 5%
K H Tamhane K55 . K256 7K 7 «=0. 05,

2 &R

2.1 BBEMEMEARBEEOEM SHFA
41 Ho BRI IR AL LR35 5 i W (P<0. 05) 5
R I L R L U B T
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(P<0.05) A TRTFARA ., W&E2.

2.2 HMEENEMWEXRRESAALLEHWHOZM K
TR AT UL IR e R A O DX P N 4R
W CE/NGRRNE /N CHES R | R 5 A5 X
iRt AN T T = NP [ R 1 N = A
DR FE W2 B PN 0 2 DR SR AR 5 S B AL X R 2
AH LG, R 2K AT B/ N R B L (I FE 46 /N (HES AR
X RN B 9 B A R . DU 1

x2 JAXRRBEELE (gem®,xxs)

2097 n B
FARA 8 0. 33+0. 01
IR A4 8 0.27+0.01%
BREERA 8 0.3120. 0172
F 25.675
P 0.012

W 5 FARA L, PP<0.05; 58I X B8 20 [,
2p<0. 05,



2 4 BRKAE T Nef2/HO-1 {5530 BRI A SR 20 25 B SR K RS o7 At 7 1 1
A BFEAL B BEIR AL c RS

E1 BRELHEHER

2.3 MEEXNEPEARMFEREIERNZ
M SR g, BT X R A RN 4 R 2K A I
TR T8 AR BAP R IR ISCHE AR TRAP & 343 &
(P<0.01) ; 515 R X} BE 41 b 45, 4 28 25 41 BAP Al
TRAP & HIR#ER(P<0.01), W3,

2.4 HEEETERIE KR MBS BISIRAR
M ST AR e, A5 T R 2H R 2R 2 Al v
MDA &5 (P<0. 01),S0D & K (P<0. 01); 5
PR XS AL b g, iR SR R 4] MDA & f#{IR (P<0. 05),
SOD &R (P<0.01), W4,

2.5 HBEEXFEIIE KR Nrf2 1 HO-1 mRNA &
EHEME SRR A SR IR Z N2
FTHO-1 mRNAAAXTRIBACEEFER(P<0. 01) 5 51
RUXT A Fb 3, 4l 2R 2 2 Nif2 F HO—1 mRNA 33k
BTt (P<0. 05) AR T A4, WLE2,

2.6 MEEXWEXPEXRNRFIHO-1 EAKIE
IR SR TR L, BRI B B 2 21 Nief2
FITHO-1 8 FUA XS B 7K BRIR (P<0. 01) 5 545
AU HE 20 b4, Al 2R 4L Nef2 A1 HO-1 B 2 AH X
PR TR (P<0.01) . WL 3.

1.59
P<0.01
L]
P<0.01

B

1.0
i P<0.01
=
zZ
§ 0.5
B = —
£
Y
t
2 9.0

BFARA BEEE WEEA

HARE-FALEBLER(50x)

®3 3EARMFFRGFIEIRLE (v2s)

205 n BAP(ng/mL)  TRAP(ng/mL)
BT ARH 8 72.73%9. 46 23.34x1.58
RHI YT B 8  164.50+13.94"  36.12+1.28"
PRI 24 8 124.15+9. 66  31.01+2.01%*
F 42.253 45.736
P <0. 001 <0. 001

5 BFEARAILE, PP<0.01 ; 588 X I8 2 ks,
2p<0. 01,

R4 3ZHXBRMBRWRHIEIRILE (xs)

2053 n MDA(nmol/L) SOD(U/L)
FARA 8 11. 81x1. 50 33.44+2.21
TR B4 8 22.39+2.65"  15.62+2.07"
HREEH 8  18.33x2.37"%  23.53+1.89"?
F 41.236 47.436
P <0. 001 <0. 001

T ST,V P<0. 01; SEIRIEZ LA, 2 P<0. 01,

157 P<0.05
L] -
X P<0.01
*K 1 0_
7 P<0.05
z
s
@ 0.5
£
-
;
(e}
T o.0-

BFARE EEXRE HREBRA

El2 3AKXREHERN/F HO-1 mRNA 83X K ixKE

1.5
& %
K 0 H ]
45 P<0.01
Qé( @ ‘@% :&10_
o
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0.0-
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P<0.01
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o 22 I o VEMER R OKF R BRI PMOP A5 11
R G R R, O HoME R 5 S A 0 38 (Oxidative
stress, 0S) &R B Y HUAMERZR KT SRR
FHEPUA R G RITHERAE S FEAR, 1 P % (Reactive
oxygen species, ROS) L8 H,0, . OH Fll 0, 55 &= 1k 2%
S NE FR P 53 R 3 BRA] S B OB AR S i 52
fih 2 PAY T3 OO 7 33 PR T ) A Ay TR Y A i A L 2
A R TS RN T B E S, RS R
P18 8 SO AT 51 R R A0 B R B ) e R
L 2 A T B ) 78 5T T 40 B Y B AR 2 A8 A
T A LS BR W O T T L 5
i E T, T3 PMOP 1Y & A o AR
WA o AR S RO R B U, R AR
A I TR S8 5 B 40 ) A SR TR WA e 1 T
RFE7 AT AR AT ol 00 1 S AR TR B M B
S I VRS2 R 1 ) JB T R A AR K FE B BT
APERL

Nrf2/ARE {5 5 38 % 2 AL A 3 42 4810 B3 3 2
ST 4 A% 0 5 AR 22—, Keleh £ 38 48 G0 T e A G
1 1(Kelch-like ECH-associated protein 1, KEAP1)
SRR T AR IR A AR BRAS TR 5 S HF Nif2
SRz RATF R , s ZUA AL N2 KEAPT
5 Nef2 fift 4, Nef2 AR5 ARE &5 FF 05 3 R A G
PR AL R R HO- 1 5555 53¢, 3 v 4 i i 4Tk BE
JIVAsRE G AN AR A o N2 /B BE ROS & &
PANC I L RE i OF  ARTTR ce i O = g2 ST S IIR VA
B R o 32T LA, AT B0 1 %8 AR
BT TR A2 38 1 T Nef2/ARE £ 538
T2 ik R A ML ) S A AR T2 HO- 1
AU AR A D BORIATT R T A 108 ] e 2 A 4
Fa - i 2K AR B R D S R A L HO-1
AR P SR LR 5 TC i e I 9 26 248 05t 2
8 R OGN B 1] A T A e R 5k
HO-1 Al {2 #F i A B IE ™ . ABFE 45 2R 1B
N SRR A, AR B 2 i A P S
IR (P<0. 05) , /N B Ik A> A1 /N B[] 22 K i
I BAP FI TRAP & 5 | JH(P<0.01),SOD & B %
IR A1 MAD & £ 7+ (P<0. 01) ,Nrf2 (HO-1 ) mRNA
FIEE F 2B K2 BRI

AR SRR H AR SRAK G AN 23 W BT ek
TR de ) TA g R TR Y I AR - P ) e AT
RAFEIANEN . 22U ISR BRAR ] 155 %
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o S A TR A, i — 20 3 A 2 O L Bl P A T
B UE TR R R APTE B A I I R B AL R
B 7% PMOP A8 #R FH AR JR Z9A 77 1 AR AT i
HHUE R AR L T AR R R AN 2 5P SR
(PSRN K3 SR = g ey IR I AIVR € P o]
BRI , 285 5L 0 R SRR RE A o, il SR R A
B E T (P<0. 05) , B/ INEE S R/ N2 ]
IR 45 45, 175 BAP A1 TRAP & 5 ¥ B4 (P<0.01) ,
MAD & HEFEALAISOD & #7455 (P<0. 01) ,Nrf2 \HO-1
) mRNA FIEE [ 3RIA KT 0 B, s gh 3R
T P 2T AR 2 B0 S ok 1 AL Ak B A 1

g5 LA i 2 BN S5 OK FRLSE 00 Uk AR R R ]
TH TP Nef2/HO-1 {5538 B8 AT 25022 ik ik B2 A Ak 1
AR, el st o R OV DA R HE BT R e A
FH o AN 5 T 2E— 25 AR HOGT A An e - 4 1
T 240 RIS 440 L ELAARE TP

B 407 R AE R WG R
S 3Lk -
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