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Effects of melatonin on Nrf2/HO-1 pathway and microglia activation in rats with
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Abstract: Objective To investigate the regulatory effect of melatonin on nuclear factor erythroid 2-related factor 2 (Nrf2) and heme
oxygenase-1 (HO-1) in rats with Parkinson's disease, and its effect on microglia activation. Methods Seventy-two SD rats were
divided into control group, model group, melatonin (5 mg/kg), Nrf2 inhibitor (ATRA, 7 mg/kg), Nrf2 inhibitor negative (Nrf2-NC)
group (vegetable oil, 10 mL/kg), melatonin + ATRA (5 mg/kg + 7 mg/kg) group according to the random number table, with twelve in
each group. In addition to the control group, Parkinson's disease models were established by injecting 6-hydroxydopamine (6-OHDA) into
substantia nigra. After successful modeling, the drug was administered, and the model group and control group were intraperitoneally
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injected with the same amount of normal saline, twice daily for 8 weeks. After the last administration, the rats were scored for behavior,
the positive staining numbers of dopaminergic neurons and microglia in substantia nigra were detected by immunohistochemistry,
immunofluorescence co localization was used to detect the number of Nrf2 and activated microglia (Ibal labeled) co expressing cells,
the metabolites of substantia nigra, a-Syn and AP, were detected by enzyme-linked immunosorbent assay (ELISA). Western blotting
was used to detect the relative expression levels of Nrf2, HO-1, tumor necrosis factor (TNF-a), cyclooxygenase-2 (COX-2), microglia
activation specific marker (OX-42) in substantia nigra. Results Compared with the control group, rats in model group showed
unilateral or bilateral partial paralysis of hind limbs and difficulty in walking and eating, and behavioral score was significantly
increased (P < 0.05). Compared with the model group, the rats in the melatonin group showed little symptoms of paralysis and difficulty
in walking, and the behavioral score was decreased (P < 0.05). The number of cases of unilateral or bilateral hindlimb partial paralysis
was increased in ATRA group, and the behavioral score was the highest (P < 0.05). Compared with those in the control group, the
number of Nrf2 and Ibal co expressing cells, the activated number of microglia, the levels of a-Syn and A, the expression of HO-1,
0X-42, TNF-a, Cox2, and Nrf2 in the nucleus of rats in the model group were increased (P < 0.05), the number of dopaminergic
neurons was decreased. Compared with those in the model group, the number of Nrf2 and Ibal co expressing cells, the number of
dopaminergic neurons positive staining, expression of HO-1, and Nrf2 in nucleus in melatonin group were further increased (P < 0.05),
the activated number of microglia, the levels of a-Syn and AP, the expression of TNF-0, Cox2 and OX-42 were decreased (P < 0.05);
the number of Nrf2 and Ibal co expressing cells, the number of dopaminergic neurons positive staining, expression of HO-1, and Nrf2
in nucleus in ATRA group were decreased (P < 0.05), the activated number of microglia, the levels of a-Syn and AP, the expression of
TNF-a, Cox2 and OX-42 were further increased (P < 0.05). The changes of the above indexes in melatonin + ATRA group were
opposite to those in melatonin group (P < 0.05). There was no significant difference between melatonin + ATRA group and Nrf2-NC
group. Conclusion Melatonin may inhibit inflammation and microglia activation, and reduce the loss of dopaminergic neurons in
substantia nigra of Parkinson's disease rats by promoting the activation of Nrf2/HO-1 pathway.
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WA AR 8 T 28 KRB T M. H
BRI, WA AR R BERE i E A PR 2
L e A O T AR ) (E SRR VORI 7T 3IE 52
/NI B A0 TRV A 5 R 4 AR 2 R RE A & T T
JARE R MEBG % REDICL, (H/NR 40 i L S
M 4= A7 2 ELIE RE w48 0 T2 1 43 1 AR 2 pL
AL . WFFTUESE, /NS A 2 R
G5 9 IR 8L I AR HORE TSR AR 96 B SR TR 2 (i
16 R F B2 MG F 2 (nuclear factor erythroid
2-related factor 2, Nrf2) /i1 &N 1 Cheme
oxygenase 1, HO-1) EEHIE, SEIMUATE A L
PR BEOY, R PIE RS2 RIET G
{H Nrf2/HO-1 i P& 75 1 4 A% 22 0 2 R RE A 4 T
JH T AR R b R R WL I SR o U SR
TR, WMBRTEZEZ, BAMERT A
AEHE, HBFFUIESE, HRE R SR BRE
ERZREFH 2T T, SRS K RIE 3 D e
BREASIETY, fH L BAR S T A L E A E I . A
BIF 56 3 32 M <8 AR K ROBEARL, R FTAR TR R
Nrf2/HO-1 & 4% K A 4 AR /) JI Jo 4 i vt A 1) 52
Wiy, DA S W RE PR 2 DG I e AR 2 IR RE R 42 7T
P T AR AT BE 70 0L, AR R R TT RN R
2%,

1 MEFTEE

11 SEIeMR

111 W SD HEMERER, WM, 72 R, &R
8 280~300 g, 8 JH %, AL =V ATIE S8 SCXK(H)
2019-0014, ff# FHYFATIES: SYXK (%) 2019-0039,
B A E R R R A S IR T . AN SR
ABEACHZ 7 2 ibdE (RS 20180326), L5
A 3R JEN,

112 FESAA A R (R S4LYR
HAEMRAR, 5. D1380, #Mik: 20mg, HEEL
KBS, R 2 50=98%); Nrf2
a7 4 aR4EFER (ATRA, 35 Sigma A,
15 : R2625-50MG); 6-F2% )l (6-OHDA, bit
BB A RATR, 5. BY12246, Hif%:

100 mg); o-RfZEE (o-Syn) BEEL SRR &
( iR AR AR AF], 155 MRZ004), B iE
WFEE A (AP BEEEIE ELISA 78 (FF 5 8L
iR AR AR, 185 CEA864HU03); Hbi
Nrf2, HO-1. MEIRAEE 7 (TNF-0). HEALEG 2
(COX-2)- 7N 5 40 B AR 5 AR 1242 (OX-42)
t2EPT/N B A R S AR L ABAL) I i 4 19G
gl 2E 1gG (E[E Abcam AF, S5 HIN
abh89443. ah189491. ab191522. ab179800. ab76302.



+ 2466« HEII6HPE 12H 2021FE 12 H

AR b A

Drugs & Clinic Vol. 36 No. 12 December 2021

ab1211. ab48004. ab15007. ab6566); TCSSP8 i
IR I A B . CMB3050S VKR FHL (i
Leica 22 ); Cargille Type3000 ¢4 5 is: (£H
Cargille); KW-DWY-S Jifi 244 E [ (B 5 R IR L
VR AR AT

1.2 5k

121 FERIEEST Ry ) ML REE
72 L SD KE, BEWL AXTRRLL, BRI, fREE R
(5mg/kg) 4. Nrf2 #iil7%] (ATRA, 7mglkg) 4.
Nrf2 01 55 B PE X B8 (Nrf2-NC) (HE#3h, 10
mL/kg) ZH. #EEEE+ATRA (5 mg/kg+7 mg/kg)
4, M 12 H, BRXEAL, HeSHAKRYSR
SCHR TR 3% 0 EL LE 22 A BRIV I 5 P i ST A7 A 1)
AT KRR 2R 5T X 7B 6.8 uL 6-OHDA (3% T
0.029% ¥R I B T B $h /K IR LI & ARt 2,
FAREHRG 16d, MEKRIT NEW., SECHRTT
RO KR BEEIR S . BERF . AREE&AT
A BAT AL B 1) — 0] e 2 0BTt 5 R A 3 A
Tho %o HEZH FH i ST 2 AT B S0 5 0.02%3%7T
IR FRTE B SR KW . KRR T ARG 16 KU
Y74, FREE. ATRA KA IRFZ % ik
T O BN, R R E A R K T R
FE 4 0.50 mg/mL frITR R, ATRA FHE i ¥ A i
JRE 430N 0.70 mg/kg IV, Nrf2-NC ip 8477
VERBAPENTIR, 203544 10 mL/kg AR ip 4524,
R S A2 ip Aheh TS EAR R ER K, IEEN Y
8 A, 1¥/d.

122 KREATAFMNE KIRGYE 12 h JERHE
SCERIRIB PN PE o) T K RIEATAT N2 5, AP
3 1 R TN I8 B [ A e

1.2.3 s AR IR B2 5T 38 2 T K B A 2
BH RN A REEE B 6 HOKRAR
fire, AR FHERIK I 4% 20 5 o URE T DU I 00 B8
N E T 4% 2 KR EE 72 h JG, HREH
WK OCT B )E, VIRUEEEH 20 pm (7R
P, T BRI A7 — B )5 RAFT-20 °C
VKA o BUE A3V 2 B8 STk o 7RO AT 40
JRAESE | 5 P B = R AL (THD L IBAL $ifA (1
2000 W E . PeEkE, AR A (HRP) —
P A UL B TN BRI E K R R EOR
% (DAB) )5, HIIAREG. —HIRMHEE .
R RS S, BT R g, Bk bE
BLHL 5 AN AEF U S RE M e (o At 2 H

124 gyt it Nrf2 5iE/Mg R
A IBAL ARG E HE “1.2.3” TiFH
W, BATHURMEE B ARSI 2 h 5,
N A Nrf2 AL EST IBAL —H1 (FELL 10 200)
JE4 4 CERWELIRE, IMAZIT (Frhifk 19G
AIPHTILE 19G) HEEEERFE 2 ho T 3 K,
DAPI R J55e, B0, HA G, A7ObBemgs
e, JHiEid Image Pro Plus 5.0 B4 1 & 4eill
SERH MG g% -
1.2.5  MFEC G 2 I PRV AGT MU BB 5T 358 a-Syns AR 7KF
HUR 2 KB, BRI JE b A8, B A i 3% 25 B 3 4L
RARHZRZ) 059, FHHLASFKLREIHK . 16 000 r/min
B0 30 min J&5, HUERJEW, % ELISA 70 & it B
FIENE a-Syn. AR K.
1.2.6 Western blotting 24l fixi 41 23 S it X Nrf2.,
HO-1. TNF-o. COX-2. OX-42 & A FRIEKT
IS0 K R BT SOIRIR LY, — 3SR 2
MEEH, —H5 A% & B R A iR &
YLEA R, IR AL, BCAEINIE A
W, HL 50 ng & HHHT B IKORIEE I [ B, TBST ¥
WE G, N 5% MiE &R A H R T =in N
H 1h J&5, InAN—%i Nrf2. HO-1. TNF-o. COX-2.
OX-42 (WiFef5EHUN 115000 KA B-actin, #%4T
JZHEH Bl(Lamin BDHuA (FkE A58 1 2 1000),
4 CRIKMELRGE, IAFEIR P R
1:1000) £ 37 CKMNHHE 4h, RN
EREE, DR RGCBAOI S %0 THm IR,
Image-J B AF o TR 40 e 5 25 (1 HO-1. TNF-au.
COX-2.0X-42 J A% A Nrf2 25 AR RIE K.
1.3 HiHESH

SZHGBAE LA SPSS 22.0 B AF#E T /M, RS
THERTRL, R Z AT 2 AR H AL, SNK-
q R 8 HEAT P ZEL A LA
2 #R
21 MBEERINIKBRITAZETLHIRIN

SRR ZH K BRI B AT GBI o« AR ZH KRR
HH I B BSOUUA) J5 FBE0 o0 e S AT A 33 PR I
%, HA 1 RWETs, AT RFEVER BN IR T & (P<
0.05), SHEAYZHAALY, 48 24K R H BT E R 7
P, AR/ RER AT AR, AT N BRE
(P<<0.05). ATRA 4 KA 2 RAET:, s
i TR 43 e R SRS 22, AT N0 o i (P<
0.05). Nrf2-NC 41 Sz R B3 +ATRA 4 KRIIA 1



EI6HFE 128 2021F 128 AR & 5l A&

Drugs & Clinic

Vol. 36 No. 12 December 2021 « 2467

RaEr:, SERALE, 17 8% ite: 5K
B, 17N PR Z RG0S Wk 1.
F1 BHEARBRITREITSELE ( X =£s)

Table 1 Comparison of neurobehavioral scores in each

group ( X %s )

20 5] n/ R FIEN(mg kg AT REEES
Xt R 12 — 0.000.00
it 11 — 7.6340.54"
FREEE 12 5 4.0540.37°4
ATRA 10 7 8.5140.46"A4
R HATRA 11 5+7 7.59+40.58"
Nrf2-NC 11 HE¥i10 mL kg 7.6240.57*

Exti4L R : "P<0.05; SR LA AP<0.05; SHRE KA
tb#E: AP<<0.05
"P < 0.05 vs control group; 4P < 0.05 vs model group; P < 0.05 vs
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Fig. 1 Activated immunohistochemical staining of dopaminergic
neurons and microgliain rat substantia nigra( %400 )
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Table 2 Comparison of the number of dopaminergic
neurons and microglia-activated cells in the
substantia nigra in each group ( X +s,n =6 )
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Fig. 2 Immunofluorescence co-localization of Nrf2 and IBAL in the substantia nigra of rats (><400)
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Table 4 Comparison of a-Syn and AP levels in substantia nigra of rats in each group ( X +s)

2H 51 n/H 7/ (mg kg ) a-Syn/(mg L7 AB/(ug-L™)
papiict 6 — 500.53+25.05 56.92+5.69
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fR I +ATRA 5 5+7 806.85+39.09" 88.99+7.19"
Nrf2-NC 5 Y10 mL kg™ 809.83+38.98™ 87.89+7.25"

5 AR "P<0.05; SEURAHLLE: AP<0.05; SHREFEALE: 4P<0.05
P < 0.05 vs control group; 4P < 0.05 vs model group; P < 0.05 vs melatonin group
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3 BHEARERX Nrf2, HO-1, OX-42 EAKIARIZENEE
Fig. 3 Western blotting of Nrf2, HO-1 and OX-42 protein expression in substantia nigra of rats in each group
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Table 5 Comparison of Nrf2, HO-1 and OX-42 protein expression in substantia nigra of rats in each group ( x %s)
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Nrf2-NC 5 FEAiH10 mL kgt 1.95+0.19" 1.86+0.18" 1.72+0.17"4

HIEWXIRALE: "P<0.05; SHAAHLE: 4P<<0.05; SHEEHMALLE: 2P<<0.05
P < 0.05 vs control group; 4P < 0.05 vs model group; P < 0.05 vs melatonin group
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Fig. 4 Western blotting of TNF-a and COX-2 protein expression in substantia nigra of rats in each group
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Table 6 Comparison of TNF-o and COX-2 protein expression in substantia nigra of rats in each group ( X %s)
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Nrf2-NC 5 P10 mL kgt 2.09+0.19% 2.15+0.20%
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AT 7 WM S REe 3 ™ B, R IX 2 LR Re A 42 T
b, IS NS EES 2 A
W a-Syn. AB Fm K AR R AT TNF-a. COX-2
HEHRERFE I E, KR HRZ B E T
B N BTSSR R BTSSR, UR
EY <5 AR AR 1) 2% B ) o
WERAAEEEE, AR, SE2 0K
A S GO AT A (A FH S, ISkt e R L,
XN 5 AR A A 5, HSIH SR . FTUR
PG BRIE A0 22 RGP A LR - 2Rl 4500
TR IR B 2 T A LS AR A AR A, A
FLOaE A FH AT Re S 30 /N 5t 48 B AL A 9% o Hut!
&y 3 B GIRUR s R 22 Y AL (AL VP E AN iS4
SHMIEGE . Srivastava 2501 & F4E TR AR R 2
Al @ 2 CRRE M A TR T, SR ISR R
BIZB)DIRERERT . AR, MBRETHE, W

SRR RICT ATE WM SRR R %R, SRR
X Z B ERe M & Bm e 2%, B X /NR R 4H
Mg B B Rk, HAERE A ) a-Syn F
AB XU R EAR TNF-0. COX-2 HHAKIE
PRI, e ntR B 25T o8 K R 2 B R ik 2 o ik
g, HIHSGEAE H AT R 531 /0N o3 40 v 4 S A2
RA TR WA K

BEAEWTFE KB, Nrf2/HO-1 B A-SHIHi AL
LB AR L, S5 /N T AN A R A 4
R JNE RIS AR, B FUUESE, AR S B PR
(ROS) £ & REHEN, Nrf2 Al 4607 40 %, ik
T PR SR IE R HO-1 ik M M i 5t A 1
(NF-xB) JOREM S Sl RIL, REFEPHAL.
PURRBL, T SEINLA B IR0, Dong 4520
A PN A S0 R B /0N B 4 BV AL FE R A TR NIrf2
R I HO-1 RIE Ty, #04] Nrf2/HO-1 @ #%
WOE e, /N AN B A R S RE B i — P N,
TR A0 R Tt R . SR A R B H af
J&, Nrf2. HO-1 5 /M4 fdnics (CD11b) PFH
PEILGLR A H WE I 2, i HO-1 Rk m] it
— G NN A VS AL S A ThRE B, B/
JB T AR AT AR A, Nrf2/HO-1 80 T 40k 48 9
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JRNE, JREE 9 REA o %oF /I8 I 4 o 3 — 0 v 4k 2
ST RGN — A5 . ASHE TR B 7E /N R 5
S R A B # 4 TT 25 R A 4 AR KBRS T
Nrf2 5 IBAL1 E&FRIAMEMEE I 2, H HO-1,
OX-42 & A MMMk Nrf2 FEAEIE. ERANR
TNF-a. COX-2 £ [ 31k 78 v T 1E % HR 4.,
AT K SRALAR H B Nrf2/HO-1 [0S AT GEAS 2
DAHEGT/INR T 40 st FE v A A R SORE DS, mTRg
2 DR A TT R R IR & .

AWFFCIERIL, KA ATRA JH| BT Nrf2/
HO-1 S fa, KB 0T /)Nl o 48 s A0 2 H
BE—2B 1N, FEEEREE TNF-a. COX-2 Z5{E RAEA
JR R I W3t — 20 Tt i e PR % B e 42 TT 1
A, KERIET: SRE I R — D N, UE S
Nrf2/HO-1 #idifa, Hxb MR g it FE it A5
(1) JEE S LA E e 2, it — 20 5 EUR i
ZICER T BRI, 5 CHRESLF S EE
FH—2. HREZRAR R EES Nrf2 5 IBAL G 3R
IEAMECH . HO-1 25 1 R4l iz b Nrf2 SR 3RIA
B, BIRE AR B TNF-a. COX-2 #ik /Mg
RS LB H Bk, H 2 ERLRE & oS H 1
%, PORBEZMGIN &R KR 2 BRI E T
WD IR AN ACAE P, AT RE S0 Nrf2/HO-1 @
P . MEERE ATRABCA NG, WHE/RR
KRG X Nrf2 5 IBAL & RE4EsH . HO-
18 H KAfRZ H Nrf2 2R 3Rk 5 MT dAH LG 2 2
BRARBIEIR, JORENR. 2 EREREAE TG, NRIR
YHfE A H R E T, $E8 ATRA A G 4R 1
FAEHE Nrf2/HO-1 38 B30T S 3] /I o3 4 g v 0
YEM .

g bR, WRE AT sedE I 2k Nrf2/HO-1 1@
PRBG, POHI/NI AT S b SORE IS, AR
ERHRMARBRZ EEREME T E k.
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