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£ % % 1L ¥ (tyrosine hydroxylase, TH) \# B F E2 # % [ F 2(nuclear factor-erythroid 2-related factor 2, Nrf2) | fi
41 % v 4. #-1(heme oxygenase-1, HO-D) AP W% w3t R 41677 PD W T s LA . HiEx 4 30 AN R AL
BrkENHMBA MAA A, H4 10 R, EAA B4 AN KR 30 me/ke TS 1-F H-4-FH-
1,2,3,6-1 4 # % (1-methyl-4-phenyl-1,2,3, 6-tetrahydropyridine, MPTP) | % PD /N S8 A, 81 41 41 /N L 44 F 4K
PR RZETR A TH.EE LA FA30 min, EETH 12d. HAFTADRF FHEMAT . KA RH
Il EEERNESANRATNFAL U ERARNRE 220 & B2, x4 R A FEA MR KWL
Rk TH k3K KT, 509k E & PCR AN /N R A SR R 3 Nrf2, 2 AL 47 5 £ 8 (super oxide dismutase,
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L2 A 1-F R4 R BE-1,2,3, 6-DY SNk iE #h iR
h (1-methyl-4-phenyl-1,2, 3, 6-tetrahydropyridine,
MPTP; 41t 5 M132847) : I i B 47 T A AL B A B
A7) s BCA W M E 7 & Git5 BL521A) .
Biosharp 2y &) 1 08 — #1 (4t 5 GB23303) .4 . —
Pt G5 GB2330301) : X FE4E R AW BB A BR A
Al 5 Nrl2 (it 5 NM-010902) i % 1k 4 5 1k il (su-
peroxide dismutase, SOD; it 5 NM-013671) . 15 %
b A il (catalase, CAT; #t 5 NM-007802) . &4 Bt H
kit | AL B (glutathione peroxidase, GSH-Px; it 5
008160) 51 ¥y « i BLIE /R K AE W BHEA R 7 5 i 2
tg ¥ 4k f§ ( tyrosine hydroxylase, TH; #t 5
T55731S), Nrf2 (41t 5 16396-1-AP), HO-1 (it 5
10701-1-AP) —Fi . iR = LY HARFH R A
1.3 Y& Tmage Lab B2 E & HT AL ES B
FA L 32 B 980 € 3 PCR Y 38 [ Bio-Rad; JY92-
TIN5 7 38 40 A 48 A8 = 77 BT 25 A= W LA BR
A s x-30r B G AR VR BT L 56 [ DL 2 A IR R 5
HAN-200A & w3 BF AL B 50 3% A4 B 7 BF 0 IR
NS IN

2 FHiE

2.1 oy MRS N B PR 3R 1A
J& s BAT VRS I TC B R AT O S e L 1R IR EE AL
BOF AR Ay N BRAL RS AL AL B AL AL 10 H
KH B G MPTP il 4 PD /N BUEE ALY, %
MPTP ¥ fift £€ 0. 9 %0 S Ak 8 T8 359801 T ) g 7 Vi
ARV L E A F IR 30 mg/kg M IR VE B MPTP. &
H 1T WRESETESS 7 do /B B0 B 3 RE T 18055
R VY R B N Bl e s e B —
il B I PSCE B AR o i B LT R MR BB TR S
PR ARG R T . AR AR [E) 2R O B /N BUAR
L TR S A5 A 0. 9 00 A AN T BT . SE A R A
S BN B T T LA B O B it AT AR S

2.2 TEOFY WA AN KUK
R ZHTGHETIRIT S MR B W R L 4 FR
L)Y AT L B, MPTP JE i 4 1 h
St s W/ BUE 7R/ U & & b AT 0. 25 mm X
15 mm — R EF 52 51 (b 5 b R R F B 7 s A PR
A TR 1 R AR 2 mm, R R 1
mm, “ /& = B E | 3 mm, SDZ- 1T 8 fg F 5157 14 5%
FEAT AR S TEAR A RURE ™ o B8 42 R e OBUA S
B HZZ BRI ) R = BN AL R R =
BB H ZEBRTT) R RS BUR 2 He, HT R
FE 1 mA L RLY Jay 7 BRSO £ B H T O, BRI

30 min, L+ 12 d, AR AR .9 H R H
B B 2 AR () 7 12 B T3] 7 A ] I ) 4 28D R A
T

2.3 TR

2.3.1 JEHFEELE #K 50 cm . EHAZ 2 cm BIERFF
SN BE B A TEBRAT DO s — A E AR R 2.5
e B BRAE /)y BB BT A 5 o R T A [T T BB R
Bl 76 e OB 5 S0 I AN BRCKFREE T L s/ B
AT T8 i JIC 1) 4 IS By 46 2% 0 B 18 . g 2/ BB
10 min P 10, BR3P

2.3.2 EAESEE BRI 30 om 940 4 14 € TR
FRES LTI 24 40 em (07 E L 46 5 7 BUE 3 A HORL,
S 5GBS BRI A T 4 26 P s L 2 BE SR A
HUINBA A RIC AT 28 4 i A — 28 i Pl o S 1) I (1)
B HUNRESR 3 0 BCEFEIE.

2.3.3 Wlpsimy  SEEET ik BUBR T IE NSk 5 FR
B SR IG5/ BROICEE 50 em X 50 em X 50 cm [¥) [ {4
7 BB PLIC s/ BUTE AR P 3% Sh 1 00 . 45
H/NBGE g A 2 5 min i AN A B3
SRR B HUN B S TR R S 3 A b/ B
FREA W) T T 7500 £ T BR AUk S T A S IR
z5

2.4 SR EUEIENR MO AT N IRAT G .
ST BRI B R L %2 B (40 mg/ke) AT R I
B, Al 4 H/NERE A% 2 5B IO IEVE 1
Jei s WSk B L TN AV 22 R e T ) Ak
S BRI o4y 6 HU/NERUT vk B IS A
HA AR AIMCH#Y EP ) 8 T —80 CukAd
TR AT, DA T 92 I 98O 58 5 PCR YA FIEE 1

B 38 1 A 0
2.4.1 Al gUb s s /N BCR R TH B

PR L e kK B E T 400 2 B /)
B4 Ji 2H 2R R AT B0 K L E B IR L A S D) e A
o BRERIER R T KA S TR B R L &
T 35t P D T I BE 1250089 TH —4L. i & 4 C
BEE A WM HRP ARICH 4. IR T F 30
min, I A BLEC Y DAB & @3, 2 55 15 98 K &
e K E B A e WAUEE T WA TH A% pil 22
YRR O R ER, ] Tmage ] 8RR 1HFF
Y% ¢ (optical density, OD){H ,

2.4.2  SERFPE R H PCR 3E /N BLECHR (4 A
Nrf2,SOD,CAT.GSH-Px mRNA #ik/K¥FE BN
BLBOIR A 21 25 mg, Trizol 42 U ZH 21 & RNA,
A 2 e OE BE T L TE B RINA Y 2 B2 AT B, i
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2 uL RNA 2 # 3 i cDNA, ¥ cDNA 8 10 %
J& S BL i 26 E B PCR ROWAARF 1 pl cDNAL9 pL
5. RN AF:95 C.30 s WiAEME ;60 C .30
sBEPEL95 C 15 s JBA/IEA L Sk 40 ASPEFR P Y
TEHE B R 2% . L GAPDH 1R W A7
R AR 272 e 0 H A B R X Rk i, 5l
PP 1,

x1 519F75
519 FHFEH) (53D I/ bp
Nrf2  _Eii# : CAGCATAGAGCAGGACATGGAG 107
TiF : GAACAGCGGTAGTATCAGCCAG
SOD  EJi# : TAACGCGCAGATCATGCAGCTG 133
T : AGGCTGAAGAGCGACCTGAGTT
CAT L : AGCAGAACGGAGGCATTGACTC 101
i : CCCTCTGCATTTAGCTGCCTTTG
GSH-Px L7 : CGCTCTTTACCTTCCTGCGGAA 120

R : AGTTCCAGGCAATGTCGTTGCG
GAPDH i : ATGGGTGTGAACCACGAGA

T : CAGGGATGATGTTCTGGGCA
2.4.3 R S B A I /N BRSO R TH
Nrf2 \HO-1 8 [ A KT H 25 mg B fif SO 14
L HE VR, B0 15 min JFHETE . AREE BCA
LU U A= i) | /NG = DAL RIS L
95 C .10 min 2 ¥h 25 ¥k 5, #17 SDS-PAGE Hi 3k
EHERER B G H R 2 PVDF ) TBST k5 .
SRR Wk £ PAT 1 hs ffi PVDE Ji 43 132 1+ Nrf2
(1:5 000) , TH(1:1 000),HO-1(1:1 000) ,B-actin
(1:1 000) —Hrif M 4 CHEH LK. 1] HRP
LR (1250 000) sf FE 44 (1:2 0000 —Hi ¥ F 1 h,
TBST 743Vt PVDF {3 Y, B 5 min; i G
it ECL 5 W L R4 . Image T 8T 43 B7 45417 45
IV, &4 AT I A X 8 R SR T B BB AR
BEMH (R & &) /NS KB H (B-actin % 8RR,
2.5 it R GraphPad Prism 8. 0 # {4
X B AT ST BT . T B TR DA I B bR o 2
(xEs)"Fm., ZAEELE RHABRRE 245
Brs dl 4 5 2 & L, SR T LSD K 46 (O 22 57) 5k
Dunnett’s Ty K4 (FZA55)., P<<0.05 NERA
Gt L,
3 H#R
3.1 3A/NEUCH LR MR RLK 5
Xt B2 LU A AR A /) BRUIC AT JIr 75 S BR8] L /)y BROM i
JICEE b 41 28 v o5 B @A T 28 A — 2 o5 i 75 S B (1] J 2
FEK (P<C0. 05) s 5B A Lb 45, LB 20 /) UG FF e
7 ELEF ] L /)N BROM 20 48 s @ AT AT — 2 B T 5
I ] S 25 46 48 (P<<0. 05) . WK1,

N
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©

50w
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2ol I HRA L

[ ]gta

15f [ -+

0

JErFsi: A
SR g, © P<<0. 05; SHRI4E He Ak, 7 P<<0. 05

Bl 3SEANARHIRMBETRERIEBE ctan—10)
3.2 SH/INRI LR FEIMBBELE 5
X REZH LA BT 4 /N B E 3 i Bl S AR 3 e
(P<0.05) ; SREBIYL L4, A BH 4/ R A 38 30
PR RN (P<<0.05), WL 2,

1501
-
#
=100
=
o8
B s0f
0 1 1 1
A C

i

AL X ERAL B ARIALCL B AR 4L P<<0. 05 H R

2 g, P<<0. 05
E2 3@EMNREHRBEETEDN
BEBLER(Tts.=10)

3.3 3AU/NEKINSCRAK T TH BHPE fi 28 27 4 3%
BACF RS RN RBCR R K& TH %
P22 21 2 B SEHED) 5 550 B B A% AR A /N R 80k
b TH BH M b 28 2F 4E s 5. TH SF 35 OD (&8 3%
FEAIG (P<<0. 05) 5 5 BB 4 L4, HL BT AL/ FRBCIR (4
o TH B Bl 28 2F 4E 5 0 %5 B 5K T x5 B 41, TH
S OD (W2 T (P<<0.05), WA 3,
3.4 34U/NRECk RS Nrf2 .SOD.CAT.GSH-Px
mRNA FRIRAKF LA S5 RRAL HE BRLZL /) ()
S0 & Nrf2, SOD, CAT, GSH-Px mRNA % ik
IR Bk ZE B AR (P<C0. 05) 5 SRR 41 be 45, oL 2/
Rk & i Nrf2, SOD, CAT, GSH-Px mRNA #
KK R (P<<0.05), WA 4,
3.5 34U/NREURIRH TH.ONr[2 . HO-1 & H £ ik
KOF L HE 5 R AL L 155 AL 4 /N BRBOIR A
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A B
O D 251
Wik Bron o TH FHYE #2027 4 5 A Xt IR 41 B. B
AC BEH s SXF IR b4, P<T0. 055 5 8T 4 B %5
# P<<0. 05
B 3 3HEMREURME THRMEMHE TS
RIEKELR B (z+s.n=4)

O

1.51 1.5
i il
2101 w2101 .
ES , E
: :
~ - ~ o
= 0.5 s 0.5
& : 8 ]—"'—I
“ 0 | 1 1 e 0 1 1 1
A B C A B C
4151 ek
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£ + K
ook = ;
= 1.0 = 1.0F
E =
< Z
Z -] ~ .
205 g 0.5[
g ><
> .
< T
© 0 L I 1 g 0 1 1 1
A B C A B C
251 2H 531

T ALK B4 BB AL C. M A 4L 5 % B AL B
* P<<0.05; AL L3R, ¥ P<<0. 05
B4 3AMNMNRUKRMEF Nrf2,SOD,CAT . GSH-Px mRNA

RIEKFILR (xLts,n=6)

TH.Nrf2, HO-1 & 1Rk K P W F K (P <
0.05); 58 RIA4L bb A, W BF 41/ RSO (&b TH.
Nrf2 HO-1 #& [ 3Rk KV | JH m (P<<0. 05), I
Kl 5,
4 itig

PD A JH & o B “WUIE S s . P — 2 7E (AR K
FE7 DL AR TRt e | 531 DL 7 N (G 0 = 5 N
THE S SR RN T VA T PD & T
JHEE 75 RE B TR 2R 9% 3 SO R AR g L R IR 8l
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1.5
g\;ﬂﬂ
A B __C H%J 1.0 i
TH S ——— 53 Do =
NFED s e o 8 Dy e .
FHO- 1 M o s 33 kDa SEI{ 05
[B-actin MEGE—_-————1) D2 T
=
0 1 1 1
A B C
ZH5)
0.8 151
K o6l . #
® Kok
' =
2 04 =
i) {aa
e 02 ¥ 0.5
& 02F n
z 2
0 1 1 1 0 1 1 1
A B C A B C
ZH 5 A7

T AL KB4 B BT AL C. L 4L 5 %) HEAL BB

* P<C0.05; 5HIR 4 %5, ¥ P<<0. 05
5 3HMNREUKEDH TH N2, . HO-1 R
RiXKFHBE(xLs.n=06)

(]« BEEERIE)H 1N, W8 T . 7%
S I L TE G 55 TR U AE DG . IR B L3 R i 4
AT AR R E 5 o ), AR BT 5T 36 B R
7 RB K G RE R Z 2 S, “ K
7 kg J IR B IHE 228 D 7 2 U AT i <R IR R AL,
BikE TR, “E=H"HEHAFTL5/GHE
TN BOKAE G RAMA AL Z 0 A A B SRS
T IO BE FE S I . AS TR A 5 R e A
CRUR R e = XA Y PD BB 7R

PD Jp 347 11 2 i 58 5T 350 %5 38 DA RE & o048
PEIRBE G B LR A& DA 3, 51 w2 - .
TH J& DA £ B B 35 . % 1F 8 DA G 40T i
BRAEPERR B (L B TH 76 80K R o i 3 35 7K OF
] 2 e DA R &0 I e PR ARSI S R 3%
T A2 /N BROK G SOIR i v TH B PE #2821 2 55
KAV B W BORAE BRSO B .
J& s LB /N BRI SOIR (4 Hr TH BH P 28 2F 4E 3¢
PR L 3% 22 W e A5 XU “ R 7 ) = B o]
U PD /N ORISR AR TH FH % b 28 2F 4
FIB IR SO AR Bl 2 T B 7, PR 3 DA BE R 40T,
IBIT PD/NRAT B2 dg . S AN 7E PD B & R
R OCHEEPE DT R N Y &R R TR B
AAL RGeS he B % % 3 B SODL CAT
GSH-Px & Bt 1k Bl 48 7 48 v 3 S 19 4 Jox » PRLKG
SOD,CAT,GPH-Px 7K - A] Jiz e AL 44 % Ak 1 38tk
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AU W KRB PD K R R AR AL I EOK SF- TT
DA M 22 s i 05 . A I 58 45 2R R WL L TR 2 /)N
ORI 8R4k 1 SOD,CAT, GPH-Px mRNA ik

IR REAR, 32 735 /0N BRI 2 21 32 ) 4 A0 40 40 5 H A

SRR K e R = LA 4 SODLCAT . GPH-

Px mRNA kK, 3 WY 0 68 W85 /)y BRIk 4

L BURIAR E AL N BCR S TR Y PD,

Nrf2 2 9815 BT A A B 8 i) T S 4 s IR 5
AR AT S Kelch # ECH 6B 1 1 (Kelch-
like ECH-associated protein 1,Keapl) %55 £ 1E T
A BT b, 2 A A RN W Nrf2 5 Keapl fiff i,
AN it 55 % s B AN A% PN 4 A Bt 484k R TG Can-
tioxidant response element, ARE) , %% T i HO-1
PG DI 223k . A ifT R B AL i 1 T
Nef2/HO-L 3B 55 400 ML S 505 3, 0%
B R L % BN Nef2/ ARE i B 801
T HO-1 8 HRB KT e 6- 33 2 K
ERIRER T T IR TR A B RN SOAR A 48 A I 33040 5
R4 DA RERH o0, AP REE R LW, AL B4/ B
LUK Nrf2 71 HO-1 8 [ R KK - B R 41 B
F Tl 7R AT RE AT RO Nrf2/HO-1 38 3%, 9
AL N L DR AP DA BERR 20T

L5 E TR HUET S U7 R o7 R = B AT R
G EOG Nref2/HO-1 5 B 2035 PD AR AL/ /AR AL
BL. AT PD &AL+ 20 2 2% AR F 5
B AT RS A H A £ 5 L R R IR R,
B, AR T PD Y 4 i i 7 AL A 15 S
ZEFTE AR B R
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Mechanism of Electroacupuncture Against Oxidative Stress in a Mouse Model of Parkinson’s
Disease by Activating the Nuclear Factor Erythroid 2-related Factor 2/Heme Oxygenase-1 Path-
way
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[ Abstract JObjective To investigate the effect of electroacupuncture at Fengfu, Taichong,and Zusanli points on the levels of
tyrosine hydroxylase ( TH) .nuclear factor erythroid 2-related factor 2 (Nrf2), and heme oxygenase-1 (HO-1) in the corpus
striatum of mice with Parkinson’s disease (PD), as well as the possible mechanism of electroacupuncture in the treatment of
PD. Methods A total of 30 mice were divided into control group, model group,and electroacupuncture group using a random
number table, with 10 mice in each group. The mice in the model group and the electroacupuncture group were given intraperito-
neal injection of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) at a dose of 30 mg/kg to establish a mouse model of
PD,and then the mice in the electroacupuncture group were given electroacupuncture at Fengfu, Taichong,and Zusanli points
once a day for 30 minutes each time,for 12 consecutive days,while those in the other two groups were not given any treatment.
The pole test and the wire hanging test were used to observe behavioral changes;immunohistochemistry was used to measure
the expression of TH in the corpus striatum;quantitative real-time PCR was used to measure the mRNA expression levels of
Nrf2, superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px) in the corpus striatum; Western
blotting was used to measure the protein expression levels of TH,Nr{2,and HO-1 in the corpus striatum. Results Compared
with the model group. the electroacupuncture group had significant reductions in the time to descend and hanging time (P <C
0. 05) ,a significant increase in the total distance traveled (P<C0. 05),dense TH-positive nerve fibers in the corpus striatum of
mice,and significant increases in the expression level of TH-positive fibers.the mRNA expression levels of Nrf2,SOD,CAT,
and GSH-Px,and the protein expression levels of TH,Nrf2,and HO-1 (P<C0. 05). Conclusion  Electroacupuncture at Fengfu,
Taichong,and Zusanli points can improve behavioral disturbance induced by MPTP in PD mice by upregulating the expression
levels of Nrf2 and HO-1 in the corpus striatum,alleviating oxidative stress in PD mice,and increasing the expression of TH-pos-
itive fibers in the corpus striatum.
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