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ABSTRACT: OBJECTIVE To evaluate the effect and potential mechanism of action of electroacupuncture (EA) combined
with Zhengan Xifeng Decoction (ZGXFD) on mitophagy in mice with Parkinson's disease (PD) via the adenosine monophosphate-
activated protein kinase (AMPK)/mammalian target of rapamycin (mTOR) pathway. METHODS C57BL/6 mice were ran-
domly divided into the control, model, EA, traditional Chinese medicine (TCM) , and EA-TCM groups, with 12 mice per
group. PD was induced in mice by intragastric administration of rotenone solution. Animals in the EA group received EA once
daily for 30 minutes per session, for 2 consecutive weeks. The TCM group was given an intragastric administration of GZXFD at
a dose of 25 g-kg '*d"'. The EA-TCM group was given a combination of intragastric GZXFD administration and EA. Motor
function of mice in each group was evaluated by the pole test and hindlimb scoring. Morphological changes in the mitochondria
were examined by transmission electron microscopy (TEMD. TH and «a-syn positivity in the midbrain substantia nigra of mice was
determined using immunohistochemistry (TIHC) , whereas .C3 positivity was detected by immunofluorescence staining. Protein
expression levels of p-AMPK/AMPK and p-mTOR/mTOR in the midbrain substantia nigra of mice were quantified Western
blot. RESULTS Compared with the control group, the model group had prolonged total time in the pole test and increased
hindlimb function scores (both P<Z0.01), as well as decreased TH and LC3 positivity and increased a-syn positivity in the mid-
brain substantia nigra (all P<C0.05), along with upregulated p-mTOR/mTOR and downregulated p-AMPK/AMPK protein lev-
els (both P<C0.05). Compared with the model group, all treatment groups showed significant improvements in the above param-
eters (all P<C0.05). Furthermore, the EA-TCM group had higher levels of TH, LC3, and p-AMPK/AMPK and lower levels
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of a-syn and p-mTOR/mTOR in the midbrain substantia nigra (all P<C0. 05) compared with either the EA group or TCM group.
CONCLUSION EA combined with ZGXFD may exert neuroprotective effects in PD mice by regulating AMPK/mTOR-

mediated mitophagy in the midbrain substantia nigra, eliminating abnormally aggregated a-syn and alleviating mitochondrial injury.
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kinase
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Fig2 Comparison of TH positive expression in the substantia nigra of mice among groups (Z &=s, n=6)

T (note) « 20 i Sk T 7= A (0 A (21 DX 3k Ay v i 22 5T TH 1% BH 4 ¢ 35 ( The brownish-yellow and brown areas indicated by black arrows repre-
sent the positive expression of TH in the substantia nigra of the midbrain) . 5 X} it [ 4% Cus. Control group) , “P<C0. 05; 5 # R 2 L4 44 Cos.
Model group),"P<C0. 05 ; 55 HL&F£H F 48 Cus. EA group) , ‘P<C0. 055 5 #2520 HL 4 (vs. TCM group) , *P<C0. 05,



R BE 227 4% 2026 45 9 JT14 46 555 17 ] Chin J Hosp Pharm, Sep 2026, Vol 46,No. 17 1997
7 7 2 p
+ 50 pm 50 pm 50 pm ﬁ 50 pm ’ 50 pm
XA Tt LB GRS B2
a-syn

0.06

0.04

T

0.02

B3 AN IR a-syn FHE SRS AR (5, n=6)

Fig3 Comparison of a-syn positive expression in the substantia nigra of mice among groups (x=+s, n=6)
11 (note) + TR0 3 3k FIT 7R B 4 €6 X s o0 P i 2 5 -syn 119 P 234 (Brown areas indicated by black arrows represent positive expression of a-syn

in the substantia nigra) .
group) ,“P<<0. 05,

IR ZH iR Ze

50 pm 50 pum

50.um 50 pum

Merge

50 yum 50 pum

B4 &g/ ik B S LC3 BHPE Rk R (s, n=6)

e

55 3%} BB 4 H 44 (us. Control group) , *P <<0. 055 58 21 45 (ws. Model group) , "P<<0. 05; 15 HLEF 4 HL 48 (vs. EA

G4 244

50 um 50um

50 pm 50 pm 50 pm

50
S50 um

50 pum

50 um

Fig 4 Comparison of LC3 positive expression in the substantia nigra of mice among groups (x=s, n=6)

1 (note) : 5% B 4H L4 (vs. Control group) ,*P<<0. 05; SRR 2 [ #5 (us. Model group) ,*P <0.

HR 2520 L # Cos. TCM group) ,“P<C0. 05,

Y S = G AN R Y & RE T Ty S W 9770 ST I
I B AR O . AT BUXUR R h 2 = L =
JCAABC , KR XaE 2% BT 1 e A R A A
WURF 7B B K, S M2 257 BE RAUARL R 18 ST T
75 KhyORMF 2T, (BF R P 2 2) 3 P& i
TEN T, FAT BT B AR XU B i DAk (BT R R

05; 5 AR L (us. EA group) ,*P <<0. 0555
B E ANEZSIN 208, B e R, 2 =1
JCRE AN £ = IRFI o ’fﬁﬂ?%ﬂ%‘(ﬁ??ﬁﬁ?&
B (B2 K h S P s ) ), O o AR R 58

o, T AR, AN 5 AR R A P PR fa JE
B ARG AT AR B IR RA& XS5
BFE B 5 A2 22 28 VB R RT3 BE 8T A A e



o R B 22 A 2026 4F 9 H A 46 455 17 ¥ Chin J Hosp Pharm, Sep 2026, Vol 46, No.

+ 1998 -
XHURAL BB eER P AU

p-mTOR B s e e (289000
£

. 289 000
. =
£
p-AMPK - ... e caEe G 62000 <§t
&

AMPK | NS GENNS Gumms ) @GS | 62000

Bactin | E— D G emSSe emm_S | 43000

p-mTOR/mTOR

0
& o o P & o B P P
BN R S ENE S S\

E5 A4/ p- AMPK/AMPK ,p-MTOR/mTOR ik K (45, n=6)
Fig5 Comparison of p-AMPK/AMPK and p-MTOR/mTOR expression levels among groups (+s, n=6)
7 (note) : 5 XF BEZH He 4% (ws. Control group) ,*P <<0. 05; 5HEEIZH H 48 (vs. Model group) ,"P<<0. 05; 5 B AT 20 FL &8 (vs. EA group), ‘P <<0. 055

5240 L4t (us. TCM group) ,*P <<0. 05,

PRIE TR Z0 W E Lz
jo AW 3E A A SR XA A , B 768 1
BEEGEE G S PR ARG IR A 6 BV B, A 4
FREAEW T B — B AR YT s e — T 2R
Fhes hh ELR AR E S I

THAEN DA BRI 2T FE T AR ), H3k
K AT 4% I DA RE B2 o0 1Y 16 PE S 8 05 16
B2 a-syn S R AE 15 & PD I G+,
AHIFFE 25 5 s A2 /0N BRUHP i R B TH BH A %
K 2D a-syn PHAME SRR B 23, 3R B PD A
BRIV Y) o SRR 7 =T U5 B 25 40/ B i
JRJTT TH FHPE 8 5 3 T, a-syn BHM: 3R 08 I & 1%
X, HoCEREMR TR — R ek h2h2d . X —45
AR, B2 A B IR WA OB a-syn 1)
SHRE P DAREM 2T, B EHBHEA YA
BERAER

SRR I I 2 200 0 6 5 37 o A2 P 2ok A4 4
FEZRL AT A AN Me D e ML, LD REA B 5
PD &4k JBEYIA L™ . AMPK/mTOR 4 51
ORI B R R SRR B W ) SC A A, R
I AR Y LR AR AZ A, AMPK 1 £ 41 i N A
fE 2 15 ML IF B B0 L 0TS 19 AMPK 38 1 85 iR 1k
mTOR M #I ] mTOR 7§ #4241 mTOR J& A W
Jet B L G A DR TR R A T Bh 2k
T B, e 2 AR AT B . LC3- 112 H WA
) SCHEAR TS AR 1, T RBAE 52 M ] WA 5 4 AR L )
il G, SRz R AR (R R AEARER, 5 &
AL R BRI RAE , e & FEL DA BERI Z eI T PD
HEfE . AR SR WoR BB 2 TS & 9R9T
41 ¥ K ) #2 B E i p-AMPK/AMPK, B A% p-
mTOR/mTOR, % F AMPK/mTOR jifl % & 45 &
RAARFAZS RO IR, HE AR R &6 P 4L nl
[z RUN = RS MR NES TR % NGty R g R RS ¥ TS N

T A 36 £ e T 75 9 2R AR I RE R0, e 4 A3
PD/NEUZE BT E , B AT 25 HBCR L T 8 —rh 2520
R AT A o X AR S IR RS T AT 225 5T AL
BT B — 7 R S5 AR P I, AL 31 J2 TR BT 24
PR R T B A

SR LA LS AR S R B XU K ™
“E = HUBCS HETHE I T EGE PD /N RUz 3h iR
BEft . BF 2545 &7 AR 2 O 5 b5 1 X IR
T B — ik a3 B B [R) S 2R T
X PD BIIRYT R M SR B 18 B SL IR 4l . AR
FEEG PRI AL 2 2% , 3 K 2 M0 i 20 18 B Y 25
A . AR ST AT A 45 AMPK 0] 5510 - 79 i) 52
BBt A5 AU AL A LA e PRS2 Bk 1 2
S AETE PD AT 5 %4 P R AL PD 57 )7
SARUE T 70 BRI
S
(1] Iz, a4, XGEE, 55 F T - 38 B 0 i 4 2R
F 2R AL R WETE BAR [T]. v I R 25 B A0 35 2021, 37
(23): 3290-3294.
He YH, Jin H, LiuZJ, et al. Current situation of exploring the
pathogenesis of Parkinson’ s disease based on the “gut-brain”
pathway [J]. Chin J Clin Pharmacol, 2021, 37 (23) : 3290-
3294.
i, RS, FRELSC, AR FIHRAR BT 4 AR/ Blis Bh T g
KN LA S AR 2 [T ], v B e 242 Ak ik, 2025, 45
(14): 1578-1583.
Gao Y, Chen YM, Zheng KW, ez al. Betulin regulates motor
function and microglial activation in mice with Parkinson’s dis-
ease[J]. Chin J Hosp Pharm, 2025, 45(14): 1578-1583.
FE, 2RV, BOATRR, 4% . Parkin il id /5 PINK 1/Parkin
SRR 19 A5 5308 5038/ BT 4 05 42 e X B o 28 % i
KALT]. MTBERIREE A, 2024, 44(12) 1 2359-2366.
Jiang CC, Li YY, Duan KX, ez al. Parkin deletion affects
PINK1/Parkin-mediated mitochondrial autophagy to exacerbate
neuroinflammation and accelerate progression of Parkinson’ s
disease in mice[J]. J South Med Univ, 2024, 44(12) : 2359-
2366.
[4] Lizama BN, Chu CT. Neuronal autophagy and mitophagy in



rE B B 2424 2k 2026 4F 9 H 5 46 %55 17 #] Chin J Hosp Pharm, Sep 2026, Vol 46,No. 17 .

1999 -

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Parkinson’s disease[J]. Mol Aspects Med, 2021, 82: 100972.
Abhangi KV, Patel JI. Neuroprotective effects of linagliptin in
a rotenone-induced rat model of Parkinson’s disease[J]. Indian
J Pharmacol, 2022, 54(1): 46-50.

Chen P, Wang YC, Chen LL, ez al. Apelin-13 protects dopa-
minergic against  rotenone-induced neurotoxicity
through the AMPK/mTOR/ULK-1 mediated autophagy activa-
tion[J]. IntJ Mol Sci, 2020, 21(21): 8376.

A, A%, T4H, %. AMPK/mTOR {558 ek
R M R BF 5T kR (D). MR R A, 2023, 34(5)
736-740.

Shi SX, Yan YX, Wang JT, e/ al. Research progress of
AMPK/mTOR signaling pathway in mitochondrial autophagy
[J]. Hainan Med T, 2023, 34(5): 736-740.

Bobela W, Nazeeruddin S, Knott G, et a/. Modulating the
catalytic activity of AMPK has neuroprotective effects against a
-synuclein toxicity[ J]. Mol Neurodegener, 2017, 12(1): 80.
Hang LT, Wang ZY, Foo ASC, et al. Conditional disruption

of AMP kinase in dopaminergic neurons promotes Parkinson’ s

neurons

disease-associated phenotypes in wivo [J]. Neurobiol Dis,
2021, 161: 105560.

PR REEYL, AR, AR mTORAMZ L M 7E SRR [ 0 i
R B RILT). ZdednBlez, 2026, 38(1): 99-108.

Luo Z, Cheng YK, Shen JQ, er al. The regulatory role of
mTOR core pathways in mitochondrial autophagy [J]. Chin
Bull Life Sci, 2026, 38(1): 99-108.

ZE3C, Hesg, xRk, A SO 8 Nef2/HO-1 58 {4
1-HIB-4-2R -1, 2, 3, 6- DU SN IE S S0 4 AR /) B 5 )
[J]. FFFFMR AR SF4, 2022, 43(24): 2301-2304.

Qin W, Bi Y, Liu DS, e al. Effect of Zhengan Xifeng decoc-
tion on Parkinson’ s disease mice induced by 1-methyl-4-phe-
nyl-1, 2, 3, 6- tetrahydropyridine through Nrf2/HO-1 pathway
[7]. J Qigihar Med Univ, 2022, 43(24); 2301-2304.

AR, ZEAE, VERR, &5 . LRI A AR IR/ BUZ B T Ak
BA 5 W B AR DG 40 T AL R [T, Jb mtep B 2 R 2o 4l
2024, 47(5): 721-728.

Qi L, Li YN, Wang Y, et al. Effects of electroacupuncture on
motor function and related molecular mechanisms in mice with
Parkinson’ s disease [J]. J Beijing Univ Tradit Chin Med,
2024, 47(5): 721-728.

AT SEEREF A (ML 2. dbate o E P EE 2 A
2007 255-257.

AR, TEXE, ZEM0AH, 45 . FRET X fr B AR 75 ) W 48 AR R B
P2 98 M B B Toll B 32 1k 4/4% B -« B 15 53l [ 1) 5%
(I, #FHIT, 2021, 46(11): 929-934, 972.

Qi L, Wang Y, Li YN, et al. Electroacupuncture improves
behavioral activities by suppressing neuroinflammation and
TLR 4/NF-kB signaling in substantia nigra of midbrain in Par-
kinson” s disease rats[J]. Acupunct Res, 2021, 46(11): 929-
934, 972.

AR, RN, FA, A5 . A XTIEa AR/ BU E NEK7/
NLRP3 4 4 {5 53 B 89 5% i [T]. b mt b B 25 R 2“2 4l
2024, 47(10): 1466-1473.

LiHZ, Li YN, Guo L, et al. Effect of electroacupuncture on
the NEK7/NLRP3 inflammatory signaling pathway in intestine

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

of mice with Parkinson’ s disease [J]. J Beijing Univ Tradit
Chin Med, 2024, 47(10): 1466-1473.
Zhao M, Wang BW, Zhang CY, et al. The DJ1-Nrf2-STING
axis mediates the neuroprotective effects of Withaferin A in Par-
kinson’ s disease [J]. Cell Death Differ, 2021, 28(8) : 2517-
2535.
PRLERE, EIVEN, M. BRI B SR 2536 57 A 4 2%
o 1 WF 5 Bk R (7). R A PR 2 R 22 4, 2025, 41(2)
216-221.
Guo XH, Wang YL, Ha YX. Research progress in the treat-
ment of Parkinson’ s disease with Zhengan Xifeng Decoction
and its single herbs[J]. J Changchun Univ Chin Med, 2025, 41
(2): 216-221.
PRI , 2R3, #3500, 55 . BUIFE RKGATR YT IR 4 200 fa BF
FOREOLLT]. sPERZIRIRALE , 2023, 35(6): 1232-1237.
Chen RQ, Cai YS, Dong ZQ, et al. Research progress of
Zhengan Xifeng in treatment of Parkinson’s disease[J]. Clin J
Tradit Chin Med, 2023, 35(6): 1232-1237.
TR, EER, DR . U B R K B ik MR B Sirt3/
NLRP3/GSDMD {5 53l % 1 520 [ T]. B RIBFSE, 2024, 49
(4): 384-390.
Wang Y, Wang YC, Ma J. Effects of electroacupuncture on
Sirt3/NLRP3/GSDMD  signaling pathway in the substantia
nigra of midbrain of rats with Parkinson’ s disease [J]. Acu-
punct Res, 2024, 49(4): 384-390.
KSR, TR, AL, S AN IA 6 AR /D Bl SIRT3/
PINK1/Parkin 8 #% /5 (4 RLIR A W 52 me [T]. &1 35T,
2024, 49(3): 221-230.
Zhang GJ, Wang Y, LiJL, et al. Effects of electroacupuncture
on mitophagy mediated by SIRT3/PINK1/Parkin pathway in
Parkinson” s disease mice [J]. Acupunct Res, 2024, 49 (3) :
221-230.
SR, . MR S AL BRI B AR A T SRS [T ]
EZAEEZRE, 2016, 36(9): 2280-2282.
Zhang ZM, Bai J. Research progress on tyrosine hydroxylase
and Parkinson’ s disease [J]. Chin J Gerontol, 2016, 36(9) :
2280-2282.
Pemberton S, Madiona K, Pieri L, ez a/. Hsc70 protein inter-
action with soluble and fibrillar alpha-synuclein [J]. J Biol
Chem, 2011, 286(40): 34690-34699.
Zhang LJ, Dai L, Li DY. Mitophagy in neurological disorders
[J]. J Neuroinflammation, 2021, 18: 297.
Bt 3 - AT Iy, 205, B AMPK (5516 S AEM 8 700
TSR], BRSO, 2025, 42(3): 1-7.
Adilai A, Jiang L, Bai J. Developments on AMPK signaling in
Parkinson’s disease[ J]. Med Res Educ, 2025, 42(3): 1-7.
B, A, BRI R, A T mTOR(GS /KPR R
Xt APP/PS1 LR /NG A WA SR [T]. SR IRAE,
2025, 41(3): 68-74.
Hu JZ, Gao YS, Chen HT, ez al. Effect of EA on autophagy
initiation in APP/PS1 transgenic mice based on mTOR signal
level[J]. J Clin Acupunct Moxibustion, 2025, 41(3): 68-74.
W75 B #3/Received : 2025-12-30
&[] B #3/Revised : 2026-02-28



