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Molecular Mechanism Research of Wenshen Yanggan Decoction on Dopaminergic Neuron Injury in MPTP-Induced Parkin-
son’s Disease

XU Cheng—cheng, LU Yan, TANG Li-li, LIANG Yan, ZHAO Yang

(Department of Brain Disease, Nanjing Hospital of Chinese Medicine, Nanjing TCM Hospital Affiliated to Nanjing University of Chinese
Medicine, Nanjing, 210001, China)

ABSTRACT: OBJECTIVE To explore the potential mechanism of Wenshen Yanggan Decoction on protecting dopaminergic neurons
and delaying the process of Parkinson’s disease (PD). METHODS Fifty mice were randomly divided into 5 groups (n=10): control
group, model group, Wenshen Yanggan Decoction high dose group, Wenshen Yanggan Decoction low dose group and amantadine
group. Except for the control group, mice were injected intraperitoneally with 30 mg-kg™" of 1-methyl-4—phenyl-1, 2, 3, 6-tetrahydro-
pyridine (MPTP) twice a week for 4 consecutive weeks to establish a Parkinson’s disease (PD) mouse model. The mice were adminis-
trated with Wenshen Yanggan Decoction by gavage once a day for 3 weeks. The behavioral effects of mice were observed. Immunohisto-
chemistry and Nissl staining were used to detect the number of DA neurons. The contents of DA, 3, 4-dihydroxyphenylacetic acid
(DOPAC) and homovanillic acid (HVA) in pathological tissues were measured by HPLC. Colorimetric method was used to determine
the activities of ATPase and mitochondrial respiratory chain Complex I in the substantia nigra. The protein expression levels of
PINK1, Parkin, VDACI1, LC3I/ I, and P62 were detected by Western blot. RESULTS The behavioral tests showed that com-
pared with the model group, Wenshen Yanggan Decoction significantly improved the muscle strength and exercise balance of mice (P<
0.01), and prolonged the duration of mice on the roller (P<0.01). The results of the immunohistochemistry demonstrated that a large
number of TH immunoreactive cells and obvious cell protrusions were observed in Wenshen Yanggan Decoction high dose group, which
was consistent with the results of the Nissl staining assay. In addition, Wenshen Yanggan Decoction significantly increased the levels of
DA and HVA (P<0.05, P<0.01) in the striatum. Furthermore, treatment with the high dose Wenshen Yanggan Decoction profoundly
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promoted the activities of ATPase and Complex [ (P<0.01), up-regulated the protein levels of PINK1 (P<0.05), Parkin (P<0.01)
and LC3I/ I (P<0.01), and inhibited P62 protein expression (P<0.01) in MPTP—induced mice. CONCLUSION Wenshen

Yanggan Decoction can improve mitochondrial function, and provide neuroprotective effect in PD by activating PINK1/Parkin mediated

mitochondrial autophagy pathway.

KEYWORDS: Wenshen Yanggan Decoction; Parkinson’s disease; dopaminergic neurons; mitochondrial autophagy; PINK1/Parkin
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Fig. 1 Effects of Wenshen Yanggan Decoction on dyskmes1a in PD mice
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Fig. 2 Effects of Wenshen Yanggan Decoction on dopaminergic neurons in PD mice
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Fig. 3 Effects of Wenshen Yanggan Decoction on DOPAC/DA and HVA/DA in PD mice
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Fig. 4 Effects of Wenshen Yanggan Decoction on ATPase and Complex I activities in PD mice

3.6 il IRAT XSO A B T B R IA R

M)
Western blot 255 7~ , @45 5 /)N B 2R Ji
B PINK1 . Parkin . VDAC1 . L.C3 11/ 1 3k

2RI
iRl

(P<0.01) ,P62 B I8 ( P<0.01) , /& 7 ik 5 33
JHZ 1 AT i 25 M5 45 B 3R 18 (P<0. 01) |, 3R iR

BRI DA %FJF U T AT BE -5 R P ki
REEAR, W



PR, 55 IR B SR MPTP i 804 Fk 2 B BE M o R i o FALRI IS 552 — 127 —
R
St
PINK Q---n\&w
1.5 1.5
Parki
arkin ---.. 52kD > >
COX IV =< 1.0 x 1.0 -
o
esz S " LA % P
é 0.5 Z 05- ok
VDACI 32kD = £
LC3IUI | 16 kD 0 0
’ 14kD D R S ST 9 SN - VN W), §
LTS P\ SN S I AR
Tubulin: | e e 4 8 48 | 55 kD T %ﬁ\\\g@*\\\% ETAHT 5*“@@\*55(
4 1.5 1.5
g
53 ERT 10 -
2 3 = 1
£ - :
S S os5- =205 P
C : j 41
i HaBERE
N I ;) \@» »&» g}& @v }‘?» N »&» g}&» B
AV w e Vg \\\\é\‘* DA \\\&

TE: SIEFALE, "
5 N=Rli-4

m =

* P<0.01 ;Lﬁif;ﬁ”éﬂtt&,#ko. 05,"P<0.01,
FEATiZ % PD /MR ALK B K B E B RIAK

E; ur]

Fig.5 Effects of Wenshen Yanggan Decoction on mitochondrial autophagy

pathway-related protein expressions in PD mice

4 itig

A B M R OG PD R A RYC R, R PD Il
IRFBILH & T« BUE” Y Wi , 1 Ak 2 B 50N “ Bt
WE” Z @K IRFERFE Y TRRE B R ikl
JHE 7 1 G 3, 5 Bk R 57 02 PD ) = 2R L,
IR FERIK, 55 I E I A ST I AR I 2 4R
I PR 256 F AL T IR F= 7, 7 v R AR IR AN B P
TRl 2 2500 5 BOPE , 25 B RN B | VRS 4
PR, LLIZ4 T JBLEF | S8 T IR XL, AT SR 8RB, DA

B AR 25055 | B R
HHT PD sl B il 28 3 22 R H 27 ) 3
%‘?ﬁ(ﬂﬂiﬂ 28y —@Wtﬁi DA BB RS, 77 A p
P G A S S B kA MPTP 2 —
?Fﬁl‘/%%ﬂa (e = sn Wl ,Xﬂ“)ﬁ%ﬂﬁ«lﬂtﬁiﬁﬁﬁﬁi@ﬁ ,
HACHI T Bk DA RE#f Xﬁ%ﬁl EUINRIES R RN R
Vs, 2 DA e bl g o AR M 1 ME AR BT
PD 3 132 3 i A5 IR l”o BT I, B MPTP

1’5?9‘1%1‘%%’5%]/]\5& PD R 5T SR I X

D /N DA BE 22 S0 PR 37 B L A 2y
ﬁaﬂlﬁ Wit SR A AR

FRI B DA REMZ LA G SUIRIR Y DA
e R JE PD B‘JEEE@@ BAE A PR
T ,DA JE7E DA eI £ o i N Hh B R 42 TH A1

D5 TR L- 24 FL R R W ( AADC ) 1E FH 554 JBd JR i
B, VA0 22 5l 5 AR i B T 1) 2 fh (6] B, 5 5 fik
JE SRS GRS s S il B B P I S DA G
AN I F5 12 | AR IUS , 26 28000 1K 5 1 5 10 T
(MAO) AR A NIRRT RN 3,4- 255
AR BE(DOPAL) , P48 2 T I 20 ( ALDH) 5546
R BTG PR DOPAC, #F— 0y HVA , 454

DA ZhASSFA ' ARSLE v SR AR EL 1R 3R
JHF 30 e 9 i i o 2 4 v v i SR BT b TH. B A< BH 14 4
JEEL(P<0.01) , H. o] B 5 W2 1) BH PR 41 g 28 1k, $12
NI TR BEAE Y PD /NS DA BRI 22T ; ]
XTEUIRMA T DA K HAR Y R 47 23 07, & 305 711 o
W IR Ae ] W PD /NEUK N DA (P<
0.01) \HVA &4 (P<0.05) , F#{k DOPAC/DA (P<
0.01) \HVA/DA ( P<0.05) , 0% DA JFIHACHER,
it —HAIE SR B FR: A BEXT BT MPTP 5 519 DA fig
MZITLER,

LR AT SR 1 B AS R 2 T 5 M 2o A AT
WA PD S 23R AT Mg & AR SRR T
IEEHGL T, DA REH 28 70 20 i P8 SR A 43 24 5 il
A BRI PR AR R AR S B A RE Y IE
WL MAE PD BERRAE T, Complex T # ] , i 26 k7
RDIRE A, ROS KR4 ik DA R &t %



— 128 —

2K, TN IR A 5 SZ A0 SR AR [ ik 1O 2R AAR 19 Wt 411

il 3 A2 10 A A SR AR HE— 2P I JE] DA RERH 25T

FAI . PINKI A KK T B T

AR 3 R Z S  WERR L Parkin 12 AL

B, Bid VDACT 38 1K 3% 3k 8 1 Pe2 554k

B2k b, # A W2 AR U TR A LC3

L/ TR 8 A W AR 55 8 shZoRniR f g, LASE

B A0 475 0 AL A ZREAA s TG BRERLIR I i R, 5

RS i P62 WA MR AR ", A%

ZERUESE R Rz e W AR & PD /N RUR BT

Complex I Fll ATPase %4, $& 7~ 15 5 772 117 BE ol 55

SRR i R A 139 B 2 S PINK

Parkin \VDACI F1 LC3 I/ I R H ik, F ¥ P62

HHRIEK, RIS R A B E PD /)RR T2k

R I K R 2 0 LA

% IR W FEFA R PD /1 BLEY DA

MZTT, 2R DA &, /N BT N ERRAE,

HE 2% i ik A, T RE S 0 ORI R T RE, OIS

PINK1/Parkin 45 YLK A H BEARSC

SE Ak :

[1] OBESO JA, STAMELOU M, GOETZ CG, et al. Past, present,

and future of Parkinson’s disease: A special essay on the 200th An-

niversary of the Shaking Palsy[J]. Mov Disord, 2017, 32(9) .

1264-1310.

DORSEY ER, SHERER T, OKUN MS, et al. The emerging evi-

dence of the parkinson pandemic[ J]. J Parkinsons Dis, 2018, 8

(S1): S3-S8.

[3] LI G, MA JF, CUI SS, et al. Parkinson’s disease in China; A
forty—year growing track of bedside work[J]. Transl Neurodegener,
2019, 8. 22.

[4] MENZIES FM, FLEMING A, RUBINSZTEIN DC. Compromised
autophagy and neurodegenerative diseases[ J]. Nat Rev Neurosci,
2015, 16(6) ; 345-357.

[5] BOSE A, BEAL MF. Mitochondrial dysfunction in Parkinson’s dis-

ease[ J]. J Neurochem, 2016, 139(14) . 216-231.

HE, X4 —, EEW. LR A w36 R 5 00 4 2%

[J]. "hELEESIGE, 2020, 30(10) ; 121-127.

GAN X, LIU SY, WANG ZB. Mitochondrial autophagy and dys-

function in Parkinson’s disease[ J]. Chin J Comp Med, 2020, 30

(10): 121-127.

(7] T, to, Bt 55 A EEIATT A& AR R 2 50 1
WoZe BB 1], MR, 2018, 36(7); 17-19.

WANG SL, YANG H, LU Y, et al. Professor Zhao Yang’s experi-

ence in treating insomnia of Parkinson’s disease[ J|. J Sichuan Tra-

dit Chin Med, 2018, 36(7) : 17-19.

—
N}
[

[6

[l

T ot BE 2 R ap i 2022 4F 2 45 38 s 2 H

(8] Bt sKIWAS, BUAS, S5, PRACERAURL N X A 4 A0 X R
BIBCIRAR Z D eRE M 2T AR E ST [ 1], ARy
2P, 2016, 34(12) : 2927-2931.

LU Y, ZHANG Y], RUAN J, et al. Nigrostriatal dopaminergic pro-
tection of Cistanche granule on rat model of Parkinson’s disease[J].
Chin Arch Tradit Chin Med, 2016, 34(12) . 2927-2931.

(9] B, PNEE. RREFLRIMEAZGEHRET]. FHREER
Hif5H, 2010(5) ; 52-53.

ZHAO W, SUN GZ. Conversion of drug dosage between different
experimental animals [ J]. Chin J Animal Husb Vet Med, 2010
(5):52-53.

[10] HU M, LI FM, WANG WD. Vitexin protects dopaminergic neu-
rons in MPTP—induced Parkinson’s disease through PI3K/ Akt sig-
naling pathway[ J]. Drug Des Devel Ther, 2018, 12 565-573.

[11] HASEGAWA K, YASUDA T, SHIRAISHI C, et al. Promotion of
mitochondrial biogenesis by necdin protects neurons against mito-
chondrial insults[ J]. Nat Commun, 2016, 7. 10943.

[12] GENG XC, TIAN XF, TU PF, et al. Neuroprotective effects of

echinacoside in the mouse MPTP model of Parkinson’s disease[ J].

Eur J Pharmacol, 2007, 564(1/2/3) ; 66-74.

Ih s, FET PINKL FER T KA HL & 22 TE R A 4 AR 20

PRUAERY 28 LA g PR A AL [ D). dbst. dbat v B 25 R4,

2018.

MA HJ. The protective mechanism investigation of Dabuyin Pill

[13

e

combined with Qianzheng San on mitochondria in Parkinson’s dis-
ease model cells based on PINK1 gene[ D]. Beijing: Beijing Uni-
versity of Chinese Medicine, 2018.

SEAR, BETY, TR, S MR AR LI S AR R A B Y
BEIRBAPAN ()], hESER S, 2021, 29(3) : 399-404.
MENG JL, LIANG JF, ZHANG XB, et al. Research progress and
evaluation on animal models of Parkinson’s disease[ J]. Acta Lab
Animalis Sci Sin, 2021, 29(3) : 399-404.

CARTIER EA, PARRA LA, BAUST TB, et al. A biochemical
and functional protein complex involving dopamine synthesis and
transport into synaptic vesicles[ J]. J Biol Chem, 2010, 285(3) :
1957-1966.

25 8L A AR TR A0 i e v 22 T2 e B oy P SR AR P 0 A B
EHVEFIBESE[ D], 83 8 LERIRE, 2020.

LI Y. The protein modification by reactive oxidation product of do-

[14

[

[15

[

[16

s

pamine in the pathogenesis of Parkinson’s disease[ D]. Zunyi; Zu-
nyi Medical College, 2020.
[17] YOULE RJ, VAN DER BLIEK AM. Mitochondrial fission, fusion,
and stress[ J|. Science, 2012, 337(6098) . 1062—1065.
MALPARTIDA AB, WILLIAMSON M, NARENDRA DP, et al.

Mitochondrial dysfunction and mitophagy in Parkinson’s disease:

[18

o

From mechanism to therapy[ J]. Trends Biochem Sci, 2021, 46
(4): 329-343.

[19] GEISLER S, HOLMSTROM KM, SKUJAT D, et al. PINK1/Par-
kin — mediated mitophagy is dependent on VDACI and p62/
SQSTM1[J]. Nat Cell Biol, 2010, 12(2): 119-131.

[20] MA SF, ATTARWALA IY, XIE XQ. SQSTM1/p62: A potential
target for neurodegenerative disease [ J]. ACS Chem Neurosci,

2019, 10(5) ; 2094-2114.
(%% R



