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Mechanistic study of Danxing Zhichan Formula in improving motor
function in Parkinson’s disease mice by regulating autophagy via

PINK1/Parkin pathway
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1. Shaanxi University of Chinese Medicine, Xianyang, Shaanxi 712046, China;
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(Abstract] Objective To investigate the effects and mechanisms of Danxing Zhichan Formula (DXZCF) in treating Parkinson’s
disease (PD) by regulating the PTEN-induced putative kinase 1 (PINK1YE3 ubiquitin ligase (Parkin) pathway. Methods Forty—eight
C57BL/6] mice were randomly divided into blank group, model group, Madopar group, and low—, medium—, and high-dose DXZCF
groups, with eight mice in each group. Except for the blank group, the other groups were intragastrically administered rotenone
suspension at a dose of 10 mg/kg-d) once daily for 28 consecutive days to establish a PD mouse model. After successful modeling,
the Madopar group was given Madopar suspension at a dose of 112.5 mg/(kg-d) via gavage, while the low—, medium—, and high—dose
DXZCF groups received DXZCF decoctions at doses of 11.1, 22.2, and 444 g/kg-d) via gavage, respectively. The blank and model
groups received an equal volume of normal saline. All administrations were performed once daily for 28 consecutive days. Following
the final gavage, gait analysis was performed to measure the time for mice to traverse a specific distance, maximum velocity change
rate, average locomotor velocity, and number of footsteps per unit time. Open—field test was used to determine total locomotor
distance, locomotor duration, average velocity, and number of total zone crossings. Pole—climbing test was applied to evaluate head—
turning time and pole—climbing time. Nissl staining was used to observe the number of Nissl—positive neurons, average area of
Nissl —positive neurons, average gray value of Nissl bodies, and integrated optical density (IOD) in the substantia nigra of the
midbrain. Immunohistochemistry was performed to determine the proportion of a-synuclein (a—syn)—positive expression area and the
proportion of average area of tyrosine hydroxylase (TH)—positive cells in the substantia nigra. Western blot was used to measure the
expression levels of a—syn and autophagy-related proteins in the midbrain substantia nigra. Results Compared with the blank
group, mice in the model group exhibited prolonged time to traverse a specific distance, elevated maximum velocity change rate,
decreased average locomotor velocity, fewer footsteps per unit time, shortened total locomotor distance, reduced average velocity,
decreased locomotor duration, and fewer total zone crossings, as well as prolonged head—turning time and pole—climbing time (P<
0.05). Additionally, there was a reduction in the number and average area of Nissl—positive neurons, along with reduced average
gray value and 10D of Nissl bodies (P<0.05). The proportion of a—syn—positive expression area and a-syn protein expression level
both increased (P<0.05), while the proportion of average area of TH—positive cells, as well as the expression levels of Parkin, PINKI,
and Beclin—1 proteins, and the LC3-II/LC3-1 protein ratio, all decreased (P<0.05). Compared with the model group, mice in the

Madopar group and the medium— and high—dose DXZCF groups showed shortened time to traverse a specific distance, decreased
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maximum velocity change rate, increased average locomotor velocity, increased number of footsteps per unit time, prolonged total
locomotor distance, prolonged locomotor duration, increased average velocity, increased total zone crossings, and reduced head-
turning time and pole—climbing time (P<0.05). Additionally, the number and average area of Nissl-positive neurons increased, and
the average gray value and 10D of Nissl bodies were elevated (P<0.05). The proportion of a—syn—positive expression area and a-syn
protein expression level decreased (P<0.05), while the proportion of average area of TH-—positive cells, as well as the expression
levels of Parkin, PINK1, and Beclin-1 proteins, and the LC3-II/LC3- I protein ratio, increased (P<0.05). Compared with the low—
dose DXZCF group, mice in the medium-dose DXZCF group showed shortened time to traverse a specific distance, reduced
maximum velocity change rate, increased average locomotor velocity, increased number of footsteps per unit time, prolonged total
locomotor distance, extended locomotor duration, increased average velocity, and shortened head-turning time and pole—climbing
time (P<0.05). Additionally, the number and average area of Nissl-positive neurons increased, and the average gray value and 10D of
Nissl bodies were elevated (P<0.05). The proportion of a—syn—positive expression area and a—syn protein expression level decreased
(P<0.05), while the proportion of average area of TH—positive cells, as well as the expression levels of Parkin, PINK1, and Beclin-1
proteins, and the LC3-II/LC3- 1 protein ratio, increased (P<0.05). Compared with the medium-dose DXZCF group, mice in the
high—-dose DXZCF group exhibited prolonged time to traverse a specific distance, elevated maximum velocity change rate, reduced
average locomotor velocity, fewer footsteps per unit time, shortened total locomotor distance, reduced average velocity, decreased
locomotor duration, and prolonged head—turning time and pole—climbing time (P<005). Additionally, these mice showed fewer Nissl-
positive neurons, reduced average gray value and 10D of Nissl bodies (P<0.05), increased proportion of a-syn—positive expression area
and elevated a—syn protein expression level (P<0.05), as well as reduced proportion of average area of TH—positive cells, and
reduced expression levels of Parkin and PINK1 proteins and the LC3—II/LC3- I protein ratio (P<0.05). Conclusion DXZCF is
formulated based on the core pathogenesis of PD, adhering to the treatment principles of transforming phlegm and eliminating
stasis, as well as extinguishing wind and alleviating tremors. By regulating the autophagy—related processes mediated by the PINK1/
Parkin pathway, it reduces abnormal a—syn aggregation, protects the structural integrity of dopaminergic neurons and neurons in the
substantia nigra, thereby improving motor function in mice.

(Keywords) Parkinson’s disease; Danxing Zhichan Formula; PINK1/Parkin pathway; autophagy; a—synuclein synuclein
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Table 1 Comparison of gait experimental parameters among different groups of mice (xts, n=8)
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M4 1.26+0.23 25.86+4.57 15.33+1.56 11.13£1.25
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FHE USR] B 2.3520.40%*0 54.2624.52+0 7.31£1.35%40 5.25+1.04%40
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Table 2 Comparison of open—field test indicators among different groups of mice (x*s, n=8)
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B 7 v R0 ek 20N B i R 5T DX TG BH 1 b 22 T Bk
N JE G PH M AR 2 0 P 4 T BRE K | Je [/ M
V-8R BEAEL N 10D (BT (P<0.05) 5 5P AL 1R By
RS 2 AR L, P B b B e ) 2 S B B PR BT
X Je [CPRPER el | Je I/IMAE 4 K B
J10D K (P<0.05) , TEILIET 1.3 4,
33 FELEH PO /NRPMERK a-syn 0
TH FRi% KB #20T

5as FLAAH B BB A /) B v fi
FRPEZE R AL 5 H T (P<0.05) , TH BH M40 i 715

JE X a—syn

TR LUK (P<0.05) ; SRERIZHAR L, 962 B2 K
JiE X a—syn [H

PRE RS A R 2 B R

PEFSR TR L HURR AR (P<0.05) , TH FE:4H 925 i
FUE HTH R (P<0.05) 5 5142 R BT IR B HAR LE
PR By v 2 B R R B X a—syn FHESR
T AR 7 FERAR (P<0.05) , TH. S 4 Fif - 44 T AR
LT+ (P<0.05) s 5P A B A L, PHE
1B S AN BRI R BT IX a-syn BHAERR
B HEFH S (P<0.05) , TH BH: 20 S 249 1 A Lh
R (P<0.05), HWK 2—3 %5,
3.4 FBEIEEA PD /MRBEMEBEREX
MEHE X F R IEKERIZME
5as FAA LG BB 2 /) B fisi 8 o
HE HF KK TR (P<0.05) , Parkin ,PINK1  Beclin—
1 EHFBAE K LC3-T1/LC3- T A L AR
(P<0.05) ; SRV A LL | 56 2 B4 P A R By

a-syn X B

X a-syn

R

ELEAH

FHE R RTIEA

FHE LB RS

FHEIEBT RAIEA
B REAMRFERREXRRMERERRE(ERGE,x30)

Fig.1 Representative images of Nissl body staining in the midbrain substantia

nigra of mice in each group (Nissl staining, x30)

x4 BHNMRHMEREKRRNMEKFELLR (vs,n=8)

Table 4 Comparison of Nissl body levels in the midbrain substantia nigra among

different groups of mice (x+s, n=8)

205 JE KB e/ (AT ) R IRBAMEMZOC A/ pm® e FR/MAF34 R BE {8 10D {H
EE 363.33+4.04 131.31+0.78 254.94+0.11 334 30.13+283.82
[ EilE| 120.33£2.52% 101.86x1.07* 116.97+1.62% 118 53.97+231.35*
EKLEH 251.00£4.00% 142.05£1.16% 149.04£1.40% 206 81.84+314.70%
FHE R B (R B 161.00+3.00%#1 109.25+1.06%#°0 105.18+1.33%#20 113 66.10+209.37*°0
PHE G h 212.00+3.00%#24 126.49+1.16%#24 155.55+1.69+#44 194 40.32+315.70%4
PR B ) A 160.00+3.00%#40 128.24+1.09%#24 121.86+1.37+#440 153 45.42+282.80%**40

S5 M, *P<0.05 ; SR M HE , #P<0.05; 57 AL 1B (5

A, 2P<0.05,,

A, 4P<0.05; 57 IEWUT PRI AE G, BP<0.05; 56 £
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SEd | B EE

ﬂ‘Eﬂ:Eﬁﬁﬂi?‘JEQﬂ FHE LB AIEH FHE LT ERES
B2 |ANMNIHRERER a-syn FAERIE (GEHLULY x30)

Fig.2 Positive expression of a—syn in the midbrain substantia nigra of mice in each group

(immunohistochemistry, x30)

ﬁEigﬁﬁfﬁﬁ?‘Jiéﬁ
B3 FHAMRHEEREK TH AMERIE (FRREL1214k2%,%x30)

Fig.3 Positive expression of TH in the midbrain substantia nigra of mice in each group

(immunohistochemistry, x30)

x5 BHPMRPHEBRE o-syn FAMERIEEFR &G R TH BRI EHEFR & L ELE (ves, % ,n=8)
Table 5 Comparison of the proportion of a-synuclein positive expression area and the proportion of the average

area of TH positive cells in the midbrain substantia nigra among different groups of mice (x#s, %, n=8)

51 a-syn PPN & L TH FHAAE M- AR L
ZFHA 2.73+0.05 26.15+0.20
HRIZA 5.91+0.05% 7.64£0.13%
ELEH 3.34+0.05** 22.53+0.21%
FHE 1B IR 2 422400340 14.48+0.17%#°0
AL IE BT R 3.35+0.04+% 19.47+0.19%#44
FHE 1B e R 2 4.29+0.03%0 16.4220.1 5440

T 5% FLALE , #P<0.05; SETRIZUAA L, *P<0.05; 5142 R BT IRAILAARLE , 4P<0.05; 572 R B0y Rl LA L, OP<0.05; 6 %
B, 4P<0.05,

W AR a-syn & H R IRACEBFRR(P<0.05), KK LC3-T/LC3- T A FLEITHE (P<0.05)
Parkin PINK1 Beclin—1 #& 4 2 kK F & LC3- 11/ SPHEIEB 5 iRl & 448 L, PRA B e 7 &
LC3- T B AT R (P<0.05) s SAHR IEBUT K H a-synEHHFRBIKFTHE (P<0.05) , Parkin PINK1
R, FF R W A asyn EHAFE  EEREKFE K& LC3- M/LC3- 1 & H HE B REAR
IK A% (P<0.05) , Parkin . PINK1 . Beclin-1 ZE 132 (P<0.05), FEWLK 4 F 6,
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A B ED EF HAEH S 2 AR AL, N AR 12 R AR L
asyn | —mm—m—— — | 15kDn SRR, T LC3 2 AN

Parkin ‘ -— —— ‘SZkDa

PINK | ] — — e e ‘63kDa

Beclin-1 ‘ P2 AD R ‘ 52 kDa
== - 16 kDa

vl L1 LI T Ihie
GAPDH ‘ ‘ 37 kDa

B4 HEPMNRHFREREK a-syn,PINKI,Parkin Beclin-1,
LC3- 11, LC3- | ERGEENTE
Fig.4 Western blot images of a—syn, PINK1, Parkin,
Beclin-1, LC3-1I, and LC3-1 proteins in the midbrain
substantia nigra of mice in each group
A A BT  C. 26 2 WA ; D B 1k By (%57 e 41
E TR RS0 2 PR WO R R

4 it

PD 2 AR SR T B IR 0 R 14 26—
FAHLZART TSR , A2 O BRI Ry 2 TR 2 1
FRERIZE T THETE R AN a-syn S AR,
I A S 200 M0 N B A e [T BIL ), 5 S P
WS rE B 1 , dERR A AR AR S ks
T IE H DI REs e P I o L el 227281

PINK1/Parkin 8 B2 /3 H Wi & A2 B O
BILTNET, 35 P ] S5 0440 i A S 6 P R 2 A o
AITEPEPERE S AR HRRASTS B i ) PINK 18
AR AR R A, At A HE AR L R AR A S B
FR 2 BHITAE A A AR Sl ik F AR AL BT
PG Y PINK1 23— DA BR Parkin AYTEPEINH] , {4

(1) LC3- T ¥k e i T A W/ MRS LC3-T1, 5
FI I SZ A BRI AR , S 20 shik et A
WEPI A Beelin—1 VER E WS sh ik e 1, 1l
A [ ARG FUR I B, IR 3E 1 I/ MATE
B, #2555 AR, AWEYRERRHE PD &
PR CHEER T, PD AR [ IO 2 S B P S8 AT
B 2R SRR LA AE R T SRR SRR B R 4 i
S AIRHE a-syn FF YT SR 1T asyn 155
RAE Nt — 2 R 2o , o B AR,
PRI, S8R 1 55 AR R A L N B P R ) B S 1
J& PD R ELRT S AR YT SR

ARG AT R JE R e 28Uk K
Western blot 5 Z AN ZH PP T F+ & 1L B X% PD
NI T, f7 2 R s, SR A
P+ B 1855 T 100U /N BRAE A5 AR 20 vl s e B
(RIS RN A7 JL e R AR AL SR AR - 3408 Bl i B T
o EALS N [E] RS B 0, AE 35 50 5 vhiz B AR
BIAER PR TR 32 Bl R R g A B X
BN, AE TCHT 5256 v 5 Sk piof ) R TCAT i) 1] 2 4
i, LRGSR PR BT BESfE— R
U PD/NERIZ SR 82 iz s DR RS S B 235 B
ST N2 S SR O PD /N IR IZ BT RE
HA—wUcElER . dF—2 X0 i B X 8 [/ A
IKFEREAT 43T A B, SR 2H /N BRUJE EG B 1 b 22 T 5
iR RN A AN R e R vl G NI 2 W NN LA WA Y EN

x6 HBHENMRPHEREK a-syn PINKI,Parkin,Beclin-1 EAFRIKKER LC3-1/1LC3- | ZEALLE
LE 38R (w5, n=8)
Table 6 Comparison of protein expression levels of a-syn, PINK1, Parkin, Beclin—1, and the LC3-11/LC3-1

protein ratio in the midbrain substantia nigra among different groups of mice (x+s, n=8)

25 a-syn Parkin PINK1 Beclin-1 LC3-1/LC3- 1
{EE 0.210.06 1.02+0.03 1.12+0.03 1.06+0.04 2.7520.11
B 1.03+0.11% 0.18+0.04 0.300.04 0.28+0.01* 0.30+0.02
Ezwdl 0.56+0.02+ 0.81+0.05% 0.88+0.11% 0.88+0.06% 1.77+0.02%
AL B (R 2 0.81+0.03%+0 0.38+0.01%+0 0.35+0.01%0 0.530.02%+0 0.50£0.047+0
PHEL B PR e 0.53+0.04+44 0.68+0.03%+44 0.65£0.07"44 0.83+0.03%"4 1.1420.027#04
FHE B i 2 0.660.05*#A0 0.540.02%#4A0 0.51+0.02+*240 0.82+0.04%"4 1.000.03++A0

1 52 ML, *P<0.05 ; SHEIZ AL, 'P<0.05 ; 5 FHE 1L BT (IR AH L, 4P<0.05 ; 5712 1R85 P A4 1, PP<0.05; 56 %

EAAR L, 2P<0.05,
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SRR B K 10D (B REAR, i P B R By T35 T
WRHEBR A AN R AR B A | BT B Ak By AT AE —
FEFRRE [ PD /N R A I 8 5T X e TG/ AT (1
SR PEH AU RS R R B2 /N B i
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— 5 N AR N B i SR T IX. ae—syn 2R R 35
JKF-FHE , i PINKI Parkin Beclin—1 %5 434 /K F
MLC3-M/LC3- 1 2 A HHFE AT BEAL; P11
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P | 6 LA A AT B8 5 815 PINK1/Parkin AH
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SIS 2 A MELIAEBR I RDE
P 5 T S T A R AR A | BRI B
TRIEK, 7 UE A B R B e 5 o R P UK TH I
W, AT e 5 &2 5 B AT i I] 2 A AL A4 A st £ E AR
O, ¥ S EE g R E FEIE R R U ARAE
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