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Abstract: Objective To investigate the protective effects of a combination of Pulsatilla saponin B, and hederagenin C (HSC,
anemoside B,) with a quality ratio of 4 1 on Parkinson's disease (PD) and Alzheimer's disease (AD) models in mice and the

underlying mechanisms. Methods Sixty healthy male C57BL/6 mice were randomly selected, with 10 mice serving as the control
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group. The remaining 50 mice were intraperitoneally injected with 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP) to
establish a PD model. After the model was successfully established, the mice were randomly divided into the model group, the
positive control group (levodopa hydrochloride tablets, 30 mg-kg™), and the Pulsatilla saponin B,+HSC high, medium, and low
dose groups (20, 10, and 5 mg-kg™"), with 10 mice in each group. The mice were ig given the drugs for 14 d, once a day. The control
and model groups were ig given an equal volume of 0.9% sodium chloride solution. The onset and disappearance times of tremor
behavior were observed every two days. Behavioral experiments were conducted and scores were recorded on days 7 and 14 of the
treatment. Hematoxylin and eosin (HE) staining was used to observe pathological changes in the substantia nigra of the brain tissue.
Immunohistochemistry was used to detect the expression of a-synuclein in the brain tissue. Quantitative real-time polymerase chain
reaction (QRT-PCR) was used to detect the expression of dopamine transporter (DAT) and tyrosine hydroxylase (TH) mRNA in the
brain tissue. 50 APP/PS1 transgenic mice were randomly divided into the model group, the positive drug group (donepezil
hydrochloride, 1.5 mg-kg™"), and the high, medium, and low dose groups of Pulsatilla saponin B, +HSC (20, 10, and 5 mg-kg™),
respectively. Ten APP/PS1 transgenic wild-type mice were taken as the control group. The mice were administered ig once a day for
28 d. The model group and the control group were given the same amount of 0.9% sodium chloride solution. After the
administration, behavioral tests were conducted and the scores were recorded. The levels of inflammatory factors interleukin-6 (IL-
6), interleukin-1p (IL-1B), tumor necrosis factor-o (TNF-a), cyclooxygenase-2 (COX-2), and reactive oxygen species (ROS) in the
serum of the mice were detected by ELISA. The levels of superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) were
detected by kits. Results In the PD model mice, compared with the model group, Pulsatilla saponin B,+HSC significantly reduced
the tremor paralysis score (PD-RATS) score (P < 0.01, 0.001), significantly reduced the open field test score (P < 0.01, 0.001),
significantly reduced the climbing rod test score (P < 0.01, 0.001), significantly reduced the hanging test score (P < 0.01, 0.001),
significantly reduced the swimming test score (P < 0.01, 0.001), and significantly reduced the comprehensive score of behavioral
test (P < 0.001), and significantly improved the structure damage of substantia nigra, significantly reduced the expression of o
-synuclein, and significantly increased the levels of DAT and TH mRNA in the brain tissue of mice (P < 0.05, 0.01, 0.001). In the AD
mouse model, compared with the model group, Pulsatilla saponin B, + HSC significantly shortened the escape latency in the water
maze spatial navigation experiment (P < 0.001), significantly prolonged the cumulative stay time in the target quadrant (P < 0.05,
0.01, 0.001), significantly increased the number of accurate crossings of the platform location (P < 0.05, 0.01), significantly reduced
the serum inflammatory factor level (P < 0.05, 0.01, 0.001), significantly reduced the level of ROS, and increased the level of SOD
and GSH-Px (P < 0.05, 0.01, 0.001). Conclusion Pulsatilla saponin B,+HSC effectively played protective roles on PD and AD in
mice, which may be achieved through anti-inflammatory and antioxidant effects and improvement of brain tissue and neuron
damage.
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Fig. 8 Effects of anemoside on o-synuclein in brain tissue of PD mice (x200)

3.1.9 AkHEFE N PD /RN AL DAT. TH R iA
sz 2 B E A R —M AT 2 BEM 2T
RALATIE B2 B E N, KRR Rm e
5 fieh 151 Bt 1 22 B0 B3 it = B 6 38 P B R (] 5% f T
DALRUE 5 fi P 15 5 A= BRI B 5 1% S 1R 7 1o i A2 1 P

% P A ) S o B B Bl , — 3 IR UE AR B SRR R
% U 1) & BORN %32 1E 8 347 qRT-PCR SE 56

g8 PR (B 9) , 50 BB 41 Eb A, B0 401 /)N B8 i 4 231
DAT Al TH mRNA 7K F 8 3 F#{% (P<<0.001) ; 5 1
RIS LA, A3k 45 21 B, FHSC REWE I 2 B 7/ B



FE47E FT7H 2024F78 ﬁ!ﬁ-i{.‘[ﬁti Drug Evaluation Research ~ Vol. 47 No.7 July 2024 - 1439 -
1.5 1.5m
R 105 = K Lod
% A = T
g 0.5+ HHHf E 0.5+ i
3
0 = -
REOBE s 10 20 FEFUEN HIE ME s 10 20 KBRS
AXS 2 H BoHHSC/ (mekg™) (KA S B HHSC/ (mpkg™)
555 BRAH L A M P<<0.001 s SRR AH LA - "P<<0.05 P<<0.01 ""P<<0.001.
##p < 0.001 vs control group; "P<0.05 P <0.01 “"P<0.001 vs model group.
9 AL EEXPD/INRINALR DAT, TH mRNA Fi% B E M (xts,n=10)
Fig. 9 Effects of anemoside on mRNA level of DAT and TH in brain tissue of PD mice (;:i:s, n=10)
fili 41 41 DAT A1 TH mRNA 7K *F- (P<<0.05. 0.01. | RIS
0.001). 5L, (43k 45 LH AT LI i 4 41 i
% [ s 32 P AV S R 2 AL /KT, % MPTP %5 5 Bl 5B 8% B+ HSC S meke
[ PD /N BB 22 [0 e 28 70 AR B 4 1 RSB ey RS G U me ks
32 ELSSTRAD MR 80m W L% EF BoAHHSC 20 mekg !
320 F1 AT RS AD A UK B 5 R AT 905 i i
ww Eilg R, e Roser o “{aRl Bt e
RIS A FI R BE 47 . o) TR 2 Pe B, R 4 S 2i:x .,
d3.d6 /N I F 8 6 T AR 0 B 55 S8 K (P<<0.001) 5 % of¢ Wi
SRR, 43 d6 Sk SR 1 BAHSC A AR g
¥4 5355 24 05 95 R CP<0.001) 5 11 S 55 H A i
% 23 AD /)N B A AZ B8 7 I0R , H H 3R 30 H 77

AR 10D,
KEEFMRRLRLSE RE R, 5SX AL
B, AD BEBLZH /N BRAE H 1SR 1 8 1T 5 B B 1E) B
4R H (P<0.001) , HE#f 7 BR-F & BT 7 A7 B 1 KL
A F A (P<0.0D); SRR A LLE, HkH 2
B, +HSC 4/ R AE H b 5 PR 1) F 145 B7 B[R] B 2 42
£ (P<<0.05.0.01.0.001) , #E# %5 & BT AEAL B 1
U N (P<<0.05.0.01) . 25 B8 k%
AT 2 AD /N BRI S B 2 SRR A E
JTRLCE 1D .
322 HLH RN AD /N R LI 25 B T 18
We) R AR B, RN ) B 5 2R G AIAH G 1 20E I B2
TEAR KL Lt T AD IR R, B & i fiks &
YT I, K 2 B RE bR B R B v DR, R
i AR S YR T 0 AU I B 2 B A B
HIEERP, WE 12 fror, 50 RA L, AD F Y
/N BRI 3% o IL-6 . TNF-a IL-1p A COX-2 7K - & 3
F+E (P<0.01.0.001) ; SHIH L, Bk 2 H

dl a3

5 AL L7 P<<0.001; SRR LEH ™" P<<0.001.
##p < 0.001 vs control group; ~"P < 0.001 vs model group.

dé

Bk 45 BT AD /N RUK K 25 Bk R 1 B S (o
s,n=10)
Fig. 10 Effect of anemoside on escape latency of AD mice

E10

in water maze (x+s, n=10)

B, +HSC REf% 2 & B I 28 0 Rl 7 (1 7K ~F (P<<0.05.
0.01.0.001) , H. 3 v 751 & 21 0 1) 7K 7 5 BH 1 24 A2 e
% W AHE , 2 B0 Sk 55 R AT RR B ) 2
BRI 7K P 0 AD /)N SRS RS E 2 R4

323 AkHEE X AD /N KR LS E AL S 5
W SRR N R E SO ROS/RNS 177 4= 55 400 ffa 47t
AL Th e K . A AR L) 20% A SR 25%
{140 61 221 W 9t O s Th B PR T R LA K CF m, REAR
K H P S A A AN 2 1 A BRRE RS 0K il %
A I B A 45 0 BB R ER 2 B EdE R B,
AWM R AD MEEBHHE R, 25 TEWRMK



+ 1440 - F47EFETH 2024F78 %ﬁ-#‘ld’i Drug Evaluation Research ~ Vol. 47 No.7 July 2024
[ Z ‘ ‘ \‘. [ | Y \ } f: [ ( | \
R = SHMF  ERBEE BAHSC [IRBE BAUSC FEkHBE B HSC
5mgkg! 10 mgkg! 20 mg-kg !
- 40 .
ﬁ .l_%’; ¥
Jiay] fLag ® ==
An pe
5 = 201
= 2 1o
= =
o
o s 5 10 20 HFEIKF EOLCR o] 5 10 20 BFRIRF

(13L& 21 B4 HISC/ (mgke™)

AL He HBa-HSC/ (mgkg ™)

SxtiE4 P <0.001; SRR AL :"P<0.05 "P<0.01 "P<0.001.

##p < 0.001 vs control group; "P<0.05 “P<0.01

B 11

ko

P <0.001 vs model group.

H k8 BE X AD /NRK K B K U B0 (s, n=10)

Fig. 11 Effect of anemoside on swimming track in water maze in AD mice (;:ts, n=10)

1504

IL-6/(pgmL™)

W OB 5 10 20
M3k 52 By+HHSC/ (mgkg

100+

IL-1p/pg-mL™")

W OHE 5 10 20
A3kA 2158+ HSC / (mgkg D

10

20 FHEKF 1.5mgkg

20 FFEIRF 1.5mgkg”

1007 #
* **
—~ s ek .
T ==
2 60+
&0
£
“"F 40
g
S 204
0.
F OB 5 10 20 HERF1Smgkg”
[k # 21 B4+ HSC/ (mgkg ™)
800+
Hik
*%
600+ e
',:\ L E2 3]
?R 4004
&
3
E 200+
e
XTHE MR 5 10 20 #ZEIRFF 1.5mekeg™

Sk £ 2 H By +HHSC /. (mgkg ™)

Hx At P <0.01 *P<0.001; 5 A4 L :"P<0.05 TP<0.01 "P<0.001.

#p<0.01 *P<0.001vs control group; "P<0.05 “P<0.01

ok

P <0.001 vs model group.

B 12 ELSEEAD /R KR F K F RN (vxs,n=10)

Fig. 12 Effect of anemoside on levels of inflammatory factors in AD mice (;:I:s, n=10)

AR R Bl i 13 fror, SRR AL L, AD
RUZH /N B 1 ROS 2% 1 . SOD Hil GSH-Px 7K
SR PR (P<<0.001) s SER A LU, 1 AL S 2
H B,+HSC ft % & % [% {k ROS 7K °F . F+ /& SOD
A GSH-Px ] 7K *F- (P<<0.05.0.01.0.001) , K %
EEMNMANMNMIER. Fit, AkH a2

RE I 2 K 45 A A B BOE X AD /s BREE AT
Ry

4 Tig
PD L2 5T SOIR 1A 22 B2 i R A 48 oo AR PE B Ol

T BRE , F BUSCIRR X 2 T3 5 7K1 T BE A o-
RAbAZ 5 A AR 3T B MR B 5 Mk, 2 B



F47EFETH 2024F7H é’fl'iﬂ'ﬁti Drug Evaluation Research

Vol. 47 No. 7 July 2024 + 1441 -

15

107 Hith

31 o
& ke
vl 2
8 =
& 44 g 5
£ ”

0.

X OB 5 10 20 2FRF M OER s

A3k 4524 B4+HHSC/ (mgkg 1D

20 HHWRFF
Bk H B BoHHSC/ (mgkg D

GSH-Px/(ngmL™)

MW OBAR 5 10 20 EKRF

H3L$5 2 1FB,+HSC/ (mgkg D

xR R P <0.001 ; HHIALA L # - "P<0.05 "P<0.01 ""P<<0.001.
P <0.001 vs control group; "P<0.05 “P<0.01 ""P<0.001 vs model group.

B 13 Ak BE AD/NRE A FI (xks,n=10)

Fig. 13 Effect of anemoside on oxidative stress in AD mice (;:I:s, n=10)

RE A 22 70 302 fink S /M AL A ASE 22 O i BT 26 T
TG Bl B 5% o RIS - 8 i A B 1 KT (1 FF
m Al e e R R A P R
1B 1A & 48 (UPS) B H -7 Bl 74& 12 (ALP) 1 T
RE , J0 1 1 B 00 B A7 R F At S A0 () B AR T LA
ST R EAE R IR, PD I AR SE R R BN 1R
PERE B2 SR 2 L5 B R A R AT N 4
AR ARSI d MPTP 8 45 5 /N BRUR 2E 18 3l
TG U AE T BRI, Sk S B H 45 245 )5 Re g 0 3 o
/N R ) RS, 12 U RE . TR B HE 4%
0 5% /)N B0 B I 5 A, A 0 2H i B T 5 AL 4 43
Fk & B A2 )5 e B35 OOGE I AL 2B R 454
it . MPTPIE#E 5 o- R filiA% 25 1 2 T, 3k
2 H RE N 0 PR a- R AZ R AR IE, THE DR
i 2H 28 DAT F1 TH mRNA K-F . 358 (1 3k 35 2 1
MPTP 5 5 /Nl PD A CRIEH , AT LASkGE HAT N
AR J i A 23 R AR A . AR F AL T RE S
i FRAR o- R A% 85 B 95, 75 DAT A TH AH K .
AD & — R AT M B AT M, LR E R
TR AL A e s A, B RTEE TR R I, AL N R
AD B J () KL, ROS 57 B2 fih 2 40 B B
() 3k 2 5 T 453 5 4 26 0 4 O T R RN e B, T8
WA Th Re B AG AeAZ J10aR P . [FEF, ROS FH 2R Bk
TH BRAS B, 98 240 B ] E 98 RE 08 0 B TSR = AR 4%
DRI 7, 8 S8 A0 2O Ja] 7 5 BORP 22 i T2 AT
XL S B A EA LR, B R A SRR R
AR AT RRACROS 7K1 J 3% SOD s 14 , PR AIR4H
U JE N F TIL- 1B IL-6 . TNF-a /K B2, AR szig
W, AD /) B A (A1 E 12 68 ) kR K if i P IL-64
TNF-0..IL-18.COX-2 1 ROS /K- & 2 FI 5 , SOD Al
GSH-Px /KT i 3 FFAK . /KK SZI6 45 B4R A3k
FET AL A R AD /MR A (B2 68 T kiR
DL %5 8] 2 2842 88 11 . A ELISA 45 B 4271 A

k55 B AR S B3 P AK /) BRI IS H IL-6. TNF-a.
IL-1B.COX-2.ROS 7K, F+ i /) B 1fiL i 7 SOD #
GSH-Px 7K°F-. H:k&H 2 HAEIRIT AD /MR >4l
12 RE T I8 A G JEE R 205 L Bt S8 A RS B
W BRI BT R B B A R AD B K
w77

i PD A1 AD /) BR SR BG W0 B AIE (1 3k &5 2
Xf 4R IR AT PR B U IR T AR HMLH 3=
LR PR SR A T ARG HEN
P Sk 557 52 7[R S0 0 R i 06 453 475+ S = ZE 4
JUUEE 245 14 0 2 R A L A [) 8 20 5 8 /) o 3 5% 2 1R 4%
HA AL A 95 AL ] 4 23R AT M B — E
TRIT R HE AR AT SEIR IR AL

FlarR HAGHEAFARAEEAGF R
S 30k

[1] Martinez-Cu¢ C, Rueda N. Cellular senescence in
neurodegenerative diseases [J]. Front Cell Neurosci,
2020, 14: 16.

[2] Chi H, Chang H Y, Sang T K. Neuronal cell death
mechanisms in major neurodegenerative diseases [J]. Int
J Mol Sci, 2018, 19(10): 3082.

[3] Khanam H, Ali A, Asif M, et al. Neurodegenerative
diseases linked to misfolded proteins and their
therapeutic approaches: A review [J]. Eur J] Med Chem,
2016, 124: 1121-1141.

[4] Armstrong M J, Okun M S. Diagnosis and treatment of
parkinson disease: A review [J]. JAMA, 2020, 323(6):
548-560.

(5] Aok, Ed, 5, 55 AR RN 2O 18 I T 6 IR R AR
MR E ] & SOD. MDA. Caspase-3 35 ik [ 5 i
[7]. HR [ 2450, 2021, 24(2): 227-231.

Fu L, Wang N, Chang L, et al. Protective effect of
Eucommia ulmoides lignans on optic nerve and influence

on the expressions of SOD, MDA and caspase-3 in



+ 1442 -

F47EFETH 2024F78 "é""#‘[ﬁt % Drug Evaluation Research

Vol. 47 No. 7 July 2024

(7]

[8]

(9]

(10]

[13]

chronic glaucoma rats [J]. China Pharm, 2021, 24(2):
227-231.

T, W2, T4, A5 R A SRR A < AR 4
HE Y e Ao 22 F 41 R 0 L ) OR AP L [0, Hh AR AR
O JI0 LAE5 24 %, 2021, 23(9): 913-917.

Gu H T, Shi H, Wang L, et al. Total flavonoids of Fructus
Livistonae protect human neuroblastoma cells in a cell
model of PD [J]. Chin J Geriatr Heart Brain Vessel Dis,
2021, 23(9): 913-917.

T, VLSS 30 5 20 vy 2 B A P i ) e K 4 o)
2 AR AE - AT S0 0 (7). 2590 V7 A0 BT 9T, 2018, 41
(8): 1541-1547.

Zhang M F, Shen Y Q. Research advance on central
suppression and neuroprotection of reduced matrine-type
alkaloids [J]. Drug Eval Res, 2018, 41(8): 1541-1547.
TKEFSE, MY, B, 55 KA R T I AR AT I
TR TR e (0], Th 2B 2 5 IR 25 7, 2022, 33(2):
273-280.

Zhang S Y, Yang Y L, Li H L, et al. Advances of the
intervention effect of urolithins at the neurodegenerative
diseases [J]. Tradit Chin Drug Res Clin Pharmacol, 2022,
33(2): 273-280.

BRI WA, F I, 45 ANEVEM AT R S R 2
P RS U G 4 A 2GR AP 4 (0], DAR T
=2, 2017, 44(4): 701-705.

Zhao S, Jiang L H, Wang J P, et al. Neuroprotective effect
GM1
triterpenein on the brain damage caused by epilepsy [J].
Mod Prev Med, 2017, 44(4): 701-705.

rpE 24 4 [S]. —#6.2020.

Pharmacopoeia of the People's Republic of China
[S]. Volume I. 2020.

ek, SRENE, AL, . R R B 2 EAE TR
HERE [1]. K2, 2022, 44(7): 2229-2233.

Yuan J, Zhang L F, Gao H W, et al. Research progress on

of exogenous combined with ganoderma

pharmacological action of Pulsatilla saponin B, [J]. Chin
Tradit Pat Med, 2022, 44(7): 2229-2233.

BOE A, BRETE, BRI, 5 BT RERE AL Bk
TR 2 oy B T4 ) i 96 NCI-H460 2 it 18 5 1 F
WEFT [7]. 24, 2019, 50(21): 5289-5297.

Guan Z W, Chen L Y, Luo Y Y, et al. Summary of
chemical constituents and pharmacological effects of
Pulsatilla chinensis [J]. Chin Tradit Herb Drugs, 2019, 50
(21): 5289-5297.

B, ZE . RS ROAG A2 O K 2 AR T SU ik B
[3]. F =254, 2003, 21(8): 1338-1339, 1365.

Zhong C B, Li X. Summary of chemical constituents and
pharmacological effects of Pulsatilla chinensis [J]. Study
J Tradit Chin Med, 2003, 21(8): 1338-1339, 1365.

[14]

[17]

[18]

[20]

[21]

Gepdiremen A, Mshvildadze V, Siileyman H, et al. Acute
anti-inflammatory activity of four saponins isolated from
ivy: Alpha-hederin, hederasaponin-C, hederacolchiside-E
and hederacolchiside-F in carrageenan-induced rat paw
edema [J]. Phytomedicine, 2005, 12(6/7): 440-444.

¥ 3#5 . Hederasaponin C 4K A 3% 4 18 FH BT 58 [D]. 7%
Mz TR K5, 2019.

Guo W X. Study on anti-inflammatory effect of
Hederasaponin C in vivo [D]. Suzhou: Soochow
University, 2019.

AL, PRSI, AR kS R A AW S] %
6T R R R RO Z5 M B R R, CN115192592
A [P]. 2022-10-18.

Gao H W, Yuan R Y K, Yang S L. Application of
the
preparation of drugs for diabetic nephropathy: China,
CN115192592A [P]. 2022-10-18.

AL, FEAC A, AR . Sk S B A WAE %
1097 CAR-T J7 ¥ 51 2 CRS (¥ 25 9 v 1t 52 F - b [
CN114984094B [P]. 2023-09-15.

Gao H W, Yuan R Y K, Yang S L. Application of

the

Pulsatilla  Pulsatilla saponin composition in

Pulsatilla  Pulsatilla  saponin composition in
preparation of drugs for the treatment of CRS induced
by CAR-T therapy: China, CN114984094B [P]. 2023-
09-15.

AL, FEAC A, AR . Sk S B A A WAE %
ST SIS FEREAL 25 R I ML R L, CN11493158
2A [P]. 2022-08-23.

Gao H W, Yuan R Y K, Yang S L. Application of
Pulsatilla Pulsatilla saponin composition in preparation
of drugs for the treatment of atherosclerosis: China,
CN114931582A [P]. 2022-08-23.

AL, BEAT AR, AR . kS R A A KA
il 25 VR T R IR A 250 b R - b B, CN114796248
A [P]. 2022-07-29.

Gao H W, Yuan R Y K, Yang S L. Pulsatilla Pulsatilla
saponin composition and its application in preparation of
drugs for the treatment of dermatosis: China, CN1147962
48A [P]. 2022-07-29.

PRER, MR, B, %5 . MPTP /5 5 CS7BL/6 /N U\ 4
PRALTY B ) 2 MPPAS (D], v (B B AR BS 22 2% 35, 2020, 30
(8): 57-62, 85.

Lin Z, Chen H Z, Zhao H, et al. Preparation and
assessment of a C57BL/6 mouse Parkinson's model
induced by MPTP [J]. Chin J Comp Med, 2020, 30(8):
57-62, 85.

Li Y Y, Zhou T T, Zhang Y, et al. Distribution of o
-synuclein aggregation in the peripheral tissues [J].
Neurochem Res, 2022, 47(12): 3627-3634.



F47EFETH 2024F7H %K"‘iﬂ'{ﬁti Drug Evaluation Research ~ Vol. 47 No.7 July 2024 - 1443 -
[22] Cartier E, Garcia-Olivares J, Janezic E, et al. The SUMO- detection in a Chinese family with early-onset
conjugase Ubc9 prevents the degradation of the Parkinson's disease [D]. Nanjing: Nanjing Medical

[23]

[25]

[26]

[27]

[28]

[29]

dopamine transporter, enhancing its cell surface level and
dopamine uptake [J]. Front Cell Neurosci, 2019, 13: 35.
Rusek M, Smith J, El-Khatib K, et al. The role of the
JAK/STAT signaling pathway in the pathogenesis of
Alzheimer's disease: New potential treatment target [J].
Int J Mol Sci, 2023, 24(1): 864.

Nippert A R, Biesecker K R, Newman E A. Mechanisms
mediating functional in the brain [J].
Neuroscientist, 2018, 24(1): 73-83.

Briyal S, Ranjan A K, Gulati A. Oxidative stress: A target

hyperemia

to treat Alzheimer's disease and stroke [J]. Neurochem
Int, 2023, 165: 105509.

Poewe W, Seppi K, Tanner C M, et al. Parkinson disease
[J]. Nat Rev Dis Primers, 2017, 3: 17013
Sampaio-Marques B, Pereira H, Santos A R, et al. Caloric
restriction rescues yeast cells from alpha-synuclein
toxicity through autophagic control of proteostasis [J].
Aging, 2018, 10(12): 3821-3833.

Jastrzgbowska M A, Marquis R, Melie-Garcia L, et al.
Dopaminergic =~ modulation  of motor  network
compensatory mechanisms in Parkinson's disease [J].
Hum Brain Mapp, 2019, 40(15): 4397-4416.

T4 — b BRI A < AR KRR e R R AIE K B
I IT [D]. B AL A B AR, 2020.

Huang T. Clinical characteristics and gene mutations

[30]

[31]

[33]

[34]

University, 2020.
Ionescu-Tucker A, Cotman C W. Emerging roles of
oxidative stress in brain aging and Alzheimer's disease
[J]. Neurobiol Aging, 2021, 107: 86-95.

Pardillo-Diaz R, Pérez-Garcia P, Castro C,

Oxidative stress as a potential mechanism underlying

et al.

membrane
diseases [J]. Antioxidants, 2022, 11(8): 1511.

BIEER . F3k 45 21 Bo@ L 1] ST00A9/MAPK/NF-«B
F T B G SR VE R [D]. 75 IR KA, 2021,
Zha Z X. Hederacoside C alleviates inflammatory bowel
inhibiting S100A9/MAPK/NF- «B
signaling pathway [D]. Suzhou: Soochow University,
2021.

125 . [ 3k 55 21 B, E i 1 ] ROS/MAPKs 15 5 3 %
Gefir B BB 3 [D]. 751 TR MK, 2020.

He L. Anemoside B,
inhibiting ROS/MAPKs signaling pathway [D]. Suzhou:
Soochow University, 2020.

JA NGS5 B BT LPS B80S P i 45343 14 £ 47
5 F e HLHIBTFE [D]. B B TP P R 25 K27, 2019.

Zhou M J. Protective effect and mechanism of Pulsatilla

hyperexcitability —in  neurodegenerative

disease through

attenuates kidney injury by

saponin B, on acute lung injury induced by LPS [D].
Nanchang: Jiangxi University of Traditional Chinese
Medicine, 2019.

[FiEmiE Z#74]



