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ABSTRACT OBJECTIVE To investigate the neuroprotective effect and mechanism of eleutheroside B (ELB) on Parkinson’s
disease (PD) model mice by regulating the IkB kinase p (IKKP)/nuclear factor-kB (NF-«kB) signaling pathway. METHODS Fifty
mice were randomly divided into normal control group, model group, positive control group (selegiline hydrochloride, 10 mg/kg),
and ELB low-dose and high-dose groups (80, 160 mg/kg) ,

with 10 mice in each group. Each group was given relevant
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medicine or normal saline intragastrically for 14 consecutive
days. Starting from the 10th day of administration, the model
group and all administration groups were intraperitoneally

injected with 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine
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(MPTP) 30 mg/kg, for five consecutive days to establish the
chronic PD model. After the last administration for 24 h, six

mice were randomly selected from each group to test their
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behavioral abilities; detect the levels of interleukin-13 (IL-18), IL-10, tumor necrosis factor-a (TNF-a) in brain tissue and their
mRNA expressions were measured, and positive expression of tyrosine hydroxylase (TH), protein expressions of TH, a-synuclein
(a-syn), ionized calcium-binding adaptor molecule 1 (Iba-1), as well as phosphorylation levels of IKKB and NF-kB p65 proteins
in the brain tissue were detected. The ultrastructure of neurons in substantia nigra was observed. RESULTS Compared with the
model group, rotarod endurance time and climbing score of each administration group (except for the ELB low-dose group) were
increased significantly (P<<0.05) , while the levels and mRNA expressions of IL-1B, TNF-«, «-syn, and Iba-1, as well as
phosphorylation levels of IKKB and NF-kB p65 proteins in brain tissue were decreased significantly (except for TNF-a in the ELB
low-dose group). Conversely, the level and mRNA expression of IL-10 (except for the ELB low-dose group) , TH positive
expression and protein expressions were significantly increased (P<<0.05). Typical neurodegenerative pathological changes, such as
neuronal karyopyknosis, mitochondrial swelling and vacuolization, and endoplasmic reticulum dilation, all showed varying degrees
of improvement. CONCLUSIONS ELB may exert neuroprotective effects by inhibiting the activation of the IKKB/NF-kB signaling
pathway, alleviating inflammatory responses, reducing abnormal a-syn aggregation and neuronal loss, and further improving motor

dysfunction in PD mice.
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F14: #%9% (Parkinson s disease , PD ) & —# i WLIK) 5
AR AH G P 2R A TR , DA e i B P B0 2 L e
REA 2T HEA T 1 R 25 20 MR 28 u AR 19 8% ) 1R 1) 5
RN FER BRI KRR BN E 3R g WA
B | P R RN S SO AR A 2R AT A B e, ™
0 B TAERAENG . HATPD & m AL i ok B
B, Wk = A RORIT B . P SRR 2 IK S iR A 11
AR I AR 2 2 — , A WFST RS, HiAy PD g #iLA- B
SUN LAV RS (S

1F PD R HUOAEE T, a- 22 il A% 85 1 (a-synuclein,
a-syn) 5t RAE AN I SE PR 45 T 25K
% IkB B4 B (IkB kinase B, IKKB) , 11 1 i B R 1k
i Ik B & AR (4 #% ] T kB (nuclear factor-«xB, NF-kB) i
BT AN MIAZ N IS 30T WA R JE PR o, K e ik
H 40 i/ & 1B (interleukin-18, IL-18) . FRE IR I K 1 o
(tumor necrosis factor-o, TNF-a) 5 HE K T, 51 & i
P2 G 5 MTARFELIR B R S, X £s i — 20 gl 2 1
i RE M2 oe s eI a-syn BAE 5 1% 5 IR B, IR AL
AR IS B M 2R AT M AR R Y, BT I,
IKK B/NF-kB {55538 [ A g & 1101 PD A% 8 205 7R A5

%l 15 B (eleutheroside B, ELB ) Sz Jil] Fi il fit) 42 22
W2 —, BA PR Bukskif pis e E2fMAy)
2FIIREY, BARESY B, ELB ] 38 1 410 il fig 2 0175 -
) — A AU B, FEAIR AR B KO, RS AR IE T
ST IS R B, B OIS Ay B R AR
FH, #c I ELB 7] B i o 1 ] IKK B/NF-kB {5 53 &
FRIZAEM o RS AR U, ASAIF 58 R AT 1- Ak -4-0%
%-1,2,3, 6-PUA AL IE (MPTP) 7% 5/ il PD #E8L , #%4+)
ELB Xf 2 UL et 2 ou i O /R T, I 258 T IKK B/NF-
wB {75518 % ) P HLC A 3 40 ) 0 B v el /s s B fig
JIHLH, 1k PD (IR T $E 25

1 #F#
1.1 FEE{ES

AHIFGE T 3 B S840 45 ELX800 %4 [ S itnRiX
(2215 BioTek 2N H] ) (HT7700 %535 B vy 7 g 1% ( H AR
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HITACHI /A 7] ) \SA102 B A9% 57 AL (VIR B B3 2
B A R T]) | Stratagene Mx3 005P IS 5 H 5 Aty
55 3R W (PCR) Y (3 [ Agilent 24 7] ) \CKX41 KI5 &
5 U5E (H 78 Olympus 24 H] ) .SmartChemi 11 —{&={{k
RICAGAL A P AN R A R A FD .
1.2 FEHHESIAF

ELB X} H8 iy (4l =98%, it 5 S3293AB93) 4 T I
T 2 AR A B |l MPTP (445 M0896) Il 135
Sigma /A ; R R FI Ok 2% B (BHMEXT 259, FiAs 5
mg, it 5 2223732, [ 24 it 5 HI20160342) Wy T 3% 2=
Orion Corporation 23 &) ; IL-10 . IL-1B . TNF-o JiFE 6 72 T
BRI 22 (ELISA ) ) & Al e i/ B p-IKK B  IKKB £ 7
e L AR (45 43 1 Sk PI522. PI301, PT512, AF5839,
AF7200) ¥ F AU 58 = KA H AR B2 7] 5 e
5ol % 24 R #2 AL i (tyrosine hydroxylase, TH) | H jili % -3-
R M & (GAPDH) 2 5 FEHLIR A S bt/ N BUAZ 4T )2 &
H B1 (Lamin B1) ¥ 5 [ BT /4 (4L 5 43 ) A #58844
21188, #13435) ¥ F 3% [ Cell Signaling 23 w5 S/
il a-syn . B F5545 5151470 F 1 (ionized calcium-binding
adaptor molecule 1, Iba-1) £ 5 & $it A& (41t 5 43 51
ab212184 ,ab16667) F114 T 9£ [E Abcam 23 7] 5 S HT /N il
% 112 1t NF- kB (phosphorylated-NF-«B, p-NF-«B p65) .
NF-«B pb65 £ 7% B Hi A& (4t 5 5 51 4 sc-136548 ., sc-
71677) ¥+ 3% [E Santa Cruz /A &) ; DAB %32 2H 4k 371
& BRI E YRR IE A LR B b (S B
00011404 ,CW0103S) ¥4 F H¢ Ayt 20 A= Y BHE A BR 2
) ;IL-18 . TNF-a . IL-10 . GAPDH 5| ¥ #4 thi 4 T4 9 T.
2 (0 ) Befi A RS Wl B A o
1.3 KIEEhY

SPF % C57BL/6J M A5 /INER 50 H, 7~8 il i, 4
H (25 +3)g, I /RIEERIR2E IR sh Y 2F i f2 it , 52
WA A PV AT IE S SCXK (22)2019-001, /)B4 32
T I TG IR B2 Bt S 56 s 40 v R S 0 5 TN R ik TR
BRIEH G/ R EAE 12 h 28 LIk, A RS ok, A&
SCH KBS s O 43R ST R S 2 Be sh i 18
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PR LS g5 (SRR ) s H[2023] 79 5 (QMU-
AECC-2023-79)
2 FiEEHER
2.1 oHE BES5HRY

#4550 H/INERBEAL S A 1E 6 FR 4] BRI 4] ELBAIK
#1240 (80 mg/kg) \ELB &l i 2H (160 mg/kg ) Fl P T
MRl (EhAR Wk 2% A, 10 mg/kg) , B34 10 H ELB 4524
FRI AR T TS B A5 R L BRI ROk 22 A R AR
Pl R H R R, /R Al DR SR 1R S T i
SEH, SRR 1 R , 4540 2 A1/ BRUVRE R E B AH I
VI, TE R 0T IR ZH RIS 7R 2 /)N BRUVRE 5 AR R K, 25 2 1R
h0.4mL,#ESE 14 do MILERES 10 R, BRI 4545
220 /N BRUME s 13 55 MPTP 30 mg/kg, 4% 5 d, 15 512 1
PD AR AT TE X RRZH /)N B i v 5 A= R /K 0.1 mLs,
2.2 INRITABEAMLK
2.2.1 FEEESIL

TR S AR P AR SCHGE i DAk it S T . SIS
12 R BEPLIEERL 6 H/NRAE 74T M2 I 2k, il
SN R 55 A 0l 15 t/min, B R4 120 s, 1%
e %53 do RIKEZA 25 24 h g PEATIE UL, B4 0 o
AR U 2 1A 4 v/miin, Bt 3 % A 40 r/min, TG B R
20 r/min, SZHIFE] A 5 min, 30 5% ABERE T 16 2] /)N BLES
FEFF R T] VS e s R i a) . g /N B E 3 v,
YITE] B 1 b, B, 45 5% DA IE & X6 AR AL E8 (o A
HATIH— A3
2.2.2  JEFFSLE

RS a5 HE , 9 K 50 em BAR 1 em B ARHT
T, PEATICHT A5 . i SE R BENL 6 H /N Bl i AT 7 e
S MR b A E] IF AR B I [ TS >6 s 1
53,3~6 s H 248, <3 s K355, /INHMATF F i fs il
RTCR B HNEINGE S 4 75% BRGSO T AR
Fo A F/INEINE 3 YK, BOAE, 285 5 DL IE 5 %) IR ZH 2UE
RIBRUEREATIA — b B, SIS Y e 24 Hh R (R
V5 0T B B ) 7™ R B " PEA
2.3 HARE

/NERAT A B8 T3 R 58 S L FH Tk BRI I I 35 Ak
B, P UG 22, T oK LA B i 2R o, 28
2.4 BNARFRAEEFKFERT

B 2,375 R AR REAL 6 H/NRIG LS, B TR
VA ) 243 TP VKIS 30 min, L 12 000 t/min 2.0 5 min, X
VB, Hi R ELISA B & 1 BH B 454 , TR bR A
W SEREAE , F T8 IL-18 IL-10 . TNF-a /K-, 45 5 DA IE
O BREH B AR T IR — LA B
25 MERALBHEHINE

Be2.3" 0 AR AL 6 H /NGBS o B SR B 4,
T 2.5% L EH, T4 °C R E 1 155 U H HCH IR
BT AR, 578 2 EP N, H1 0.1 mol/L R 5 2%
RPETR 3 U R T 4 °CF L 1% SRR 15 %€ 2 h, &bk
CPEBRRKIG | BT IR 5 2R g (AR FR L R
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L DIREWR RS, LLAERT AR L, il 25 U0 R, W Bt
T R F  FH S R Bl e (7, 20 min AR YL (5 15 min
J& BTSN S A
2.6 FNZALA T THREMEREET

B 2.3 00~ AR AL 6 H/NERIGZH 2, FH 4% R /K
h ARSI G 24 h, SR HEATRR P K A3 PR
W DAB 2 4 A0 i) e Ul B B, T E B T
MLERIFFA1 B8, F F Image J 5R0F 43 #4386 (o 907 (TH B
PFRIR) AOYGEEE (optical density,OD) , 255 UL TE # X HE
BB AR EEA T — AR A B
2.7 RALABEARIERN

237 T R AR AL 6 /NI 2 SRR
D753 17 R AT i O T o = I @ I )
Ja , JH 5% Wi g 4= W58 4] 2 h, il A TH. a-syn, Iba-1,
p-IKKB . IKKB .p-NF-kB p65.Lamin B1 Fl GAPDH —#i
(R BE LA 43502 1:1 000, 1:1 000,1:2 000,1:2 000,
1:2000,1:2 000,1:2 000,1:2 000), T 37 °C NI H
4 h; TBST V¥ 3 K5 , -5 B i AL P ibr e 1) — bt
(FERELLAA 1:2 000) 7F 37 °C R HE 2 h; TBST e,
T BCL AN , 't 5% 5 T — AR =0 k2 Ak
AL N HE 3BT 55t KA . DA p-IKKB/IKK B Fl p-NF-
kB p65/Lamin B1 Ml %71 IKKB . NF-«kB p65 45 [ Fl i
MR A 7K, A L H 8 H 5 N S8 1 (GAPDH) Y K
JEE HE e B IR 8K
2.8 MRALHRIL-18.IL-10 TNF-o mRNA Rix &

M<2.37 35 R B BEAL 6 H /)N BUIK 2H 40 Fp 4R B0
RNA, i3 5% 55 i cDNA , Jf- #4752 PCR Y14 . PCR J
N AR SARFR 20 L, 4% cDNA B 2 pL, dNTP %
W 1.6 WL, 1E 1051 9145 0.8 wL, BeyoTaq Buffer % i 2
wL, BeyoTaq DNA Polymerase i & 0.1 pL, F X ZE K
%20 pLo PCRY 54K 95 °CHUAEME: 30 5595 °CAE
55.60 °CiE KM 31 s, 440 MEH, L GAPDH Jy 4
Z, R 270 T G 4 2 P TIL-18 . IL-10 ., TNF-«a
mRNA (AR R, I LLIE 3 % IR 2 B (e v A 7
IH—fbAb3 ., 51975 588K E LR 1.

x1 S|YFEISTEEYKE

R Elbiig]! 5K Ebp

IL-18 iF1i:5'- TGGTGTGTGACGTTCCC-3' 12
Fii;5'- TGTCCATTGAGGTGGAGAG-3'

TNF-« IFJi):5'- GCAAAGGGAGAGTGGTCA-Y' 128
JiJi:5'- CTGGCTCTGTGAGGAAGG-3'

110 iF1i:5'- TICACAAGTCGGAGGCTTA-3' 107
Fii;5'- CAAGTGCATCATCGTTGTTC-3'

GAPDH IFJi):5'- CCTCGTCCCGTAGACAAAATG3' 113

J21:5'- TGAGGTCAATGAAGGGGTCGT-3'
2.9 FitESH
K HI SPSS 18.0 4 Xt £ i A7 581t 3 Hr o R
Shapiro-Wilk K 4 47 IEZS M40 4T, SR IE A A it
TERLLA X + 5 Foom , ZALH] FLRCR FH LR R O 2208, iF
— L LR F SNK KB . 4G /K 7 =005,
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3 #HR
3.1 ELBX/NRITARE NIRRT

5 TE X BRZH PO, R 2 /N B £ B Ik [ i
@I 43 1 B R AR (P<<0.05) , SHERIZH HLER, & 24024
/N BV A 5% T I 1) FN 22 €AY 53 (ELB I ) it H B A )
Py E TR (P<0.05), ZRIE2,

F2 BHNRITHBENLE (x£5,n=6)

415 B ERIN Ble¥h
R 1004014 1004000
R 04610.05 041014
ELB{flZ4 0534007 0524017
ELB Rl E4 0.71£006° 0.76£0.15°
Mtk 0.62£0,08° 0611017

a: SFIEH B HAL, P<0.05;b: SHEHIZ HLAL, P<<0.05,

3.2 ELB X7\ FR A 2B 48 o 58 i B F 7K T B9 540

5 1EH G R e, B 2 /)N UG 21 21 H TL-18 il
TNF-a K349 B T IL-10 7K - 53 3 FE A% (P<<0.05) .
SRR LA, £ 2h 25 20 /N BRI 21 20 TL-18 1 TNF-a
IO 5 2 A, IL- 10 (ELB AR RIS 4L R4 ) /K F-34 i 3%
FHE (P<0.05), 45RILFES,
=3 HHENBKALPIL-18. TNF-o . IL-10 K FLb B

(x*+s,n=6)

413 TNF-a IL-1 1L-10
R ATRAL 100£0.14 1004009 100£0.11
A 2844031° 2944032 0284002
ELBEAlE4] 249£0.26° 2624028 0334004
ELBF 24 186£0.19° 1.96£0.20° 057+007
[ilegopel 23240240 2401027 0441005

ar GIEF X B IR, P<0.055b: SN HLAE, P<0.05,

3.3 ELBX/NNRMERAAHHETEMENSKA
£1F TH PR IE R RN

5 TE 5 X A A, AR A /N B P T 2l 4 b il 22
I H A [ 45 SR AR i i 25 6 L P 5 I 4 sk A AR e
ZRATPERR AR, TH FHPE RS MR R IA ) B35
(P<<0.05) . SHEERIA LLEL, 4% 2 2 2/ BRI A 2B 47
PEJG7AE ¥4 A [R) L E e , TH BRI 2k AR B 60k 1y
B FIH(P<0.05). Z5RULIE 1 K 2F£ A4,
3.4 ELB Xt/ FR i 46 27 ff IKKB/NF-«B 15 S 8§ 8 %
EARIEHFM

55 1E 5 6 B2 e g, M AR 2 /N BRI ZH 2P a-syn
Iba-1 75 [ % 5 /K - A1 IKK B \NF-«B p65 & [ 1Y i iR 1k
IKOF3 8 TR (P<0.05) . SR Ho #4544 25 40
/N BRI ZH 21 P a-syn  Tba-1 25 [ 2 35 7K F Fll IKK B . NF-
kB p65 & 1 BERR fh K T34 i 3 AR (P<<0.05) . 2551
DL 2 f1Z 5,
3.5 ELBXH/IMREAZLFIL-18.IL-10, TNF-a mRNA
ezl

5 1E 5 6 B2 e, AR 2 /N BT A 2 IL-18
TNF-a mRNA 3k 3 1, IL-10 mRNA %3k 3%
T (P<0.05), SR LS, 445 25 4/ RUI 41 48
HIL-1B . TNF-a (ELB IG5 f 2 BR 4 ) mRNA FRik ¥ i

HEEZGS 2026 455 37 B4 8

A D.ELB?HJ
e EAN N 1D/ (= AN TSt VA
Bl &A/NRRERAL{HHITEMEHE

E. FHEx IR 2H

asyn | - . S SR e | (GkDa

Tba-1 ”" - i 17kDa

p-NF-kB p65

Lamin B1 86 kDa

p-IKKB | 86 kDa

IKKP | s— —— — - 6100

—_— - 70

IEf B4l ELBME  ELBE A
sty A RiERdl A4

B2 RANRNARPEORIEHEIKE
x4 BHNMRMAL T THRMERIZMEARILLLE

GAPDH

(x*+s,n=6)
415 THHEHL OD TH/GAPDH
R 1.00+0.13 196,54+ 17.94
fRAI 0.28+0.03 495526
LB 4 036+0.03 85.89£750°
ELB A4 061£007 125881595
MR 0.83£0.06° 127454 16.69°
a: SIEH X RZ UL, P<<0.05;b: SHIRIZH LLAL, P<<0.05,

x5 RANRMALAPIKKB/NF-kBIESERELE
HHRIELLE (x +5,n=6)

Fibl asyWGAPDH ~ Iba-1/GAPDH pIKKBIKKS  p-NF-kB p6S/Lamin BI

AR 21654259 373439 11994130 18884238

Fl 1307611682 129.14£1630° 61941759 125.92+15.35°

ELBEFIRA 955310810 1067421185 5189637 110.01+13.02°

ELBEAEA 69404878 64031697 30824414 81.06£1091°

It 76.60+9.3° 95094845 4174488 103,18+ 12.87"
a: 5 IEH A IR U #e, P<<0.05;b: SR b4, P<<0.05,
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F U, IL-10 mRNA A B 3% H(P<0.05), %

W6,

x6 VAHANMNRMALEFIL-18.1IL-10, TNF-a mRNA

RIELEK (x£5,n=6)

ELB &I H B HT R AR -

25 BT, ELB 0] A3 23 7 i IKK B/NF-kB {5 51
BRI DR JAE N I8P a-syn S R AR 20 F
I, dE ks PD /N G sh D RE B A, & HERR 2 OB 4
o ABFHER RIS AW 5% R F T B 1 45 25 (R A iy B
TG0, SRR SE R FH 25 I HLANAT , 7T BE i ELB 1Y

Uik IL-1p IL-10 TNFa
R 1.00£0.06 1.00£0,05 1.00£0.05
fiA] 3091021 028+0.03 286£020°
LB 4] 28410.19 0341002 270£0.15
ELB gl 4l 189015 0.66%0,05° 174£0.16°
MR 2331018 048 0,040 2335014

a: 5 IE R IRZE LA, P<<0.05;b: SHERIZ [E#, P<0.05,

4 g

MPTP & —FE PDWF5E th iz W H el 288 2, Al
VERRIES 3 2 T 22 T M REA 2600 252k S o TR SR A i
ML PR B 2 SR SR IR PD FEA TR R, £
EU R RE M 2 n I EATPE B 202 PD BRI, |
iz ek M VA, TH &2 EERE M 4T

MR R, JLERIA KT AT B R LR T 2 U R
LU B SRRIRS . AW R I FE HE S0 56 5 AT
SEERPEHY ELB X /INERAT R BE 7 A 520, JF38 2 Al TH
FEIR BB 2 0 A PP s oo T L . 45
SR, 5 IE R R A R AN AT e B
TR, TH BAPESR A i BRI, B2 o0 a8 B ph 28
BATHIRAS ; 2 L = i ELB s ] I 30054 ok
U722 (ELB I e ZHEECPE 3 BR A1) , W] ELB X 2 Ui
Rl 2 c HA W0 sk 4r VE T, JfRE ek PD /INERLAY
iz B YRR

a-syn R 5 1§ 5 R IE BUZ PD 1Y OC B BLARE .
S B o-syn W] I 45 A /0N o 41 it 2 1T Toll BE 32 K 2/4
4 KK 2 AW 5 IkBo BT 1015 A7 , B NF-kB A
¥, JETTE E NOD FEAZ A HR 1 A /IMA S 9 i P (TL-
1B TNF-a) I % S 5 R, e & T s R 4
Tba-1 /)N 5 40 % AE AR 54, TNF-o 2 i) PD i 28
BT AE ) AR . — 5 T, TNF-o A5 S 412800
P91 5 95— J7 0, TNF-a 1] 3% NF-wB i #% , [ 5 a-syn
FEIR TR A - R T BE B B0 B PR R PR
IKK B/NF-kB {5538 SR A T 28 98 E W A% O
T TE ALY IKK B v B Rk IkBa I S BUL R, B
NF-«kB A%, Ji 8 N iR AE 46 5%, i & T 40R
PR s AR ST 25 S R, 5 1 B X B4 b,
TIZH /N BRI 2 40 a-syn  Tba-1 2 [ F ik 7K F- F KK B |
NF-kB p65 & [ I BEIR (b K T34 1 2 T 5 s 41K L sl
ELB ¥l f o] & 35380 5% [k oleds , 0 ELB AU #f 2 A4
Y FH AT BE- 540 IKK B/NF-kB {55 518 B AH G .
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