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Neuroprotective Effect of Baicalein in Parkinson's Disease Model Rats and Its Impact on
PERK/ATF4 Endoplasmic Reticulum Stress Pathway

ZHANG Ziqi, OUYANG Jingfeng"
(Experimental Research Center, China Academy of Chinese Medical Sciences, Beijing 100700, China)

[ Abstract] Objective: To investigate the neuroprotective mechanism of baicalein (BAI) on Parkinson's disease (PD)
model rats by regulating endoplasmic reticulum stress pathway. Methods: Seventy-two Sprague-Dawley (SD) rats were randomly
divided into normal group, model group, BAI low-dose group (80 mg-kg"'), medium-dose group (120 mg-kg"'), high-dose group
(160 mg-kg"') , and levodopa-benserazide group (51 mg-kg') , with 12 rats per group. Except for the normal group, PD rat
models were established by subcutaneous injection of rotenone solution (2 mg-kg") into the neck back of rats in the rest of groups
for consecutive 28 days. Concurrently, rats in all groups received corresponding drugs via gavage for 28 days. After treatment,
behavioral changes were assessed by using the open field and pole climbing tests. Neuronal pathology and apoptosis in the
substantia nigra were observed via hematoxylin-ecosin (HE) staining and TdT-mediated dUTP nick-end labeling (TUNEL) assay.
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a-Synuclein and tyrosine hydroxylase (TH) expressions were detected by immunohistochemistry (IHC). Inflammatory factors such
as interleukin-6 (IL-6) , interleukin-18 (IL-18) , and tumor necrosis factor- @ (TNF-a) were measured by enzyme-linked
immunosorbent assay (ELISA). RNA-like endoplasmic reticulum kinase (PERK) , activating transcription factor 4 (ATF4) ,
C/EBP-homologous protein (CHOP) , and Bcl-2-associated X protein (Bax) expressions were analyzed by Western blot. Results:
Compared with the normal group, the model group exhibited significantly reduced locomotion distance (P<0.01) and elevated pole-
climbing scores (P<0.01), with increased neuronal apoptosis rate (P<0.01), significantly enhanced a-Synuclein expression (P<
0.01), decreased TH expression (P<0.01), upregulated release of inflammatory factors (P<0.05, P<0.01), and increased protein
expressions of PERK/ATF4 pathway proteins and pro-apoptotic Bax (P<0.05,P<0.01). Compared with the model group, medium/
high-dose BAI groups and levodopa-benserazide group showed obviously improved motor function (P<0.05, P<0.01) , reduced
pole-climbing scores (P<0.05) , decreased neuronal apoptosis (P<0.01) , downregulated « -Synuclein expression (P<0.01) ,
upregulated TH expression (P<0.05, P<0.01) , suppressed release of inflammatory factors (P<0.05, P<0.01) , and decreased
protein expressions of PERK/ATF4 pathway proteins and pro-apoptotic Bax (P<0.05, P<0.01). Conclusion: BAI reduces the

release of neuroinflammatory factors and neuronal apoptosis to improve the neurological function of PD model rats, and its

mechanism may be related to alleviating endoplasmic reticulum stress and apoptosis by regulating the PERK/ATF4 pathway.

[Keywords] baicalein; Parkinson's disease; endoplasmic reticulum stress; apoptosis; neuroprotective effect

WA 4= 2% (PD)AE R 58 — KA 2B A7 MR 5 , 4Bk
RRGHRE D ETHEY, 65 % LI EARERRRIK 1%~
2% HAZ g BRAEAE A 45 2 T B0 £ L e e A
ZICHA TR R (- B il B 11 (a-Syn) 5 JRAE Kl
S RAEPIR I . BRI N2 BT R A
AR AR B TCTE BT i I , H R 251 &
IR G A SAE . P, SRR E X PD s BEHIL I 11
ZH0 SIRYT RS A AT T A

AR B SE 2R, P9 0T I B 38 (ERS) K A S 1
K & E H KM (UPR) 78 PD & 9 i 6 4 1
7T MR YT & B (A «-Syn) BT, ERS i
o O 1 U P T I A ( PERK) - U007 7 5k K]
T 4(ATF4)-C/EBP [A] J§ & 1 (CHOP) {55 5 9 1k |2
A (TR el TS RS =B VI & S 2 L 2 Th0 A W 1 2
R, M0 REET  1-F JE-4- 0K 3 -1,2, 3, 6- DU S AL IE
G5 T 10l 2 o #505 1] AR 5 PERK/ATF4 {5 %5 i [
A0 P IR 00 B PD T A B AR L B
F (BAL) J DA% 55 v 24 B 25 1 AR b i BB 265 ) 28
ARG Y, B SR BT R RO BR R B A
ZE PGP Y 76 PD B EL b BAT R IF 52 ] il
o 00 61 0l L S ) A R R AR T (mTOR) AR 53 %
WhorE A W f2 HE a-Syn AL IR B A, O Ul A 2R 1R 4
it Ay FHLEI AR ST R BATRE B 4% 5 o-Syn 5%
ARG G W LG A RaoE 1 T B 45 4, BH W7 I
SRR A R R B R g b
(&5 B2 43 ) W] il PERK/ATFA {5 5 38 %, 08 4%
ERS /- S 1 B 140507, $m 3 R 2 Ak & 9 vl R R
A V1 PERK I8 % 09 J1 o SR, BATL & 75 3 4o 34
% PERK/ATF4 {5 5 il 5 9 % PD B A i) i 28 S0 40
i, MR H RETR .

A 5T B E WA BATXE PD AR K BB ot 28 £

PAE L, 9 8 9% H T 7 PERK/ATF4 15 5 38 ¥ 1 AL
il o A g ST gk S S 0 PD R RRUBE R, 25 5 4T
Ry A PEAl PR T B A3 AT M DG B A A
SRR BATRY B2 OR300 1 T4 4 52 30 AR 98 , o i 96
Ji& v 2 6 P B 43 A AR AT P 9 IR 9T R Y N
P L
1 ##
1.1 #h¥% 72 5 SPF % ifi ¥ SD K B, & i &=
180~200 g, Y b 5t 43 A1 42 52 55 S M) B0 R A FR A 7
PEAL B IES SCXK(52)2021-0011, 7% T [H
B Bl A B B 2R S G sy R RUTE R EE (25+1) °C,
1 BE (50+5) % 45 1 F i 3%, A MoK &, ARt
R 38 P MR 7 e
1.2 {3 ARSCE 2 b E b B R B sh P 16 3
%o e, 8 B A& 9w 5 8 ERCCACMS21-
2410-06.
1.3 2550 BAL(BR G IS M4 M R A R A
AL it 5 TK20241010) 5 £ g i ( 75 A% 35 B8 7 B 2 A
TR A RS 7 L5 R8875) s 2 M 44 ik i ( Filg %
G254 RS A L5 YT1736) ; Jh R Z 4Ly e
Py (RITEAE R AW RHECA BRA AL 543 51k
G1004.G1001) ; Ji% 24 2 2 fk i (TH) $T 4K L a-Syn Hii
ORI = EY ARG RN A S 555 R
25859-1-AP . 66412-1-1g) ; B-WL 8l £ 1 (B-actin) FT &
(LR REYHERRGARAE M
AF5003) ; PERK #1014k . ATF4 i & .CHOP #i {4k .Bcl-2
AHOE X H (Bax) FT A (B0 18 %% vi AR W RHE A
B2 &)L it 5 43 3k A18196. A0201, A20987 .,
A19684) ; K B 14t L A 3R (TIL6) - il 3k H 92 15z o
FE 3% (ELISA) i3 & . K BUIL-18 ELISA i 7l & . K
SUB 9 PR BE I 7 - ( TNF-a) ELISA R 7] &0 L 7 R
. 75 .



5532 4250 8 il
20264F4 f

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 32,No. 8
Apr. ,2026

Ui AR e 32 (TUNEL ) 20 i 8 746 0 3 51 & (K £
AR BRA |45 430902 MA0847 . MA0742 .
MAO0747 MA0223) .,
1.4 U CS-Q2HME LBt R (HA
Canon 2\ # ) ; Synergy H1 B 4 A 3 B Fx X ( 38 [H
BioTek 23 ) ) ; TGL-16G %Y i 33 B .0 WL (b 1 22 == B
2EANER) ) s HM340E B £ i ) B L . GeminiAS 7 [
B K e 4 M1 (26 [ Thermo 23 7)) ; VS120-S6-W %I
U v HA R 48 (H A Olympus A #] ) ; PowerPac
Basic I H 3k % (5 [# Bio-Rad A #) ) .
2 FHik
2.1 PD KRR E K srd]  # 72 HREBENL S
SAEHE AL BRI AL BATIR v 7 o 4 B & [ 22
H B2 12 H o IE R 2H R BRSUR  R AE S 2E E
T, A A AR BRI 350 B T I 2R A T
W 2 mg-kg' £ PD KRB AL, 2k 28 d., il % i A%
] 36, 441K R i iz sh iR 8 B SRR
WA A5 SR AT IR B o AT ) AR 5 4
BB R B B . AE K BRI B Y[R B DL 25 )
T, AR PR KA % BAT X 2 B 22 i -, BATIK .
rh v R 2K B A3 i) 4 BR 80,120,160 mg- kg
B, S0 i E KR 2% T BALIE M & R GL PR
B R R A SRR Y Y A S8 R W R T
100~200 mg-kg"', B 25 ¥k J& 35 ) o e (l, JF
254 0 S0 50 S mh E AT R e, e A& 80,120,
160 mg-kg' 36 R, LA B R R £
EL2 R4 R B4 IR 51 mg-kg ' HE ' L A2 S %
N RO R AT BT AR R A R 2 R
A T IARBUEBIERKES L JE 28 do
2.2 A7 ReER
221 WHER W — KA 2K H X454 KR
HATW 3 Lk . B KRB I E T 100 cmx
100 cmx40 cm (14 % @R h o, RV HAERT N B |
PR S min, RHW 95001 R 5 H shid Bt id
SR B S min N B 7K P iz 2l BB R Ko e X iz Bl
AR, BB EE W, 75% £ BRI T
L LATE B b — RO RS B Rk T
222 JEFFEEE  DLFFER R ES, 3Lk A8 s
T RBHET—EE 76 cm, 1A 1 em A9 AT T
i, 1E R BA R IEARAF IR, % KB #4747 0 oF
A3 PE AR UE AT 2 KB R — R IR
MAF EICTN 043 KR — 2 — 2 ) M2 ENeqr,
WA T W ATAT M, N 0.5 90 5 K BUEAT 1A Bk )
W5 e AR AT S AR, S 14 s KRR AT )G
. 76 .

P& I LA R B, R 1.5 43 A R DU i e G
PORF, B 2 9%, 9 240 KB P 2 ME R i,
VU JE BRI, TC R shEE AT, 2.5 0. LR
HEAT 3 YOI R P B, 45 DR B 5 min.

2.3 JRARZFE AL (HE ) G 6875 W58 KBRS T 9 28
JEA WL 4% 2 5 O NERE 5 0 G4 2L AT
& B WK KA s A 3, U0 R 2 e tR A7 i R T
Ja LYV 6 pm JR L R, 4 4 I HUOR BREE &
B R s 22K, LI KR 26 A2 ek i AT g o, rhopE AR
BE R JE LIRS B T AT R R .

2.4 TUNEL Z {8 0 5 K B8 ot 3 pf 28 o0 0/ T2 1%
B I i B TS A I U0 R, AR 4B TUNEL 46 Jifg 4
T I R & U I P R AR S K A S 2 PBS T
PE LM 20 mg- L 8K A K B 55 414,37 °Cil i
25 min, PBS F/r VE M . #& Ut B 45 LL 49 E il TUNEL
W0 VR, N S50 WL B W 414,37 cCHE LR H
60 min, PBSPEU 3 U, HI & DAPLYL I K & F 5l £
L 9O B T WSO IR, A Tk DD A B B
(SRl R R /R X R 2 O e = G |
JL U8 T B=TUNEL BH % 40 i 5/ 5 40 L %< 100%
2.5 PRk (THC) W R BB T Y a-Syn K&
TH ik B ik 28 57 &6 A 85 U0 R B s 220K, o i
& 52, BH T P9 U Pk 3k 480 Ak W B8, B PR G 0 A
a-Syn TH—$i(1:1000),4 °CHFH % . PBSIE Uk
J& T IEOR o 48 A6 ) i (HRP) AR id — 91, 37 °CHiE
H1h DABR @, FARZER WAKEWEH . B
B T WS IT 40 B, g5k D) 7 B8 5T Bl AL 3 B 3
PR, T BH A X 3 AR A A B i Tmage T 4K
53 W7 B 3 3A 1

2.6 ELISA £ I K B & J5t H TNF-« . IL-6 . IL-18
K IO 2H R R b i R R A 2H 2L, AR B O
L 75 T, 44 BB BLIS A 35500 6 16 W 45 10 A5 TR AG: T
FUI 20 209 A TNF-a IL-6 . IL-18 & .

2.7 A Bl i (Western blot) £ 1 k BL &R
& PERK \ATF4 ,CHOP Bax & [1 ik HBUK R Z0R
R 2L, i A RIPA W vK 5138, 4 °C (12 000xg
B Smin(F0ER6em) U ER . BCAKEMEH
WeRE A PR R A 20 pgo FEMIE 41 A BRE
G RIR G & B INEVEYE S min, £ TR AR
T2 44 - 3R TN s Tk e € Jie L 9k (SDS-PAGE) 43 B , %
PVDF i . 2 & £ 4] 60 min, il A — # PERK
(1:750) . ATF4(1:1 000) ,CHOP (1:1 000) . Bax
(1:1000) .B-actin(1:5 000) ,4 °CH¢ 7 32 %% ; TBST
PERE 3 3K, i HRP A5 id SEH0 e —Ht (1:5 000) , % it



5532 %5 8 ] HEXBAFZRS Vol. 32,No. 8
202644 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2026

B H 1 ho TBSTIH ¥EJ5 , ECL fk % k¢t i 5%,
Image J 5 #1250 JKBE{H .

2.8 Hil# ¥k K GraphPad Prism 10.0 #
PTG M. TR EIE L x £ s FoR e AT IEDS
PRI T 25 5 PR 00, #5045 1R, Z Al AR
PR 2R 2240 AT, AL DR LA A B 25 R
% (LSD) 3 5 AN i 12 ] 2R FH Kruskal-Wallis H 3 2 5
Koo DL P<0.05 WZESFAGIEE L,

R1 BAIXPDKRITAHZMEM (F+s5,2=10)
Table 1 Effect of BAI on ethology in PD rats (x£s,n=10)

3 #R

3.1 BAIXf PD KR EAT N W Em  5IiEWH 4L
B AR 2] KRR K T 32 B L B R A ep e X G2 B
W 2 D (P<0.01) , TEFF P43 1 25 T 85 (P<0.01)
EREAIZH L, BATH | 3F £ 4H AN 22 [ 22 21 19 K
-3z Bl R A R e X302 B R B R 8
(P<0.05,P<0.01), BAI & | 2 41 F1 2 E 22 ik 2 1) e
FFPE23 #4988 F % (P<0.05,P<0.01) . WL 1.

4151 M /mg-keg! JKV-32 Bl R em rf o X 42 B B R /em JERF T3/ 53
14 3387.914501.44 389.09+31.54 0.000.00
FERL] 421.78+127.56% 47.94+18.28% 1.94+0.18”
BAIIE I &4 80 565.94+90.53 112.03£19.57 1.75+0.19
BAI 5l &4 120 1471.93+145.27% 158.42+12.72Y 1.56+0.15
BAI i ) 41 160 1554.07+145.24" 156.06+16.48 1.39+0.119
Z U2 )4 51 2009.62+210.85" 197.22+30.27% 0.80+0.19"

T HIE W 4L IRV P<0.05,2P<0.01; 5B 4 L > P<0.05,% P<0.01(F 2-% 5 [F])

3.2 BAIXI PD K B2 57 ¥ #f 28 J0 i 3 285 10 5%
M) I AR R S I b 2R T 2 R T B L R3S O
WOBRE L MR K/NER B RS SIEw 4
Bl A, WA 21 b 22 0T 7 E E R HESI TE T, M A
g5, A0 S Ak, O R] LD R AN R S
BRI AL L4, BAT 4570 it 21 A9 b e u 34 A 14 2 R

A B C

HEG & T B % A 7, MO T3 K, 2 Pk 4 2
PG AT BT 6%, Her BAT A 4 4 5 v o) o 4 4
JUHR M Z I 2 U2 SRR LA, p 4
LB RN 2 H AR )Y RS A EGE B
BAI 1 7] 4t 2 5 & 7 & 2 b B 08 Wl W 22 G .
LK 1.

AR H 4L B AR ; CBALK | & 41 ; D.BATH Fl 41 ; E.BAL S 41 F. 22 [0 22 k4 (19 21 4 TR])

E1 BAIXPDAREZERTHEZTHRIEHLSHEIM (HE, x200)

Fig. 1 Effect of BAI on pathological morphology of neurons in substantia nigra of PD rats (HE, x200)
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El2 BAIX PDRKREBRAMETHATHERLNZIM (TUNEL, x200)
Fig. 2 Effect of BAI on neuronal apoptosis in substantia nigra of PD rats (TUNEL, x200)

®2 BAIMPDAXREBRMHETHATHERBHM (I+s,n=3)
Table 2 Effect of BAI on neuronal apoptosis in substantia nigra

of PD rats (x+s,n=3)

%3 BAIX PD XRBRAK «-Syn & TH RIZMH I (x£s5,n=6)
Table 3  Effect of BAI on expression of « -Syn and TH in

substantia nigra of PD rats (x+s,n=6)

28 51 i /mg- kg 40 M PR T8 B0 % 21 51 F 48 /mg - kg a-Syn TH
EH A 16.33+3.30 ERA 1.76+0.50 47.93+4.89
AL 2] 87.00+2.94% AL 20.98+1.90% 27.80+3.62%
BAI 20 80 79.67+£2.87 BAIG I i 41 80 19.77+3.70 29.70+3.85
BAIh 720 120 77.33+3.09 BAI 7] & 20 120 12.46+2.30% 34.95+2.79%
BATF 4 160 68.00+3.74% BAT #5741 160 11.43+2.28" 40.84+2.58"
Z 2 k4l 51 70.33+4.03" Z U2 4 51 8.82+1.92% 41.03+4.46"
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Fig. 3 Effect of BAI on expression of «-Syn and TH in substantia nigra of PD rats (IHC, x200)
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%4 BAIX PD KRN ZE R H TNF-a IL-6 . IL-18 7K FRIZ M (3+s,n=6)
Table 4 Effect of BAI on levels of TNF-a, IL-6, and IL-1B in substantia nigra of PD rats (x+s,n=6) ng-L™!
2190 # 4 /mg- kg IL-6 IL-18 TNF-a
EH A 2.7240.44 363.90+36.99 5.47+1.59
A7 2 26.83+1.70" 692.14+61.19" 70.38+23.85>
BAIIGH & 41 80 24.71+2.60 579.46+52.99 51.34+6.26
BAIF 4 120 19.66+0.83 501.08+22.45% 27.30+1.73%
BAI (& 7l 41 160 19.66+2.81 491.28+38.88" 25.30+6.01%
Z 22k 51 8.60+0.83" 432.49+14.70% 18.29+4.59%

%5 BAIXPD ARMERF PERK.ATF4.CHOP.Bax E B %X i%

G850 (x+s,n=3)

Table 5 Effect of BAI on protein expression of PERK, ATF4, CHOP, and Bax in substantia nigra of PD rats (x+s,n=3)

21 51 F 4 /mg - kg PERK/B-actin ATF4/B-actin CHOP/B-actin Bax/B-actin
EH 4l 0.40+0.08 0.250.04 0.22+0.03 0.22+0.04

BRI 0.65+0.09" 0.84+0.10” 0.95+0.13% 0.96+0.08>

BAIIE 5 1t 41 80 0.63+0.07 0.65+0.09 0.66+0.05" 0.69+0.09”
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Fig. 4 Electrophoresis of PERK, ATF4, CHOP, and Bax protein

expression in substantia nigra of PD rats
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