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[Abstract] Objective: To investigate the mechanism by which the Zishen Huoxue prescription (ZSHXP) ameliorates
cognitive dysfunction in rats with vascular dementia (VD) induced by the bilateral common carotid artery ligation (2-VO model
rats) through regulating the glucose-regulated protein 78 (GRP78)/protein kinase R-like endoplasmic reticulum kinase (PERK)/
activating transcription factor 4 (ATF4) signaling pathway. Methods: A VD rat model was established via the 2-VO method. A
total of 72 male Sprague-Dawley (SD) rats were randomly divided into six groups: Sham group, Model group, donepezil
hydrochloride group (0.45 mg-kg"), and ZSHXP groups at low (8.90 g-kg"'), medium (17.80 g-kg"'), and high (35.60 g-kg"')
doses, with 12 rats in each group. The Morris Water Maze test was utilized to assess spatial learning and memory abilities of rats,
and the Novel Object Recognition test was used to evaluate cognitive performance. Hematoxylin-eosin (HE) and Nissl staining
were applied to observe the histological and morphological changes in hippocampal tissues. Transmission electron microscopy
(TEM) was used to observe the morphological changes of endoplasmic reticulum in rat hippocampal neurons. Immunofluorescence
staining was adopted to detect the colocalization of neuronal nuclei antigen (NeuN) with GRP78 and BIlI Tubulin with gasdermin D
(GSDMD) in hippocampal neurons. Western blot was used to detect the expression levels of endoplasmic reticulum stress
(ERS) -related proteins including GRP78, PERK, ATF4, phosphorylated protein kinase R-like endoplasmic reticulum kinase
(p-PERK) , C/EBP homologous protein (CHOP) , NOD-like receptor protein 3 (NLRP3), Caspase-1 and GSDMD. Results:
Compared with the sham operation group, the model group showed a significantly prolonged escape latency (P<0.01) , a
significant decrease in the number of platform crossings and the residence time in the target quadrant (P<0.01), and a markedly
reduced recognition index (P<0.01). Histological observations revealed that the hippocampal neurons in the model group were
disorderly arranged with reduced quantity, deformed and shrunken cell bodies, and pyknotic and hyperchromatic nuclei. The
number of Nissl bodies decreased significantly. The number of endoplasmic reticula reduced obviously, accompanied by abnormal
dilation and swelling, and the loss of normal folding structure. The fluorescence colocalization of NeuN with GRP78 and g Il
Tubulin with GSDMD in the hippocampus was significantly increased in the model group. The protein expression levels of GRP78,
p-PERK/PERK, ATF4, CHOP, NLRP3, GSDMD and Caspase-1 in the model group were significantly elevated (P<0.01).
Compared with the model group, the donepezil hydrochloride group and the ZSHXP medium- and high-dose groups had a
significantly shortened escape latency (P<0.01) and an increased number of platform crossings (P<0.05, P<0.01). The residence
time in the target quadrant was increased in the donepezil hydrochloride group and all ZSHXP groups (P<0.05, P<0.01), with a
significantly improved recognition index (P<0.01). In the donepezil hydrochloride group and all ZSHXP groups, the number of
hippocampal neurons increased with a more compact arrangement and reduced nuclear hyperchromasia. The number of Nissl bodies
increased with morphological structures tending to be normal. In the ZSHXP high-dose group, the number of endoplasmic reticula
increased and the folding structure was restored. The fluorescence colocalization of NeuN with GRP78 and B Il Tubulin with
GSDMD in the hippocampus was significantly weakened in the treatment groups. In the donepezil hydrochloride group, the protein
expressions of GRP78, ATF4 and CHOP were increased (P<0.01), while the expression of p-PERK/PERK was decreased (P<
0.05). In the ZSHXP low-dose group, the expressions of GRP78, p-PERK/PERK and CHOP were elevated ( P<0.05, P<0.01). The
ZSHXP medium- and high-dose groups showed a significant decrease in the protein expressions of p-PERK/PERK, ATF4 and
CHOP (P<0.01) , and the high-dose group had a markedly reduced GRP78 protein expression (P<0.01). In the donepezil
hydrochloride group, the Caspase-1 protein expression was increased (P<0.01) and the NLRP3 protein expression was decreased
(P<0.01). In the ZSHXP low-dose group, the GSDMD expression was elevated ( P<0.01) while the NLRP3 protein expression was
reduced (P<0.01). After treatment with medium and high doses of ZSHXP, the protein expression levels of NLRP3, GSDMD and
Caspase-1 were significantly decreased (P<0.01). Conclusion: The ameliorative effect of ZSHXP on cognitive function in 2-VO
model rats may be associated with its regulation of the GRP78/PERK/ATF4 signaling pathway, which ameliorates ERS and inhibits
neuronal pyroptosis.

[Keywords] Zishen Huoxue prescription; vascular dementia; endoplasmic reticulum stress; glucose-regulated protein 78
(GRP78)/protein kinase R-like endoplasmic reticulum kinase (PERK )/activating transcription factor 4 (ATF4) signaling pathway;

neuronal injury

M VR (VD)VE N — Rl R m s KRR ERE R 451012 135k 3 5 B i H

Gl % BH 2 ) REA A 25 A A, RO BL R B2 ke W AR AR RE Ty 58 O R 2 AR T BE ) B DGR

i L3 B g o BEA S B B AN A AR e PEBEE I PEAR RO . VD TR SRR T2
. 94 .



F3255 104
20264F5 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 32,No. 10
May,2026

F4r 22— AR TR P BRI L 2 B KR UL
A VD A b 38 RO £ o R R R
15%~20% , 76 0. P 249 15 30% , 3% 45 4= Bk 2> 4t T A= 4
kT ULE R A

T EhAE 2 2] A A s O N T RE b R G
PE R, L4543 1T 8 2 A 0 e s 1 Vs R D PR 18
o ¥ AN R (CCH) 2 B g B 245405 2 VD ks
B A5 B AZ 0 9 BRAIL R . CCH OB 3 10 R 3T & uli 45
PRAT B B R & i & T N 3 (ERS) |, I i
WO AT B R 1 R (UPR) 4 e S 13 5 38 8 R I
XX — 7 #4. UPR 3 82y 345 5 3 i 40 4 11 L
B 5 oK W 1 (IRE1) |25 1 R K N 5T 1) 93 il
(PERK) F1 3 6 ¥% 5% I 7 6 (ATF6) /v 5 . 1 £ 11
ERS A] D)3 2o 175 5 7 45 0% 0 95 35 11 78 (GRP78) %%
P0G I 43 AR 0 2238 B SO 22 T 1 B A T A
J, DAY /D P9 TR P A 3 S R R AT A R T T 5K
R —E WP, S TR R s B e
Y M ERS SN R A A0 [ R R
Y1 ] B 4 2 B (W) B 2o OF R (A B, PERK 5 GRP78
4785, PERK &4 R ALF [ W IR Ak DL TS IL 3
TPk W R L R B RS 1R R 2a(elF2a) , 4R Ji5 E £
P b 38 T S B S N T 4(ATF4) B B % . ATF4 16
2x {12 #k C/EBP [A] J5 45 1 (CHOP) 7= A= I1 14 5 48 4k )i
W, S BN AL TS R R N . K, ERS & CCH
) L g FHUREAIE A 2 o0 At A 5 45 RN T g
BEAG R e s 2 5 H . BFAE R W], ERS i 1 7
PERK {5 5 1 % , fih % NOD #%: 52 {& & 11 3(NLRP3)
SAE /NG 2 U I AL I K 2K 1 -1( Caspase-1) 5
1%L 1Y Caspase-1 F¢ V) HITH 2 & D(GSDMD)
1, B Tl He N s AL 5 4 ), e 4K 5 4 i s 2 AL
SAE R TR X AR T Rk, LA ERS A
NEp R LS 1 r 1 O o el R S R L RS TvE ek (B
AEIEH X% VD AT e oA HE L,

H #l FDA 3 LHEAEIG YT VD 25>, Wi
AR S5 PR IR R R R 2 B P IR
ZHAT T 2SN R G, B ERTHA
Ko 3% B 6 I 5 (ZSHXP) S 76 [F B K 0 X1 41
T2 AR TV B 48 3 T IR BUNIRYY VD &5 )5, 4
Z A I PR 56 B 56 IE B B2 0 5%, ©OUE S5 7 MR YT
VD WA 87 4D A il B S A
T R ER S L B B4
e AR AR ROV T A R, BA U SERE LT I E 4%
Z Ty VR ARG R 5 3 WY U I AR AR i T
o CAL X G e A4, s N B 1, (R R

PV & 75 5 GRP78/PERK/ATF4 15 518 B/ S 1Y
ERS A &, HAl M NG . UL, A0 58 B985 %
B % 1l )7 %F GRP78/PERK/ATF4 5 5 i % /v 5 10
ERS 1191 F 1 FH A0 200 Jif 12 1 B2 )
1 ##
1.1 Zh%¥  SPF itk SD KB 72 H, 4K i & 200~
220 g, W 1 9 g 7 3 o Sk LR S A BR A AL B
Y14 K IE S SCXK (#)2021-0002, 47 3% F W 1 h
B 24 K2 505G Sh ) b ol R BRI 23~27 °C L B A
12 h, B #EE ROK I R RS PR SR 7 do
1.2 3 ARSE Wb ES RS e 2%
ey H Al A 5 HNUCM21-2412-04,
L3 259 g E IS I UK R 4R s A R
15 g ML F30g. 258110 g FMH30g. HMR30g.
230 g HE 15 g 1 B3 10 g A4 10 g it i
10 g 40 3 g MR 5 g, ¥ [ 90 BE K b fE — il
25 1By A BR 2 ] (A543 51 Ol ¢230363 . ¢250048
240391, ¢240557. c250008. c240704. c240723.
250079 .¢240634 ,c240860.c250079 ,c240554) ,
2 24 R % T Iy ORE R T 2R AR K K
MBI, R EZRIRFT R W A KB
=25 A R A A (E 25 fE % H20010723, it 5
02240010) , 2 I V& 53 4 ) 95 T M 4K, il TR 8 Y
Jr BT 4 °CUKA % H o
1.4 KXF GRP78Hi{k . PERK Hiik B ik L PERK
(p-PERK) #L {4 | Caspase-1 #ii f& .NLRP3 B {& | #ili £
JuH A (NeuN) Bk B-JL 3h 25 H (B-actin) BT A |
I B -3 R U (GAPDH) BU AR 2 91 % %o 58
Bk M (1g) G-HU i 40 fk 9 i (HRP) — T EH0 /b
Bl 1gG-HRP 3t (I = J8 A= P AR A R A AL it
S B K 11587-1-AP ., 24390-1-AP ., 82534-1-RR |
81482-1-RR, 30109-1-AP, 26975-1-AP , 66009-1-Ig
10494-1-AP .SA00001-2 ., SA00001-1) ; GSDMD #7i 4
(VLo ERHEIR G b b A R 7] L5 DF13758) ;
CHOP Hi A (Jb i Wi R AE W A R A A, i 5
bs-20669R ) ; ATF4 41 & (AT M A 4 4= W) £ R A BR 2
Al LS ET1612-37) ;B 734 % & A (B Tubulin) Hit
A (9% E Abcam A F] L fiL 5 AB21503) ; 3 5 fk 2% &
J61 (ECL) A2 & 6 S 9 it 5] & (b o 2% Al B}
A BRA AL LS 24155985) 3 95 K E-JH40 (HE) e {4
A& (T E B S RAEWE ARG A BRA A S
C0105S) ;J& [ (Nissl) Je a3 (b 50 R 3 £ R A B
v F LS G1430) .
1.5 {X#% Supermaze 3 W17 J 2= 0 1 R 42
. 95 .



F3255 104
20264F5 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 32,No. 10
May,2026

([ _E RS 7)) s Mini-PROTEAN Tetra /8 £ ik
¥ ; Chemi Dox XRS+AIAk 2% & 6 5E e AR 5 48 (35
[€] Bio-Rad 2\ 7] ) ; DY CZ-40D % [ AY (v [ b 5T
N—EWRHECA R A ; QQMK-10 AL i 2% ( E
T A H T RHCA R A A 5 6 X G % % s Ol
( 2% [ Thermo Fisher 2% #) ) ; TECNAI G2 F20
S-TWIN % 3% 5 i + i 73 5% ( € [/ FEIA wl ) ; Leica
uC7 &R # Y) B ML (8 [E Leica /A H) ) ; NIKON
ECLIPSE CI#Y1E & 2% W it ( H AR JEBEAH ) .
2 Fik
2.1 AR S AR T 5T, SR RN 35 A
Bl k25 FL3% (2-VO) #4 £ VD K BRUBE RIS S8 B
Y1oR H SD KB, 28 2% 13 I BE - 4k B s R T I 52 it
FAREEAE . AR R M 53 85 B2 R 2 88 A0 Ml 35
Sk, WELSHL G R 2GR H I E % R
Bl e . AT 7 d XA 00 3504 3 ok S A I &5 L AR
¥ o BT AR AL AL AT AU 3505 B0y ik i Al Pk g3 B
P AN S it 1 A8 45 4L, AR R I S R I Ak P A A
HoEA—3 . FARGH)G 8 i Kok 7 55 PP Al B
RUAT 0 - DB T AR 21 K BRUAY ak ak  AR B4 =
F A 2- VOB AR Rk R I 5 =5 En
2E1H 5 % B3k ok 0 AR 9 A 43 L, A X LU (E >20%
W] 2-V O A5 A 3t 5 Ty
22 SrH54Zy BmEE LR FFRGOEEE
GIEHEB S BRIEF ARSI, % BE BT K
L, B AL o> A RLZ , $h iR 22 Z3 WR S5 40, 06 B 0% 1l
oo mAlEd ., SRR E (SR ik
) R i 11 .3 M L 11 (N L= =
I3 9 45 TR 24T R I PR R R S RGR B Y 0.5.1
21%,B18.90.17.8.35.60 g-kg' I EHEH . L
ZEWRFF AL UE H 7 oM 0.45 me-kg'. B HHEH 4
1R A 2514 do (BT ARYL BERIY I 45 T S5 AR
B A AR K E o BR B AL AE AS BR ) oK BRR i
BERE H o B e T R B, e R IR TR B
R Z R WRSTALA 10 H 45 06 i 7 AIK b LR
AW 12,1111 K,
2.3 FEARAR I
2.3.1  Morris ZK 2K B K U K B2 > id 12 7 HiE o
25 2 J5 AT Morris K £ B 5250 o SR A HAE 1.5 m [
T KA, AR G BR o0 3 B £ Tt BE SR R BN
[ e 2% o BT S d R AL AAT S50, B Uk B AL 16
A AT, B K BR 60 s, 25 I E E A
W R RS R R R G B2 15s, 56k
Ry 75 (R S5 8 R BT & 6 5 R i A K
. 96 .

0 SR A5 21 KBRS £ 1 JaD T oA i sk v AR 0 B O
BF 107 60 s PN 25 41 BR 3k ke VR OR300 R 2 D o 5
FIFAE G2 BR A R, LA PG K B 2% 2T 2 12 g

2.3.2 AR I S5 A I K BN R K RS
Wi AE T R R B A AR ER 5~10 min LLGR A
BE BRI )E 75 75% £ B IS I A AR K AR LT
B AR T 5 ZE AR P9 2 A R XA 2 SRR R
/N B 5 A A TR Y B AR AR, 2 A AR E 5~10 min
PLCAZ W AR 5 18] B 24 h s B o — A R AT A B
e A KN T AR B [R]85 AR DE AR 6 B OR
A SRS AE S min X HT TH 9044 00 B Z B fA] L 3
SRR U8 B, T R TR 4 K= W R PR R
M)/ BT 4 PR R 2 I [0] + [H ) AR R &K 15 11] ) % 100%
2.3.3  HE 4 Fl Nissl 4 (e 46 I K U 5 b 2200 1
St IIRE AL KRR E S A S UM R R R
ki 28 23200 T 4% 22 5 W I I W v R L [ 4 IR
6 B 2B (70% . 80% .90% .95% . 100% ) 17 & #HL i
K, AR E Y A (R R 3 wm) , & 5 KL 5
WU 47 HE Fl Nissl Z4 8, 3 7 J5 & T 0 s 0
S S T TE A S5 .

234 FHHHBE(TEM) WA KRG S LT N
TR A BHEHC3~5 R R 1~3 mm>3 i ik 41 218
AR, SR FH HRL B [ 58 T . 2.5% I T A AR 1% K TR [
T o B B R VR R S B K LS 37 °Cat L
FHEE YT HLARE 50~100 nm J5EBEA9HI . 4 3L
8, (3% T 2 5 b A R 45 ) Ak B, TEM WL %€ I 5t 199 )
TE AL .

2.3.5 4 H P BN 2 (Western blot) 6 Il Kk BRL 6F
1, GRP78.PERK . p-PERK , ATF4, CHOP , NLRP3 .
GSDMD , Caspase-1 8 1K i5  HOR BRGEAE 1 S 4
2170 mg, in A RIPA 5t %4 fift W I 185 FH 20 24050 2R Ak
17 78 40 WF B J 4 USRI 4R A 575 (BCA)
i ) I A AR VR S R R R L 4% 20 pg LR
7k, LK 25 5 300 VE JE 5% K 90 min, & iR T
5% Jii B 45 7% b £ A 90 min, 1xTBST ¥k % )5 A
GRP78 (1: 5 000) . PERK (1: 2 500) . p-PERK
(1:5 000) ., ATF4 (1: 3 000) . CHOP (1: 1 500) .
NLRP3 (1:3 000) . GSDMD (1: 1 500) . Caspase-1
(1:5000)—47 4 CHFH & . 1xTBST ¥EE 31K,
£ Y% 10 min 5 il A B-actin (1: 20 000) . GAPDH
(1:10 000) = iR H 1 h, #Hf A IxTBST P 3 1K,
R 10 min A ELC &G IR & T 12 &g &
e HEAT W5, 08 ] Image J 3 0E X 4% AT IR (6
TR ARG HT



5532 5 10 ) PEXEAHFRE Vol. 32, No. 10
202645 H Chinese Journal of Experimental Traditional Medical Formulae May,2026

2.3.6  GREDICHKE I T 4 41 % GRP78.GSDMD
M FRIE K BRI 2 80 W U0 R ARk R AT I K
A Ab B, IRy R B 58 BT A8 & 48 TR AR
ZZ vh W (PBS) VE ¥ J5 , 8 1] 0.1% Triton X-100 #E 4T
I 7 AL P, FER PBS VRS Bl S T 37 )CRE & P L 5%
A0 3 A A EF 1 h; 3 il GRP78 . GSDMD |
BII Tubulin,NeuN —$t (Fi B A5 £ 4 1:100) 5 55
HAE TN 4 CUKFER T I ;I H 37 °CH i
J& 2 PBST 2% vP ik, in A %t pric — 41 (1:100) ,
37 °CREYGIFH 30 min, PBST#E% . AT A 5,78
25 i T % N Hochest #F 17 3 Y6 44 €4 10 min, PBST ¥
Vo B a dEAT B R AL B R 58 RS R 8] 0
B AT A R

237 it Uik SR H IBM SPSS Statistics 26.0
BT AT R AL B BT A BT . AR IR A A B
MR R L x5 FoR , 22 41 18] F R FH AN
27 2275 (One-way ANOVA) ; #5777 22 5%, U 4[]
PP LG R FH /N 3 1 25 5 (LSD) s #5 7 2 A

5%, W% Games-Howell ik AT G L . AR S
B4 A B9 & %k, R Kruskal-Wallis H 4% 36 F
fr2dm i, LA P<0.05 MR EEGIT %5 L.
3 #£R

3.0 BB A X 2-VO ALK A ST RS BE T )
e SRR E KT VD K B 2% 2T g1 g
SR F AR A b B R 20 K Rk ok AR I 2 A K
(P<0.01), Z B 5 WL T & 52 BR 45 B3 i) (] fnb =2 0
A (P<0.01); SEIHIA L ER, $h R 2 25 RS 41 G
T 17 v v 7] 2 30k sl v AR 0 W 3 4 R (P<0.01)
V-6 2K 3 i (P<0.05, P<0.01) , bR 2 4%
WR 5% 2H F3% B % 7 45 500 o 20 7 B 4 R4S B )
& 38 i (P<0.05, P<0.01) , 4% 41 Ui vk o B L 3%, 22
SEGI 2 S EHYIRIRGI LR T, 5BFAR
20 be A, AN 21 1 ) e B 3 U (P<0.01) 5 A
RUZH LA, 28 $h IR 22 4% WR 5% FINEE B8 096 1l 7 4% 7] it 4
P8 B 2 T (P<0.01) , I H. 5 35 AR ik
D28 1 K 3858 R B n 4 et o

F1 #EBEMAN2-VORE KX RKEEEIRIZEADMHFTYEIARIEBH M (F+5,2=10)

Table 1 Effect of ZSHXP on 2-VO model rat on water maze learning and memory ability and new object recognition index (x+s,n=10)
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R 2 AR5 A 4.5x10™* 32.54+2.41% 6.25+1.26" 27.40+2.88% 21.23+2.05 68.98+1.24"
T I 1 T AR 2 8.90 58.41+1.38 4.25+0.50 16.83+0.97> 19.90+1.27 34.94+2.58"
b= R s el B 17.80 43.40+1.91% 5.33+1.15% 20.83+1.82" 20.71+1.96 48.45+2.93%
b R =B R e 35.60 27.87+4.02% 7.00£1.00" 26.33+3.46% 21.07+1.56 63.17+1.91%

S F ARG RV P<0.01; SR H#E Y P<0.05, P<0.01(F£ 2.3 3 [7])

3.2 B TE L5 R 2-VO R BR BRI O 4 UR 250
VR SR TR R, R 2 R R B 4T

HESN ZEAL Bk ps D, B AR T B 4, A T 48 TR

A B C

5PN PR, $h R 2 A% IR 5 4L R L O I D7 4% 5
AL S on R I 2 HES B TR TR
W WL T,

D E F

T A BT AR B ALY C 3R R 2 A3 UR 57 41 D 0 15 i Jy A0 R 4L 3 B8 B3 10 7 v 0 ek 2L 5 B3 O Iy e R A 2 (1 2L 8 4-

1 718

El1 #BEEMAXM2-VOEBEXRED CAIRFEEEMZM (HE, x400)
Fig. 1 Effectof ZSHXP on pathological morphology of hippocampal CA1 region in 2-VO model rats (HE, x400)

3.3 5B AT R 2-V O B Y R R R 2 35 405 Y
o Nissl Y (a2 f WoR , 51 P R4 i, B A2
T I XA 22 JUIRAE ™ FE, 40 i HE ) 25 LR B, Niss1 /)

PR 5350 5 SRR A H e kW 2 2 O 55 4 1%
B T 1L 7% 30k 41 Nissl/ S B8 JF 465 45 14
BT, W2,
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B2 #BEMAI2-VOREKREDHELH Niss/MEE I (Nissl, x400)
Fig.2 Effect of ZSHXP on results of Nissl staining of hippocampal tissues in 2-VO model rats (Nissl, x400)

3.4 S AT % 2-VO K B T 28 ot N R N
ERRREE SR TR R B R 2 K RV T e 22
JC N T TR 50 B 0/, B SR A s R K 1E
W LRI O SRR AL R g B A R
2 P9 5T BSOS R A AT S A5 . LR 3
3.5 B A5 % PERK A5 () ERS AH G 2K 1 52
M ARRE SO ERS Xk 4 11 GRP78 5 4 ot hx
B NeuN By Iz 47, 45 R wow , 5BF AR i, 1
RIZH GRP78 5 NeuN 2 J b i i F T+ ; 2 dh e 2
7% R 55 F1% B 3% I 5 45 2 T TS L 2-VO AR AR R
GRP78 5 NeuN 7G4 i & i . WLIK 4.

i@ 3 Western blot 35 % X7 ERS #H 3¢ 45 H #4146
W25 R SR, 58P R YL b, R 2 K R S 4]

NeuN

GRP78

DAPI

Merge

Zoom

B4 #SEMDFIT2-VOEEKXRED GRP78 5 NeuN EHR K FRIX

B3 #ZBEMAN2-VORBEARBEIMETHNRMEELEN
9808 (TEM, x12 500)

Fig. 3 Effect of ZSHXP on morphological structure of
endoplasmic reticulum in hippocampal neurons of 2-VO model

rats (TEM, x12 500)

41 GRP78 .p-PERK/PERK \ATF4 .CHOP % [ % i&
i EW 2 (P<0.01) ; SR LR, $h TR 2 23 IR 55 41

GBI (G LD, %x200)
Fig. 4 Effect of ZSHXP on fluorescence expression of GRP78 and NeuN proteins in hippocampus of 2-VO model rats (IF, x200)
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GRP78 . ATF4 CHOP & [ % ik & % 1§ hin (P<0.01) ,
p-PERK/PERK % [1 3k B W 3 /> (P<0.05) , % 5 1%
ifi. 77 1% ) &5t 21 p-PERK/PERK . CHOP 3 ik i 35 14 Jil
(P<0.01) , GRP78 B . [ I (P<0.05) , % ' ¥ 1ML J5

F2 #BENANPERK M SHMERSHXEZEORIZHHEIM (x£5,2=3)

A4 4H p-PERK/PERK \ATF4 .CHOP & HH % ik
i BRI (P<0.01) , %% B 1 10 75 %5 57 & 20 GRP78 &
HRA B R, 22 5 BA 505 8 L (P<0.01)
W2 K5,

Table 2 Effect of ZSHXP on proteins associated with PERK-mediated ERS (x+s5,n=3)

21 51 /g kg GRP78/GAPDH p-PERK/PERK ATF4/GAPDH CHOP/GAPDH
BF A4l 0.43+0.01 0.73+0.04 0.47+0.02 0.32+0.02
RIS 0.75+0.02" 1.32+0.03" 0.77+0.02" 0.53+0.01"
R 2 RS AL 4.5x10™ 0.87+0.02% 1.25+0.04% 0.93+0.03" 0.65+0.01>
8 % a5 AR A 8.90 0.80+0.02% 1.50+0.02> 0.75+0.02 0.80+0.01>
PG I iy v ) A 2 17.80 0.76+0.01 0.82+0.03" 0.65+0.02" 0.45+0.02%
P8 a5 s R AL 35.60 0.65+0.01 0.73+0.03> 0.48+0.01% 0.43+0.02%

o IR - o

PERK #is #s s s wme B 150 kD2

f-actil - — - — W 1) kD2
GRP7: G- ey Gy e sme wmw  78kDa
ATF4 = s S S S — 39 kDa

[51310) J——— 1
36 kDa

GAPDH S S W S T

A B C D E F
5 PERKNSHERSHXERARIEAEK
Fig. 5 Electrophoresis of proteins associated with PERK-
mediated ERS

3.6 VB A 7 X 2-V O AR R R BT 2 2 48 4
JHLAE T AH DG B SR IA M SE A B 2E B O A TN 48 i
FETCHEFR A7 GSDMD & [ 76 45 41 K BUE 5 v i o8
ERB LR BR, 5BFARA WK, B
GSDMD Fl1 81 Tubulin & [ % 6 5 A b 35 44 v 7
AR ZRIRST RGN 2 TG,
2-VO 5 5 K L GSDMD F1 81 Tubulin 2 11 ¢ % 3t
S AV S 25 Rk /D e 2 A ) 4 R 9 Ol 3 E
BORE R, WE 6,

i :F Western blot 52 56 X 4 i £5 1~ AH 5¢ 2 1 ik
AP, 245 3 WoR , 58T AR e, 18 A0 4K LT
T 40 414 NLRP3 ., GSDMD ., Caspase-1 & [ 2 ik /K
iR 2 ETH(P<0.01) ;s SEEHIA LA, Eh R £ AR IR 5T
2H Caspase-1 £ [ 2 ik W 2 3% Jn (P<0.01) , NLRP3
R W E W (P<0.01) , 35 B T i J7 1% 7 & 41
GSDMD % ik & & Jh 5 (P<0.01) ,NLRP3 & [1 % ik
25 W (P<0.01) , ¥ 5 TG M J7 L A A

NLRP3.GSDMD . Caspase-1 & [1 3 15 7K - i & P& A%
(P<0.01), HLi% ' 3% 1M 77 5 7 i 20 2 1 ) RGBT
gl W7 K3,
4 g

VD 7E 1 & AT 5 g O R T Y R
A AL A B R IR, RE AR AT o Rk R O
PRI IR Sy A P TN E R R e s D I
AN SO R 2 RO AN 2R B, 25 R PR
B, =3 m) (A5 Ak UR A5 5%, i 6 70 2, Ol R 2
S AP Bk , B AR TR L AR e e A, R T
SR, A R T RS . B LLAR & ok 5l 1 L
B R A SO, AR TEAR L S AT
PhZe , Bl A 70 PR AR5 . I R iz FH O
JiiRYT VDU RO AP . ARAFSER R 2-VO ik
Sk A8 F VD R BB 25 B % B B O i T 45 2 )
A 25k 2 VD KRR b AR AR B O & 5
WEL OF 3 52 BRAS BE ) A0 4 A R 5 4 . $R
N, % BT AL T R SR i VD R BRSO B A X
TR 2 R 0B 5T 45 SR A —

S 7E N H T BB O R 4R A B AR Y.
HE % (& Fll Nissl Y2 (5 45 5 & B0, % 5 0% 1 7 + Ws
(T M 2 A TR R B R A TR,
TR Ge IE 52 W] b o435 5 NissL/INMAK 43 A %85 B2 35, pi 22
JC ARG My S e e W W . X R W I Il
Xt VD R A A8 1 008 R S IR I S R4 T
AT 5 o

CCHIRAS T PN 5T M 32 4t 25 fiih & ERSS, il il 15 5
2T, B4k VD R FE 22 . PERK J& A7 %4
SR /5 T 200 L 5 5 P Ry T R ol IR 5 7
IE % 1% 50 F GRP78 5 PERK % %5 4% & kb T Fa 2 Ik
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ST Tubulin

GSDMD

DAPI

Merge

Zoom

A B C

Ele6 #SiEMAI2-VOXRED GSDMD 5811 Tubulin E B R KX

R (RPEDEE, x200)

Fig. 6 Effect of ZSHXP on fluorescence expression of GSDMD and B1lI Tubulin proteins in hippocampus of 2-VO model rats (IF, x200)

NLRP3 e - . . S e 108kDa
GSDMD ---‘- ™ 52kDa
Caspasc-1 “. B e W 30kDa
GAPDH s wums SR W00 R W 36iDa

A B C D E F
E7 2-VOEEXREBIALAMMETE/RIABK
Fig. 7 Electrophoresis of pyroptosis-related proteins expression

in hippocampal tissue of 2-VO model rats

®3 HBEEMAM2-VOXRBIAAMMETEARENFMN
(X+s,n=3)
Table 3  Effect of ZSHXP on pyroptotic protein expression in

hippocampus of 2-VO model rats (x+s,n=3)

i NLRP3  GSDMD Caspase-1

an /g-kg' /GAPDH /GAPDH /GAPDH
BF A4l 0.61£0.03  0.73+0.04 0.44+0.04
HE 7 4 0.77+0.01" 0.85+0.03" 0.78+0.02"
R L R R 4L 4.5%10™ 0.70£0.02> 0.83£0.02 0.88+0.01%

WG AR A 8.90 0.70+0.01% 0.93+0.01% 0.73+0.02
5B AT R 2 17.80

8B iy e R AL 35.60

0.66+0.01% 0.78+0.02% 0.54+0.04"

0.63+0.01% 0.75+0.02% 0.48+0.03"
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A YR YT & A R i GRPT8 A
PERK 43 # , PERK ¥ 1% B B R 1k , # — L w2 1k
elF2a, 75 5 T iif ATF4,CHOP (13 ik , {2 1 41 it M\
AR T R A2 FEAR WS, TEM 45 51
FEWT 5B G Oy 1 AT S B 2-VO AR LK IR
T 20 2P 5 R ke AN R L AR 0 P R DE S S
SRR 5 S O A Rk — RS 4 T U E
1% I )5 fig B 2 3 H GRP78 5 NeuN #¢ )t 3k 5& 7
Western blot £ 5 3% B 1% J7 B8 A 2 T 5 ERS 5 ik
1 GRP78 .p-PERK/PERK , ATF4 & CHOP Ay ik 7K
o DA g5 BR8N I 7 R 2-V O B A KRR
TN I 8 10 2 3% 7 FH AT 8 5 GRP78/PERK/ATF4 {5
5 3E B R ERS A 06 . 3X 5 4% AR AR Y 3E S
#il GRP78/PERK/ATF4 {5 53 % , i % K B Ig  f
26 o P 3 1 B R — B0 U RIS U 523 i
PERK/ATF4 {5 = il # BE % 24035 K BRUAH 28 00 iy 4 403 .
P28 M ERS J2 R FE M & R A R0R 1 .
fF 5% & W], ERS 38 13 ¥ 7% PERK 15 5 38 #% I i
23 Wi NLRP3 & /MA |, #E 10 3 1% Caspase-1, 5
GSDMD |- %4 figt {7 o5 AH 25 & 24 i B il & A
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GSDMD-NT {if ¥ 35 19 ik B, fie 28 3 B0 40 B 4T FL
BRI R AE 7, v B A0 AR 7200 AR SR T &
B, 40 E W g T WS VD K R H 4 4
GSDMD F1 81 Tubulin 7 H 3t & 17 %6 615 5 B 2 [
fik , NLRP3 . Caspase-1.GSDMD 4 ity £& 1~ 3¢ 5 75 4
B 2R IA A . A5 AR R I i g X 2-VO
AU B 035 VR FH AT e R i 2o 98 5 ERS B 1M U5
g S 2 AR T R AR . AR A R B,
P8 N I 7 % ) & 41 GRP78. p-PERK/PERK .
CHOP .GSDMD & [ & ik & 24 & T A 40, 4 I &5
H2z Al g T P 2 5 R R R0 ¢ RO R
LM R HAE AR A O R RRIE L A,
R R £ 23 WR S AE by BH 1 X BB 24 78 2l 38 47 R 2 oRE AR
5 T SR AT ACHE (A R W EE B G ERS/EE T A G R
FI S0 25 08 5 4R T o X 5% 25 W) 32 B 0 I g
F o AE ERS/AE T 38 # 19 VE - AL — 3.

25 b AR S0 A8 UE B B 5 R] e A i A
% GRP78/PERK/ATF4 {5 53l % , Jik 4% ERS, 1 il &
Ik 22 A0 M AR T, AT ek VD K BRUA T D) R B A
X — R I R B I R 2 AR AR R R A TR
WA B o AR R AIF 5T T iF — 25 25 & 3 i 10 il 7 =k 3k
S R A RS N 11 S il N B A D
T4 T b % 5 I I R 95 GRP78/PERK/ATF4

i AR VD AR R AR AR
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