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 E: B R AGE% 2% 5 hF kR (VD) XA nics B & AR M &4 (ERS) e % m & Liuh ., ik
% 50 X SPF & Wistar K A AL A F K (Sham) 28, #EAZ, @4 5% 7 (TLYZF) #&H =& (12.5 mg/kg/d) 28,

TLYZF ¥ 7% (25 mg/kg/d) 2842 TLYZF & 7#% (50 mg/kg/d) 28, #4110 R, % Sham 49}, HAbB X ARAKR
AN FR E B IR AL R M VD BEA TLYZF T 4 Bl )5, KM Morris Kk g £ X A F Jelese h; hAE -4
L g EAEM DRI LA IR R AN DAY B s RAE Ak A B AR T S G A BAY 2R T BEER SRR
MR I A 2 R KR T 45, RO LR EEENEL AR ML A TR ERS X RO REL, &R 5 Sham 4
Yok, BERMK R TFHREHBRMER, FAFERIR Y (1=14.059, 8.534) , H L2 THF T, BIEM. M
R, AR %, @iz %, RRAKEZRY (1=17.131) , A2 TBA=HI& (1=17.701) , TNF-«a,

IL-1B A= IL-6 &3 % (1=6.541, 6.957, 10.014) , Bel-248% X & & (Bax) . @A ¥R 5% % a5 3 (cleaved
caspase-3 ) . %] A #EIF 1=K G 78( GRPT8 ) BFEAAL 1 Fit M % B ( p-PERK/PERK ) | BRER 1L ALAZ 2m AT 35 I F 2 o (p-elF2 ¢ )
/elF2 o , # & F W T 4( ATF4 ) Fodt BT CCAAT/ 3§ 3% T4 6% G F /R & & (CHOP ) 2k 38 % (1=13.548 ~ 76.468 ),
B &t -2 (Bel-2) & @ AZXEK (1=39.691) , ZFAA%KITFEL (¥ P<0.05) , HEA 4 LE, TLYZF %
Tl KA FHREBRIGERE (1=2.476, 7266, 11.306) , FHAFERHIE S (1=2.187, 4471, 6.932) , HLAZET
AASTHUI | g OA AW Ko B R Y, RRARA 3 (1=4.359, 9.477, 11.449 ), 4% 270 T F A& (1=3.631,
6.145, 7.580) , TNF-«, IL-1B #2 IL-6 & & & ¥ (1=2.382 ~ 8.293) , Bax (1=4.696, 16.250, 20.250) , cleaved
caspase-3 (1=15.205, 27.000, 26.833) , GRP78 (1=5.918, 13.139, 13.741) , p-PERK/PERK (:=13.416, 14.230,

17.889) , p-elF2 a/elF2a (1=20.152, 39.346, 50.750) , ATF4 (1=12.093, 24.395, 22.946 ) #= CHOP % & (1=21.592,
19.207, 22.136) &k ikMAk, Bel-2 & & &k % (1=7.474, 20.761, 35.350) , ZFAA%TFEL (35 P<005), H
SR TUET AR A, Hit AMELEEHTRE VD KR ELAZ TR A X ERY, EERIHR TS 74
PERK 4549 ERS A % .
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Experimental Study of Tongluo Yizhi Formula Attenuating Memory Deficits
in Rat Model of Vascular Dementia through PERK-mediated
Endoplasmic Reticulum Stress Pathway
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1b. Department of Clinical Laboratory, the Second Affiliated Hospital of Xingtai Medical College, Hebei Xingiai
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Abstact: Objective To observe the effect of self-formulated Tongluo Yizhi formula on memory deficits and endoplasmic
reticulum stress (ERS) in rats with vascular dementia (VD) and its mechanism. Methods Fifty SPF-grade Wistar rats were
randomly divided into sham surgery group, model group, TLYZF low-dose (12.5 mg/kg/d) group, TLYZF medium dose (25 mg/
kg/d) group and TLYZF high-dose (50 mg/kg/d) group, with 10 rats in each group. Except for the Sham group, other rats were
subjected to modified bilateral carotid artery ligation to construct VD models. After 4 weeks of TLYZF intervention, Morris water
maze experiment was used to evaluate the learning and memory abilities of rats. Hematoxylin eosin staining was used to detect

the pathological structure of the hippocampus. Nissl staining was used to detect hippocampal neuronal damage. In
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situ end transfer enzyme labeling staining was used to detect hippocampal neuronal apoptosis. Enzyme-linked immunosorbent
assay was used to detect the content of inflammatory factors in hippocampal tissue. Protein immunoblotting was used to detect
apoptosis of hippocampal tissue cells and the expression of ERS related proteins. Results Compared with the Sham group, the
average escape latency of the model group was prolonged( 1=14.059 ), the number of crossing the platform was reduced( 1=8.534 ),
the hippocampal neurons were disorderly arranged, the morphology was fuzzy, the cytoplasmic vacuolization, the nuclear
pyknosis, the inflammatory cell infiltration increased, the number of Nissl bodies decreased (1=17.131) , and the neuronal
apoptosis rate increased (1=17.701 ) . The contents of tumor necrosis factor-a (TNF- ), interleukin-1 B (IL-1{) and IL-6
increased (1=6.541, 6.957, 10.014 ) ,the expression of Bcl-2 associated X protein (Bax), cleaved caspase-3, glucose-regulated
protein 78 (GRP78), phosphorylated endoplasmic reticulum kinase (p-PERK) /PERK, phosphorylated eukaryotic initiation factor
2 a (p-elF2 a)/elF2 o, activating transcription factor 4 (ATF4) and CCAAT/ enhancer binding protein (C/EBP) homologous
protein (CHOP) increased (1=13.548 ~ 76.468) , while the expression of B-cell lymphoma-2 (Bcl-2) proteinwas decreased

(1=39.691 ) , and the difference were statistically significant (all P < 0.05), respectively. Compared with the model group, the
average escape latency of TLYZF-treated rats was shortened (1=2.476, 7.266, 11.306) , the number of platform crossing was
increased (1=2.187, 4.471, 6.932) , the hippocampal neurons were relatively regular, the nucleus was clear, the inflammatory
cell infiltration was significantly reduced, the content of Nissl bodies was increased (1=4.359, 9.477, 11.449) , the apoptosis
rate of neurons was decreased (:=3.631, 6.145, 7.580) , the contents of TNF-a, IL-1 3 and IL-6 were decreased

(1=2.382 ~ 8.293) , the expression of Bax (1=4.696, 16.250, 20.250) , cleaved caspase-3 (t=15.205, 27.000,
26.833) , GRP78 (1=5.918, 13.139, 13.741) , p-PERK/PERK ((=13.416, 14.230, 17.889) , p-elF2 a/elF2 0 (=20.152,
39.346, 50.750) , ATF4 (1=12.093, 24.395, 22.946 ) and CHOP protein( (¢1=21.592, 19.207, 22.136) decreased, while
Bcl-2 protein increased (1=7.474, 20.761, 35.350) ,the differences were statistically significant (all P<0.05),respectively , and
the high-dose group had the best therapeutic effect.Conclusion Self-formulated Tongluo Yizhi formula could reduce the apoptosis
and inflammatory injury of hippocampal neurons in VD rats, and its mechanism may be related to inhibiting ERS mediated by
PERK.
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FIBILIC A R R iR . FETF IRt “AALE”
Be, AN RTIILL CEET MR, SRAERIE .
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1.1 #h4h kR SPF HHEPE(ERFE Wistar KFL 50 H,
8 ~ 10 AWy, AT 220+20 g, W TFALaite R
YRR AT IRA T, iVl iuES: SCXK (&)

2021-0004.,
12 B ELRA WA R AR, i i

AP ss TRA A&, TR - JHL (HE) 3
iRl & (C0105S) , MREIRFEH ¥ -a (TNF-a )
(PT516) , HH4MIAE (interleukin, IL) -1 (PI303)
FIIL-6 (PI328) Kl ELISA 7l & ( g3~ KA
P ARG R ) 5 Nissl Je a5 & (SY 2432, b
SR AYRHCARAT ) 5 AR R IC
( teiminal-deoxynucleoitidyl transferase mediated nick end
labeling, TUNEL ) YL i T mli7] & ( SNMS35,
AR R A R A ) 5 AR 78
( glucose regulatory protein 78, GRP78) (3418S) , %
BT RNA 3% 1 (protein kinasa RNA-like
endoplasmic reticulum kinase, PERK ) (5063S) , Wk
fizft. ( phosphorylated, p) -PERK (5071S) , CCAAT/
KR 254 8 A PR 8 H ( CCAAT/enhancer-binding
protein -homologous pritein, CHOP ) (4495S) , 2 fi#
AU 2R R A R SR 3 (cleaved cysteinyl
aspartate-specific proteinase-3, cleaved caspase-3 )
(6408S) , B- MLz 1 ( B-actin, 35127S) Hiik
(EHE CST AR ) ;3 HEAMELEEF 2 a (eukaryotic
initiation factor 2, elF2a ) (ab169528) , p-elF2
(ab131505) , PEHE R HAF 4 (activating transcription
factor 4, ATF4) (ab270980) , B ikl 41 ffLJg -2 (B
cell lymphoma 2, Bcl-2) (ab182858) , Bel-2 #H 3¢ X
# H (Bel-2-associated X protein, Bax) (ab32503)
Puik ( 3E[E Abcam /A F] ) o Cytation3 ZINHERFFRIL
( 3% BioTek A7 ) ; Chemi Doc XRS fb2# % it
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W 1A% 53 M 2% (35 Bio-Rad /4] ) 3 NIB 910 5%
F R (IR R MR A FRAE] ) 5 HBS-
ScanX bR ( B AR AE R A TRAF]) o
1.3 7k
1.3.1 VD # RIRY 7 e 4l e A /D BUAS & 25K
12h, HREHA &Sk ', SR Bl B XU 2 B ik 45
FLikty et VD B, HART7 ik (A 3g/dl 5 ke
FREER R, AMEMY . FEH# ST IE R4t T
25 1.5em PI T, i 2 8 XU 008 s ik o F H 5-0 F
REELLLES,, BEEATIIT, BURTETEDT IR,
fie B AR F R MG S R R s 4, &
410 2. @O Sham 4: 5 vD #HI[FFARiLHRE, H
ANHEAT R F5 0 sh ik 25 FL; QBRI ; L 2k
)7 (TLYZF) f&FH4H; @ TLYZF HhHlE4H;
B TLYZF & f4H. TLYZF 5. o F & ) & 4
O FrERLE R oh, HEE FE N 12.5, 25 Fl 50
mg/kg WAL 28 (S% NIRRT E, (%, HF
A A S TR R R 172, 1 A2 £%5) B,
H 11U, J7FFE 4 8. Sham 4RI R0 25 T 45
BEATREKHEE .
1.3.2 Morris 7K 28 B/ 17 M A ke I . 5256 %6 B i —
N H AL 200cm, IR 60cm, P BE P (4 [y 8] HE K it
Hl, Hrb KRR 23 ~ 25°C, FEiRMEEE
24 ~ 26°C. SLER PRI T O NI T
BEACHSr BE DU MR BR, 7R — G2 R A o 1
JKTIF 2 ~ 3em A E — HATE 20em HEG ¥
KEAK, JER K RLEBF G IEH L E 8
i 3s FTAEZRAGRTIA], e kR IR, WA R R
REFREE &, NPK R IIE SN 90s, @5 AR &
SEES . AR ENATATIRER S BT 24h YEATAS ()R
¥, ERSEA, R REAKS, WEEKRIE 90s
W () 28 0 sl 45 B H AR SRR A R[] .
1.3.3 BRACRAE RALEE . 17 MM EEd s, T
ST 1g/dl EL 280 (50mg/kg ) TR RIS K BRI
Wisk, VK B4R B AR I Al LU
A 4g/dl 22 58 WS [ E 48h, BBJE ZBE RN
JAGE AT A AL 3 wm R & H .
AT SR i A 3R 2 AE T Y Tris 22 v (150
mmol/L, pH7.4) H14]3, 4°CF 3 000 r/min & (>
Smin, B IR BEAFAE -80°C .
1.3.4 HE YL (@K 7 Chps BRESAE . V3 20 2300 i
B KR, AR 10 min, Sg/dl 2R oAk
30s, PHAZLYefa 1 min, BRJE ZEE (75, 85, 95 Fil
100g/dl ) Ji/K4% 10s, —HZER Imin, 8@ XU H
SRR TR R R B B, s B N REALIESRE 5

AT EL IR
1.3.5 Nissl G it b 2 oetbifn . Bl 2]
R KR, B 1g/dl AR % Y@, 15min,
FEAIETE. 95 g/dl LAk, TCK CBEBLK, —
FRE I S 7RG W s ™ S IR, FIIH Image J
ST ZTTIE A X Nissl A4 48 7
1.3.6 TUNEL Je a4 i 2o YA
10mmol/L B i £k 2% vh ¥ W Uk % 3 Wk, T Im&E A
fii K (20mg/L) %1k 30min, PG BE)E, %0
TUNEL JZ W & 5 & 60min, 3o 4804k 0 vl vk v oK il
W, A PUEY R P S AL S B SRR
e 55, H5c i N R AR 5- R -4- A -3- I Wi
FREL /B L VY &R EE 10 min, ZX0E 0, ik, B,
R, T AIMohERE A, St B T RELE R
5 AEFFAREIC SR IF 18 TUNEL BHIEANAE R
1.3.7 ELISA KM Sh 4 2L VR 7 & 5. $ FEAH
;. ELISA i 7 & 45 FH 158 BH 45 40 51 4% Ul TNF- o
IL-1B F1IL-6 &,
1.3.8 £ G y3 E AV Eh 2 2L T A1 ERS A5G
FEAFRIR: U REDIED: (RIPA ) 240# 2% vhiRde
B S 8L, R BCA B ARG INE FIHk E
50w g B FHE T TRbE SRR RR BN - SR TN Tk Bt
JiEE Pk (SDS - PAGE ) FFREZE whiRATHLIK T ES . 12
HERWM _E O L, FIRT, BB Sg/dl Bt
g4 W s EF] 1h, 4°CF P Bel-1, Bax, cleaved
caspase-3, GRP78, p-PERK, PERK, p-elF2a,
elF2a, ATF4, CHOP Fl B -actin —HiE &R . K
H, BB & R AL (HRP) Fric il
FPi 1gG M P BRI T 1he ERHBEEE
Y3 (ECL) 5%, Image J 474443 B iR K EE(EL,
A HIEELL B -actin /A2,
1.4 %t o4 R SPSS 22.0 Giit=F ik k748
8T, TFETERIIIEL £ fREZE (3ts) FIR,
W 20 [) He e R ST REAS ¢ K56, 2220 1A] He AR
PR E T 25087 (one-way ANOVA ) , 41 [8] B 4 kb
R LSD #5565 LA P<0.05 MR BA G 95 X,
28R
2.1 B KR F Tl se As WWFE 1, Morris /K
PRER AP, AR R O RE R R 4L Sham
HIERK: (£=14.059) , ZEHCEEREOR /D> (1=8.534) ,
SEAG I FE X (¥ P<0.001) . SHERL L,
SR S =iy (A b P =5 Bt s NN SR G B ST VN
WA 4i 5 (1=2.476, 7266, 11.306) , ZEFH
WECARETEIN (=2.187, 4471, 6.932) , EifRJEHK
Wik, ZREAGIEE X (¥ P<0.05) .

*1 FZEKXRE BRI FEF XL (x5, n=10)
TLYZF
5 H Sham 4 R4 F P
k=il sl A
PRI (s) 2429 +347 57.52+6.62 50.76 + 5.54 3923 +4.42 28.84 +4.53 58.843 <0.001
TR UE (K 6.83 +1.56 174 £ 1.06 2.65+0.78 3.82+1.02 498+ 1.03 14519 <0.001

22 R KR EL R AEME WA 1, Sham 41K

SR CHZH SR BV IR, R OT RS B R ST, A
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BoeHE . BERILR e D SUB SN, Mook
FUZEAL, B S AL A A I 4, AR

——

Sham#il B

TLYZFAG5 4

W%, TLYZF . A1 50 40 K SO S 4ot
AFTEILIU] , AR AZE T T, S P IR T R T2 T A A1

TLYZFEP?-“J'E TYZF%‘?HJEéE

E 1 HE £eRllXRiEIHEBLEH ( x400)

23 B K Rl LA U2 ks ULK] 2. Sham
ARG phEooE ST, RRAEFEE . 5 Sham
ZHAH L, BORIZ R SIS AT Eh 4 2SS4 A 4R
bR E AT, JeRIARE R (56.82 +6.82
AT vs 16598 £ 1251 4~ HP) , 2 F B A2

=

Sham#{

B X (17131, P<0.001) . 5 Sham #14H L, TLYZF
i, oA R ALK R S 2 e viiie, ek
A % & (77.82+834 4~ /HP, 12832+ 1554 4~ /HP,
146.82 + 1620 1> /HP ) Z#iahn, =R HAGFE X
(1=4.359, 9477, 11449, ¥J P<0.01 ) , Syt

o=

TLYZEWARE TLYZFRGAlL

2 RRFEEMKREIMETHSG ( x400)

24 B KR ELHZ2 LA T FEE 5 Sham
A EE, B2 KRR S oo R TR B BT
(46.72% + 548% vs 324% +037%) , %5 H A4
P28 X (=17.701, P<0.001) . 5884 L5,

TLYZF ik, A 50 4K U S i 2 o0 g8 1%
(36.72% +2.81%, 28.91% +3.46%, 25.36% +3.11% )
GRS, 2557 B Gei 78 L (1=3.631, 6.145, 7.580,
B1p<0.01) , SRR,

25 BK R AL My mn A AR B G kokki W

2% 2, Western blot 25 % 7R, 5 Sham 41AH Lk, #iAY
ZH K Sh2H 2 Bax A1l cleaved caspase-3 15 [ #e ik &
(=18.783, 32.119) , Bel-2 FE AR (=39.691 ) ,
ZRAAGIFE X (¥ P<0001) . HSHEAY L
B, ARG, TR AR R 414 Bax
(1=4.696, 16.750, 20.250 ) I cleaved caspase-3 ( 15205,
27.000, 26.833) HAFRIAZHIHIE, B2 HARIAZR
Wi %2 (1=7474, 20761, 35350 ), =54 G0 2FE X ()

P<0.001) , HATHRBEASIPE

xR2 ZHEAREIALATHRTORIELE (35, n=10)
TLYZF
W OH Sham 21 RilE) — p
ikl His Al AL
Bel-2 B 1.22+0.03 0.58 +0.02 0.76 £ 0.05 1.08 +0.05 1.15+0.03 328.863 <0.001
Bax &[] 0.58 +0.06 1.42+0.08 121 +0.06 0.78 £0.03 0.61 £ 0.04 207.785 <0.001
cleaved caspase-3 &[] 0.55+0.03 1.27£0.04 0.93£0.03 0.73 £0.02 0.67£0.03 302.402 <0.001

26 AKX R AELAL IR FRFE WK 3,
55 Sham 2 A Fb, A4 K B S 441 TNF-«,
IL-18 FIIL-6 F L (1=6.541, 6.957 110.014,
¥ p<0.01) o SRR, AR K. o

1o AR 2K R S 41 40 TNF-« (1=2.842, 3.898,
5.631), IL-1 B (1=2.536, 3.983, 6.172 )HI IL-6( 1=2.382,
4.677,8.293 )& I HIREL, 2R AR (3
P<0.05) , HAMWREMRIIE.

%3 EAKXRESHARMEEFKFELE (x+s, n=10)
TLYZF
moH Sham £ FRIZ — F P
iSzilkei] il Al =l
TNF-a ( ng/ml ) 1.35£0.17 241032 198 £0.11 1.77+0.18 1.52+0.15 12.736 <0.001
IL-1B ( pg/ml ) 31.23+£5.34 53.82+£4.92 4472 £6.34 40.23 £5.83 3424 +£5.11 14.723 <0.001
1L-6 ( pg/ml ) 6.87+0.83 23.11+3.53 18.23£2.92 14.11 £2.46 7.82+2.13 66.973 <0.001

27 &4 X R & 28 22 GRP78 #» PERK/eIF2 o /ATF4/

CHOP i# 7448 % & & & ik WLF£ 4. 5 Sham 41

L, BRLH A BRIAE Sh4H 214 GRPTS, p-PERK/PERK,
pelF2a /elF2 o, ATF4 # CHOP &K ik %, %R
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BAG 7 X (1=13.548, 40.500, 76468, 27.000,
30312, ¥JP<0.001) . SHIAIL] AR, 384 4R R T
I, v I R 2K R E 41 21 GRPT8 (125918,
13.139, 13.741) , p-PERK/PERK (=13416, 14.230,

17.889) , p-elF2 a/elF2 a (¢=20.152, 39.346,
50.750) , ATF4 (=12.093, 24395, 22.946) #l CHOP
(1221592, 19207, 22.136) HHAFIRGHIFEK, 25
BAG 145 (¥ P<0001) , EAMRBEHOmM:,

x4 £EARITIEL GRP78 F1 PERK/eIF2 o /ATF4/CHOP B X B EFRIE (X£s, n=10)
. TLYZF

A wnffl B T E g g
GRP78 0.53£0.07 132+0.11 0.96 £ 0.08 0.61+0.05 0.55+0.06 157.426 <0.001
p-PERK/PERK 0.13£0.02 0.94£0.04 0.64 £ 0.03 0.58 £ 0.04 0.54£0.03 265.674 <0.001
pelf2a/elF2a  0.82+0.02 3.64+0.08 2.87+0.03 198 +0.05 1.61 +0.04 328371 <0.001
ATF4 0.51+0.03 132+0.06 0.93 £ 0.04 0.63 0.02 0.58 +0.04 278.934 <0.001
CHOP 0.610.02 134£0.05 0.82£0.02 0.79 £ 0.04 0.64£0.05 232.563 <0.001

3 itie PIRTE . RHMRER S RIS 495 25 24 P e S 20N i

VD W& TEFEN, HZU & T4 F0 i il 5
o RIS P (G T, BEE Bk N 12k,
KRR . HAT, PEEIGYY DAL MR 4 |
B PrOkImes . s SRR VAT O
HHEIFRA R &= — AR RN 125
H Ly Z 80 SRR TRV, %) VD JRI 7RO
I, HATIRREE B,

PR R BLSIAN, VD Z R AmAL, B
TEH B E RS AR N LS, PR s BAEH,
SEK A e . ARG, S SR B i e
HRM KA (FIEFEREEZR) PR Y, A&
DA “WIRREEES . AWM AL”  “FLIFE,
B 9. A 2. RS, LIEARAE S RE
UM T N2 SF. BIFTE “49%7 , G
WNHESMA, 224 PR UM IE R 217, B nT Sl
SKRBHE T . AR A AP AS . B
AR K, R MR
AEME A2, Ham s WInEE . A BT
IR Z A, FRURES, IS, FFSEE
Frimsszy, AT ARG, HRGEL, 55
faAVE R o A A BA R DTAG I PR /IMREAS IR 5T K 0 ),
WL LR R T VD B R T AT A e, HHAE
AL A A0

o RRUI S S Sk s LIk C 2 e
SR TR BUEIPLE], FTAERRE RS VD B
A R, TN 1 B S . S FIRER A2 4 |
F RISy CAL IXPPZoTHits . Pha i i anpigfk |
AR A 5 B R RN 4 e L o
2 U AR R VD AR R I A
WA AR Sl A A et UESRRIA R
WA, FETF Mirros /KSR ESESS, LRl 458 iGYTId
JEJG R VD R FUFA I D) BERE A FIIAE 2 b 220 675
PGS, SRR S BN A . X
Sgb ISR H LR 25 %] VD KRR S R4t
WL EARYER, TG RfNeIZee s, kS
iRl RIS DESHE e €

N I X B TS S A B R ELA T R AR
H, A msE . Nk, B BRAEEL.

MRS FRTEEARNR R, ISR
W B JAE L LT ERS G, VLR B E 52 T3
FIFaZs . VD Y I B R AR v S B0 M il i
SRARMET:, WM oT e MR AR AZ R, 51
EARITE RS, ¥k ERS, XAfE/E VD &
e B AR . BP9 R, BAEANIRPT ERS
FRP R 2 — 2l EARSF I AR TS 8 T
(unfolded protein response, UPR) ., UPR B 4 ik
B E HEARRE, FiRrEEA RS2
i UPR BERES, MEESNRERMMETES ST
CHOP % %3 8, H PG caspase-3, ##717 Bel-2
FEE E Ik, il A& 40 M0 T DL R Y
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