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(BE) BRY ETHE T E G 78(GRP78)/X &4 4% 1 1(XBP1)/C/EBP [ JE & & (CHOP) % 2 | # % # /% £ e 3 (TXL)
3 8 45 R P RL S (ERS ) 98 5 A B0 LB B VE 3 545 (MIURT) ey 1 AL AL, 775k 4 48 RN SD K MM % 6 418 F A
(Sham) 41 MI/RI 40 FH M 5t B8 20 [MURT+ 4% 5T (ATV), 7.2 mgkg)] ERS 3% 7 4 [MI/RI+4-% £ T 8 (4-PBA), 500 mg/kg] TXL
H(MURI+TXL, 1 g/kg) 2815 GRP78 44| 7| 4 (MURI+TXL, 1 gkg+HA15,15 mgkg), &4 KRETHEEMELE THET d, KR4
Jo 1 h b AE RR AA E SRER Bh kA LR ST MIVRT A A (Bt 50 min, BEE 4 h) BB E G, R #7505 AR £ % & -
B(LVEF) A0 E 48 5 20 B (LVFS) s KAl 4 8 35 4 A BUBE A0 BL IR 77 & ) o 7 0 LB S [ R A 2L BR 4% 2.8 (AST) LB A
% (LDH) LB 5% B (CK)  ALER #0850 LA (CK-MB)]; 5% ELISA #6301 ofn v 3% 42 B F[ & 48 A& (IL)—1B TL~18]; 5K Al bh 2, 340 ]
A AL B AR AR AL H K (GSH) 73 —BX (MDA) 448 10 4 B (L B (T-SOD)]; & Al HE %ot W 2000 L4 2455 B 25 % 5 K B Mas-
son %o A M AL R JUAR , B AR R AR AR 29 B (CVF) ;s KA Z ST LR R A a5 A R R e R A Ao # e R IR & &
I [II3&3% ;KA Western blot £&231] GRP78/XBPI/CHOP i % &1 &3k, £5R 5 Sham 4145, MIRI 41 LVEF LVFSF{K (P<0.01) ; o
% AST.LDH .CK,CK-MB IL-1B.IL-18 MDA # & (P<0.01),T-SOD .GSH P& 1% (P<0.01) ; 1 ALEF 2 H 71 2L 1k K 2 36 JF 40 007 0
CVF B R & a | M &k A (P<0.01); ) M K i AK; GRP78 ,CHOP & B % 345 #+ & (P<0.01) ,XBP1 & A % 3k 1K (P<0.01),
5 MIRI 4 b 5, MURI+ATV 41 MI/RI+4-PBA %1 MURI+TXL # MIRI+TXL+HA15 4 LVEF LVFS 77 (P<0.01); i 7 AST LDH
CK.CK-MB IL-1B.,IL-18 MDA 1% (P<0.01),T-SOD GSH # & (P<0.01); 0 ALAF 4 HEF] Bl fn K AE 2 A R #F ,CVF R IREE &
T I 33k PR (P<O.01) 5 79 5 9 48 4 25 #4710 4 5% ; GRP78 .CHOP 7 1 53K IR {.(P<001) XBP1 & 1 %35 7t 5 (P<0.01), 5 MIRI+
TXL 4t , MVRI+TXL+HA15 4 LVEF LVFS 7} (P<001); i1 7% AST LDH CK.CK-MB IL-1B IL-18 MDA 41 (P<0.05),T-SOD,
GSH #75 (P<0.05) ;CVF B kB & & 1 M %3 MK (P<0.05) ; GRP78 .CHOP & 1 % 3 1K (P<0.05) ,XBP1 & & %k 3k 75 (P<0.05),
5t TXL 7@ 145 ERS W% A B MI/RI, B9 6 5 GRP78/XBP1/CHOP %124 *
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Effects of Tongxinluo Capsule on myocardial ischemia-reperfusion injury
in rats by modulating ERS through the GRP78/XBP1/CHOP pathway
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(Abstract] Objective To investigate the mechanism of action of Tongxinluo Capsule (TXL) in alleviating myocardial
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ischemia-reperfusion injury (MI/RI) in rats by regulating endoplasmic reticulum stress (ERS) via the glucose-regulated protein 78
(GRP78yX-box binding protein 1 (XBP1YC/EBP homologous protein (CHOP) pathway. Methods Forty—eight male SD rats were randomly
divided into six groups: Sham operation (Sham) group, MI/RI group, positive control group [MI/RI+Atorvastatin (ATV), 7.2 mgkg], ERS
inhibitor group [MI/RI+4—phenylbutyric acid @4-PBA), 500 mgkg], TXL group MIRI+TXL, 1 gkg), and targeted GRP78 inhibitor
group MIRI+TXL, 1 gkg+HA1S, 15 mgkg). Rats in each group received continuous intragastric administration for 7 days before
modeling, with modeling performed 1 hour after the last dose. The MI/RI model was established by left anterior descending coronary
artery ligation (50 minutes of ischemia followed by 4 hours of reperfusion). After reperfusion, left ventricular ejection fraction (LVEF)
and left ventricular fractional shortening (LVFS) were measured using echocardiography. Serum myocardial enzyme profiles [aspartate
aminotransferase (AST), lactate dehydrogenase (LDH), creatine kinase (CK), and creatine kinase myocardial band (CK-MB)| were tested
using an automatic biochemical analyzer with corresponding kits. Serum inflammatory cytokines [interleukin (IL)-1B and IL-18] were
measured by ELISA. Serum oxidative stress indicators [glutathione (GSH), malondialdehyde (MDA), and total superoxide dismutase
(T —SOD)] were determined using colorimetric assays. Myocardial tissue pathological changes were observed by HE staining.
Myocardial collagen deposition was tested by Masson staining, and the collagen volume fraction (CVF) was calculated. Endoplasmic
reticulum ultrastructure was observed by transmission electron microscopy. Collagen types I and Il expressions were determined
by immunohistochemical staining. GRP78/XBP1/CHOP pathway protein expression was measured by Western blot. Results Compared
with the Sham group, the MI/RI group showed decreased LVEF and LVFS (P<0.01); increased serum AST, LDH, CK, CK-MB, IL-1f,
IL-18, and MDA (P<001); decreased T-SOD and GSH (P<001); disordered myocardial fibers with extensive inflammatory cell
infiltration; increased CVF and collagen I/l expressions (P<0.01); dilated and swollen endoplasmic reticulum; increased protein
expressions of GRP78 and CHOP (P<001); and decreased protein expression of XBP1 (P<0.01). Compared with the MI/RI group, the
MIRI+ATV group, MI/RI+4-PBA group, and MI/RI+TXL group showed increased LVEF and LVFS (P<0.01); decreased serum AST,
LDH, CK, CK-MB, IL-1B, IL-18, and MDA (P<0.01); increased T-SOD and GSH (P<0.01); improved myocardial fiber arrangement
disorder and inflammatory infiltration; decreased CVF and collagen I/l expressions (P<0.01); alleviated endoplasmic reticulum
ultrastructural damage; decreased protein expressions of GRP78 and CHOP (P<0.01); and increased XBP1 protein expression (P<0.01).
Compared with the MI/RI+TXL group, the MI/RI+TXL+HA15 group showed increased LVEF and LVFS (P<0.01); decreased serum
AST, LDH, CK, CK-MB, IL-1B, 1L-18, and MDA (P<0.05); increased T-SOD and GSH (P<0.05); decreased CVF and collagen I /Il
expressions (P<005); decreased protein expressions of GRP78 and CHOP (P<005); and increased XBP1 protein expression (P<0.05).
Conclusion TXL can alleviate MI/RI in rats by regulating ERS, and this effect may be related to the GRP78/XBP1/CHOP pathway.
(Keywords]) myocardial ischemia-reperfusion injury; Tongxinluo Capsule; glucose-regulating protein 78; X —box—binding

protein 1; C/EBP homologous protein; endoplasmic reticulum stress

FREETRYT 2 M AT 2R O NS B 1A% O R
S7 B B FE T RE S | 20 L) RE R ity A 20 i SR
HE., LIRS 98 B A0 WL P36 3 452405 (myocardial
ischemia—reperfusion injury, MI/RI), MI/RI f*) 3 i
HlkE— N2 HNERS 5 R W LE N R
E S IETER A | ZORL AR T BE B AT L K N 5 IR 7 35
(endoplasmic reticulum stress, ERS)%§ 2 Ffi 4 ¥)2#
AR HEARIE  TE PR T AR R O RCH it 791 B
MI/RI 1 5 W) ks (8 8 O B e b U BoAT S
=X R TR AR MIRT 8950 FHLEIT S96A
BT PR m  HA H I R

PRI P 2 A PN £ 52 4 S i B B K
PR AR YERR ) OB A L2 , ERS A A 240 B 3 %F A b
PSS E L RN, FE MI/RT Hicse 3 s

A 75 B R 1T 22 H 78 (glucose—regulating protein 78,
GRP78) X EHEAEA 1 (X-box-binding protein 1,
XBP1) #1 C/EBP [W] ¥ & FH (C/EBP homologous pro-
tein, CHOP)J& ERS i [ i #% .0 5> F : GRP78 fE N
ERS HRABUEN B fE W BRSNS R & &
FH W (unfolded protein response, UPR)#{IE T Jif
55 ; XBP1 JE T 45 UPR AHCHER 3Rk 4 4 4 iy
TE I T CHOP ) =22/ A 1255, i B2
WA O LA R T B BFSTREE , GRPT8/
PERK/CHOP {55 825 T b I -8 7 1o 22 40 i
PR ORAE AR WF5E R ERS (93 BRI AT
HEC AR T, INE MIU/RI®, Kk, GRP78/XBP1/
CHOP {5 53l B§7E ERS H47 800 A (0, B il 9 4%
ERS 3 i ih T  MU/RIF TR D5 ),
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18 /0 25 2 %% (Tongxinluo capsule, TXL)VE A —
R 252 ], NS KR Al L R
RIS RAT VKR B2, B TR LAY 3 2% 1k
A, B 2 T O OB O IUESE S L
AR A RIAYTE7, e R I R P
TERRUEIRYT 1 LA - I5CH TXL, DASHE—25 0035 i
ML INRETE bR , B 9RE B S U LR M AR ) 1
SRIGYTRCRE, BEAEAFSE RIT, TXL Al MI/RI,
IR (HHE A 1o 445 ERS MRSy
TR AN

K, A58 5 F GRP78/XBP1/CHOP {551
B, BT TXL & 7538 o 8% ERS W42 MI/RI, B 7E
9 TXL By OO E R T i B A | JF M il
IRB7IG MI/RT $2 BERTE Y25 T 10

| MR %

1.1 Re s

48 Hfet: SD KER,6~8 JHi% AR BT it (22020) ¢,
B [ At 4 R A 5L 5 sh R A IR A A
VFAIES . SCXK (52)2021-0011, 135 T4 SPF %
RS T IR 50%~60% , 2R (22+1) °C,12 h/
12 h WIRE[RI BT REE , I AKOK SRR, AR 5E3h ¥
SEESAFA AL A BEBEAS FRELR /R FEH LS. 2023
[1.]0237,
1.2 FEHmIRAF

TXL(#it*5: T230515, A1 ZIELAE 2l A BR 2
) ; FHFEHABT T (atorvastatin, ATV)(JH5:H20051408,
B i) 245 A7 BRZA W) ) 5 8 S PERE 7] GRP78 411 4] 5]
HA15(#It*5 . HY-123332, 35 [ Med Chem Express’y
A]); ERS #lfil57] 4-28 2 T 2 (4-phenylbutyric acid,
4-PBA) (41t5- . P21005 , 3£ Sigma-Aldrich 2 w]); K
A R B i (aspartate aminotransferase, AST) | %1,
IR Ik ZU B (lactate dehydrogenase, LDH) JJLER i3 il
(creatine kinase, CK) JLERELER.C LT (creatine ki-
nase myocardial band, CK-MB)ill5E X7 & (5 .
20231015,20231022.,20231018 20231025 , g 5 E AL
) TRERETERT ) 5 ALY R (interleukin, L)1,
IL-18 1 ELISA {7 & (it . E-EL-R0012 \E-EL-
RO567 , 5 3 Fi 45 A W) B AN A PR 71 ) 5 4%
e H K (glutathione, GSH):iMiX3] & TN ¥ (mal
ondialdehyde, MDA )7 & | Sl ALY B L
Jitf (total superoxide dismutase, T-SOD) &3 57 &5

A AR S Y W TR T R S (Htt
3 .50053 ,S0131 ,80101 . P1005 . P1081 , [#FZH K
AR IT A A ) s HEYL AR5 £ Masson JL 3,
AE S 61120 ,G1340, LU RSB RHEA PR
i) ; RIPA ZYU#2E 0 BCA & (5. CW2333S,
CWO0014S, JF& Ay i 28 A= My RH e e A BR 2 v ) 5 B it
EAT REEAT S .ab34710,ab7778, E [H
Abcam /A ] );XBP1 (L5 140435, 35 [H Cell Signaling
Technology 23] );CHOP GRP78(3t 5 : 15204-1-AP,
11587-1-AP, i = JE A Y H AR FRA ) )  Hmig
3§ 2 JIi % (glyceraldehyde 3—phosphodehydroge-
nase, GAPDH) (#1t5 : A19056, YR} Fi k4 T REA FR
NI
1.3 EE{UEE

T 15 43 HE RN B ) TR AR R GE (B45 < Vevo
1100, IN &K VisualSonics A 7)) ; 4= H sh A 4L 43 B
X 3% 5 H 7 B UBE (95 Hitachi 7080, HT7800,
H 37 = BT B R A A ) s Z D) RE AR (X (5 Spectra-
Max MS5,3E[E Molecular Devices 2\ H) ) ; AMEY AL |
62 AU B AR R S8 (H5 : RM2235 . DM4000B,,
T8 % Leica Microsystems 23 ) ) 3 T B HL KRS 46 B[
£ %5 (#43 . Mini—PROTEAN Tetra , % [8 Bio—Rad
Laboratories 23] ; fb2# & HEUEAL (4% Tanon 5200
Multi, L7 RAERHEARATHD) .
1.4 MI/RI &

BRI TR ZH (Sham 41) Fh , HAR & 2H 5 R AT A2 Hip
Ref SRt AR B kb L 37 KB MIRT AL, KRR
28 2% 5 B WA RRBE S 1TSS /N8
IR ML R 2.5 mI/100 g, MR 80 ¥K/min) ,
TG 3~4 Ta Ty | ZR 68 O 0E , T 220 B F %
2 mm AT (6-0 22£%) , B —/NBER O T I
5 SEHLAE R SORR S K B i RESE 50 min )5,
SRS LA SC I T, PR 4 h S ARBRER
Sham 20 JF i J5 {22 e AR5 L, AR/ E R AL 4T
TE AR B T v Ay (R Esif A2 DA R TS 45 < TR HIR R
B FL D0 WU 8 722 5 1 5 P30 T L3 0 JUL T
(CK-MB ,LDH) 7K. 2% /& F Sham 41,
1.5 HHEE5Fm

48 H SD KERBEALST A 6 241, 53 53124 Sham 40 |
MI/RI £H . BHVEXT FEZH (MI/RI+ATV £H) .ERS #i31
ZH (MI/RI+4-PBA 2H) [TXL #H (MI/RI+TXL 41 ) #[]
GRP78 #1520 (MI/RI+TXL+HA15 4H) , 540 8 H.,
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A 5T BT BIRTIE S48 25 7 d, RIK
2525)5 1 h 4T MI/RL @A, HAK S5 245 07 X0 i
W MI/RI+TXL 41 EH TXLIREW, 1 gkg, %7
HEIE S A OSBRI MI/RI+4-PBA 41 . 17
JESE S 4-PBA YW, 500 mg/kg!™; MI/RI+ATV 2 .
HEH ATV IR B ,7.2 mg/kg"; MI/RI+TXL+HA15
. #EH TXL( ghkg)BATHEE HALS IRAEM (15 mg/
kg)"'¥; Sham 205 MI/RT 41 . J# B SR BV LR K
1.6 MEBIERRFE
1.6.1 @S CEERI  FEE 4 h 5, KRD2%
SRR RS , T F Vevo 1100 #5520 BER /NS Y1
FERAR R GEHAT M R 7.0 2 BRI, I 1A% 0
O Y REFE A5 22 % T 153X (left ventricular ejection
fraction, LVEF)FIZE.0 %8 4 5 73 45 (left ventricular
fractional shortening, LVFS),

1.6.2 Ifil¥F AST.LDH,CK ,CK-MB /K FEAI KR
T LAE ST 40 me/kg G EL LU ZARRRIE , 37 BIA TR
F PR, 76 4 CF 3000 t/min 0> 15 min (&
L3242 10 em) 43 B LT, FFAE-80 CF U1
R4 F B AR A A3 tR) G 150 BT ARSI #4521 1 77
AST LDH .CK .CK-MB 7K,

1.6.3  IiL{E A AE AR AR AE R KR SR
ELISA #5420 K BRI 7% 1L-18 \IL-18 /K, RH]
Fb gkt GSH MDA # & ) T-SOD {2
Fi R & B A T

1.6.4 AL HE QNSRS 00E AR
B TR T i SR O I, FH 094 A BRER /K i e ke FR
M, U5 5 B IAARO p S A D2 IR B AL OO L
HA BT 492 RPEERCTEE 48 h, FEES,
HRZRLEE QMK I RE] A, Ka
WESRESEY) R JREE 4w W BN T B B AR b
VIR H AU 227K 05 , #4218 HE G @350 &l 45
AT, 2R AR TSRO LA 4R 4 HES
R A i A ML R O, B o U0 BEAILIE R 5 AL
KA

1.6.5 LZLZ Masson Je I R UTAL  BUAE
DO Z, B WK 5B A A 1 5 TR [
1.6.4, AMSESLY  JERE 4 wm, W J5 R0 A
ZK, Fi M8 Masson G ok G Ui B T YL, Ol
2 AR T SR I A 4 (B 68 DUBUE I, B ok )

F BEATLZEI 5 S HET i H Image] #4440
435 (collagen volume fraction, CVF), CVF=Ji i
T AR S T AR 100%
1.6.6 AUk i R 1 3Rk

A S 55 e ) R 7k E] 1.6.4, B4 pum &
PR KA R AT E AL S 10 min LAEER
NIRRT E A S, 280K R 2 IR FU) iR AR
BERR AN WL, IEAE GG b AT P B 5, PBS
Yk 3 e, 10%1E % LA S B Y20 min,
HU) R TE P I EE A T (1:100) B H T
(1200)]H°F 4 CRIEE B, MAXS I )5 %
¥ 30 min, fhT KU S R BB — A R
30 s, I AN Y2 min, ik B, T WiEE
TAREEA
1.6.7 BESFHRBDWE O NI ZUN FIRERESE R
FOCFFEA FH TS PBS Pusinhise, VIR N (2 3 mmx
3 mm),RAF 2% EER 2.5%1% —ER90.1 mol/L
T HIRRENGE P (pH 7.4)H SR E 3 h 5
B2 4 CHrEIKR, 2Nk BiE AR E
G oEUR , fl & BEY R, 4 3%0E TR H 2.7 %k
BEIR A AU Y o i P A F A A T A A o UL
ZH LN JoT AR T 2 A
1.6.8  Western blot #ll-0olLZHZH GRP78 XBP1
CHOP FEH#HEIL A ONHL Y AL A
A EE 1 A R0 TR B R I T R RNTR S
RIPA S 2% whif h 2441, 764 CTF LA 12 000 r/min
B0 30 min(BO0¥4E 8 em), B WK, FHH
e BEFWE, A SDS-PAGE S
K 10 min (8 BUENE, (RS SR EEAYSDS-
PAGE 73 B85 T, FU AR ED BT R T 4E R (100 V,
300 mA) b, 5% WAk =R E A 2 h, 4305
— HL[GRP78 (1:2 000) XBP1(1:1 000) .CHOP(1:
2 000) .GAPDH(1:1 000)#E 4 CTFFHE 1%, TBST
PERR 3 W (FFIR 10 min) ARG 5 "HI=IRIFF LS h,
BFE IS, HRC TBST e, feJm, P s A2 A0k
& R, URASCRAE R e T rT AL
1.7 SitZEHH

Sg T BAHREPINA 8 LR, (HiH T

6] MI/RLZHFET: 2 KRR, A A A R
H 6 H . A B L xes "R, R SPSS 26.0 #;
AT 430 . P LR SR A S FE A
G 06 5 2220 ] H AR FH R R O 22500, LA Sidak
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2.1 FBAHAKBROINEELLE

5 Sham 204 kb ,MI/RI 41 K il LVEF LVFS 3
R (P<0.01), 5 MI/RI ZHAH L M/RI+ATVAH |
MI/RI+4-PBA % MI/RI+TXL 41 MI/RI+TXL+HA15
ZH KB LVEF \LVFS ¥ 18 & 755 (P<0.01) . 5 MU/
RI+TXL 2048 I, MI/RI+TXL+HA15 44 K fl LVEF .,
LVFS ¥ & T (P<0.01), TEWE 1,
2.2 HHEKXRIMF AST.LDH,CK,CK-MB 7K F b8

55 Sham 4 AH Fb , MI/RT 2H K §UIM 7% AST LDH |
CK .CK-MB /K-35 18 3 T (P<0.01) . 5 MI/RI 41
AH G, MI/RI+ATV 40 MI/RI+4-PBA 40 MI/RI+TXL
20 MI/RI+TXL+HA15 2 K B b i 38 b K F 3 &8
FR(P<0.01) . 5 MIU/RI+TXL 440, MI/RI+TX L+
HA 15 240K B bnsk 4R R (P<0.05,P<0.01) .
TEILER 2,
23 FBHAKRIMFRER SN HIEIRILE

5 Sham 4 #H [t ,MI/RI 4H IL-1B.IL-18 MDA

F1 LKLAKE LVEF # LVFS ELE (x5 ,n=6)
Table 1 Comparison of LVEF and LVFES of rats

among groups (xxs, n=6)

i LVEF/% LVFS/%
Sham 21 85.362.85 63.48+2.12
MI/RI 41 50.78+1.69%* 31.25+1.04%%
MI/RI+ATV 41 66.28+2.52% 42.97+1.43%
MI/RI+4-PBA % 65.43+2.18" 43.92+1.50%
MI/RI+TXL 41 62.50+3.09% 41.02+1.50%
MI/RI+TXL+HA15 2 67.39+2.05" 44.92+] 374
FIE 147.425 281.732
PAH <0.001 <0.001

1 5 Sham 40 %L, ##P<0.01; 5 MI/RI 40 H3E, #P<0.01 ; 5 M1/
RI+TXL 41 HeER , 44P<0.01,

TR 8 2 THE (P<0.01), T-SOD GSH 7K 44 I 3
F&AIK (P<0.01) . 5 MI/RT ZHAH He , MI/RI+ATV 2 MI/
RI+4-PBA #H MI/RI+TXL 20 MI/RI+TXL+HA15 2
KB IL-1B . IL-18 MDA 7K F-44 i A% (P<0.01),
T-SOD ,GSH 7K1 i 3+ (P<0.01), 5 MI/RI+
TXL ZH4H H , MURI+TXL+HA 15 2 KB IL-1B 1118,
MDA 7K AR (P<0.05) , T-SOD GSH /K 14 T+
5 (P<0.05), T 3,

F*2 BHAKXRME AST,LDH,CK 1 CK-MB 7KF L% (x£5,n=6, U/L)
Table 2 Comparison of serum AST, LDH, CK, and CK-MB levels of rats among groups (x+s, n=6, U/L)

il AST LDH CK CK-MB
Sham 21 9.45+0.43 53.59+2.43 46.14+2.51 61.59+2.79
MI/RT 21 32.25+1.46%* 197.11:£8.94% 134.97+6.12% 181.03+8.21%*
MI/RI+ATV 4] 21.2620.96" 70.85+3.21% 57.862.77% 84.57+3.84%
MI/RI+4-PBA ZH 22.08+1.00% 71.76+3.25% 56.04+2.54* 82.57+3.74%
MI/RI+TXL 2 24.25+1.10% 75.39+3 .42 61.31x2.62% 89.48+4.06"
MI/RI+TXL+HA15 41 21.8020.99%¢ 69.03+3.13% 55.5922.09%¢ 82.93£3.76"
F{E 300.335 394.661 561.759 478.208
P{H <0.001 <0.001 <0.001 <0.001

1 5 Sham 4 HAL, ##P<0.01; 5 MI/RI 40 HL#8, #P<0.01; 5 MI/RI+TXL 4H H# , $P<0.05 ,%4P<0.01

®3 BHRKRMFRESSMMMIEIRIEER (v2s,n=6)

Table 3 Comparison of serum inflammatory and oxidative stress indicators of rats among groups (x+s, n=60)

Sy IL-18/(pg/mL) IL-18/(pg/mL) MDA/( wmol/L) T-SOD/(U/mL) GSH/(wmol/gprot )
Sham £ 50.3123.56 88.05+6.22 2.42+0.17 281.36219.89 61.49+4.35
MI/RI 41 95.96+6.78%* 232.92+16.46%* 6.15£0.43%% 163.97+11.59%* 26.00x1.84%%
MI/RI+ATV 41 57.76+4.08" 156.52+11.06* 4.85+0.34% 227.33£16.07* 38.20+2.70%
MI/RI+4-PBA 4 58.704.15" 155.59+11.00* 4.66+0.33" 231.99+16.40" 39.13£2.77"
MI/RI+TXL 41 64.2924.54* 162.19+4.91% 5.22+0.37* 220.46+11.20% 38.7422.07%
MI/RI+TXL+HA15 4 56.834.02% 152.55£9.24" 4.67+0.31" 235.05£11.64" 41.3242.75%
FiH 73.908 114.822 80.190 38.641 92,012
PiH <0.001 <0.001 <0.001 <0.001 <0.001

¥ . 5 Sham 41 H#E, ##P<0.01; 5 MURIL 41 HL#, #P<0.01; 5 MURI+TXL 4 5, 4P<0.05,
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24 FBAXBONALESETK

HE 448 87, Sham 410 WA HEZ5 565 HESI)
FE55 s MI/RL 210 ILEF 2 1 BB 55 HES 3560 7 2L
FEAEAT K& RAE A MR s MI/RT+ATV 41 MI/RI+
4-PBA 4 MI/RI+TXL 40 MI/RI+TXL+HA15 ZH£:24
YT UG O LA Gl 25 A6 R DR 1 A A 3 i 45 3] B ik
B, PEILE L,
2.5 BAKXBOUTHENLLE

it Masson YL PPl ZUR IR ITTRUE L,
5 Sham 4 b ,MI/RI 41 CVF .3 T+ (P<0.01)
B AU R 55 1 — P R, 5 Sham ZHAH
Fo, MUURT H AR 1 1 I 3Rk 3 18 38 v (P<
0.01) ;5 MI/RI 44 M1 b, MI/RI+ATV £ MI/RI+4-

PBA 41 MURI+TXL 2 KE CVF Sl 11
FIE B E IR (P<0.01) ; 5 MI/RI+TXLAAH H , MI/
RI+TXL+HA15 A K CVF ZgIREE T, £k
HIREA% (P<0.05,P<0.01), TEILIE 2—4 3k4
2.6 FAKRBOINARANRMBREHER

175 55 L B LR 25 IR i 7 | Sham 2H U WILAH it N It
I 25 44 T BT , SRR TE A5 15 s MI/RT 41 D) R 80 4y 7Y
o D B S R A i K | s Dy 24 3 Ok
MI/RI+ATV 41 MI/RI+4-PBA 20 MIRI+TXL 20 MI/
RI+TXL+HA 15 125 T-Hil)e , Ll i s i i
Vit Re ANl AR B ik 3% . PRILIEL S,
27 HHEKROIEL GRP78 XBP1,CHOP EH
Riktk

5 Sham 4AH L, MIRT ZH K OHZHEUHGRPTS

E1 HAXROINAREEZETN(HE,%300)
Fig.1 Histomorphological changes of myocardial tissue of rats in each group (HE, x300)
T SR OAFR R RAE LM,

A%

MI/RI+4-PBA 41

MI/RI+TXL 24

MI/RI+TXL+HA15 21

2 FAXROMARARETIRER (Masson e {f,, x300)

Fig.2 Collagen deposition in myocardial tissue of rats in each group (Masson staining, x300)
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MI/RI+4-PBA 4 MI/RI+TXL 41 MI/RI+TXL+HA15 21

B3 FAXROMEARREER I PAMEXIEEEHERLFER(x300)
Fig.3 Immunohistochemical findings of collagen Il —positive areas in myocardial tissue of

rats in each group (x300)
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Fig4 Immunohistochemical findings of collagen I —positive areas in myocardial tissue of

rats in each group (x300)

®4 BARBRONBRFEUEESTERILE (v2s,n=6)

Table 4 Comparison of quantitative analysis of myocardial fibrosis in rats among groups (x+s, n=0)

Vil CVF/% Tz T (4 T P X 3% I T X 3%

Sham 4 4.030.15 3.81£0.14 0.23+0.01
MI/RI 21 14.24+0.54%% 14.3320.54%* 1.37£0.05%
MI/RI+ATV 21 6.2420.24% 6.05+£0.23% 0.73+0.03%
MI/RI+4-PBA 21 7.02+0.26% 5.27+0.20% 0.70+0.02%
MURI+TXL 41 7.4120.28% 5.06+£0.21% 0.710.01%
MI/RI+TXL+HA15 4 6.3420.19%8 5.85+0.22% 0.68+0.02%

F14 504.805 391.542 408.356

Py <0.001 <0.001 <0.001

7.5 Sham 4 FLEL, #4P<0.01; 5 MI/RI 41 HL 5, #P<0.01; 5 MI/RI+TXL 4 He# , P<0.05,%¢P<0.01

CHOP iAW E TR (P<0.01), 1 XBP1 &% 1 XBP1 & HARIEBETHE (P<0.01), 5MI/RIHTXL
5B F AR (P<0.01), 5 MI/RT HAH LG, M/RI+ATV  ZUAHEL  MURI+TXL+HA15 4 K FRGRP78 .CHOP % H
20 MI/RI+4-PBA 41 MURI+TXL 20 MI/RI+TXL+  FikREK(P<0.05,P<0.01), 1 XBP1 & H F£IiATHE

HA15 41 GRP78 .CHOP & [ 31k i B Ik (P<0.01), (P<0.05), TEULE 6.3 5,
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MI/RI+4-PBA 41

MI/RI+TXL 41

I, )
e 0 18

MI/RI+TXL+HA15 41

B 5 JAXBRONARNRNBREESEEE(x15 000)
Fig.5 TEM images of endoplasmic reticulum ultrastructure in myocardial tissue of rats in each

group (x15 000)
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Fig.6 Electrophoretic bands of GRP78, XBP1, and

CHOP in myocardial tissue of rats in each group

®5 BHXROHALR GRPT8.XBP1,CHOP &H
FRIE L% (s ,n=6)

Table 5 Comparison of GRP78, XBP1, and CHOP

protein expressions in myocardial tissue of rats among

groups (x+s, n=0)

Wil GRP78/GAPDH XBP1/GAPDH CHOP/GAPDH
Sham 41 0.2020.01 0.55+0.03 0.15+0.01
MI/RI 41 0.79+0.04**  0.26+0.01**  0.84+0.03%*
MI/RI+ATV £ 0.56+0.03* 0.38+0.04%  0.70+0.01*
MI/RI+4-PBA 41 0.35+0.02% 0.36+0.01*  0.52+0.02
MI/RI+TXL £ 0.430.05* 0.42+0.04"  0.56+0.03"
MIRI+TXIL+HAIS 41 0.31:0.01%¢  0.48+0.02*¢  0.51+0.05*
FiH 375.706 128.634 377.616
P <0.001 <0.001 <0.001

¥ ;5 Sham #H HAE, ##P<0.01; 5 MI/RT 4 HL 3%, #P<0.01; 5 MI/
RI+TXL 20 H 45, 4P<0.05,%P<0.01,

3 g

MI/RT J2 2O IR B T3 13697 5 1 2 2201
JEAE T E R R PR, HARERALE P SR A
W KA S5  ERS &2 B K E A2 HAEHR,
ERS 1B Jhy 4H i 137 X6F 107 38 119 42200 g 25 AL, 78 MI/RI
IR B RO | Ol IR E GRP78/XBP1/CHOP
GO O U R T S A AR, R
] ERS 38 B T Bk T35 MI/RT T FE SR IS
TXL AE R PR )32 B F b0 0 800 &
O NUEESEIRTT 1 252 07, ELA T ALY B2 1R
MR, BRAEBFSEIESE  TXL vl B R i
b PR T RAPTEF A 55 2 IR % MI/RITT,
BHIE AW A4 ERS RAEVE M AR, 2T
U, ASBIF 5T B BH X AT (ATV) (ERS #1) il 51 41
(4-PBA) GRP78 F PGB A 4L (HALS) , B 7E
ARG TXL X MURT (-4 /E H 5 GRP78/
XBP1/CHOP i # B A et . ATV AE Ml R — 2k
R259 , B UE S HA b 7 TR AR Z A 0 i f
PER AFETTR PR A Sk N R Th g™, [tk
RIS BT B 25 00 1E MI/RT ABERY (14 A Sk e+
TR A AT LA, 4-PBA FE 289 /N3+ ERS 1)
30, B %A R e A SR 5 Wl P B ) £ e
P ERS 2 BEAES, HAE ARG b ) A BT
B ERS 76 MI/RI H G BRAE T, 54 TXL AR
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I, W3S PESs S GRPT8 BRI 4s & 1, Bt
HorFHERThne, Wi iEdE UPR {5 S0, @
TXL 5 HA15 WECG T, Al i — 2P 55k GRP78 7E
TXL 24 B 5 ) SCHEY R VER

AW 1 Sl i O P RE S O WU 27 8 AR PEAl
TXL B OR300, 25 R B, 5 Sham 41,
MIRI HRFLVEF 5 LVFS S8R, 4 AST LDH
CK ,CK-MB 7KV {2 T e, ¢ WY B ol P08 0 e L T
FUEE O D e 5 0 WU ISR E | TR ST
I, 5 MURI 4HAH G, TXL T n] 48 TF LVEF 5
LVFS, FEARO MUK ST, ZUR 5 ATV K 4-PBA A
2 PR TXL HA WH O Ry B, X —45
RGBT IE 2, i —2BHESE TXL 72 MI/RI H
BRIEYTIE ST, AN, TXL 5 HALS Be& R, 03
B SO VBRSO, B 38 0+ TXL B4, 42
I GRP78 FIREHESE TXL MR ER .

AR 5 AT SN & MI/RT o5 BELE AR o 4%
DERFNR RN ARBFFE Bon , MURT 4111 1L-18 1L~
18 & MDA /K. & T+, T-SOD K GSH /K- i 2%
TR, WA AT S R A B A RE PR R B
o TXL T-HlAT 230 % 1R ARk | BRI SERE K+
5 NR Bt A K S b B S | S
TXL AR SPUAMNEEN, X —&ZM 50
W 2 25 FRAA AR AT TXL i A S84 Ay
3] BETE e 22 R R SR B SRR 2,
TXL B HALS J5 , iR PR — D10
$278 GRP78 Al BEZ: 55 5 8 A0 W I8 5 48 i I g 1Y)
SEHAEH

D WLEFHEAL S MI/RT S50 28 F1 A4 f) T B0 B
Bl Masson Y (6 5 G g 2 21k 24 25 3 | ow MUY/
RI A CVF MR T | N3R35 021G, e W
MRS 7O WLRI BRSO . TXL T-#in] &
FR CVF MR RIR WER S ATV & 4-PBA
A $ER TXL BA P4 b E . 3B 5 e B g
HE—25 IR, TXL w8 MI/RT 755 09 P9 5 99 ik
IR AU B s AR 2 YAk S B T A A 7, s AR
PPHE S 4R o MRS B YA OC

HIEAART TXL 45 ERS 894> 0L, AW
FEK T GRP78/XBP1/CHOP 18 4/ 261k . 4%
1278 ,MIRI 41 GRP78 5 CHOP %35 3% [ XBP1

], TXL 10 A] d 25 30 i — S i Rk B = R A
GRP78 5 CHOP, -4 XBP1, #&/~ TXL 1] fig i@ i
i UPR MO3E B PE S PR T M43 3, # Al A iz 1) 4=
7. TXLBCE HALS J5 , %F GRP78 HICHOP A T JE1E
FH KR XBP1 1 FIRAEHISAOLT TXL A, XA
{CERIE T GRPT78 TR 1% i A% O o7, 4 7= 7
TXL Jehit [ iE— 2530 GRP78 n] G 7=k PR G &%
YEF, HA15 /E4 GRP78 et ), ol 35 4 1
SEAHIRMZE A1, BT GRP78 SR &5 H A
HAEM, NITAHE UPR {555 e, A9 & 9,
TXL 5 HA15 BCHG  7ESS 2 A 7215 5 (CHOP
P EIET I oAl TR A 5 (XBPL ), 32
/N A B o PRIF L AL UPR i il 45 58 | SE30XF
ERS W28 B A1 0 sy R . X — R I5LU0
GUE R BRI ISR B HA LS AT 3G 58 507 8
TR 25 AR I, 275 L 19) GRP78 7EZ g
BIRAWRITI ]

ARWFFA AL — 8 S B B 5, A S g 344
KRB P AT 5 AN B A B AE 25 5% | Je &8
TR IRAF T i — 250 0E . Ok ERS S40kifk
IReREnt | A g RS HAD AL T iR iR Z R AR
2 E AP TXL & A3l 2ok 2845 U [F) A 45 4E
W TR ARV BLAN , TXL VR R h 255 )y , 2 A 4y |
ZH0 SRR R RS G T RO B a2 (H B
ARG BN it — 2 s 55 . Aok
AT G55 2% 232 P 5 SC 30 S0, 75 1 TXL rhif
5 ERS W OCHETGPE Ly, IR RS GRPT8 [ AH
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