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ABSTRACT Objective: To study the effects of total glucosides of pacony (TGP) on the expression and apoptosis of endoplasmic
reticulum stress factor CCAAT/ enhancer binding protein homologous protein (CHOP), glucose regulated protein 78 (GRP78), glucose
regulated protein 94 (GRP94) in rats with myocardial ischemia reperfusion (I/R) injury. Methods: 75 health clean SD rats were selected
and divided into 5 groups according to the digital random list method, with 15 rats in each group, which were recorded as sham operation
group, I/R group, 50 mg/kg TGP group, 100 mg/kg TGP group and 200 mg/kg TGP group. The levels of CHOP, GRP78, GRP94 in the
rats of each group were detected and compared. The indexes of myocardial I/R, the infarct area rate and the apoptosis rate of myocardial
cells of each group were compared and analyzed. Results: The levels of CHOP, GRP78 and GRP94 in the I/R group and TGP group were
significantly higher than those in the sham operation group, and those were significantly lower in the /R group than each group of TGP
(all P<0.05). The levels of CHOP, GRP78 and GRP94 in 100 mg/kg group and 200 mg/kg TGP group were significantly lower than those
in 50 mg/kg TGP group, and those were significantly lower in the 200 mg/kg TGP group than in the 100 mg/kg TGP group (all P<0.05).
In the I/R group and each group of TGP, the T-wave changes in 30 min after ischemia, T-wave changes in 120 min after reperfusion and
LVEDP level were higher than those in the sham operated group, while the levels of LVSP, +dp/dtmax and -dp/dtmax were significantly
lower than those in the sham operated group (all P<0.05). Compared with the I/R group, the T-wave changes in 30 min after ischemia,
T-wave changes in 120 min after reperfusion and LVEDP level decreased in a dose-dependent manner, while the levels of LVSP,
+dp/dtmax and -dp/dtmax increased in a dose-dependent manner (all P<0.05). The infarct size and myocardial apoptosis rate in I/R group
and each group of TGP were significantly higher than those in sham operated group(all P<0.05). Compared with the I/R group, the infarct
size and myocardial apoptosis rate of the TGP group decreased in a dose-dependent manner (all P<0.05). Conclusion: TGP can

significantly reduce the expression of endoplasmic reticulum stress factors CHOP, GRP78 and GRP94 in MIRI rats, and can adjust the
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indexes or the level of related markers of myocardial ischemia and reperfusion,and also can effectively reduce the infarct area rate and

myocardial cell apoptosis rate.
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A EAERR R R A T CCAATY 458 45 8 1 19 [R] R
% 1 (CCAAT/enhancer binding protein homologous protein,
CHOP) F5j % 875 8 11 78 1%, 94(glucose regulated protein 78
or 94, GRP78 & GRP94 )42 5 MIRL pf #™, A {45 1,
e 1l T A2 B o R ) = B R T AT B A e M Bk il A
JE BRSBTS O UL B e 32 15 , PR, SR L ATRL
RO USRI 54 BEZG W)+ 43 LT, AT ST (total glucosides
of pacony, TGP) X Bit36 U LS UL FE IR LA R 3 i O LT RE
BA—E W R, ARSGEIAFFE /8T TGP XU Lk I FE
(VR R B L ™ R 38 B -7 CHOP .GRP78 \GRP94 1) 15
PATZHSE , JAE AR RIATT MIRT S22 YR S04, BUGE
LU

1 pERAN R i%

11 ##

TR Y 5 o3 WA E S 200~250 g i) SD KR (1
BB R 2F s S g0 )75 1L ¥R T IR OR R, Bl
WP AR AR BE LA T R P K B 5 4, B9l 15 1, 4 dlid
J {8 F AL VR 4 .50 mg/kgTGP 4 100 mg/kgTGP 4 L) &%
200 mg/kg TGP 41,
1.2 ARFE
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25 5K, AR RH E T8 e, S0 0 B B PL(MPA2000 £ JE HY,
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B, AR BRI I A3 2 R I = 43 ) A€ 50 IR /min il 20
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15 min 2ZJ5 KIS S 25 LA R FLI A s 4L — e, i FLIR A
PRRr 5 S EAF 22T K AT SO M), e RS ks L 5E ALY 0.5
h G FLER BRI TR 2h, F gL MIRT KRBT, (i
FARA G BRTCH A T WAL BT R SCHFA T A5 Lo KO LRI S5 5 6
7N ST Bedhs B QRS e & A8 5 UL R L2 B 2 R
AT RORR R . MR TGP 41K U2 1 I AE 3 B 14d i
f# /1 50,100,200 mg/kg-d 1) TGP( T 37 A 254 BRA ], [
2 UET: H20054521 , 38 2 A 3R 7K e B A 20g/L) I FE S L 45
Y425 14d, TIRTARLE K UR T L) 1 mL/d A= 3L K
B 1k /do KT 2 S R B DI REIRAS , et
KEIDBE, i S5 (O, B TR LS 222 30k
122 0 BEThBER T WL 0 5% K RESHLFREMS 0.5 h
KCPHETE 2 h 5 0 BB R T U shas s K 2545 HUE ok
FRZ A7 S0 B AR A8 3K SR 22 00 %, S 4IRS R 7 A5 Jk
AP R R G 0 shAS S Bt , A 22D = I DA AL
it : (L)EFIRAI H F1(LVEDP) 5 (244 (LVSP) 5 (3) B Kl
245 J 9 10 1 78 k% (+dp/dtmax ) F1 (4) 5 R&F S AR 1 i )
Ak A (-dp/dtmax )

1.2.3 Western blot 3% il & 0 Il 48 £2 #§ CHOP GRP78,GRP%4
FEE 200 mg (A RUOMEZHE, H5 FLIS RS ik F90v8 2 1 R Y
R, KETCE 0.5h J545F 15 min 14000 t/min 25,040
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hm, £ PBSEpE =k, MARGH, A TELEGY 2~
Smin, f5 4605 R 21N, T 1:200 B HeBRR BEGT B- LS
1 (B-actin) FTENZ:, 44T K HES . GRP78 .GRP94 £ i
bufk (A 2EER Cell signaling 23 7] ), CHOP Hip (CST, 3%
[ ),DAB il & (WA R WA HMEAF, £its
SA2023).
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R T AL IHIC R =D S AR S T AETR, g Hrb s
AMAEAZEC R T 200 AOECE , P15 A0 G T 0 RSB Y
ltff. TUNEL JT-RERH & (P G, = E),
1.3 MEIER

XT Lt 42 CHOP .GRP78 % GRP94 7K, Gt oo Lk i K
TR VEFR PR LA B AR AL I AR AL O U I A TR
14 Git=EFHE

AR H SPSS21.0 GEdHRAAFSEE AT, TR EORER H (2
$)FR, L HUBCR H K56, 240 [l Yok bR T 22493
BT, 7HE FAE, P<0.05 J22 556 Geit 223 Lo

2 R

2.1 £&%8 CHOP.GRP78 }& GRP94 7k Ex Lk

44 CHOP .GRP78 % GRPY4 /K EAH L, 2% S A Gi it
(¥ P<0.05), IR #HH TGP £ #H (% CHOP GRP78 &
GRPY4 /K350 B = T FARYL, H TGP #4145 VR 4191
P& (¥ P<<0.05), 100 mg/kg Fil 200 mg/kgTGP #f /) CHOP
GRP78 J; GRP94 7Kk 15 8 B A% F 50 mg/kgTGP 4, H 200
mg/kgTGP ZH % 100 mg/kg TGP £ B i A% (4 P<<0.05), L
1.

% 1 &40 CHOP .GRP78,GRPY4 7K FXF bk (ks )
Table 1 Comparison of the levels of CHOP, GRP78 and GRP94 in each group( x+s )

Groups n CHOP( B-actin) GRP78( B-actin) GRP94( %)
Sham operation group 15 0.58+ 0.07 0.32+ 0.03 61.64+ 9.51
I/R group 15 0.95+ 0.19* 1.16x 0.17* 125.98+ 4.12*
50 mg/kgTGP group 15 0.81% 0.14* 0.99+ 0.15* 98.72+ 3.68*
100 mg/kgTGP group 15 0.72+ 0.17** 0.62+ 0.16*** 83.67+ 3.80**
200 mg/kgTGP group 15 0.64% 0.18** # 0.49+ 0.08*: * 77.68% 6.25% #
F - 4.017 5.949 11.782
P - 0.007 0.000 0.000

Note: compared with sham operation group,*P<<0.05; compared with I/R group, * P<<0.05; compared with 50mg/kgTGP group, P<<0.05;

compared with 100 mg/kgTGP group, “P<<0.05.

2.2 Z4EOANERN R B E TR FRXT L

AL I FERE AR AR K AR L, 28 R A Geit 2
X (¥ P<0.05), UR 4 TGP &£4H 5k 1M 30 min () T 224
A5 PR 120 min (9 T 2028 K LVEDP JK 72581 5 & TR
FARH,LVSP +dp/dtmax } -dp/dtmax 7K -3 HH BAK FEFAR
2 (¥ P<0.05), 5 UR 4A L, TGP 4241 81l 30 min /¥ T %

MUE | FHEETE 120 min 9 T k% & LVEDP 7K 555 i AR
UK, 1 LVSP +dp/dtmax & -dp/dtmax 7K -5 51 w0 47 i 7Y
T P<0.05), L3 2.
23 FZEWFEEREFOAMEMEEATEIT

A LAREFE A ALO LA I J T3 A0 1, 22 5 I A Se it
F T (3 P<0.05), UR 41A1 TGP 4541 [ AL ALK AL L

& 2 FHEO AR K B EIERRATLE (ves )

Table 2 Comparison of indexes of myocardial ischemia and reperfusion( x:s )

Wave changesin T Wave changes
) ) ) o ) +dp/dtmax -dp/dtmax
Groups n ischemic 30min in ischemic LVSP(mmHg) LVEDP(mmHg)
. (mmHg:-s") (mmHg-s")
(mV) 120min(mV)
Sham operation group 15 0.12+ 0.03 0.14+ 0.02 145.66% 9.15 7.92+ 0.46 4895.42+ 39.16 4451.26% 43.57
I/R group 15 0.33% 0.07* 0.35%+ 0.06* 79.12+ 6.23* 13.75+ 0.33*  3679.23% 35.82* 3185.23%+ 42.25*
3925.71+ 31.64* 3528.54% 41.24*
50 mg/kgTGP group 15 0.28%+ 0.07* 0.28+ 0.06** 89.43%+ 5.70* 10.70+ 0.46*

100 mg/kgTGP group 15 0.23+ 0.04%: ¢ 0.20% 0.03%

0.18+ 0.05%

200 mg/kgTGP group 15 0.17+ 0.04%*: #

F - 3.981 4.133

P - 0.004 0.001

A A

4231.45+ 35.23* 392837+ 37.72%

L# L#

11426 3.77* %  9.63+ 0.41% *

125.15+ 7.51* 4539.47+ 39.25*% 4107.76+ 45.61*

8.82+ (.25% *

L #& A #& A #&
10.695 7.251 24.681 25.216
0.000 0.000 0.000 0.000

Note: compared with sham operation group,*P<C0.05; compared with I/R group, * P<<0.05; compared with 50 mg/kgTGP group, “P<<0.05; compared with

100 mg/kgTGP group, “P<<0.05.
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AN TR TR TR (3 P<0.05). 5 VR ZHAH
L, TGP 2% ZH A AEAE IHT AR 3L ILAR A 7 K P B 5 A

R T (3 P<<0.05), L4 3.

3 SEBEREREFOANMAEFA TR (ves )

Table 3 Comparison of infarct size rate and myocardial apoptosis rate in each group( xs )

Groups n Infarct size rate( % ) Myocardial apoptosis rate
Sham operation group 15 0.03% 0.01 2.04% 0.21
I/R group 15 37.28% 8.77* 23.18% 3.17*

50 mg/kgTGP group 15 32,13+ 7.23* 17.23+ 2.84%
100 mg/kgTGP group 15 24.57+ 5.71% 7 11.28+ 3.36% 7
200 mg/kgTGP group 15 15.24+ 4.56* * 6.79+ 1.12%

F 9.821 11.346

P 0.000 0.000

Note: compared with sham operation group,*P<<0.05; compared with I/R group, * P<<0.05; compared with 50 mg/kgTGP group, “P<<0.05; compared with

100 mg/kgTGP group, “P<<0.05.
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W & A S AR N . AR SCEAT RS &2 B, UR 41 AT TGP 4541
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P BAR TR (H P<0.05). 5 UR 4HAH L, TGP 4k

ffi. 30 min f) T P4 FHAHEE 120 min (9 T ek 48 K LVEDP

TR EF AR R N[, 1 LVSP ., +dp/dtmax Az -dp/dtmax 7K

- SR AR T (3 P<<0.05), X 4878 T TGP %t 4f MIRI

HARG R ER. I8 TGP HA B RIS

PUAA L F Y 2 i 1 S 28 8 O B WL L T 52 £ ke 1

B BUIR , e G D IEIRE . AT, A SC 7R, UR 41F1 TGP

2 LA AL TR AR SO JULAR B A4 0 T 3R S B I s TR AR

(¥ P<0.05), 5 UR 4R, TGP 21 AR L Ifi B3R ALC LAT

PR T2 KO SR RO R R (2 P<<0.05) , IX FRRCIESE T

TGP REASHLL s DA AR SO LA AR A e 1, S PR 2

(A% TGP [y 45 T CHOP GRP78 1 Jx GRP94 % 413

3K, PEMTECE T MIRT R BUAAER , TFXTC LA K S R

AT —E BRI R o XX ANGE N PR HGE o ] A B

AR
2 L prid, 3 TGP REAS It [ F MIRT K B Jo 0 738

(X7 CHOP .GRP78 . GRP94 [k , il 15 .Co JJL Ik L FI1-FFE T AH

KAFREY IS UK, 525 2t O J LR I 0 14308 T T B

JUUBEZE AR K T

& % 3L @ik ( References)

[1] Gao W, Zhao B, Liu L, et al. Myocardial ischemic post-conditioning
protects the lung against myocardialischemia/reperfusion-induced
damage by activating GSK-3 8 [J]. Acta Cir Bras, 2017, 32 (5):
376-387

[2] Russo I, Penna C, Musso T, et al. Platelets, diabetes and myocardial
ischemia/reperfusion injury[J]. Cardiovasc Diabetol, 2017, 16(1): 71

[3] He S, Wang X, Chen A. Myocardial ischemia/reperfusion injury: the
role of adaptor proteins Crk[J]. Perfusion, 2017, 32(5): 345-349

[4] Xia JG, Xu FF, QuY, et al. Atorvastatin post-conditioning attenuates



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol18 NO.8 APR.2018

- 1473 -

myocardial ischemia reperfusion injury via inhibiting endoplasmic
reticulum stress-related apoptosis[J]. Shock, 2014, 42(4): 365-371

[5]1 Yu L, Li S, Tang X, et al. Diallyl trisulfide ameliorates myocardial?
ischemia-reperfusion injury by reducing oxidative stress and?
endoplasmic reticulum stress-mediated apoptosis in type 1 diabetic
rats: role of SIRT1 activation[J]. Apoptosis, 2017, 22(7): 942-954

[6] Jin JK, Blackwood EA, Azizi K, et al. ATF6 Decreases Myocardial
Ischemia/Reperfusion Damage and Links ER Stress and Oxidative
Stress Signaling Pathways in the Heart [J]. Circ Res, 2017, 120(5):
862-875

[71 Hu Z, Chen M, Zhang P, et al. Remote ischemic preconditioning
differentially ~attenuates post-ischemic cardiac arrhythmia in
streptozotocin-induced diabetic versus nondiabetic rats[J]. Cardiovasc
Diabetol, 2017, 16(1): 57

[8] Baranyai T, Giricz Z, Varga ZV, et al. In vivo MRI and ex vivo
histological assessment of the cardioprotection induced by
ischemicpreconditioning, postconditioning and remote conditioning
in a closed-chest porcine model of reperfused acute myocardial
infarction: importance of microvasculature[J]. J Transl Med, 2017, 15
(1): 67

[9] Xiong S, Wang Y. Simultaneous determination of paeoniflorin from
total glucosides of paeony in Sprague-Dawley rats and spontaneously
hypertensive rats by high-performance liquid chromatography-tandem
mass spectrometry: in vivo and in vitro studies [J]. Biomed
Chromatogr, 2016, 30(11): 1766-1771

[10] #& = A, R4, TARERIEHRIKEGH EF BT TR
Hob Rt A R B KT K el R 2 [J]. ARAEDEF B,
2017, 17(8): 1474-1476, 1486
Lai Ai-yun, Xu Jian, Liang Wei, et al. Clinical Effect of Total
Glucosides of Paeony and Adalimumab Solution Injection in
Treatment of Rheumatoid Arthritis with Anti Rheumatoid Drug[J].
Progress in Modern Biomedicine, 2017, 17(8): 1474-1476, 1486

[11] Song SS, Yuan PF, Li PP, et al. Protective Effects of Total
Glucosides of Paeony on  N-nitrosodiethylamine-induced

Hepatocellular Carcinoma in Rats via Down-regulation of Regulatory

B Cells[J]. Immunol Invest, 2015, 44(6): 521-535

[12] Crim MT, Berkowitz SA, Saheed M, et al. Novel Emergency

Department Risk Score Discriminates Acute Coronary Syndrome
Among Chest Pain Patients With Known Coronary Artery Disease[J].
Crit Pathw Cardiol, 2016, 15(4): 138-144

[13] Kawai Y, Niitsu H, Yanagisawa T, et al. Hybrid Coronary
Revascularization of Minimally Invasive Coronary Artery Bypass
Grafting and Percutaneous Coronary Intervention in a Patient with
Left Main Coronary Stenosis[J]. Kyobu Geka, 2017, 70(6): 414-417

[14] Bei Y, Xu T, Lv D, et al. Exercise-induced circulating extracellular
vesicles protect against cardiac ischemia-reperfusioninjury [J]. Basic
Res Cardiol, 2017, 112(4): 38

[15] He X, Li S, Liu B, et al. Major contribution of the 3/6/7 class of
TRPC channels to myocardial ischemia/reperfusion and cellular
hypoxia/reoxygenation injuries [J]. Proc Natl Acad Sci U S A,2017,
114(23): E4582-E4591

[16] Wang C, Yuan J, Wu HX, et al. Total glucosides of paeony inhibit the
inflammatory responses of mice with allergic contact dermatitis by
restoring the balanced secretion of pro-/anti-inflammatory cytokines
[J]. Int Immunopharmacol, 2015, 24(2): 325-334

[17] Yang Y, Zhang Y, Liu X, et al. Exogenous taurine attenuates
mitochondrial oxidative stress and endoplasmic reticulum stress in rat
cardiomyocytes[J]. Acta Biochim Biophys Sin (Shanghai), 2013, 45
(5): 359-367

[18] Cao W, Wang X, Li H, et al. Studies on metabolism of total
glucosides of paeony from Paeconiae Radix Alba in rats by
UPLC-Q-TOF-MS/MS [J]. Biomed Chromatogr, 2015, 29 (11):
1769-1779

[19] Wang C, Yuan J, Wu HX, et al. Total glucosides of paeony inhibit the

inflammatory responses of mice with allergic contact dermatitis by

restoring the balanced secretion of pro-/anti-inflammatory cytokines

[J]. Int Immunopharmacol, 2015, 24(2): 325-334

PUE- S 8 2 = R B S SN S RPN RN ) YA )

AR T8 e [J]. b B L3 Oy A 5 e &, 2016, 22(17): 108-112

Liu Chun-jie, Zheng Ya-ping. Effects of total glucosids from paeoniae

[20

=

radix albae on endoplasmic reticulum stress and apopto sis in
myocardial ischemia reperfusion rats [J]. Chinese Journal of

Experimental Traditional Medical Formulae, 2016, 22(17): 108-112



