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Abstract: Objective To clarify the cardioprotective effects of Yiqi Yangyin Huoxue (Y'YH) Injection exert against ischemia-reperfusion
(I/R) injury, and the mechanisms involving activation of specific survival signals reperfusion injury salvage kinase (PI3K-Akt pathway and
ERK1/2 pathway), hence inhibiting mitochondrial permeability transition pore opening (mPTP). Methods A Langendorff model of
myocardial ischemia-reperfusion injury was employed. The rats were randomly divided into seven groups: control group, I/R group, YYH
2.5, 5, and 10 pL/mL groups, LY294002 + YYH 10 pL/mL group, and LY294002 group. The cardiac parameters of left ventricular
developed pressure (LVDP), maximal rise/fall of left ventricular pressure (+ dp/dt,,,,), and rate-pressure product (RPP) were monitored.
Creatine kinase (CK) and lactate dehydrogenase (LDH) released from effluents were measured. Infarct size was estimated by TTC
staining. Transmission electron microscopy (TEM) was performed to assess morphological difference between cardiac mitochondrial
isolated I/R rats and Y'YH pretreated rats. Western blotting was used to determine some protein expression. MPTP opening in mitochondria
isolated from Langendorff rat hearts pretreated with YYH was measured. Incubation of isolated cardiac mitochondria with YYH and
mPTP opening was measured. Results YYH 10 pL/mL can significantly improve ventricular function, ameliorate the level of myocardial
tissue lesions. YYH (5 and 10 pL/mL) reduced CK and LDH release. And these protections were accompanied by a significant increase in
p-PKB/Akt, p-ERK1/2, and p-GSK-3 (Ser-9). LY294002 abolished the protective effects of YYH on cardiac function and infarct size and
inhibited YYH-induced phosphorylation of PKB/Akt and GSK-3B. MPTP opening in mitochondria isolated from YYH-pretreated
occurred more readily in vitro than I/R mitochondria. YYH (2.5, 5, 10, and 20 pL/mL), Shenmai injection (2.5, 5, 10, and 20 pL/mL)
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resulted in a significant inhibition of Ca®*-induced mitochondrial swelling. Conclusion YYH produces direct cardioprotective actions.

Inhibition of mPTP is a key event by which it mediates myocardial protection against I/R injury. And this effects involve activation of
PI3K-Akt and ERK1/2 signal pathway. The mechanism of its action is different from that of CsA.

Key words: Shenmai Injection; Danshen Injection; myocardial ischemia reperfusion injury; mPTP; PI3K-Akt; ERK1/2
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1.3 ¢&8

Langendorff 2540 HEHER R 58 MLP844 [k
HefEsE, WOKHV ADInstrument Pty 5 R /Aw]; H
377020 4 A A4 S A, H A HITACHI 2w s
Philips EM400ST AUE S HL 1 B 1BE, far == Philips
Tecnai A H]; LKB-V B Y] AL, Hidl LKB 2
)y UCT50 B8 A, 9& [ SONICS A &
HHIKE B RS ZHHIHL, BIO-RAD; Enspire
Z IIRe R ML, 32 Perkinselmer 23 H] o
2 ik
2.1 KEBEOHERSE

F2 SR T VA K R B Y, L 2
B (50 mg/kg, ip) BRI, JFIEEH O,
BT 4 C K-H it FBg5% 8 1 i i sk [
ML, SLEOIDER RS, RSk
FEVLRE B AL e, K-H 2P ui T #E - MLP844
JE 7 3 e 2% W 0 e BRRE R T o K — R ) P R
BFALE, WATEROENEEN, KAk
D!, JHATERE AN, A A0 E AP IRIE (LVEDP)
YEFFLE 0.66~1.33 kPa, LIETIAEH LVEDP. /il
=ik (LVSP). A%k JER (LVDP). ZE0 %
WK ETHER (+dp/dtpe)~ 220 FE N R T
B (—dp/dimay) MO ZTE JJRA (RPP) 4545



23

Chinese Traditional and Herbal Drugs 28 473 528 20164E 1 B

* 283 -
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FHREVE S 4EHFAE 8.64 kPa oAy, HEATIE My,
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REFEACME N mPTP JFRSESR: (FREEERT 24 3 min).
2.10 HMEEREMFEERN mPTP B9FF A
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3.1 WEACIEIIEER ST

FERETE 54 104 204 30. 40, 60 min, %141 RPP.
+ dp/dt ey Z06HE . LVDP B3 K. YYH 10 uL/mL
A BRI EET G, SEMALE, ERrEE
(P<<0.05. 0.01). YYH 5 LY [HINH, YYH X
WL REFRRRIRI AR FH 2 B A4 LY iy
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*1 YYHMNKRBKOESZEIFERNE RPPBIFI
Table 1 Effects of YYH on RPP at different time points after reperfusion of rat isolated heart

s Fili=r RPP/(kPa-{'min ")

(uLmL ™ FRCE O FREESmin FREE 10min FREA20min FREA30min FEHEE40min  FEEE 60 min

baji — 6 28244% 3508 23104+5183 2240015482 2217944535 2176945820 21374+5546 2118445438
it — 12 31530+ 8068 2151%1419%  232742122% 3633127007 4305+£3076%  421.0+3997F 413342495
YYH 25 6 29305E12259 I5LI1E 660 2666+ 688  4446F1757 48524211 469612544  360.7+218.1
5 6 34683110882 2043+ 293 2121+ 772 30341031 503241858 583842585 553941809

10 11 29624% 5041 5597+520°  6683+4158°  795.1+4026°  8424%5174° 8605459027 772344802

YYH+LY 10415 6 2813+10155 3808+1984 4254+ 476 452741957 345842340 338342326 319943418
LY 15 umolL™ 6 28820+ 5674 220541390 253642113 280242197 270142023 367143076 46164153

Lt *P<<0.05 *P<0.01; SHIMAILLES: "P<<0.05; 5 YYH 10 uL-mL ' ZHHLE:: AP<0.05, FIF

*P<0.05 ##P<<0.01 vs control group; P < 0.05 vs model group; P < 0.05 vs YYH 10 pL-mL"" group, same as below
F 2 YYH 3 KRBT R ER B +dp/dty,, 200
Table 2 Effects of YYH on +dp/dt,,,, at different time points after reperfusion of rat isolated heart
o T/ . (+dp/dtya)/(kPass ™)
' (uL-mL™) FehtKP FRREE S min FRHE 10 min FH#HEA 20 min FH#HEAE 30 min FH#EAE 40 min FH#EE 60 min
X — 6 2757+ 434 2554+60.0 24851600 2464+548 24391477 23781454 23731442
B — 12 29224 776 199+11.7% 20.1+13.5% 3134215 407+£322% 450+39.4%  40.1+272%
YYH 2.5 6 2589+ 869 2424180 244+135 510+147 6264210 586+252 5234277
5 6 3020%1357 190+120 195+123 287+126 496+232  604+329  589+258
10 11 27814 810 5924599  590+63.6 6791706 8471780 9261709  88.1+568
YYH+LY 10+15 6 3163%£107.7 262+190 4124231  409+206 335+219* 321+187** 255+165%
LY 15 umolL™" 6 2809+ 436 265+197 27.0+234 268+236 3744248 4374364  586+502

SRR TP<0.01; 5 YYH 10 pL-mL™ 41104 44P<0.01, I
P <0.01 vs model group; 44 P <0.01 vs YYH 10 uL-mL"" group, same as below

3.2 M@kt CK. LDH KFRYSM
FRHEVE 5. 10, 204 30, 60 min, %4 CK.
LDH B & TR (P<<0.01). FRHEE 60 min
I, YYH 5 uL/mL 41 CK. LDH B35 & 2% PG,
FEHEVE: 20 60 min B, YYH 10 uL/mL 4] CK. LDH
BCE BERG, SRR, 2REE (P<

0.05. 0.01). ZEH LA 1,
3.3 FOAEFREFRAIS N

1% TTC 4eti)m, L O BRI X I ] thak
KA, YYH 10 p/mL 41 a0k (A X kb b,
WELT AR LT (I N2 . YYH 5 LY RN,
YYH SO CREAE IR 7 el e 40, WK 2.
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R3 YYHMKERBEKCIESEERERE-dp/dty., BRI
Table 3 Effects of YYH on —dp/dt,,,, at different time points after reperfusion of rat isolated heart

e billi=dl . (~dp/dtyq)/(kPass ™)
(uL-mL ™) FERKT PR Smin - PR 0min  FREEA 20 min  FEET 30 min  FEEE 40 min  FVEET: 60 min
X — 6 —1739+37.1 —169.1+512 —1633+50.1 —1586+439 —1562+408 —149.6+40.8 —144.8+40.0
i) — 12 -1914+578 -173+ 88" -172+103" —244+146" —299+217" -31.7+246" —29.0+16.0
YYH 2.5 6 -1860+620 —241+137 -—255+176 —401+150 —-479+159 —456+185 —424+21.1
5 6 —2219+89 -178+ 83 -164+ 48 234+ 79 3471149 -39.0+167 -372+120
10 11 —205.0%534 -415+294" —476+378" —51.5+£418" —559+435 —604+38.0° —56.8+30.0°
YYH+LY 10+15 6 —2006+747 -298+237 —403+145 -366+138 —27.1+156 27.1+175% —220+157*
LY 15umolL! 6 —1788+29.1 —183+102 —192+144 —203+156 -274+166 -312+210 -440+303
Fz 4 YYH WKERBROCIEEZEEARRERE LVDP B0
Table 4 Effects of YYH on LVDP at different time points after reperfusion of rat isolated heart
P L . LVDP/kPa
(uL-mL™) SRR PR S min FREEVE 10 min FHEET 20 min FREEVE 30 min FHEET 40 min FREEVE 60 min
i) — 6 9.6*+12  8.6+2.0 8.3+2.0 82+1.7 8.1+1.5 8.0+1.6 7.8+1.6
(i it) — 12 112+33%  1.4408" 1.2+0.6" 1.6+0.9" 1.9+1.3" 2.1+1.5" 1.8+1.0*
YYH 25 6 104%36 19+1.1 1.7+1.2 2.7+0.8 32409 3.1%12 29+1.4

5 6 112436 19403 1.5+0.7 1.5+0.7 2.1+14 21412 20+1.1
10 11 107426 3.8+2.7" 364277 29+13° 3.7+2.7 40+24"  37+£197
YYH+LY 10+15 6 112432 224138 29+14 29+1.3 20+1.3* 22412  20+1.04

LY 15 pmol-L’1 6 9.9+26 2.0£1.0 1.8+1.0 1.8+1.1 22+1.1 23*14 34+15
=Py
- i S
1 SYYH 2.5pLmL) # 1 Wik . #
6001 #ZYYH 5.0 uL'mL SYYH 2.5ulmL
EYYH 10.0 yLmL " 200{ ZYYH 5.0pLmL
0.0 pL-
#
~ 400 ~ 150
! —
— T
2 § 2 ool
S § g100
o m-§ =
N
§ 50
olm M 5 N7 0l N
5 10 20 30 60 5 10 20 30 60
IR ) /min PR i) min

1 YYH AR B A0O RS BKA &R CK #1 LDH 7KFRIZZM (X L5, n=6)
Fig. 1 Effects of YYH on CK and LDH levels in coronary effluent of rat isolated heart (X £s, n = 6)
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Fig. 2 TTC staining of rat isolated heart /J\%Eﬂ%ﬂ%%1‘%ﬁﬂ$/%, Hﬂ%gﬁ‘ﬁﬁ:‘ﬁ%%\ ﬁ%ﬁ@
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APOLAE PR, TN A SRR EUE RORL. YYH 10
pL/mL 29570 5 e, WUR LT 4EHES 355, B
AND IO PR AR JUL/N TS S5 RTE T, SRR K
IR WA ROk 25 R 3.
3.5 % Akt. ERK1/2. GSK-3p R E#EBLERR
ey bAl

Western blotting 45 R W.~, #-41 Akt. ERK1/2,
GSK-3p HARIE LR EER . SR,

R4 p-Akt/Akt. (p-ERK1/2)/ERK1/2 8 [T
YYH TiAbFEJ5 p-Akt/Akt. (p-ERK1/2)/ERK1/2.
p-GSK-3B/GSK-3B Jlvs1, #75 YYH fig L 3 Fri
MR FIE; YYHA+LY 4 p-Akt. p-GSK-3p 1%
R, 3R LY BHIT T YYH %31 p-Akt.
p-GSK-3B xRk i, &5 ILK 4.

3.6 X mPTP FFHBYS

3.6.1 YYH FiAbH 2544 /R (02 25 IR 2R A4 T
REEA5IE T mPTP FFBURI M 6f A O I S s 14

[#3

ES RN DA T

Fig. 3 Transmission electron micrographs of myocardial ultrastructure
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Fig. 4 Expression of p-Akt, Akt, ERK1/2, and p-ERK1/2 protein in rat isolated heart
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AHRE T, SR RIR G, FERTEsNEME
RN mPTP KEFFG P 120 min HE0E
PP IK R AR, 556 AL A, 2 5 i35 (P<<0.01).
HEE 3 min 2RI IR B, L IR LR,
ERAREE, SR 5. EFEFREE 3 min BT
FE R RIS

10 uL/mL YYH 07> B Eehifh, A 5% T
B, SRR LU, BER G I 2 7 03 (P<0.01);
CsA A HI T A4 H 52 TR, SHMALLK, %
FRE (P<0.05), 45iRILK 6.
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FHEEA 120 min O AEZRLAE, BE4T T mPTP JF sk
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T mPTP EARI ORI, MM Ek
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mPTP BA 5 TR, R EHRZ R IR
1, $E8 YYH TEARET AT RS> T %5 & mPTP JFiK
(RERIZE, Py ST ) ol R S R I ) P A e
MR, A “ A" $iE T mPTP JFI8, b
T HFTTBIAGER R A, R T SRR e ks i
CsA Wil mPTP FFRIHLEI AT et CsA it
CyP-D 454, 4014H] CyP-D % i 2 IR I fe S A4y il
Wk, FHIE CyP-D 1 ANT 454, Bk T A AT
mPTP JFJA1) ANT B ZICE R, DA HAd B it
PO 3 35 1 e A SRR PE Ca® RIU Y, B
TEARS mPTP A 5 . 45 R487R, YYH $iiil
mPTP FFSURAE LG e CsA AseaAtlR.

Bk IRz 0] mPTP FFAE, YYH AT fgiE
AER T mPTP (MR, $em T GRifant 5
mPTP FFIR A 2RI 2 1, AT« B4 Fi)
mPTP JF, alF] CsA —#f. b 732091 YYH
XF mPTP (R HIE ] SORAEAE I 24259, k4T
T YYH. 2% &Y S 05 bR 0% & 5 mPTP
TR . 4550 Bor, YYH. SR S &Rk
% At BN mPTP JF.

mPTP FFHGE S ECVIL VR 353475 1 B R 25,
PI3K-Akt F1 ERK1/2 1 4 & /6 HA5i 455 b A SO LR
PG S Tl PR I ROE PIBK-Akt
M ERKI1/2 55188, Aefgilifl mPTP JTik, ek
R AR OISR . 85 R 2R, YYH fig
HEEE AR OE UR G IS 1 2E IR, FRIK CK.
LDH MR D O BEZE TR, gk oLl 23k
R . 2 YYH 5 PIBK EREHERIHIF LY [H
NI, YYH S8 20 1) 2%« /b O IS AT [
BRI VE B30 2y soe A bR, YYH R RO L
p-Akt. p-ERK1/2. p-GSK-3B fK[I#KIA, 1M LY FH
Wr T YYH i S 11 p-Akt. p-GSK-3B & [1%IA i,
AJ WLBE N Akt ERK1/2 f GSK-3B Ml 1b 2 1Rk
ATAEAE YYH IR CE IR 45305 b R 4% T B4 A

i bprid, YYH n]fg 320l i eE PI3K/Akt
HUERK1/2 {5 530, Wi mPTP HFFR, {E4ehi
AP R AR LR ERT, AT O VR $i4%5 5
HADH mPTP H IR IVE RGNS CsA A5E4AH [ ;
RAEEHEAVH] mPTP F I8 290 & 2 22 0
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