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Relationship between activation of cyclic guanosine monophosphate/protein
kinase G signaling pathway and reperfusion injury saloage kinase

signaling pathway
PAN Guoyan ,LIN Rong, WU Bing, HONG Meiman ,CHEN Chengbo ,HUANG Xuee
(Department of Cardiology ,Affiliated the First Hospital in Quanzhou , Fujian Medical University)
[ Abstract]Objective : To observe whether myocardial protective effect of brain natriuretic peptide (BNP) which activate cyclic guano—
sine monophosphate/protein kinase G(cGMP/PKG )signaling pathway is associated with the activation of extracellular regulated protein
kinasel/2 (ERK1/2) and phosphatidylinositol 3 kinase (PI3K) protein kinase. Methods :Totally 84 New Zealand white rabbits were
randomly divided into seven groups(n=12) :sham group, control group, BNP group, BNP + LY294002 group (1.Y294002 is PI3K
inhibitor ) , .Y294002 group , BNP + PD98059 group (PD98059 is ERK1/2 inhibitor) and PD98059 group. Occlusion of the left
circumflex artery for 45 min followed by 180 min reperfusion was performed on rabbits in all groups except those in sham group.
Rabbits in sham group were underwent open thoracotomy without ligating the left circumflex artery. Hemodynamic, electrocardiograph
monitor were obtained. At the end of experiment,6 rabbit hearts were stained by Evan’s blue/triphenyltetrazolium chloride methods to

test the area of infarction. Expressions of P—Akt/Akt and P-ERK1/2/ERK1/2 proteins in the rest hearts were analyzed by Western

YEE N LB % B % Email : pgy519041@126.com blot assay. Results ; There was no significant difference in heart
50 5 61 2 0 U Ao T3 32 345 S 15 W SR AT 55 rate (HR) and mean arterial blood pressure(MABP) at baseline
BIEEH A %, Email: qlinrong@163.com, among seven groups(P>0.05). Compared with the baseline, HR

HETIE SN FAHG R R AR 8 (%5 .2011256)., and MABP were significantly decreased during ischemia and
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reperfusion (I/R) period (P<0.05) ,HR and MABP remained relatively stable during the reperfusion period. There was no significant
difference in the HR and MABP among seven groups during I/R period(P>0.05). Rate of arrhythmia was significantly reduced in BNP
group than in control group (P<0.003 125). Rate of arrhythmia was significantly increased in BNP + LY294002 group,.Y294002
group ,BNP + PD98059 group and PD98059 group than in BNP group (P<0.003 125). Differences in arrhythmia between BNP +
L.Y294002 group and 1.Y294002 group as well as BNP + PD98059 group and PD98059 group were not statistically significant(P>
0.003 125). Myocardial infarction did not occur in sham group. Myocardial infarction size was significantly smaller in BNP group
than in control group(P<0.05). Myocardial infarction size was significantly increased in BNP + 1.Y294002 group,.Y294002 group,
BNP + PD98059 group and PD98059 group than in BNP group (P<0.05). Differences in myocardial infarction size between BNP
+ LY294002 group and LY294002 group as well as BNP + PD98059 group and PD98059 group were not statistically significant (P>
0.05). Level of Akt and ERK1/2 phosphorylation was increased significantly in BNP group than in control group(P<0.05). Level of
Akt phosphorylation in BNP + LY294002 group and level of ERK1/2 phosphorylation were significantly lower in BNP + PD98059
group than in BNP group (P<0.05). Difference in Akt phosphorylation between BNP + L.Y294002 group and LY294002 group was
not statistically significant(P>0.05). There was also no difference in ERK1/2 phosphorylation between BNP + PD98059 group and
PD98059 group(P>0.05). Conclusions ; Activation of cGMP/PKG signaling pathway by BNP exerts protective effect on myocardial I/R
injury, which is associated with activation of reperfusion injury salvage kinase signaling pathway.

[Key words Jmyocardial ischemia-reperfusion injury;cyclic guanosine monophosphate/protein kinase G signaling pathway ; reperfusion

injury salvage kinase signaling pathway ; phosphatidylinositol 3-kinase/protein kinase B;extracellular regulated protein kinasel/2
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BRI O HERZ AR Ol T ARMSMERS , UL 52 95
ZJEW, Unfapps R FRRE A O, N S R
SR HUSEIRY T R i R Y R —  ITAF KA

SER I, IR S 1 /8 H I G (cyclic guanosine
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4 84 LA TRENLI N ELIT 741, 844 12 J. ()BT
AR HIFM  AEEFLAE IE S 5 (2) % BRAH (BRI AFHETELH ) «
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W5 (4)BNP+LY294002 20 ; FEHEVERT 5 min £ 8K+
1 1.Y294002(0.3 mg/kg) , I [T 28 Bk A A BNP, ¥ i
0.01 pg/(kg-min), % 0.1 ml/min HE R A, FRE28 A P
5 (5)LY294002 4 . FRHEVERT 5 min 288 K5 LY294002
(0.3 mg/kg) ; (6)BNP+PDI8059 4 ; FHEVERT 5 min £ FiiH Ik
4 PD98059 (0.3 mg/ke) , I [l 2 B Lk Ik ZE A BNP, ¥
JE 0.01 wg/(kgemin), % 0.1 ml/min SEFER A, 84~ B
15 (7)PD98059 4 : FHEE TR 5 min L3Ik TE S PD9I8059
(0.3 mgrkg) o
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B XA Sl X PN B EREAE X O LSS A R S
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12 h, A3 B il X FNRESE X, AR ERREE , T A0 03 L
X FEAEIX E i FLAE, BORESE T A A A b, e 222 i IX

FEAE X O LT F A3 11X 0 Pl 9% RSB IX 30 Bl 9%, B e
IR FE Fil Go=5fe i XU {ILEE /70 O & D L 2 x 100% , AL
X8 Hil %o=F1 FE X 0> LR /7000 2 0 L & x 100%
1.4.4  Western blot AR #5 ALk M X LT Akt P-Akt ERK1/2
J P-ERK1/2 WKL FREESS I, ey AL E
BRIMIX, PBS WPk TS , BRI 100 mg 0 HLZEZL, MA 1 ml
M 240, LB AT 3 4 °C2L# 30 min, 4 °C 12 000 r/min
B0 15 min, WUE_ RIS, 43855 R AET-80 “C#5 . il BCA
IO NI SUE A 2 &, Bt & Ui , 562 nm I E
WERE  ARPEARE 23 T O WL R P it (mg/L) o OUL
HYUE ek T SDS-R MG BRI B LTk RS F5 8 B R
1 — 38 2. 4% (polyvinylidene fluoride, PDVF)JIE I, FH & 10% /i
NEWiHS ¥ TBST 8 & 40 min, 5 1:1 000 MY Akt P—
Akt ,ERK1/2 P-ERK1/2 —HL(#% 1 ml/ em? A )4 CHFR I,
1:2 500 F B —Hi i E 1 h, 505 ECL 852, JlLeica [#
G WA B R A S M A A T R D
1.5 %itsas

N SPSS 17.0 it # A SR g AT A BE . 28
KB £ FREZE (v + 5) FR , THECEORHIA R 3R, I3
B 12448 FR HR MABP SR 5 &2 M 1907 22437 O UL i,
5 RERETE Bl P-Akt/Akt H{E M P-ERKI1/2/ERK1/2 Fb{H R
PR Ky 254307, 21 ) B LL AR T 1SD—1 3%, R SRk i
,=0.05, OHEARHE AR LEER TR RS, K 5K E ap=
0.003 125,

2.1 IR FIAF

DB B kAR HE L KT e B 22 5% (P >0.05)
SRR L, O3RN 2 Bl JDk AR A Sl I LA B T4 3 st
A7 B i R % (P<0.05) , T P58 A B A 4k e A 1K
B Z AL H B sk 25 7 ICG 43 L (P>0.05) (%
1D

F1 SHEMRHAFER (x+5,n=12)
Tab.1 Hemodynamics in different groups ( x +s,n=12)

Eita 2151 L BRI 45 min FHEE 60min - FIVEE 120 min - FEESE 180 min
HR (bpm ) TR 258 + 10 - _ - _
Xof B 255+ 11 231+ 100 217 + 10* 2149 210+ 8>
BNPZH 253+ 11 227 +9 212+ 8" 210+ 10® 213+ 8
BNP+LY2940024 251+12 223+ 12 207 + 10* 206+ 11 209 + 9
LY2940024 250+ 12 222+ 8 205 + 9 204 + 10® 203 + 12
BNP+PD980592H 25249 224 + 100 208 + 11 207 + 9 211+ 10®
PD980592 249 + 10 21+7 206 + 9 205 + 10* 202 + 10
MABP ( mmHg ) BFARA 105+ 11 - - - -
XJREZH 106 + 8 957 83 + 8 82+ 5% 79+ 6*
BNPZH 1119 96 + 5° 80 + 6% 78+ 7 76 + 8
BNP+LY2940024 1089 94+ 8 85 £ 9% 82+ 8" 80 + 6%
LY2940024 1046 92x+7 81+ 7% 83 £9% 84 + 8%
BNP+PD980594H 107 +9 94 + 6" 79 + 6 80 + 7% 78 + 5%
PD980592 105+ 10 93+ 7° 82 £ 5% 84 £ 8% 81 5"

1 ra, HILB AL, P<0.05 b, SARGL SR 45 min AL, P<0.05; -, Al
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C. FHHET: 60 min OrHL &

e il BB R R

D. FHETE 120 min Lo HLAE
1 I RERAEEZHRBETEORESTREN
Fig.1 Electrocardiogram ST segment changes before ligation of

coronary left cyclotron branch and after reperfusion

23 SAERFE AR

BRI S EUL MRS O SR
L0, FREFEMIN, Sl B R  HZE0 AAHRE
BFARLTCOHIT KA, SXIRAAH, BNP 4LO K
KA (P<0003 125), 5 BNP 41 FUAS, BNP+LY 294002
ZH LY294002 ZH .BNP+PD98059 £ } PD98059 £ .t 4k
W AN (P<0.003 125) , BNP+LY294002 41 1 1.Y294002
20, BNP+PD98059 41l PD98059 £H 25 R K 4i it & L (P>
0.003 125) (% 2),

F2 FHOERERBR(n=12)
Tab.2 Arrhythmia in different groups ( n=12)

415 b w=H M ijtl—ﬁ e
(n) W (%)
XJHEZH 12 4 4 2 83.3
BNP#H 12 1 0 0 8.3
BNP+L1Y20400241 12 5 3 1 75.0"
LY294002¢H 12 2 6 2 83.3"
BNP+PD980594H 12 6 2 1 75.00
PDI8059H 12 4 4 2 83.3"

T ra, XTI AH L, P<0.003 125;b, 5 BNP ZHAH I, P<0.003 125

2.4 K F S bR fo FodE 5L @ ARG KD

L WUREZE Jo B SCREE AT TTC B (0 WL 1A 2, ml L A e i
DR LA 5 €, i f B X R G 10 BRAE X R K 1 0, 4541
o JULER It DX ARG X R 3% 3 R AR AL IE O Lt B A
BE., 5 FR WIS A 22 (RSl X9 Bl 22 S T ge 2 i (P>
0.05), SXFRE4L L, BNP 4100 JJLEE BE 3 [ B S s 2D (P<
0.05), 5 BNP #4H [t % ,BNP+LY294002 #H .1.Y294002 4H ,

e s B R B B

BNP+PD98059 £H K2 PD98059 £H 4G4 1 FAH i 44111 (P<0.05)
BNP+LY 29400240 FILY2940024H , BNP+PD980594H Al PD98059
2 TSR L(P>0.05)

2 AEEOAFCBIEN TTC WA EE
Fig.2 Double staining figure of left ventricular myocardium by
Evans blue and TTC methods

#3 FHONBRMEKEEMELXIEE (x+5,n=6)
Tab.3 Range of myocardial ischemia and infarction

in different groups ( x +s,n=6 )

51 L X (9% ) FEFEIX T (% )
Xof HEZH 33.74+1.75 42.32+1.50
BNPZH 33.59 +1.88 27.13 £2.26"
BNP+LY2940024f 3253 +1.41 40.11 + 1.69"
LY2940024f 31.66 + 2.86 4348 £4.51
BNP+PD980592H 33.44 £3.38 39.26 +2.13"
PDI980592H 3422 £4.01 4132 £4.59"

s, SGXTHELAAR L, P<0.05b, 5 BNP 414H L, P<0.05

2.5 P-Akt/Akt P-ERK1/2/ERK1/2 %k

SRTFARAAM L, X B Akt ERK1/2 fORERR ALK -8
IIN(P<0.05) . SXTIRAT bA , BNP 41 Akt ERK1/2 FBERR
ALK -8 2 18N (P<0.05) , 5 BNP ZHAH HE , BNP+L.Y294002
2H Akt FOBEBR 1L /K F- K BNP+PDO8059 4 ERK1/2 iz 1k
TRF-A3 5B AR (P<0.05) . BNP+LY294002 41 1 1.Y294002
2H Akt BIBEIR 1L /K, BNP+PD98059 £H A1 PD98059 £HERK1/
2 BT KT 25 5 JEGe 4 L (P>0.05) (B 3. 81 4 .35 4).,

1 2 3 4 5 6 7

3  Waestern blot il P-Akt Akt & B Ri%
Fig.3 Expressions of P-Akt and Akt proteins analyzed by

Western blot

P-ERK1/2

1 2 3 4 5 6 7

1 ABRT AL ;2. %HIEZH ;3. BNP 4H ;4. BNP+LY294002 4 ;
5. LY294002 #H ;6. BNP+PD98059 41 ; 7. PD98059 £H

4 Western blot #:ill P-ERK1/2.ERK1/2 A XX
Fig.4 Expressions of P-ERK1/2 and ERK1/2 proteins analyzed
by Western blot
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* 4 £ P-Akt/Akt 1 P-ERK1/2/ERK1/2 L& ( x +5,n=6 )
Tab.4 Ratio of P-Akt/Akt and P-ERK1/2/ERK1/2 in different

groups (x +s,n=6)

415 P-Akt/Akt P-ERK1/2/ERK1/2
IFARA 0.025 5 +0.003 6 0.031 8 +0.004 2

Xof HA 0.300 2 +0.021 5° 0.350 5 + 0.039 2*
BNP#H 0.601 0 = 0.036 2" 0.8017 +0.052 7"
BNP+LY2940024H  0.324 2 +0.064 7° 0.8225+0.050 3
1.Y29400241 0.2815 +0.032 9° 0.359 0 + 0.069 2
BNP+PD9805921  0.622 8 +0.038 7 0.3745+0.043 1
PD980594 0.3155+0.034 2 0.3322 +0.048 &

Hra, ST ARAMEL, P<0.05;b, SXEA L, P<0.05;5¢, 5 BNP
A, P<0.05

3o #

17 (IREERE RE 6 AR VAP (=171 RN | e 8 = | R =
SRR E=ANENEEE S 0N e K AW RS 2
EES QNN EE (ORI A AW S RA SR ]
(R HE— 2 A Il PP 450 3 A P 0 i 3R
£ M N 2 D RE 240, AR S RERRAG: Ok o
O WLZR RO AR T G 4 [ A b2 5 5
PR e 0L PP P 5 — O WL L 9 475 P e
BREEVIAHOC , V7 22 25 AL BRI O LR 3 7
H I X S AF S T ORI . b cGMP/
PKG ,PI3K/Akt F1 ERK1/2 3% 3 4%f 5 i 2 fe il
A BIFFERR AL T Co LR it P 4 P v A 4G
AP

cGMP 2 — Tl 210 it P9 38 3k 77 76 1 55 2 (54T, il
B AP IR IME RS (guanylate cyclase, GC)VEF T = WM&
5,4 (guanosine triphosphate , GTP) 4= %, 40 il HH A7
TE2 FPSEHY Y 5 TR ML - T 5 1 R B fL il
(soluble guanosine cyclase,sGC) FIEURLIR 5 R FR
AL (partieulate guanosine cyclase,pGC), —% LA
(nitric oxide,NO) F1— % fL % (carbon monoxide, CO)
P sGCI T B3 R G BK (atrial natriuretic peptide,
ANP) BNP FIPRZ (S s & WS pGC, 1
N — T A A ML (S A, cGMP A7 3 > A
BB AT cCGMP—HORS 1) 2 1 VB 2R 1808 G (Protein
kinase G,PKG) ,cGMP-J7 AR — MR L. L i
iR S 17 195 B Tl A1), PKG #IA S & i 2
cGMP R s, FENiFLsh¥, PKG 2221 2 A
T A7 7E , B PKG-THI PKG-IT, PKG-TH F N-K
U AR B Rz, DL o FL B 2 RO ALAELE, B 2 Rl
RIZH—ii A, PKG-1 FEAELINAE RGP

H,MPKG- I =247 7E T/ B ki, Fefm g
HAUER IS4 PKG-THEH T H R iR, 41
O LAH M v i 2 B AR 1 R TR LRE 32 14 | 22 JE ik
AR WUASE A /MR LA A, 2R LA Ca?
WA | Ca 0 B8 1 | LK AR 1 R A R I AL
ATP gk K@ B T R &7 5K il 9 Bz 40
i 30 A /IR 3 A A O T A R X
LIRS SN M R ARG 4 R, H T
HUEHE B cGMP/PKG {5 5 i 42 78 T kb 1 A1 Ak
BRI OMELR T HLE & A5 ZAE T, Lochner 5%
PR PR A 35 S0 LR B 10 B L R L P v B A 5
DAL cGMP &5 =4 K, Penna S5 HRIE , 75
Z 5 i A B A K BB AU I R, cGMP B B 44
i, A AE AR B 80 Bolli'IFSY & IENO HAT O
AR, TR NO A B 5 DR G\ G 4 1
oy LBk ot FEE TR A05 , T NO i 3 FRAIG X b 48
11, Abdallal S50 LA R ERAE0/ 52 S5 A0 B, 3
T ANP ] SEEEPERCE PKG FIPN 5 W ATP il 417 1
Ca?*i75 5 1) 40 M 5 EL U4 o Burley il Baxter!™I7E K
B A I R AR o 2 B, TG S A TR 3 ik
FLRT AL FLIN 45 BNP, #A] L i 25 08 /0 4 5E T
I HARHSCR S BNP (I EEASE . Wu ZE08F 5T
HRIE , P R0, 45 T ANEPE RS BNP A4 A T3 361
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