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Protective effects of endogenous carbon monoxide against myocardial ischemia-

reperfusion injury in rats

ZHOU Zhen, MA Shuang, LIU Jie, JI Qiao-Rong, CAO Cheng-Zhu, LI Xiao-Na, TANG Feng, ZHANG Wei"
High Altitude Medical Research Center of Qinghai University,; the Key Laboratory of High Altitude Medical Application of Qinghai
Province, Xining 810001, China

Abstract: The present study is aimed to explore the effects of endogenous carbon monoxide on the ischemia-reperfusion in rats. Wistar
rats were intraperitoneally injected with protoporphyrin cobalt chloride (CoPP, an endogenous carbon monoxide agonist, 5 mg/kg),
zinc protoporphyrin (ZnPP, an endogenous carbon monoxide inhibitor, 5 mg/kg) or saline. Twenty-four hours after injection, the myo-
cardial ischemia-reperfusion model was made by Langendorff isolated cardiac perfusion system, and cardiac function parameters were
collected. Myocardial cGMP content was measured by ELISA, and the endogenous carbon monoxide in plasma and myocardial
enzymes in perfusate at 10 min after reperfusion were measured by colorimetry. The results showed that before ischemia the cardiac
functions of CoPP, ZnPP and control groups were stable, and there were no significant differences. After reperfusion, cardiac func-
tions had significant differences among the three groups (P < 0.05). Compared with pre-ischemia, the cardiac function decreased and
obvious cardiac arrest was shown in control and ZnPP groups, while the cardiac function in CoPP group did not change significantly,
maintaining a relatively stable level. At the same time, three groups’ carbon monoxide level, myocardial enzymology and the cardiac
function recovery time after reperfusion also had significant differences (P < 0.05). Compared with those in control group, recovery
after reperfusion was faster, activities of creatine kinase and lactic dehydrogenase were significantly decreased, plasma CO and myo-

Received 2017-09-08  Accepted 2017-11-01

This work was supported by the National Natural Science Foundation of China (No. 81560301, 81160012) and the Natural Science
Foundation of Qinghai Province, China (No. 2017-ZJ-905).

"Corresponding author. Tel: +86-971-8175560; E-mail: zw0228@sina.com



116

HE B ER Acta Physiologica Sinica, April 25,2018, 70(2): 115-122

cardial cGMP contents were significantly increased in CoPP group, while these changes were completely opposite in ZnPP group. It is

concluded that endogenous carbon monoxide can maintain cardiac function, shorten the time of cardiac function recovery, and play a

protective role in cardiac ischemia-reperfusion.
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I AT AR BRI AL R A T R E A D kAt
FE O E R HE T AR At 28 5yt 30 L R of - 98 V7 40
i, KSR RGMEEREY, Hi,
I8/ 0 B b 3 o A R R AR R B o - VA 45
1 RN PRIGTT B ) R o

CO & — PR B A4, 1T LLIE RO A4 ™ B8 1) il
S, BRI R AR LR, LAY PR AR CO )
e — P E BN IRESAR S T, TG SR A A
31, JUHAE M LR X2 RS TE S
RIEZEEBEN . WIEME CO M4 2l 41 &
&M (heme oxygenase, HO) {47 i =4, HT
HAFBRIO 0 T-450), TGN BRE RS, &
5P T FPOK M I L. R AR e B A
210 (B A YREYE CO FE O UL I F EE vE 5405 v 1)
TERMATE TG R . A SCER WS NN CO 3l
FRFHA 1 0% K RO I e i PV PR R, WD AR
TP CO O R il P A AR

1 MR 5RE

1.1 SCIEEhH) VAT M Wistar AR R R, A
#H 240~260 g, 4 H AL 4EE R LS S E AR A
PR [ YFATIES : SCXK( &t )2012-0001, No. 114007-
00064575], BT 23°C. B /W H. HHPKA
HERFM NEFRE R T REH I
K% 22 B SESR BN B2 D 2 A% AL AE

1.2 SEIRZSAFNIR T FH 2K fid 1 Krebs-Henseleit
(K-H) ¥ (mmol/L) : 118 NaCl, 3.2KCl, 1.2 MgSO,,
25 NaHCO,, 1.18 KH,PO,, 2.5 CaCl,, 5.5 %%k,

W pH T 7.3~7.4 Z [A], FFLEE A 95% O, Al 5%
CO, RA M. hrH (H 25 E B2 G A R A
], k5 T200908 11) F A 3 £h /K AL 1] 55 20% IR
RUAC BRI A . sk k& 4k &L (protoporphyrin IX cobalt
chloride, CoPP, C1900, MW: 655.03). %% IRk (pro-
toporphyrin IX zinc, ZnPP, 282820, MW: 626.03) 144
A Sigma A7, 1 mol/L NaOH VAV % i J5 M HCI
W pH % 7.2~7.4", T AR B ER KRR B H ARIR S o
WYRME CO. FLIR I ZEE (lactic dehydrogenase, LDH).
AILEZ B (creatine kinase, CK). iz 1 (cGMP)
For AR ) B R A R AR ) TR T

1.3 SCIG{YEE Langendorff .0 IR 2E E : Pow-
erlab B RERG . RO FE . FURIRE., I53)
. kI EES (AD Instruments, KA ), pH
1F (EHL PHS-SC, H[H ), 4li/kK4% (ELGA UTL0000
1850, #[H ), 5041 (Sigma 3K15, fE[E), BFbs
{% (TECAN Infinite 200pro, i+ ).

1.4 SEISTh¥RY AL TR L K2 Langendorff 35 {40 fi &
py Kl SCES R RBENL > =4, A 10 K,
TERFAT SEEG AT 24 h 73 9 BRI S N UEE CO L3
7] CoPP (5 mg/kg). W Y& P CO (¥ 431 ] 77 ZnPP (5
mg/kg)"™ LR SRR A B ALK, 24 hJE 9256 K RUIE
i 20% SR (40 mg/kg) BRIF, SERETR, M3
BRI IE S B O, BT 4 °C B9 K-H B,
SrETEESIK, HEHFONEN AR, R E
AT+ F Bk 5 57 BP [ 5 & 4T Langendorff B4 {4 i
EHEE I, H] 37 °C K-H T L5 IKIEE (40~60
mmHg) ¥ [\ R frOEER, AO0HIH/N,
WEEAA R E RS R ERE 2 O HE N O
%, EAKKEREE N K S 4EFF £ 5~9 mmHg, @i
Powerlab {5 5 K4 R Gt KA 10 R B RO I /e % &
(left ventricular pressure, LVP). 7F & i KW 4 i %
(+dP/dt ) A EKET TR AR (—dP/dt) s EER
J&JE& (1eft ventricular developed pressure, LVDP), »
# (heart rate, HR) FIJ#E{i & (flow pressure, FP).

1.5 B Esk B EF R GER (Rl e
Fé € JA e 3k 30 min fAE 2 I, {5 30 min J5
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S, RO MK S Bk sh1c 3 30 min & 5 S TR bR
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KEIE BN, 2 775 g &0 10 min 7 & ML3E,
J7 R Bl 8 VRS I S IR PE CO & . IR 4
FIE )5 10 min B B9 FLW, 0 E H CK DL &
LDH. #ifil R seie e e e, BOR O IER H A
513, EOHEIFIE O cGMP F &

1.7 3t 80 SPSS 22.0 G it W fh kAT
it or b, I $E i R PR}, Pl mean + SD &R,
ST AR 06 e FH BE X ¢ 4656 A Fisher’s LSD, 4656
JK#E a=0.05,

2 R
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F1 5K 1, 2 55 CoPP 41, ZnPP 41 1%t &
Y E AT Ra E WO IF LVP, /2% +dP/dt,,,, N LVDP
Bl —3, TREMEZES, HR M FP {REF 75,
SERERTA L, X B4R ZnPP 4 P VE S O DI RE
K35 kR LVP.£dP/dt,, F1 LVDP B & K % (P < 0.05),
1M CoPP 4.0 JIE ATy e PR BN RS E A BIRES, %%
TG Dy Refabs SIFRERT IR FF — 8L SHOE B
Lt HRAIAH L, CoPP ZH.Co i PV Jo Foe M R AT
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O I RE4EFRFAE IEH /K, T ZnPP 4100 IEAE F HE T
JE g M — DRSS, OIhREfRAR N AR (P <
0.05). S{FRERTAHLL, XTREZIF0 CoPP 4 F#E 5
FP {#¥5 %45, ZnPP 4 FP B & T} (P < 0.05), £
7N ZnPP H1E - EE J5 O NERT 46 D RE B Bt . 5
1 RERT AR LG, 0 HEZH PV VE f5 HR sy, CoPP 4
HR fRFFFE TR %R, ZoPP A5 HR &
TREFAAS, (H S A] s B B
2.2 EHEREHRSHE

B 3 S % 2 B AR O JUE R I 0 I VK 52 B 5 1)
150, CoPP ZH.0 I F¥EEVE 6 min J5 43k & Bk3),
SMERS B I 1A 450 (4.2 = 1.0) min, X HEZH 5
VEVERE E K E I 18] 9 6~16 min, T (8.1 = 1.4)
min. ZnPP 2 5 73 F2 e Pk & i (3] 2 16~30 min,
YN (21.4 £ 5.4) min, =2 AL 2 RE 5E
P (P < 0.05), SxtHEZAIMILL, CoPP 41K # 5 REPL
WK SR EBksh, 1 ZnPP 40 T B K S Bksh B
RN TR 38
2.3 LAEFS AN EL R

2 BoR T S ONEFRREE 10 min B R
CK fll LDH & &, MXtHE4IM L, CoPP 413 itk
w1 CK Ml LDH 4 & ik />, 1 ZnPP 41 CK 1 LDH

A SRR & B S R AT ALK AL
Table 1. Changes of various physiological indicators between cardiac perfusion and reperfusion processes

Index Control CoPP ZnPP

Perfusion Reperfusion Perfusion Reperfusion Perfusion Reperfusion
LVP (mmHg) 109.9 + 1.3 84.9+1.1" 109.7 1.3 109.5 + 3.4° 108.5+3.7 65.0 + 18.4™
+dP/dt,, (mmHg/s) 1551.7+£13.0 11082+8.5 1503.9+37.0 1486.1+21.0° 1580.0+184 146.2 +19.2"
—-dP/dt,, (mmHg/s) —1202.6+52.0 -857.2+46.0° —12047+82.0 -—1174.6+29.0° —122592+56.0 —140.0+12.0"
LVDP (mmHg) 95.0+4.0 63.9+6.4" 965+ 1.6 95.9+2.2" 95.0+3.2 38.5+8.77%
FP (mmHg) 51.5+1.0 51.4+0.8 49.7 +0.4 50.4 + 0.3 51.52+25 72.0 +1.77%
HR (beats/min) 177.0£2.9 199.2+3.0° 1752+ 1.4 176.8 +1.2° 1775+ 1.7 176.0 + 33.0"

Mean £ SD, n = 10. "P < 0.05 vs perfusion. After reperfusion, “P < 0.05 vs control group; “P < 0.05 vs CoPP group.

R 2.8 PEFFEE 10 minB I AR P s IUBE S AR ) RALHE L
Table 2. The changes of cardiac enzymes in perfusate at 10 min

after reperfusion

CK (U/mL) LDH (U/mL)
CoPP 0.107 £ 0.095° 4.426+0.341"
ZnPP 1.033£0.113™ 12.910 + 4.423™
Control 0.835 £ 0.046 6.148 £ 0.375

F 410.441 50

P 0.000 01 0.000 01

Mean + SD, n = 10. “P < 0.05 vs CoPP group; P < 0.05 vs con-

trol group.

RN, ZHZMAEEER (P<0.05).
2.4 [MERFE4ECOFMTAGMPRINIELR

Bl 4 2 os & 41 I 2% R 1 CO & & Ao L
cGMP % . FIXF R A L, CoPP 41 Ifi 2% v Y5 P
CO &iim, ZnPP ASEKRMIK, —HuEFHA
HG it (P <0.05), %4100 cGMP 14 &
AL 2 N PEME CO & &M 4 R~ —5, Al
YRR AH L, CoPP H & &, ZnPP 4H & E&HAK,
HABEMEZR (P<0.05),
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Fig. 1. The representative recordings of the cardiac function indices before and after myocardial ischemia in control, Copp, and ZnPP
groups. Before stop-perfusion, LVP, +dP/d¢,,,, LVDP, HR and FP kept the same trend and remained stable in 3 groups. After reperfu-
sion, the cardiac physiological parameters in ZnPP and control groups were changed, but not in CoPP group.
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Fig. 2. The time-course of mean cardiac function indices before and after myocardial ischemia. Mean + SD, n = 10. After reperfusion,
P <0.05 vs CoPP group; P < 0.05 vs control group.
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Fig. 3. The summary of cardiac function recovery rate after
reperfusion. The cardiac function in CoPP group recovered
stable very quickly, and all hearts recovered after 6 min of reper-
fusion. The cardiac function in control group recovered slowly,
and all hearts recovered after 16 min of reperfusion. The cardiac
function in ZnPP group recovered most slowly, and all hearts

recovered after 30 min of reperfusion.
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ZnPP & — Bl A I 21 25 A A R FRR 45 74 10 90 ok
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LR ML R, IR CO A R 75
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Fig. 4. The contents of plasma endogenous carbon monoxide and myocardial cGMP. Mean = SD, n = 10. “P < 0.05 vs CoPP group; P < 0.05

vs control group.
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