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The Change of Vascular Reactivity in Rat Thoracic Aorta 3 Days after
Acute Myocardial Infarction

Sub Lee, M.D.*, Woon Seok Roh, M.D.**, Jae Seok Jang, M.D.*,
Chi Hoon Bae, M.D.*, Ki Sung Park, M.D.*, Jong Tae Lee, M.D.***

Background: The up-regulation of the nitric oxide (NO)-cGMP pathway might be involved in the change of vas-
cular reactivity in rats 3 days after they suffer acute myocardial infarction. However, the underlying mechanism for
this has not been clarified. Material and Method: Acute myocardial infarction (AMI) was induced by occluding the
left anterior descending coronary artery (LAD) for 30 min (Group AMI), whereas the sham-operated control rats
were treated similarly without LAD occlusion (Group SHAM). The concentration-response relationships for phenyl-
ephrine (PE), KCI, acetylcholine (Ach) and sodium nitroprusside (SNP) were determined in the endothelium intact
E(+) and endothelium denuded E(-) thoracic aortic rings from the rats 3 days after AMI or a SHAM operation.
The concentration-response relationships of PE in the E(+) rings from the AMI rats were compared with those re-
lationships in the rings pretreated with nitric oxide synthase (NOS) inhibitor N -nitro-L-arginine methyl ester
(L-NAME) or the cyclooxygenase inhibitor indomethacin. The plasma nitrite/nitrate concentrations were checked via a
Griess reaction. The cyclic GMP content in the thoracic aortic rings was measured by radioimmunoassay and the
endothelial nitric oxide synthase (eNOS) mRNA expression was assessed by real time PCR. Result: The mean in-
farct size (%) in the rats with AMI was 21.3+0.62%. The heart rate and the systolic and diastolic blood pressure
were not significantly changed in the AMI rats. The sensitivity of the contractile response to PE and KCl was sig-
nificantly decreased in both the E(-+) and E(-) aortic rings of the AMI group (p<0.05). L-NAME completely re-
versed these contractile responses whereas indomethacin did not (p < 0.05). Moreover, the sensitivity of the relaxa-
tion response to Ach was also significantly decreased in the AMI group (p<(0.05). The plasma nitrite and nitrate
content (p<0.05), the basal cGMP content (p<<0.05) and the eNOS mRNA expression (p=0.056) in the AMI rats
were increased as compared with the SHAM group. Conclusion: Our findings indicate that the increased eNOS
activity and the up-regulation of the NO-cGMP pathway can be attributed to the decreased contractile or relaxation
response in the rat thoracic aorta 3 days after AMI.

(Korean J Thorac Cardiovasc Surg 2009;42:576-587)
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Fig. 1. (A) Three days after the ischemic reperfusion injury, the loop around the left anterior descending coronary artery was retightened
and 1% Evan's blue dye was rapidly injected into the right atrium to distinguish the non-ischemic area from the area at risk. The left ven-
fricle was cut into four slices transversely from base to apex. Arow indicates the risk area (non-stained area). (B) The slices were in-
cubated with 2,3 5-triphenyltetrazolium-chioride (TTC) for 10 minutes. Non-infarcted myocardium, which contains dehydrogenase, was stained
with brick red by reacting with TTC, whereas necrotic (infarcted) tissue was unstained because of lack of enzymes. Arrow indicates in-

farcted tissue.
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Fig. 2. (A) The experimental protocol in the isometric tension
study. After checking functional integrity of rings by contractile re-
sponse to 60 mM KCI, phenylephrine (PE) dose-response relation-
ships in endothelial intact E(-+) or denuded E(—) aortic rings of
acute myocardial infarction (AMI) rats were obtained and com-
pared with those from the rings of sham-operated (SHAM) rats
and from the rings pretreated with L-NAME or Indomethacin. (B)
The original tracing of PE dose-response relationships. The PE
dose-response relationships of AMI rats were significantly attenu-
ated as compared with those of SHAM rats (p<C0.05).
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Table 1. Hemodynamic parameters

SHAM AMI

Number of rats 6 6
Heart rate (HR, bpm)

Preoperative HR 259+7 246120

Postoperative HR 260£13 259+15
Systolic blood pressure

(SBP, mmHg)

Preoperative SBP 127+8 11810

Postoperative SBP 105+3 10245
Diastolic blood pressure

(DBP, mmHg)

Preoperative DBP 8016 7510

Postoperative DBP 6612 6613

Values are meantSEM. SHAM=Sham-operated; AMI=Acute
myocardial infarction.
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Fig. 3. Nitrite/nitrate concentrations in plasma samples before and
J days after operation. Postoperative nitrite/nitrate concentration in
AMI groups significantly increased as compared with SHAM rats
(n=6). *=p<<0.05 for difference between SHAM and AMI groups.
Data are meantSEM.

Epinephrine Norepinephrine

Fig. 4. The concentration of epinephrine and norepinephrine in
sham-operated (SHAM) or acute myocardial infarction (AMI) rats
(n=5). There were no differences between two groups. Data are
mean+SEM.

Table 2. pECs and Emax to KCI, phenylephrine, acetylcholine and SNP obtained from the aortas of SHAM and AMI rats with E(+) or

without endothelium E(—)

SHAM AMI
E(+) E(—) E(+) E(—)
KCl
ECsy (mM) 31.6:3.0 262+2.8 30.9+3.3 25.3+4.8
Emax (g) 4.140.1 4.6+02 312037 42+0.2%
Phenylephrine
PECso 7.4540.06 7.91+0.04* 7.21+0.06" 7.74+0,08*
Emax (g) 42+0.1 5.5£0.2* 334027 45£02%"
Acetylcholine
pECso 7.98+0.0 7.30£0.13" —
Emax (%) —70+8.3 —56+3.9 -
SNP
pECso 8.08+0.20 7.51+0.14 8.02+0.21 7.26+0.11
Emax (%) —102:1.67 —104+1.20 —102+1.41 —103+1.24

*=p<0.05 compared with E+ rats;

T=p<0.05 compared with SHAM rats; SHAM=Sham-operated; AMI=Acute myocardial infarc-

tion; E(+)=Endothelium-intact aortic rings; E(—)=Endothelium-denuded aortic rings; SNP=Sodium nitroprusside.

1) & nitrite/nitrate & 2t
AMITAA AAe] IRI F 397 248 A nitrite/ni-
trate s = TEHO[Y SHAMT 2] ulZA] ok 250 =
7HE A eh(p <0.05) (Fig. 3).
2) €& catecholamine ==

F% ¥ ¥4 epinephrine?} norepinephrine®] FE

SHAMT3 AMIT-9] v]2A] §-9% Ao|7b gidchp>
0.05) (Fig. 4).

3) g8 HSx Hs

SHAM—TL.\Jr AMIZol4] KCI# PES] FHE%ol g &
PEak-S-2 Table 29} Fig. 59 729kth AMITS] E(+)3
H¥} E(—)AHANAMY KO FEHHEFAFg 5A)
SHAMZ-3} B]3LA] HHEZAS 9202 o EX|Z A Uk ok
Aol gt W7 % (sensitivity) S VFEFHE ECs02] W]l 4]
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Fig. 5. Cumulative dose-response curves for KCI (A), phenylephrine (B), acetylcholine {C) and SNP (D) in endothefium-intact E(+) and
endothelium-denuded E(—) aortic rings from AMI and SHAM rats (n=6~8). pEC50s of phenylephrine and aceyicholine in AMI rats were

significantly decreased as compared with SHAM groups.
myocardial infarction; SNP=Sodium nitroprusside.
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Al B A THp<0.05) EmaxE F 7+ Xol7} 9lgich.
WA v] o &4 3ol SHAIQ) SNPY] FAFE Gl

*=p<0.05 compared with sham-operated rats. SHAM=Sham-operated; AMI=Acute
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Fig. 6. Cumulative dose-response curves for phenylephrine in en-
dothelium-intact E(+) aortic rings from AMI rats untreated or
treated with L-NAME or indomethacin (n=6). L-NAME caused a
leftward shift where as indomethacin did not (p<0.05) in phenyl-
ephrine dose-response relationships in  endothelium-intact aortic
rings of AMI rats (n=7). *=p<<0.05 compared with AMI E(+) rats.
E(+-)=Endothelium-intact aortic rings; AMI=Acute myocardial in-
farction; INDO=Indomethacin.
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Fig. 7. cGMP levels in aortic segments from sham-operated
(SHAM) and acute myocardial infarction (AMI) rats (n=8). cGMP
levels in AMI group was slightly increased as compared to SHAM
group. *=p<<0.05 for difference between SHAM and AMI groups.
SHAM=Sham-operated; AMI=Acute myocardial ~infaction; FE(+)
=Endothelium-intact rings; E(—)=Endothelium-denuded rings.

FLA] 7.73+0.25 (pmol/mg of protein)?} 7.04+0.13 (pmol/mg
of protein) > £ &u] A Z71% A chp<0.05).
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Fig. 8. Quantitative eNOS expression by real time PCR in SHAM
and AMI rats (n=5). eNOS expression in AMI group was increa-
sed 1.6 times than SHAM group. Data are meantSEM. SHAM=
Sham-operated; AMI=Acute myocardial infaction; E{+)=Endothelium-
intact rat thoracic aorta.
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SHAM E(+)7ol 8l3l <F 1.6l A vebkA et EA4)%
T4 L Ag 4 U chp=0056) (Fig. 8).
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