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Summary 
L-arginine has been demonstrated to stimulate the re

lease of nitric oxide, but its effects on recovery and the optimal 
administration time have been controversial. 

The hearts from 20 controls and 40 study group guinea 
pigs were mounted on a Langendorff perfusion apparatus and 
were perfused by gassed Krebs-Henseleit solution (KH). The 
hearts were then allocated into 4 study groups: First 2 groups, 
under hypothermia, exposed to 15 min. ischemia and either re
ceived preischemic L-arginine and only KH during reperfusion 
(Group III) or preischemic and postischemic L-arginine 
(Group IV); the other 2 groups under normothermia, exposed 
to 15 min. ischemia and either received preischemic L-arginine 
and only KH for reperfusion (Group V) or preischemic and 
postischemic L-arginine (Group VI). 

Percentage recovery of heart rate, developed pressure 
and dp/dt were significantly higher for Groups III-IV and V-VI 
than the controls (p<0.05).Malondialdehyde levels were signif
icantly lower for Groups III-IV and V- VI than the controls. 
Hypothermic control levels were significantly better than nor-
mothermic controls (p<0.05). NO'2 and glutathione levels were 
significantly higher for Groups III-IV and V-VI than the con
trols. Hypothermic control levels were significantly better than 
normothermic controls (p<0.05). 

Our study demonstrated no difference in the timing of ad
ministration of L-arginine either before ischemia or both in 
preischemia and reperfusion. 
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Myocardial ischemia/ reperfusion (I/R) have 
demonstrated damage to endothelium, impaired 
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Özet 
L-arginin'in nitrik oksit saliminim artırdığı gösterilmiş 

olmakla birlikte, kalbin derlenmesi üzerindeki etkileri ve opti
mal zamanlama konusundaki tartışmalar devam etmektedir. 

20'si kontrol ve 40'ı çalışma grubundan alınan kobay 
kalpleri Langendorff modelinde çalışılarak Krebs-Henseleit 
(KH) çözeltisi ile perfüze edilmiştir. Daha sonra kalpler 4 
çalışma grubuna ayrılmıştır: İlk iki grup hipotermide 15 
dakikalık iskemi zamanı ile iskemi öncesi L-arginine ve son
rasında KH (Grup III); veya iskemi öncesi ve sonrası L-argi
nine (Grup IV) ile perfüze edilmiş; normotermide çalışılan 
diğer iki grupta ise 15 dakikalık iskemi uygulanmış, iskemi 
öncesi L-arginine ve sonrasında KH (Grup V); veya iskemi 
öncesi ve sonrası L-arginine (Grup VI) ile perfüze edilmiştir. 

Kalp hızı derlenme yüzdesi, dp, dp/dt Grup III-IVve V-VI 
için kontrol gruplarından anlamlı olarak daha iyiydi (p<0.05). 
Malondialdehit (MDA) düzeyleri ise çalışma gruplarında kont
rollerden anlamlı olarak daha düşüktü. Hipotermik kontrol 
grubu normotermik kontrolden anlamlı olarak daha 
iyiydi.(p<0.05). NO~2 ve glutatyon düzeyleri çalışma grup
larında kontrollerden anlamlı olarak daha yüksekti. 
Hipotermik kontrol grubu normotermik kontrolden anlamlı 
olarak daha iyiydi.(p<0.05). 

Çalışmamız L-arginin 'in iskemiden önce veya hem önce 
hem sonra uygulanmasının arasında bir fark olmadığım 
göstermiştir. 

Anahtar Kelimeler: Nitrik oksit, Koroner dolaşım, 
Miyokardiyal reperfüzyon hasarı 
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production and release of vasoactive substances 
and marked alterations in endothelium-dependent 
relaxation of the coronary vasculature. Release of 
nitric oxide (NO) from coronary endothelial cells 
has been found to be impaired and contributed to 
the vulnerability of the coronary circulation, throm
bus formation and vasospasm(l). However, the 
mechanism of action and results of exogenous NO 
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supplementation are still controversial. Several ex
perimental studies have found that NO has a car
dioprotective effect in I/R injury and some others 
suggested that NO exacerbates I/R injury and that 
NO synthase inhibitors may protect myocardium. 

This study was designed to test the hypothesis 
that if exogenous administration of L-arginine, a 
precursor of nitric oxide, in hearts subjected to 
global ischemia, cardioplegic arrest and reperfu-
sion may improve I/R injury by stimulation of NO 
production or not. 

Materials and Methods 
Hearts were obtained from male guinea pigs 

(N=60, 10 for each group) weighing 300-450 
grams. All animals received human care in compli
ance with the 'Principles of Laboratory Animal 
Care' formulated by the National Society for 
Medical Research and the 'Guide for the Care and 
Use of Laboratory Animals' prepared by the 
Institute of Laboratoiy Animal Resources and pub
lished by the National Institute of Health (NIH pub
lication No.86-23, revised 1985). University 
Research Ethics Committee approval was also ob
tained. 

The animals were anesthetized by thiopental 
20 mg/kg and given 200 units of heparin into 
femoral vein. The hearts (1.8-2.5 gr) were rapidly 
removed and cannulated via aortic root and then 
mounted on a modified Langendorff perfusion ap
paratus and perfused by a gassed (Oxygen 95%, 
Carbondioxide 5%) Krebs-Henseleit solution (KH) 
at a rate of 10 ml/min at 37°C. The composition of 
the solution was N A H C 0 3 : 25mMol/L, 
NaCl:118mMol/L, KH 2P0 4:1.2 mMol/L, KCL4.8 
mMol/L, MgS04:1.2 mMol/L, CaCl2:1.2 mMol/L 
and glucose: 11.1 mMol/L. 

Following a 10-min stabilization period under 
KH perfusion, the animals were allocated into 6 
groups, 10 animals in each: 

Group I was a control group for hypothermic 
ischemia: hearts underwent hypothermic (20°C) is
chemic arrest for 15 min. by stopping Krebs-
Henseleit solution and administration of St. 
Thomas cardioplegia and then reperfused by 
Krebs-Henseleit solution. 

Group II was a control group for normothermic 
ischemia: hearts underwent normothermic ischemic 
arrest for 15 min. by stopping Krebs-Henseleit so
lution and administration of St. Thomas cardiople
gia and then reperfused by Krebs-Henseleit solu
tion. 

In Group III, hearts underwent hypothermic 
(20°C) ischemic arrest for 15 min. by stopping 
Krebs-Henseleit solution and administration of St. 
Thomas cardioplegia supplemented by lOmMol/L 
L- arginine (Sigma Chemical Co., St.Louis, MO). 
Hearts were then reperfused by only Krebs-
Henseleit solution for 15 min. 

In Group IV, hearts underwent hypothermic 
(20°C) ischemic arrest for 15 min. by stopping 
Krebs-Henseleit solution and administration of St. 
Thomas cardioplegia supplemented by 10mMol/L 
L- arginine. Hearts were then reperfused by Krebs-
Henseleit solution supplemented by 10 mMol/L L-
arginine for 15 min. 

In Group V, hearts underwent normothermic 
ischemic arrest for 15 min. by stopping Krebs-
Henseleit solution and administration of St. 
Thomas cardioplegia supplemented by lOmMol/L 
L- arginine. Hearts were then reperfused by only 
Krebs-Henseleit solution for 15 min. 

In Group VI, hearts underwent normothermic 
ischemic arrest for 15 min. by stopping Krebs-
Henseleit solution and administration of St. 
Thomas cardioplegia supplemented by lOmMol/L 
L- arginine. Hearts were then reperfused by Krebs-
Henseleit solution supplemented by 10 mMol/L L-
arginine for 15 min. 

For hemodynamic evaluation, the left ventric
ular maximum developed pressure (Dp-defined as 
peak aortic systolic minus end-diastolic pressure), 
and the first derivative dp/dt were measured using 
intraventricular baloon before ischemia (baseline) 
and at the end of reperfusion. Direct measurements 
of heart rate (% change), developed pressure (Dp) 
and dp/dt (% change) were determined and as
sessed. Pressures were measured by a Datascope 
2001A monitor. 

Coronary perfusion was collected and preis-
chemic/postischemic glutathione, malondialdehyde 
(MDA) and NO"2 levels were measured. 
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All hearts were then preserved in a liquid ni
trogen tank at -196°C and later tissue NO" 2, MDA 
and gluthatione levels were also calculated. 

Nitrites (NO"2), were obtained as the last prod
ucts of NO metabolism. The amount of total nitrite 
(mmol) was determined by a modification of the 
procedure described by Braman and Hendrix (2), 
using the purge system of a Sievers Instruments 
Model 280A NO analyzer. Besides NO levels, in 
order to determine tissue damage, MDA (nmol/ml) 
and glutathione (nmol/ml) were measured at the 
preischemic period and after reperfusion in the 
coronary perfusate. Tissue MDA (nmol/g tissue) 
and tissue glutathione (|xmol/g tissue) levels were 
also calculated (3,4). 

The results were presented as mean and stan
dard error of mean. Overall significance of differ
ences between groups were determined by unpaired 
t test using Microsoft Excel 97 PC program. 

Results 
Results are given in Figures 1-4. 
In Group I (control for hypothermic arrest), the 

mean percentage change of the heart rate was 
78.6±8% /min of the baseline, the mean percentage 
recovery of Dp was 75.3±8% and the percentage 
recovery of the dp/dt was 55.4±9%. 

In Group II (control for normothermic arrest), 
the mean percentage change of the heart rate was 
69.6±7% /min of the baseline, the mean percentage 
recovery of Dp was 63.2±8% and the percentage 
recovery of dp/dt was 42.3±9%. 

However, we obtained a well- documented im
provement in the hemodynamic parameters within 
the study groups. 

In Group III, (hypothermic, preischemic L-
arginine supplementation and postischemic KH on
ly), the mean percentage change of the heart rate 
was 105.7.6±9% /rnin of the baseline, the mean 
percentage recovery of Dp was 114.6±8% and the 
percentage recovery of the dp/dt was 116.2±9%. 

In Group IV, (hypothermic, preischemic and 
postischemic L-arginine supplementation), the 
mean percentage change of the heart rate was 
108.6.6±8% /min of the baseline, the mean per
centage recovery of Dp was 117.5±8% and the 
mean percentage recovery of dp/dt was 120.1±9%. 

In Group V, (normothermic, preischemic L-
arginine supplementation and postischemic KH on
ly), the mean percentage change of the heart rate 
was 95.7.6±9% /min of the baseline, the mean per
centage recovery of Dp was 98.7±8% and the mean 
percentage recovery of dp/dt was 96.2±9%. 

v 
In Group VI, (normothermic, preischemic and 

postischemic L-arginine supplementation), the 
mean percentage change of the heart rate was 
97.4±8% /min of the baseline, the mean percentage 
recovery of Dp was 100.2±8% and the mean per
centage recovery of dp/dt was 98.3±8%. 

There were statistically significant differences 
between Groups III-IV and hypothermic control 
Group I with respect to mean percentage change of 
heart rate (p<0.001), mean percentage recovery of 
Dp (p<0.0001) and mean percentage recovery of 
dp/dt (p<0.0001). 

There were no significant differences in any of 
the hemodynamic parameters between Groups III 
andlV. 

Comparing Groups V-VI and normothermic 
control Group II, there were significant differences 
in respect of mean percentage change of heart rate 
(p<0.001), mean percentage recovery of Dp 
(p<0.001)and mean percentage recovery of dp/dt 
(p<0.001). 

There were no significant differences in any of 
the hemodynamic parameters between Groups V 
and VI. 

Also demonstrating the importance of the hy
pothermic situations for the preservation of hemo
dynamic measurement, there were significant dif
ferences in respect of mean percentage change of 
heart rate (p<0.05), mean percentage recovery of 
Dp (p<0.05) and mean percentage recovery of dp/dt 
(p<0.01) between Groups I and If. 

Comparing the corresponding study groups 
(III-V and IV-VI) for the importance of the hy-
pothermic/normothermic situations, there were sig
nificant differences in respect of mean percentage 
change of heart rate (p<0.05), mean percentage re
covery of Dp (p<0.05) and mean percentage recov
ery of dp/dt (p<0.05) between Groups III and V as 
well as Groups IV and VI. 
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In Group I, mean perfusate MDA levels were 
calculated to be 4.82±0.1 before ischemia and 
6.2±0.1 after reperfusion. In Group II, mean per
fusate MDA levels were calculated to be 4.72±0.1 
before ischemia and 8.2±0.1 after reperfusion. 

Mean perfusate MDA levels were calculated to 
be 4.85±0.1 before ischemia and 4.9±0.1 after 
reperfusion in Group III and 4.79±0.1 before is
chemia and 4.88±0.1 after reperfusion in Group IV. 
For Group V, mean MDA perfusate levels were 
4.83±0.1 before ischemia and5.2±0.1 after reperfu
sion. They were 4.84±0.1 before ischemia and 
5.0±0.1 after reperfusion for Group VI. 

Groups III and IV were significantly better 
than control (Group I) (p<0.01) and there was no 
significant difference between groups III and IV. 

Groups V and VI were significantly better than 
control (Group II) (p<O.0T) and there was no sig
nificant difference between groups V and VI. 

Hypothermic groups were significantly better 
than normothermic corresponding groups (Groups 
I-II, m-v, iv-vi , P<o.o5). 

In Group I, mean perfusate glutathione levels 
were calculated to be 83.9±4 before ischemia and 
70.4±6 after reperfusion. 

In Group II, mean perfusate glutathione levels 
were 85.1±5 before ischemia and 61.3±5 after 
reperfusion. 

T Klin J Med Res 1999, 17 

Mean perfusate glutathione levels were 82.3±5 
before ischemia and 82.2±0.1 after reperfusion in 
Group III and 86.1±4 before ischemia and 81.8±5 
after reperfusion in Group IV. For Group V, mean 
glutathione perfusate levels were 84±5 before is
chemia and 78±0.1 after reperfusion. They were 
84.3±5 before ischemia and 77.5±6 after reperfu
sion for Group VI. 

Groups III and IV were significantly better 
than control (Group I) (p<0.01) and there was no 
significant difference between groups III and IV. 

Groups V and VI were significantly better than 
control (Group II) (p<0.01) and there was no sig
nificant difference between groups V and VI. 

Hypothermic groups were significantly better 
than normothermic corresponding groups (Groups 
I-II, III-V, IV-VI, p<0.05). 

In Group I, mean perfusate NO levels were cal
culated to be 0.14±0.0T ppb before ischemia and 
0.03±0.0T ppb after reperfusion. 

In Group II, mean perfusate NO levels were 
0.17±0.01 ppb before ischemia and 0.008±0.002 
ppb after reperfusion. 

Mean perfusate NO levels were 0.16±0.0T ppb 
before ischemia and 0.39±0.03 after reperfusion in 
Group III and 0.19±0.01 before ischemia and 
0.35±0.05 after reperfusion in Group IV. For Group 
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Figure 2. Evaluation of malondialdehyde (MDA) levels, *:p<0.01 

V, mean NO perfusate levels were 0.15±0.02 before 
ischemia and 0.25±0.04 after reperfusion. They 
were 0.12±0.0T before ischemia and 0.27±0.03 af
ter reperfusion for Group VI. 

Groups III and IV were significantly better 
than control (Group I) (p<0.01) and there was no 
significant difference between groups III and IV. 

Groups V and VI were significantly better than 
control (Group II) (p<0.01) and there was no sig
nificant difference between groups V and VI. 

Hypothermic groups were significantly better 
than normothermic corresponding groups (Groups 
I-II, III-V, IV-VI, p<0.05). 

The RIA measurements in the preserved hearts 
were also evaluated. 

In the hypothermic control group (Group I), 
mean tissue NO level was calculated to be 
0.09±0.006 ppb. In Group II, it was 0.04±0.005 
ppb. 

Mean tissue NO levels were 0.41 ±0.01 ppb in 
Group III and 0.35±0.01 in Group IV. For Group V, 
mean NO tissue level was 0.27±0.02. It was 
0.25±0.01 for Group VI. Groups III and IV were 
significantly better than control (Group I) (p<0.01). 

There was no significant difference between . 
groups III and IV. 

Groups V and VI were significantly better than 
control (Group II) (p<0.01) and there was no sig
nificant difference between groups V and VI. 

Hypothermic groups were significantly better 
than normothermic corresponding groups (Groups 
I-II, III-V, rv-vi, p<o.os). 

As tissue MDA levels concerned, in Group I, 
mean tissue level was 52.7±5. In Group If, it was 
61±6. Mean tissue MDA levels were 26.2±3 in 
Group III and 30.1 ±3 in Group IV. For Group V 
and VI, mean tissue levels were 40.2±4 and 42.3±5, 
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respectively. Groups III and IV were significantly 
better than controls (Group I) (p<0.001).There was 
no significant difference between groups III and IV. 

Groups V and VI were significantly better than 
controls (Group II) (p<0.01) and there was no sig
nificant difference between groups V and VI. 

Hypothermic groups were significantly better 
than normothermic corresponding groups (Groups 
I-II, III-V, IV-VI, p<0.01). 

For tissue glutathione levels, in Group I, mean 
tissue level was 0.84±0.05. In Group II, it was 
0.70±0.04. Mean tissue glutathione level was 
1.51±0.07 in Group III and 1.38±0.05 in Group IV. 
For Group V, mean tissue level was 1.27±0.06. It 
was 1.25±0.05 for Group VI. Groups III and IV 
were significantly better than control (Group I) 
(p<0.001). 

There was no significant difference between 
groups III and IV. 

Groups V and VI were significantly better than 
controls (Group II) (p<0.01) and there was no sig
nificant difference between groups V and VI. 

Hypothermic groups were significantly better 
than normothermic corresponding groups (Groups 
I-II, III-V, IV-VI, p<0.01). 

Discussion 
Basic amino acid L-Arginine has been known 

to have several biological actions including NO 
production. The real effects caused by L-arginine 
administration to heart has not been fairly under-
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stood in the setting of I/R process and many study 
designs had controversial data, especially about the 
critical timing and cardioprotective effects of L-
arginine administration (5). 

Several experimental studies have found that 
NO has a cardioprotective effect in I/R injury. In this 
regard, attempts have been made to supplement NO 
production exogenously during reperfusion, when 
endogenous NO release from endothelial cells may 
be diminished. In this sense, L-arginine has been 
shown to act beneficially in two possible mecha
nisms, either by blocking both neutrophil aggrega
tion and neutrophil adherence or by scavenging oxy
gen-derived free-radicals in blood reperfused models 
and by direct vasodilation as well as reduced oxygen 
demand due to vasodilation induced hypotension in 
non-blood reperfused models (6). 

Some other studies, therefore, have suggested 
that NO exacerbated I/R injury and that NO syn
thase inhibitors have acted as cardioprotective due 
to the prevention of peroxinitrite formation from 
NO and superoxide during reperfusion (6). 

Since Engelman et al. also showed that L-argi
nine given during reperfusion was deleterious to 
optimal recovery of myocardial function in an I/R 
model (7), we have preferred to administer L-argi
nine only before ischemia and compared with oth
er groups which was administered before ischemia 
and in reperfusion as well. 

One of the other aspects in our study was that 
hypothermic groups were much better than nor
mothermic groups. We showed that L-arginine ad
ministration should better be within hypothermic 
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cardioplegia which was also supported by the data 
of Amrani et al. (8). 

Since many studies demonstrated that L-argi-
nine supplemented cardioplegia has been effective 
(9), that has also been verified in this study; we 
may suggest that the optimal timing of administra
tion of exogenous L-arginine should be before is
chemia, as one of the probable additives of cardio
plegia. In our study, both mechanical and biochem
ical parameters showed no significant differences 
between groups in which L-arginine was adminis
tered only before ischemia or in the preischemic as 
well as the reperfusion periods. 

Because of the above-mentioned contradic
tions, we also measured many biochemical param
eters as well as mechanical tests. Increased NO lev
els confirmed the effects of exogenous L-arginine 
and this fact was also verified by glutathione levels, 
since glutathione was also demonstrated to exert 
coronary vasodilation that was mediated by a ni
tric-oxide and guanylate cyclase dependent mecha
nism (10). Glutathione levels also gave an idea 
about the status of the oxidative stress within the 
groups (11). 

MDA levels supported the hypothesis by 
demonstrating the lessened lipid peroxidation in L-
arginine groups indicating tissue preservation as it 
was also confirmed by tha data of Yang et al. (12). 

We aimed at answering many questions about 
exogenous L-arginine administration in this study 
based on an I/R design. We tried to understand the 
direct effects of L-arginine by measuring NO levels 
and verifying them by glutathione and MDA levels. 
The hemodynamic parameters mentioned in our 
study has also been investigated previously, but 
many of them were not confirmed by an appropri
ate biochemical data. 

Consequently, we demonstrated that in a 
Langendorff model based on I/R, exogenous L-
arginine administration improved mechanical and 
metabolic recovery of guinea pig hearts with re
spect to controls. We also suggest to use L-arginine 
before ischemia only and within a hypothermic so
lution, since we believe it has no additional benefi
cial effect when used in the repermsion period on
ly and it has no cardioprotective effect in a nor-
mothermic setting. 

We believe further studies, especially effects in 
the clinical setting, i.e. under extracorporeal circu
lation or within cardioplegic solutions should be 
designed to have more information on the clinical 
applications. 
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