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ABSTRACT

In order to determine the role of nitric oxide (NO) in myocardial stunning, the effects of both
augmenting and inhibiting NO production on contractile function, following repetitive coro-
nary occlusions, were evaluated in anesthetized dogs. The effect of the experimental protocol
on endothelial function was also assessed. The increases in coronary blood flow in response
to acetylcholine and nitroglycerin at 30 and 60 min after reperfusion were similar to those
before coronary occlusions. Therefore, loss in vasodilator reserve was not observed following
the multiple coronary occlusions used in this study. NG-nitro-L-arginine methyl ester (L.-NAM-
E) elevated blood pressure slightly, but did not change left ventricular end-diastolic pressure,
left ventricular maximum positive dp/dt, and coronary blood flow. Although the degree of
systolic bulging and collateral circulation during coronary occlusions was comparable to the
control group, contractile function after reperfusion was significantly worse in the presence of
L-NAME than in the control. The recovery of contractile function was also considerably
delayed with administration of L-arginine. This deleterious effect on contractile function was
not observed with its enantiomer D-arginine. Differences in collateral blood flow determined
with microspheres and hemodynamic variables did not account for the effects of L-arginine.
These results suggest that endogenous NO is important in limiting myocardial stunning fol-
lowing repetitive coronary occlusion. However, NO may be cytotoxic when present in substan-

tial excess.
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Advances in the study of mechanisms of myo-
cardial injury in ischemia and reperfusion have
made it possible to decrease myocardial damage
by pharmacological interventions®29. Recently,
evidence of the important role of nitric oxide (NO)
in ischemia-reperfusion has been presented?, and
there are attempts to inhibit reperfusion injury
by manipulation of NO. However, previous
reports have shown inconsistent results on the
role of NO in the ischemic insult. NO is synthe-
sized from L-arginine (L-arg) and the latter is con-
verted to L-citrulline by enantiomer-specific NO
synthase (NOS)?4. Synthesis is blocked by L-arg
analogues such as NC-nitro-L-arginine methyl
ester (LI-NAME) and this antagonism can be
reversed by exogenous L-arg, but not by D-argi-
nine (D-arg).

The importance of endothelial NO release has
been demonstrated in previous studies which
indicate that administration of NO doner?”) or L-
arg®d reduced endothelial damage and myocar-
dial necrosis. Converselyy, NO may also be
cytotoxic®?, as an inhibitor of NOS has been
reported to reduce both myocardial re-oxygen-

ation injury?! and cerebral reperfusion injury®.

Most prior studies have focused attention on
NO manipulation and its resultant salutary pro-
tective effect against prolonged ischemic insult.
However, little is known on the possible conse-
quences of NO modulation on the development of
reperfusion injury following brief periods of ische-
mia insufficient to induce myocardial necrosis
(myocardial stunning).

In order to determine the role of NO in the
development of myocardial stunning, the influ-
ence of administering the substrate and the
inhibitor of NOS on contractile dysfunction, fol-
lowing repetitive brief coronary artery occlusions,
was evaluated. A multiple-occlusion regimen
rather than a single brief one was selected,
because recurrent ischemia may commonly be
observed in patients with unstable angina pecto-
ris, during coronary artery bypass surgery, and
during repeated coronary dilation with translumi-
nal angioplasty.
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MATERIALS AND METHODS

Surgical Preparation

Adult mongrel dogs of either sex weighing 13 to
22 kg were sedated with ketamine hydrochloride
(100 mg IM) and anesthetized with sodium pento-
barbital (30 mg/kg IV). The dogs were then intu-
bated and ventilated with room air by a Harvard
ventilator. Ventilatory parameters were adjusted
to maintain normal pH and satisfactory oxygen-
ation of the blood. Cannulas were inserted into
the right femoral vein for the administration of
fluids and into the right femoral artery for the
measurement of arterial pressure. Left thoraco-
tomy was then performed at the fifth intercostal
space and the heart was suspended in the per-
icardial cradle. A micromanometer-tipped pres-
sure transducer (SPC 360, Millar Instruments,
Houston, TX) was inserted into the left ventricle
via a stab wound in the apical dimple (Fig. 1).
The left atrium was cannulated for the infusion
of drugs and for injection of colored microspheres
to measure regional myocardial blood flow. A seg-
ment of the left anterior descending coronary
artery (LAD) just distal to its first major diagonal
branch was isolated for placement of an electro-
magnetic flow probe (FJ-020T, Nihon Kohden,
Tokyo) to measure mean coronary blood flow
(CBF). Two pairs of ultrasonic crystals were
implanted in the mid-myocardium parallel to the
minor axis (10-15 mm apart), one pair within the
area perfused by the LAD and the other in the
area perfused with the circumflex artery (Cx).
Coronary occlusions were performed by occluding
the LAD immediately distal to the flow probe
using a hydraulic occluder. Full reactive hyper-
emia was allowed during the reperfusion period.
Standard lead II of the electrocardiogram was
recorded for heart rate (HR) determination.
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Fig. 1. Schematic representation of the surgical
preparation. Repetitive occlusions of the left ante-
rior descending coronary artery were produced by
tightening the occluder. Two pairs of ultrasonic
crystals implanted within ischemic and non-ischem-
ic regions were used to measure contractile func-
tion. L-NAME, N€ nitro-L-arginine methyl ester.

Experimental protocol

The experimental protocol is summarized in
Fig. 2. After a 30 min stabilization period, base-
line systemic and coronary hemodynamics were
obtained. Dogs were randomized into four groups
(n = 9 for each group) : control, L-arg, D-arg, and
L-NAME groups. The first colored microsphere
injection was performed prior to the randomiza-
tion. All dogs were subjected to four 5 min epi-
sodes of left anterior descending coronary artery
occlusion alternating with 5 min of reperfusion
followed by a 60 min reperfusion period. The con-
trol group received an infusion of 0.9% saline (0.1
ml/kg/min) via the left atrium, and the treatment
groups received L-arg (10 mg/kg/min), or its enan-
tiomer D-arg (10 mg/kg/min) beginning 5 min
before the first occlusion and continuing through
5 min of the final reperfusion period. The dose of
arginine was based on the previous report by Gir-
erd et al'®. The .-NAME group received a slow
infusion of the drug (1 mg/kg) to avoid acute
hemodynamic changes beginning 5 min before
the first coronary occlusion. A second micro-
sphere injection was performed during the first
coronary occlusion period. Systemic and coronary
hemodynamics were measured after 3 min during
each occlusion or reperfusion period. The third
microsphere injection was performed at 60 min of
reperfusion following the last coronary occlusion.
Of 36 dogs entered in the protocol, five dogs that
died from ventricular fibrillation, four dogs that
had high collateral flow or lack of epicardial cya-
nosis during coronary artery occlusion, and one
additional dog had small risk area (<10%) were
excluded. Thus, a total of 26 dogs (control group
7, L-arg 7, D-arg 6, and L-NAME 6) were included
in the final analysis.

Whether the repetitive brief coronary artery
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Fig. 2. Time-course of coronary occlusions and re-
perfusions. Arrow heads indicate the time of mea-
suring hemodynamic parameters, coronary flow,
and regional contractile functions. Measured hemo-
dynamic parameters are as follows: heart rate,
mean arterial pressure, left ventricular end-diastol-
ic pressure and left ventricular dp/dt. L-NAME, NG
nitro-L-arginine methyl ester.
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occlusions used in this study would impair endo-
thelial function to the degree of prolonged ische-
mial526:28) was evaluated by measuring coronary
vasodilator reserve at baseline, and 30 and 60
min after the final occlusion in the 6 dogs (body
weight 13-15 kg). These dogs had been cannu-
lated in the jugular vein and acetylcholine (0.01
mg) and nitroglycerin (0.05 mg) were injected in
randomized order over 10 sec into the jugular
vein. The hemodynamic parameters and coronary
blood flow were measured. One dog was excluded
from this vasodilator reserve trial because epicar-
dial cyanosis was not observed during coronary
occlusion. Thus, data presented are for the
remaining 5 dogs.

Data analysis

At each measurement point, HR, mean arterial
pressure (MAP), peak left ventricular pressure,
left ventricular end-diastolic pressure (LVEDP),
mean coronary blood flow (CBF), left ventricular
(LV) dp/dt and segment lengths were recorded.
Data from a representative cycle of 3 to 5 consec-
utive cardiac cycles were taken for each point
and averaged. Regional segment lengths were
determined at end-diastole and end-systole. The
end-diastolic length (EDL) was measured at the
onset of the positive deflection in the dp/dt signal.
The end-systolic length (ESL) was measured at
peak negative dp/dt. Myocardial segment shorten-
ing (SS), an index of regional contractile function,
was defined as (EDL — ESL) / EDL X 100. The
values were normalized and expressed as a per-
centage of their pre-occlusion baseline values.

At the end of each experiment, the perfusion
territory of the LAD was visualized by intracoro-
nary injection of methylene blue immediately
before killing the dogs by injection of potassium
chloride. All hearts were cut into 5 to 7 trans-
verse slices, parallel to the atrioventricular
groove. Correct placement of the ultrasonic crys-
tals within the middle of the myocardium was
visually verified. Epicardial and endocardial con-
tours of the basal surfaces of the heart slices and
margins of the area at risk were traced onto ace-

tate sheets. Heart slices were weighed after right
ventricular tissue was trimmed off. The extent of
the area at risk in each heart slice was quantified
by computed planimetry and corrected for the
weight of the tissue slice. Total weight of the area
at risk was then calculated for each heart and
expressed as a percentage of the total left ventric-
ular weight.

Measurement of regional myocardial blood
flow

Regional myocardial blood flow (RMBF) was
measured using 15 um colored microspheres
(Dye-Trak, Triton Technologies Inc. San Diego,
CA.). For each measurement, approximately 7 X
108 microspheres suspended in 6 ml of saline
(containing 0.02% Tween 80) were injected into
the left atrium. Each microsphere injection was
followed by a flush of 6 ml of saline. The with-
drawal of arterial reference blood samples was
started 10 s before injection of the microspheres
and continued for 100 s at a rate of 6.3 ml/min
(CVF-3100, Nihon Kohden, Tokyo). After comple-
tion of the study, the heart was subdivided into
subepicardial, mid-myocardial, and subendocar-
dial segments, and the tissue samples were
weighed. Colored microspheres were extracted
from the tissue samples and the reference blood
by digestion with potassium hydroxide (4 M) and
subsequent microfiltration. The dyes were
removed from the microspheres by adding 0.1 ml
dimethylformamide, and the photometric absorp-
tion was determined by spectrophotometer
(UV-1200, Shimadzu, Kyoto). The composite spec-
trum of each dye solution was resolved into the
spectra of the single constituents using a prepro-
grammed IBM computer (Miss, Triton Technolo-
gies Inc. San Diego, CA.). RMBF was calculated
from the equation Qm = Qr X Am / Ar where Qm
is the RMBF, Qr is the rate of withdrawal of the
reference blood flow samples (6.3 ml / min), Ar is
the specific absorbance of reference blood flow
sample, and Am is that of tissue sample. Trans-
mural blood flow was calculated as the weighted
average of all the samples in the respected

Table 1. Changes of coronary blood flow and mean arterial pressure in response to intravenous injections of acetyl-

choline and nitroglycerin

Maximum response to

Bef iniecti
efore drug injection 0.01 mg of acetylcholine

Maximum response to
0.05 mg of nitroglycerin

CBF MAP CBF MAP CBF MAP
(ml/min) (mmHg) (ml/min) (mmHg) (ml/min) (mmHg)
Pre-occlusion 17.5+6.8 10716 32.9+11.9*% 83+ 8* 25.8 +8.9% 89+12*
30 min after R 21.1+9.3 105+16 34.0+12.5% 89+ 15* 28.9+8.8*% 86+ 16*
60 min after R 20.3+8.2 101x11 34.5+11.4* 82+ 4* 30.2+9.2% 81+ 9*

CBF, coronary blood flow ; MAP, mean arterial pressure ; R, reperfusion
*p < 0.05 vs corresponding values before drug injection



Table 2. Hemodynamic Variables in the control, L-arginine, D-arginine, and N Gnitro-L-arginine methyl ester groups

Baseline After L-NAME Occlusion 1 Reperfusion 1 Occlusion 4 15 min 30 min 60 min

HR, beats/min

Control (7) 131+12 137x11 138+14 138=14 137+18 138+20 14019

L-arginine (7) 141+17 145+14 144+14 14611 148+11 147+12 13915

D-arginine (6) 148+19 145+16 143+16 144+18 138+17 13613 139+14

L-NAME (6) 142+15 138+11 141+11 144+13 141+13 140x=13 13920 145+24
MAP, mmHg

Control (7) 9611 9211 96=+11 88=11 95+11 9917 110+17

L-arginine (7) 10812 102+13 103x=11 100+19 110+13 109+13 111+12

D-arginine (6) 10015 93+ 9 99=+10 102+10 109+10 108+10 110+10

L-NAME (6) 10810 120 = 10%# 117 £ 10%# 127+ 9% 119+ T*# 122+ 9*# 123+ 5% 118+ 6
LVEDP, mmHg

Control (7) 4x1 6+2 8+4 3 6+3

L-arginine (7) 7x1 5+2 62 5x1 5x1

D-arginine (6) 3x1 4+3 6=+ 2 5x1

L-NAME (6) 4=x1 4=1 7x1 5+2 8x1 6x1 5x1 +
LV dp/dt, mmHg/s/100

Control (7) 2.0x0.2 1.8+0.1 2.1+0.3 19+04 1.9+04 1.9+04 2.0+0.5

L-arginine (7) 1.9+0.3 1.8+0.4 1.9+0.3 1.9+0.6 1.9+x04 1.9+04 1.8+0.4

D-arginine (6) 2.2+0.5 1.9+0.5 1.9+0.3 1.8+0.3 1.7+0.3 1.8+04 1.8+0.3

L-NAME (6) 2.0x0.1 2.0+0.2 2.1+0.2 2.1+0.1 2.2+0.3 1.9+0.1 1.8+0.1 1.8+0.2
CBF, ml/min

Control (7) 16+8 6136 19+ 8 19+ 7 19+ 7

L-arginine (7) 11+2 31x15 14+ 2 14+ 2 15+ 4

D-arginine (6) 12+8 39+35 17+10 14+10 16+10

L-NAME (6) 16+5 16+5 58 +24 16+ 6 16+ 5 15+ 6

HR, heart rate; MAP, mean arterial pressure; LVEDP, left ventricular end-diastolic pressure; CBF, coronary blood flow; L-NAME, NCnitro-L-arginine methyl ester.
#p<0.05 vs before L-NAME  *p<0.05 vs Control Numbers in the parenthesis indicate the number of dogs examined in the experiment
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region. The flow deprivation (FD) during the first
coronary occlusion period of the mid-myocardial
layer where the ultrasonic crystals were located
was calculated as follows:

FD = 1 -~ mid-myocardial blood flow in LAD /
mid-myocardial blood flow in Cx

Drugs

Acetylcholine, L-arg, D-arg, L-NAME, dimethyl-
formamide, and Tween 80 were purchased from
Sigma Chemical Co., St. Louis, MO. Nitroglycerin
was obtained from Nihon Kayaku, Tokyo.

Statistical Analysis

Data are expressed as a meanz=SD. Groups
were compared using an analysis of variance
with Scheffe’s F test. Student’s t tests for paired
data were used to compare the measured vari-
ables before and after L-NAME infusion and for
the response to vasodilator substances before and
after coronary occlusion. CBF and vasodilatory
responses before coronary occlusions vs 30 and 60
min after the reperfusion period were assessed by
paired t tests, respectively. A probability level of
< 0.05 was considered significant.

RESULTS

Vasodilator reserve trial

In vasodilator reserve trial, MAP was 107 =16
mmHg at baseline and remained unchanged 30
and 60 min after reperfusion. Injection of acetyl-
choline and nitroglycerin decreased MAP. There
was a trend toward a modest increase in CBF
after coronary occlusion but there was no statisti-
cal significance. The increases in CBF in
response to acetylcholine at 30 and 60 min after
reperfusion were similar to that before coronary
occlusions, The response to nitroglycerin also
remained constant during the experiment. Thus,
loss in vasodilator reserve was not observed after
repeated coronary occlusions (Table 1).

Hemodynamics

Values of all hemodynamic variables measured
before the first coronary occlusion were compara-
ble among the four groups. As anticipated, L-
NAME elevated MAP and statistical significance
was observed until 30 min into the final reperfu-
sion period. MAP did not significantly change
among the control, L-arg, and D-arg groups dur-
ing experimental measurements. HR, LVEDP, LV
dp/dt max, and CBF were not significantly differ-
ent among the four groups throughout the exper-
imental protocol (Table 2).

Segment shortening (SS)

SS data for the ischemic-reperfused area are
illustrated in Figures 3-5. Paradoxical systolic
bulging was observed during each ischemic epi-
sode and the severity of this dysfunction was
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Fig. 3. Segment shortening in the ischemic region
expressed as a percentage of baseline values for the
control and L-arginine groups. Hatched bars indi-
cate the periods of left anterior descending coronary
artery occlusion. *Denotes a significant difference
from the control group.
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Fig. 4. Segment shortening in the ischemic region
expressed as a percentage of baseline values for the
control and D-arginine groups. Hatched bars indi-
cate the periods of left anterior descending coronary
artery occlusion. No significant difference was ob-
served between the groups.
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Fig. 5. Segment shortening in the ischemic region
expressed as a percentage of baseline values for the
control and NG nitro-L-arginine methyl ester (L-
NAME) groups. Hatched bars indicate the periods
of left anterior descending coronary artery occlu-
sion. *Denotes a significant difference from the con-
trol group.
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Table 8. Transmural ischemic/non-ischemic blood flow ratios and flow deprivation in the mid-myocardium by coro-

nary occlusion

N. Morishima

Ischemic/non-ischemic blood flow ratio

Flow deprivation

Pre-occlusion Occlusion Reperfusion
Control 1.014 £0.122 0.078+0.041 0.987+0.260 0.911+0.078
L-Arginine 0.950+0.106 0.061+0.038 1.081+0.290 0.947+0.055
D-Arginine 0.933+0.164 0.083+0.036 0.863+0.163 0.910+0.089
L-NAME 0.956+0.160 0.119+0.048 1.014+0.426 0.805+0.258
L-NAME, NG nitro-L-arginine methyl ester
comparable among the four groups. There were DISCUSSION

no significant differences in SS during the alter-
nating brief reperfusion periods. However, SS in
the ischemic zone of the rL-arg (Fig. 3) and L-
NAME (Fig. 5) groups remained significantly
depressed compared with the control group 30
and 60 min after the final reperfusion (p < 0.05).
The recovery of contractile function in the D-arg
group was delayed slightly compared with the
control, but was not significant (Fig. 4). The SS
in the non-ischemic area (data not shown) was
not different and remained close to the preocclu-
sion level throughout the final reperfusion period
in all groups. L-NAME by itself had no significant
influence on SS in the LAD territory before the
first coronary occlusion (data not shown).

Regional myocardial blood flow (RMBF)

The data on RMBF are summarized in Table 3.
No significant changes were observed in the non-
ischemic left circumflex region in any of the
groups throughout the experimental period. The
flow deprivation of the mid-myocardial region
where the piezoelectric crystals were located was
similar during coronary occlusion in all series.
These data indicate that during the first coronary
occlusion, all four groups were subjected to a sim-
ilar degree of ischemia. The transmural ischemic/
non-ischemic blood flow ratio, which provides an
index of the oxygen supply to demand ratio in the
ischemic region, decreased to near 0.1 during the
coronary occlusion and recovered to pre-occlusion
levels 60 min after reperfusion in all groups.
Thus, in the region perfused by the LAD, occlu-
sion produced nearly identical reductions in flow
in all four groups.

Area at risk

The areas at risk were similar among the con-
trol, 1-Arg, D-Arg, and L-NAME groups
(25.1+5.3, 22.6 6.1, 22.8+4.8, and 24.4+6.3 %
of the left ventricle, respectively).

Endothelial function after repetitive coro-
nary occlusion-reperfusion

Recent studies have demonstrated that pro-
longed coronary occlusion followed by reperfusion
impairs the response to endothelium-dependent
vasodilator agents in coronary epicardial conduit
arteries?? as well as in microvessels??). Although
the precise mechanism has not been determined,
impaired NO synthesis or impaired release of NO
may be responsible for this endothelial dysfunc-
tion. It has been reported that damage to the
endothelium activates neutrophils and eventually
progresses to myocardial damagel®. To evaluate
whether the endothelium would be impaired in
the repetitive ischemic regimen used in this
study, vasodilator reserve was measured before
and after ischemia-reperfusion in 5 dogs. There
was no change in the response to acetylcholine
and nitroglycerin 30 and 60 minutes after reper-
fusion when compared with baseline, suggesting
that endothelial function in microvessels was not
impaired. Although vascular function in large
conduit arteries was not evaluated in this study,
endothelial function would likely be preserved,
since microvessels are more vulnerable to the
ischemic insult than conduit arteries?®).

Effects of NO inhibition

Inhibition of NOS significantly augmented con-
tractile dysfunction following repeated brief coro-
nary occlusions. This result is consistent with the
report by Hasebe et al'® in a single brief coro-
nary occlusion-reperfusion model. There are some
aspects that must be considered when evaluating
the effect of NO inhibition in this study. First,
inhibition of NOS may augment the degree of
ischemia during coronary occlusions and affect
the recovery of contractile function. However, L-
NAME did not alter CBF in the LAD region and
the FDs of the mid-myocardium where the piezo-
electric crystals were located were not signifi-
cantly different between the control and L.-NAME
groups. These data suggest that during coronary
occlusion the two groups were subjected to a sim-
ilar degree of ischemia. Second, L-NAME by itself
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elevated blood pressure. Whereas elevation in
blood pressure can exert the beneficial effect of
increased coronary blood flow33), it may change
the systolic loading condition of reperfused myo-
cardium, which would indirectly affect contractile
function. However, the persistence of contractile
dysfunction after 60 min of reperfusion (when the
MAP was not different from the control group)
suggests that the deleterious effect of L-NAME
would not be caused by its effect on hemodynam-
ics.

It is becoming evident that NO may also influ-
ence the interaction between the endothelium
and circulating cells such as platelets!? and neu-
trophils!”. Neutrophils may contribute to myo-
cardial stunning by the release of toxic oxidants
and proteases, as well as by the production of
oxygen radicals. Furthermore, activated neutro-
phils could adhere to endothelial surfaces and
result in capillary plugging, leading to heteroge-
neous regional ischemia, despite normal total
myocardial flow from the recruitment of neigh-
boring unoccluded capillary beds. Thus, the
inhibition of NO has a potential to contribute sig-
nificantly to myocardial stunning through the
enhanced release of toxic mediators from neutro-
phils and through interference with microvascu-
lar perfusion.

Although precise mechanisms have not been
elucidated in this study, it seems likely that
endogenously synthesized NO plays an important
role in limiting reperfusion injury in repetitively
occluded-reperfused myocardium.

Effects of arginine on stunned myocardium

NO released from the endothelium participates
in the regulation of smooth muscle tone in arteri-
oles and thereby is a modulator of blood supply
in tissues. Supplementation of L-arg has been
reported to augment vasodilation under certain
conditions’!%. This vasodilating action of L-arg
may be salutary when blood flow has been com-
promised?33D), However, in this study, L-arg pro-
duced a deterioration of the regional contractile
function in the previously ischemic region.
Because this deleterious effect was not observed
with D-arg, increased NO might be, at least in
part, responsible for the aggravation of myocar-
dial stunning.

There are several possible mechanisms by
which L-arg could produce deleterious effects on
reperfusion based on the conversion of this semi-
essential amino acid to NO. First, administration
of L-arg could reduce blood pressure via aug-
mented synthesis or release of NO®). A reduction
in blood pressure would decrease coronary perfu-
sion pressure and adversely affect myocardial
contractile function. However, blood pressure and
CBF were comparable to both control and D-arg
groups in the present study. Second, NO can

increase myocardial cGMP and attenuate myocar-
dial contraction®!V), However, this was not likely
because contractile dysfunction did not recover
after the discontinuation of the L-arg infusion.
Third, NO and superoxide rapidly react to form
the stable peroxynitrite anion?2%). Peroxynitrite
decomposition generates a strong oxidant with
reactivity similar to a hydroxyl radical. Recently,
Matheis et al?!) have demonstrated that re-oxy-
genation with a high intra-arterial oxygen ten-
sion following hypoxia results in an elevation of
NO in coronary venous blood; maintaining NO at
the pre-hypoxic level wusing NOS inhibitor
afforded nearly complete protection against myo-
cardial re-oxygenation injury. Because oxygen-
derived free radicals are important mediators of
reperfusion injury®), an increase in the NO level
during reperfusion may further aggravate myo-
cardial stunning. Fourth, NO has been reported
to inactivate mitochondrial iron-sulfur en-
zymesl®. This action of NO may become appar-
ent when energy production in mitochondria is
compromised as postischemic contractile dysfunc-
tion®.

In this study, L-arg was administered in order
to evaluate the influence of increased NO levels
on myocardial stunning. However, the effect of
L-arg independent from NO pathway must be
considered. Supra-physiologic levels of arginine
stimulate insulin secretion from pancreatic
cells®®. Insulin has been reported to increase
myocardial metabolic demand!®, which could
affect the recovery of contractile function in pre-
viously ischemic myocardium. Girerd et al. have
demonstrated that L- and D-arg induces compara-
ble increases in serum insulin in rabbits!®. Thus,
this is an unlikely mechanism of the deleterious
effect observed in the present study. Additionally,
L-arg increases the secretion of growth hormone.
However, growth hormone augments myocardial
contractility®®. Since the release of this positive
inotropic substance should result in enhanced
contractility, this is wunlikely to explain the
results of this study. Therefore, the myocardial
stunning enhanced by L-arg seems to be mediated
through augmented NO production.

The possible deleterious effect of excessive NO
may be important during the early phase of
reperfusion under both experimental and clinical
conditions. Abrupt release of coronary occlusion
produces a transient marked reactive hyperemia,
and the resultant increased shear stress to the
endothelium can stimulate NO release. It has
been demonstrated that staged reperfusion accel-
erates improvement in cardiac function when
compared with sudden reperfusion®®. Although
the mechanism of deleterious effect of sudden
reperfusion remains to be elucidated, an
increased NO level during reperfusion might
interfere with the recovery of contractile function.
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Conclusion

The effects of both augmentation and inhibition
of NO production on post-ischemic contractile
dysfunction, that was not accompanied by endo-
thelial dysfunction, was evaluated serially in this
study. Although it seems likely that endogenous
NO plays an important protective role, it may be
cytotoxic when NO is produced in excess in this
model of myocardial stunning.
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