322

Bulletin of Experimental Biology and Medicine, Vol. 144, No. 3, 2007 PHARMACOLOGY AND TOXICOLOGY

Comparative Study of Cardioprotective Effects
of Uridine-5'-Monophosphate and Uridine-
5'-Triphosphate during the Early Periods

of Acute Myocardial Ischemia

V. V. Bul’on, I. B. Krylova, O. M. Rodionova, E. N. Selina,
N. R. Evdokimova, and N. S. Sapronov

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 144, No. 9, pp. 297-300, September, 2007
Original article submitted February 2, 2007

In experiments on rats, uridine-5'-monophosphate and uridine-5'-triphosphate reduced
the intensity of anaerobic glycolysis and preserved glycogen stores and creatine phos-
phate balance during the first 60 min after occlusion of the left coronary artery. However,
the energy-protective effect of uridine-5'-triphosphate developed 15 min later than the
effect of uridine-5'-monophosphate. Uridine-5'-monophosphate, but not uridine-5'-
triphosphate, reduced 7 wave amplitude on ECG and decreased the volume of ischemic
injury to the myocardium.
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Hypoxia plays a key role in the pathogenesis of
ischemic injury to the myocardium. Oxygen defi-
ciency in tissues leads to suppression of aerobic
energy formation in tissues, uncoupling of oxida-
tive phosphorylation, energy deficit, activation of
free radical oxidation, and changes in Ca** homeo-
stasis, which leads to impairment of membrane
integrity and irreversible damage to cardiomyo-
cytes [1,6]. Therefore, drugs reducing these me-
tabolic shifts should be rationally used in the
therapy of coronary disease. Substances acting at
the level of endogenous regulators of cardiac
metabolism and function are particularly interes-
ting in this respect [3].

We compared the cardioprotective effects of
uridine  nucleotides,  uridine-5'-monophosphate
(UMP) and uridine-5'-triphosphate (UTP), charac-
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terized by a wide spectrum of pharmacological ef-
fects [10].

MATERIALS AND METHODS

Experiments were carried out on 130 male Wistar
rats (250-300 g). Myocardial ischemia was induced
by ligation of the descending branch of the left
coronary artery (LCA) at the level of the lower
edge of the left auriculum under conditions of arti-
ficial ventilation. The animals were narcotized with
sodium ethaminal (50 mg/kg). Uridine nucleotides
(UMP and UTP; ICN) in a dose of 30 mg/kg were
injected into the jugular vein directly after LCA
occlusion. Control rats received saline.

The effects of uridine nucleotides on the con-
tent of lactate, pyruvate, glycogen, and creatine
phosphate were studied 15, 30, and 60 min after
LCA ligation [2,7]. The severity of ischemic dam-
age to the myocardium was evaluated 60 min after
LCA occlusion by T wave amplitude on ECG and
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by the index of ischemic injury to the myocardial
tissue [11,12].

The data were processed statistically using Stu-
dent’s ¢ test.

RESULTS

The concentration of lactate in rat heart 15, 30, and
60 min after LCA occlusion increased by 237, 311,
and 211%, respectively, in comparison with intact
animals (Fig. 1). No appreciable changes in pyru-
vate content were detected during these periods of
ischemia. The lactate/pyruvate ratio reflecting the
intensity of glycolytic or aerobic pathway of ener-
gy formation increased from 11 to 43, 49, and 34,
respectively.

Under conditions of impaired coronary circu-
lation, when delivery of free fatty acids and glu-

-
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cose with the blood is reduced, the heart utilizes
glycogen as the energy substrate; glycogen stores
are small and therefore are rapidly exhausted. The
greatest drop (52%) of glycogen content was ob-
served by the 30th minute of ischemia. This was
paralleled by a decrease in the content of creatine
phosphate, which was also most pronounced dur-
ing the 30th min of ischemia (61%).

These data suggest that LCA occlusion signi-
ficantly disturbed energy metabolism in the heart,
which manifested in reduced intensity of aerobic
pathway of the substrate oxidation, activation of
glycolysis, deficit of glycogen reserve, and reduced
content of creatine phosphate.

Disturbances in energy metabolism and ener-
gy deficiency paralleled by activation of free radi-
cal oxidation and suppression of endogenous anti-
oxidant systems are the main cause of ischemic
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Fig. 1. Effects of UMP and UTP on parameters of energy metabolism in ischemic myocardium. a) pyruvate; b) lactate; c) glycogen; d)
creatine phosphate. 1) control (ischemia); 2) UMP; 3) UTP. *p<0.05 compared to intact animals (before treatment); **p<0.05 compared

to the control.
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damage to cardiomyocytes [2]. The amplitude of T
wave increased by 2.8 times in comparison with the
initial value as soon as 3 min after LCA occlusion
and this increase persisted throughout the entire
observation period (60 min), which indicated ische-
mic disorders in the myocardium. Sixty minutes
after LCA ligation, the zone of ischemic injury oc-
cupied 30-50% of the left-ventricular volume. The
index of ischemic injury to the myocardium was
1.27+£0.04 (Table 1).

Exogenous UMP can affect metabolic proces-
ses after its transformation into uridine, uridine-5'-
diphosphate (UDP), UTP or UDP-glucose in cells
[10]. Extracellular UTP is not transported through
membranes, and therefore it can affect cell meta-
bolism only after dephosphorylation to UMP or uri-
dine with their subsequent intracellular transforma-
tions. The rate of uridine incorporation into intra-
cellular pool of uridine compounds increases
significantly under conditions of reduced coronary
flow [5]. Uridine-5'-triphosphate exhibits its effects
also at the receptor level [13].

The protective effects of UMP and UTP on the
cardiac energy metabolism were clearly seen 60
min after LCA occlusion. After injection of UMP,
the lactate/pyruvate ratio decreased to 34, 30, and
17 vs. 43, 49, and 34 in the control, which reflec-
ted reduced intensity of glycolysis and increased
contribution of aerobic formation of macroergic
compounds during all periods of occlusion. In con-
trast to UMP, UTP decreased the lactate/pyruvate
ratio starting from the 30th min of ischemia (to 45,
30, and 18).

Both nucleotides preserved glycogen depots
essential for the synthesis of the glycolytic fraction
of ATP playing a unique role in the maintenance
of functional and structural integrity of cardiomyo-
cytes during early periods of ischemia [3]. The con-
tent of glycogen approached its level in intact rats
after 60 min of the experiment, which could be due
to stimulation of glycogenesis. It is known that me-
tabolism of uridine compounds yields UDP-glu-
cose, a substrate for glycogen synthesis [4].
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In animals receiving UMP and UTP, the con-
tent of pyruvate in the heart on the 60th minute of
LCA occlusion increased by 87 and 65%, respec-
tively, in comparison with intact animals. Pyruvate
entering the Krebs cycle with subsequent mitochon-
drial oxidation promotes the maintenance of ener-
gy balance in cardiomyocytes. The content of cre-
atine phosphate playing an important role in energy
supply of myocardial contractions and regulation
of Ca* flows in animals receiving UMP and UTP
on the 60th minute of LCA occlusion did not dif-
fer from that in intact animals.

The content of creatine phosphate in rats re-
ceiving UMP and UTP by the 15th minute of coro-
nary occlusion was lower than in the corresponding
control and slightly increased only by the 30th
minute. This fact can be explained by a positive
inotropic effect of nucleotides [5]. The increase of
myocardial contractile function in response to UMP
and UTP injection is paralleled by increased con-
sumption of cytoplasmic creatine phosphate during
the earliest period of ischemia, which is not com-
pensated by its transport from mitochondria because
of ATP-ADP translocase inhibition (this enzyme is
functionally conjugated with mitochondrial creatine
kinase). Translocase is very sensitive to O, deficit: its
activity drops by 80% during 15-min ischemia.

The energy-protecting effect of UMP can be
associated with the formation of B-alanine during
metabolism of this nucleotide. As is known, P-ala-
nine is a component of acetyl-CoA (as a fragment
of pantothenic acid) participating in redox process-
es and its formation maintains energy potential of
cells [10].

In addition, exogenous uridine nucleotides re-
plenishing the intracellular UDP pool can activate
ATP-dependent mitochondrial K*-channels [12]
playing the key role in antihypoxic protection of the
myocardium [8,9,14]. Presumably, changes induced
by activation of these channels limit mitochondrial
damage and prevent uncoupling of oxidative phos-
phorylation, reduction of ATP synthesis, and ener-
gy imbalance in ischemic cardiomyocytes.

TABLE 1. Effects of UMP and UTP on T Wave Amplitude and Index of Ischemic Injury to the Myocardium 60 min after LCA

Occlusion in Rats (M+m; n=8-10)

T wave amplitude, mV
Group Index of ischemic injury
before occlusion 60 min after occlusion
Control 0.19+0.01 0.53+0.04 1.27+0.04
UMP 0.17+0.02 0.34+0.02* 0.30+0.10*
UTP 0.20+0.02 0.64+0.09 0.90+0.11

Note. *p<0.05 compared to the control.
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It is known that substances with energy-pro-
tecting effects protect cardiomyocytes from ische-
mia [2]. The results of this study demonstrate that
UMP reduced T wave amplitude and zone of myo-
cardial ischemia by the 60th minute of LCA occlu-
sion by 36 and 77%, respectively, in comparison
with the control, which indicates antiischemic ac-
tivity of this drug manifesting during the early pe-
riod of acute myocardial ischemia [12].

In contrast to UMP, UTP exhibited no anti-
ischemic effect, which seems paradoxical, because
energy-protective effect of UTP was expected to
increase of antiischemic resistance of cardiomyo-
cytes. Moreover, UTP via P,; receptors on endo-
thelial cells stimulates blood flow in the heart [5],
thus determining the antianginal effect of this com-
pound. However, apart from endothelial P,; recep-
tors, UTP interacts with P,; receptors on cardiomyo-
cytes. Stimulation of these receptors increases the
content of intracellular Ca?*, which can damage
cardiomyocytes [4]. It can be hypothesized that at
the early period of ischemia this receptor effect of
UTP masks all positive aspects of its effect on me-
tabolism and blood supply to the myocardium.

Hence, UMP and UTP exhibited protective ef-
fects on myocardial energy metabolism during the
acute period of ischemia. The energy-protecting
effect of UTP was delayed by 15 min in compari-
son with the analogous effect of UMP. UMP, but
not UTP, exhibited antiischemic effect during the
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early period of acute myocardial ischemia. The com-
bination of energy-stabilizing and antiischemic ef-
fects offer UMP as a potential cardioprotective drug.
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