642

Bulletin of Experimental Biology and Medicine, No. 7, 2000 GENERAL PATHOLOGY AND PATHOLOGICAL PHYSIOLOGY

Effects of Ubiquinone-10 on Energy Metabolism and Lipid
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Preventive and therapeutic intraventricular administration of ubiquinone-10 to male rats with
epinephrine-induced myocarditis increased the rate of oxidative phosphorylation, elevated the
content of ATP, and inhibited lipid peroxidation in ischemic myocardium.
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Impaired energy metabolism associated with inhibit-
ed tissue respiration and reduced cell content of ATP
and phosphocreatine plays a key role in the pathogenesis
of myocardial disorders during oxygen deficiency [5,
11]. Lipid peroxidation (LPO) activated under hypoxic
or ischemic conditions and damaging membranes is a
mechanism of oxygen deficiency-induced injuries [9].
The search for biologically active substances improv-
ing myocardial energetics and possessing antioxidant
properties is a topical problem in the therapy and pre-
vention of coronary heart disease.

The content of ubiquinone, a component of the
mitochondrial respiratory chain, decreases under con-
ditions of oxygen deficiency. Recent clinical and ex-
perimental studies indicate that this substance holds
much promise as an antihypoxic drug [4,8]. Apart
from participation in electron transport in the respira-
tory chain, ubiquinone also acts as a scavenger of free
radicals {8]. The mechanism of antioxidant effects of
ubiquinone is similar to that of natural antioxidants,
tocopherols [3]. Ubiquinone-9 is widely used as a ther-
apeutic agent; however, human tissues synthesize pri-
marily ubiquinone-10 (Q, ) [4].

Here we studied the effects of Q,, (Kstovo BVK
plant; Sintezbelok Institute, Russian Academy of Sci-

Department of Human and Animal Physiology and Biochemistry, N. I.
Lobachevskii Nizhny Novgorod State Medical University; ‘Laboratory
of Bioenergetics, Institute of Pharmacology, Russian Academy of Me-
dical Sciences

ences) on energy metabolism and LPO in the myocar-
dium of rats under ischemic conditions.

MATERIALS AND METHODS

Experiments were performed on outbred albino rats
weighing 200-250 g. Myocardial ischemia was pro-
duced by intramuscular injection of 0.5 ml 0.1% epi-
nephrine (epinephrine-induced myocarditis) [1]. As
the preventive and therapeutic mean, Q,, was admin-
istered before and after ischemia, respectively. For the
prevention of ischemia, Q,, was dissolved in olive oil
and administered intraventricularly through a probe in
a daily dose of 2 mg/kg for 7 days. Control rats re-
ceived an equivalent volume of olive oil. Then, all
animals were injected with epinephrine. On day 3,
when the concentration of macroergic substrates in the
heart decreased to a minimum [1], the rats were de-
capitated, and the heart was removed for biochemical
and morphological assays. For the therapy of ische-
mia, the rats were injected with epinephrine and then
received Q,, in a daily dose of 0.25 mg/kg for 15 days.
Heart samples were examined on day 16 after epine-
phrine administration (at the peak of myocarditis) [1].

The content of ATP was estimated by the luci-
ferin-luciferase method [10]. Oxygen consumption in
heart homogenates was recorded polarographically
(open platinum electrode) [6]. The incubation medium
contained 0.25 M sucrose, 10 mM KCI, 20 mM KH,PO,,
0.5 mM EDTA, 10 mM glutamate, 5 mM malate, and
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10 mM Tris-HCI (pH 7.4). The homogenate (0.2 ml,
5%) was placed into a polarographic cell with the in-
cubation medium, and ADP was added in increas-
ing concentrations. The rate of ADP phosphorylation
(ADP/t) in metabolic state III (Chance classification)
was estimated. The Michaelis constant (K,,) and V__
were calculated as described elsewhere [7]. The inten-
sity of LPO was estimated from the content of malo-
nic dialdehyde (MDA) reacting with thiobarbituric
acid [2]. Functional activity of the heart was evalua-
ted by ECG (standard lead II). For histological assay,
slices of the heart were stained with hematoxylin and
eosin. The results were analyzed by Student’s ¢ test.

RESULTS

Epinephrine-induced myocarditis was accompanied by
a decrease in the content of ATP in rat myocardium.
The preventive and therapeutic administration of Q,,
significantly increased the concentration of macroer-
gic substances in the myocardium compared to the
control (Table 1).

In rats with epinephrine-induced myocarditis, the
rate of oxidative phosphorylation in the myocardium
decreased, especially at low ADP concentrations (Table
2). K,, 3-fold surpassed that in intact animals, while
V__, remained practically unchanged (Table 3). Thus,
epinephrine-induced myocarditis was characterized by
inhibition of ADP phosphorylation. Pretreatment with
Q,, normalized the rate of ADP phosphorylation and
decreased K, for ADP (Tables 2 and 3).

It is known that myocardial ischemia elevates the
content of long-chain acyl-CoA in cardiomyocytes
suppressing aerobic synthesis of ATP due to the com-
petitive inhibition of adenine nucleotide translocase
carrying ADP/ATP across the inner mitochondrial mem-
brane [12,14]. The accumulation of uncleaved acyl-
CoA in cardiomyocyte cytoplasm and inhibition of
ATP synthesis in mitochondria are the major pathoge-
netic mechanisms of cardiac dysfunction during myo-
cardial ischemia. The deficiency of ¢lectron carriers,
cytochrome ¢ and ubiquinone due to their efflux from
mitochondria [8,14] and inhibition of ubiquinone syn-
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thesis [13] also contributes to cardiac dysfunction. The
ameliorating effects of Q,, are probably associated
with its direct influence on the electron transport chain
in the myocardium followed by normalization of en-
ergy metabolism.

Positive effects of Q,, under these conditions also
can be explained by its antioxidant properties [3].

It is believed that ischemia is accompanied by
marked activation of LPO, which causes structural
damages to membranes (membrane labilization and
enhanced proton conductance) and inhibits membrane
processes, including oxidative phosphorylation. The
deficiency of antioxidant Q,, [3] under ischemic con-
ditions due to its efflux [8] and inhibition of its syn-
thesis [13] can activate LPO and promote destruction
of mitochondrial membranes, which leads to impair-
ment of their conjugating functions. If so, the use of
exogenous Q,, should normalize LPO. In our experi-
ments, the preventive and therapeutic administration
of Q,, inhibited LPO (MDA content markedly decrea-
sed, Table 1) and promoted the recovery of energy
metabolism.

Antihypoxic and antioxidant properties of Q,, were
also manifested at the structural level. Morphological
examination of epinephrine-damaged myocardium re-
vealed irregular eosin staining of the myoplasm, sta-
sis in capillaries, stromal edema, small hemorrhages,
and leukocytic infiltration. Dead myofibrils were well
defined due to intense eosinophilia of the myoplasm.
Circulatory disturbances in the heart appeared as ple-
thora and subendocardial hemorrhages. The capillary
bed in damaged myocardium was loosened compared
to that in intact animals. Dystrophic changes in the
cytoplasm of endotheliocytes were presented by gra-
nular degeneration and regions of twisting and hyper-
contraction of muscle fibers. Medium vessels were
often collapsed. Signs of venous plethora were seen in
large vessels.

Pretreatment with Q,  considerably attenuated his-
tological changes: venous congestion in the heart was
insignificant, and regions of twisting and hypercon-
traction of muscle fibers were found rarely. Transverse
striation of cardiomyocyte cytoplasm was preserved.

TABLE 1. Effects of Preventive and Therapeutic Administration of Q,, on the Content of ATP and MDA in the Heart of Rats

with Epinephrine-Induced Myocarditis (M+m)

Epinephrine-induced myocarditis
Parameter Control ]
without Q,, pretreatment with Q,, therapy with Q,;
ATP, umol/g heart 4.01x0.09 2.17x0.14* 3.12+0.26* 3.19+0.28*
MDA, nmol/g heart 1.07+0.08 1.95%0.10* 1.38+0.14* 1.58%+0.09

Note. Here and in Tables 2 and 3: p<0.05: *compared to the control and +compared to epinephrine-induced myocarditis without Q,,

pretreatment.
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TABLE 2. ADP/t (umol/min/g Heart) in Rats with Epinephrine-Induced Myocarditis Pretreated with Q, (Mtm)

Epinephrine-induced myocarditis
ADP i
DP concentration, pymol/g heart Control without Q,, pretreatment with Q.
60 15.9+0.6 11.4%£0.2* 15.4+0.8"
90 17.7+0.7 14.2+0.6* 18.7+0.8"
150 20.7+0.9 18.6%1.3 20.8+0.9
300 23.2+1.2 22.7+1.4 24.9x1.3

TABLE 3. Kinetic Parameters of Oxidative Phosphorylatiui: in the Heart of Q,,-Pretreated Rats with Epinephrine-Induced

Myocarditis (Mtm)

Epinephrine-induced myocarditis
Parameter Control
without Q,, pretreatment with Q,,
Ky umol 35.5+3.4 105.3+12.6* 47.7+4.7*
V., . Hmol ADP/g heart/min 25.3+1.4 31.0+3.2 27.8+1.1
Moderate plethora, minor edema enlargement of peri- REFERENCES

vascular and pericellular spaces were sometimes seen.
This indicates that Q,, prevents structural changes in
the myocardium induced by toxic doses of epineph-

rine.

These cardioprotective properties of Q,, also con-

cerned functional activity of the heart and anlmal sur-
vival. In the control, 10% animals with myocarditis
died 2 days after epinephrine administration, while
there was no mortality in rats pretreated with Q,, ECG
in rats with epinephrine-induced myocarditis was char-

acterized by low-amplitude, widened, and flat QRS com-
plex. Q,, administration to rats with myocarditis im-
proved ECG parameters: the amplitude of QRS increa-
sed by 1.5 times and approached that in intact animals.
Thus, preventive and therapeutic administration of
to rats with epinephrine-induced myo-
carditis considerably inhibited LPO and improved en-
ergy metabolism in the myocardium. These data indi-
cate that Q,  produces correcting effects on the respi-
ratory chain and attenuates morphofunctional changes

synthetic Q
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in the heart under hypoxic conditions. Therefore, Q,

can be used as an antihypoxic agent characterized by
a direct energizing action [8)]. Antihypoxic properties
of exogenous Q,, normalizing energy metabolism in
ischemic myocardium can be also related to its anti-

oxidant activity.

1. 8. V. Andreev, Modeling of Diseases [in Russian], Ed. S. V.,

2.

Andreev, Moscow (1973), pp. 198-223.

A. L. Archakov and Yu. A. Vladimirov, Lipid Peroxidation in
Biological Membranes [in Russian], Moscow (1972), p. 252.

3. E. B. Burlakova and 1. G. Khrapova, Usp. Khimii, 54, No. 9,

5.

1540-1558 (1985).

Kiev (1968).

. G. V. Donchenko, Biochemistry of Ubiquinone [in Russian},

A. M. Dudchenko, T. V. Goryacheva, A. L. Eliseev, et al.,
Byull. Eksp. Biol. Med., 116, No. 12, 604-607 (1993).

. M. N. Kondrashova, L. V. Nikolaeva, V. V. Chistyakov, ef al.,

Manual on Polarographic Studies of Biological Oxidation [in
Russian], Moscow (1973), pp. 50-59.

7. E. Kornish-Bouden, Basic Principles of Enzyme Kinetics [in

Russian], Moscow (1979), p. 280.

. L. D. Luk’yanova, Byull. Eksp. Biol. Med., 124, No. 9, 244-

254 (1997).

. F. Z. Meerson, V. A. Kogan, Yu. V. Arkhipenko, e? al., Kar-

diologiya, No. 12, 55-60 (1981).

. V. A. Opritov, V. A. Kalinin, and V. G. Retivin, Theoretical

Principles and Methods for Studying Biophysical Processes in
Plants [in Russian], Nizhny Novgorod (1979).

. V. A. Saks, Usp. Biol. Khimii, 24, 40-64 (1983).
. D. J. Paulson and A. L. Shug, Biochem. Biophys. Acta, 766,

No. 1, 70-76 (1984).

. H. Sugawara, T. Yamamoto, S. Shiura, et al., Int. J. Biochem.,

25, No. 5, 477-480 (1990).

. A. Toleikis, J. Mol. Cardiol., 12, Suppl. 1, 169-173 (1980).




