ISSN 2409-4943. Ukr. Biochem. J., 2023, Vol. 95, N 5

UDC 577:57.04:616-008 doi: https://doi.org/10.15407/ubj95.05.061
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Rhabdomyolysis, as an acute stage of myopathy is known to be associated with the accumulation of
muscle breakdown products, acute renal failure and oxidative stress. The goal of the study was to evaluate
the effect of C,, fullerene as an antioxidant on kidney damage in the model of glycerol-induced rhabdomy-
olysis in rats. The study was conducted on male Wistar rats, divided into the following experimental groups:
control animals, animals intramuscularly injected with glycerol in a doses of 5, 10 and 15 mg/kg and those
intraperitoneally injected daily with C,; fullerene aqueous solution (C, FAS) in a dose of 1 or 2 mg/kg at 48 h
after glycerol administration. Monitoring of the biochemical and morphological indicators was carried out on
31, 6™ and 9" days of the experiment. A close correlation between the acute renal damage severity, increased
creatinine and urea level, superoxide dismutase (SOD) and catalase (CAT) activity in the blood of rats was
observed. It was shown that in rats which received 2 mg/kg of C, FAS the renal glomeruli size and necrosis
manifestations were attenuated, whereas SOD and CAT activity in the blood was significantly decreased. The
results obtained may be useful for developing approaches to the treatment of pathological conditions of the
muscular system caused by rhabdomyolysis and associated oxidative stress.

Keywords: rhabdomyolysis, acute renal failure, biochemical parameters, histopathology, muscle soleus,
C,, fullerene.

which further lead to the development of organ

failure, are becoming more and more relevant.
Rhabdomyolysis, as an acute stage of myopathy,
causes kidney damage [1]. The destruction of skele-
tal muscle cells leads to the release of intracellular
elements involved in the pathogenesis of acute renal
failure (ARF) - a homeostasis disorder caused by an
irreversible decrease in functioning renal nephrons
mass, which is manifested by a multisymptom com-
plex and reflects the involvement of almost all organs
and systems of the patient in this process [2]. Kidney
damage induced by rhabdomyolysis occurs as the re-
sult of mechanical trauma (tearing or crushing of a
skeletal muscle), burns (especially in case of damage
to a large surface area), electric shock, overstrain
during intense sports activities and manifestation of

I n modern medical practice, nephropathies,

various forms of ischemia-reperfusion injuries, in
particular, vascular occlusion with a tourniquet or
thromboembolism [3]. Literature data [3, 4] indicate
that this pathology is caused by the accumulation of
muscle breakdown products and is associated with
oxidative stress. Currently, its only adequate clinical
treatment is aggressive infusion therapy [4].

The development of ARF is traditionally
studied in an experimental model of glycerol-in-
duced rhabdomyolysis [5]. It is characterized by hy-
povolemia, intraluminal myoglobin occlusion and
its toxic effects, renal ischemia caused by releasing
vasoconstrictors, and free radical oxidation activa-
tion [6-10]. At the same time, there is an increase in
the products of lipid peroxidation (LPO), creatinine,
urea in the blood plasma, and a decrease in the rate
of glomerular filtration [1, 11-13]. When myoglo-
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bin passes through the nephron, it causes damage
with a cascading effect. The proximal tubular cells
internalize myoglobin through their apical endo-
cytic complex consisting of megalin, cubilin, and
bezaminonoids [8]. Considering that one of the key
links in renal epithelial damage in glycerol-induced
nephropathy is LPO processes, one can assume the
effective therapeutic use of antioxidant drugs [14].
One of them is C_; fullerene, which is able to effec-
tively scavenge and inactivate free radicals in in vivo
and in vitro systems [15, 16]. Our recent work has
shown that the use of biocompatible water-soluble
C,, fullerenes [17] after the initiation of skeletal mus-
cle damage leads to significant positive therapeutic
effects [18, 19].

Thus, based on the previous results, the pur-
pose of this work was to evaluate the dose-dependent
effect of C,, fullerene aqueous solution (C, FAS) on
the course of rhabdomyolysis-induced kidney dam-
age of varying severity.

Materials and Methods

All experiments were carried out on laboratory
animals in compliance with the international prin-
ciples of the “European Convention for the Protec-
tion of Vertebrate Animals Used for Experimental
and Other Scientific Purposes” (Strasbourg, 1986)
and Avrticle 26 of the Law of Ukraine “On the Pro-
tection of Animals from Cruelty” (No. 3447-1V,
21.02.2006), as well as generally accepted norms of
bioethics and biological safety. The protocols of the
experiments were approved by the Bioethics Com-
mission of the ESC “Institute of Biology and Medi-
cine” of Taras Shevchenko National University of
Kyiv (protocol No. 2 dated September 2, 2022).

The study was conducted on male Wistar rats
weighing 150-180 g, divided into the following ex-
perimental groups (n = 7 in each group): control,
modeled pathology (on days 3, 6 and 9 after glyc-
erol solution administration in three doses: 5, 10 and
15 mg/kg of animal weight (corresponding severity
of ARF)) and modeled pathology under the condi-
tions of C, FAS administration in two doses: 1 and 2
mg/kg of animal weight.

The development of ARF was studied in the ex-
perimental model of glycerol-induced rhabdomyoly-
sis in rats [5]. Rhabdomyolysis followed by kidney
damage was modeled by intramuscular injection of a
50% glycerol solution into the soleus muscle.
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To obtain C, FAS, a method based on the
transfer of C,, molecules from toluene into water,
followed by sonication, was used [20]. The obtained
C,,FAS at a maximum concentration of 0.15 mg/ml
is a typical colloid containing both single C_, mole-
cules and their nanoparticles [21] and it remains
highly stable for 18 months at a temperature of 4°C.

C,,FAS was administered intraperitoneally
48 h after glycerol injections daily throughout the
experiment.

It is important to note that the doses of C, FAS
used in our experiments are significantly lower than
the LD, value, which was 600 mg/kg of animal
weight when administered orally to rats [22] and
721 mg/kg when administered intraperitoneally to
mice [23].

The concentrations of creatinine and urea, hy-
drogen peroxide, catalase (CAT) and superoxide dis-
mutase (SOD) activity in the blood of experimental
animals as markers of kidney damage and indicators
of pro- and antioxidant balance were determined
using clinical diagnostic equipment — biochemis-
try analyzers (RNL-200 and JN-1101-TR2, Nether-
lands).

For histological analysis, the samples of a
kidney were separated and fixed in 10% formalin,
embedded in paraffin, cut into 5 pm sections, and
stained with hematoxylin and eosin (H&E) [24].
Digital microphotographs of stained sections were
taken at x 100 magnification using a computer-as-
sisted image analyzing system (consisting of Olym-
pus BX41 microscope and Olympus C-5050 Zoom
digital camera). The histopathological features of the
glomerular, tubular and interstitial damage of the
kidney were determined by light microscopy obser-
vation according to EGTI system [25]. In addition,
the cross-sectional area of renal glomeruli and the
diameter of renal tubes were measured using ImagelJ
software.

The statistical analysis of the results was per-
formed by the variance analysis methods in Statis-
tica 8.0 program. Each biochemical measurement
was carried out at least five times. The Shapiro-Wilk
W-test was used to check the normality. ANOVA
analysis of variance was used to assess the reli-
ability of the detected changes, and the results are
presented as M + SD. Differences between groups
were considered probable at a significance level of
P < 0.05. Correlation analysis was performed using
the OriginPro 2023 program (v. 10.0).
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Results and Discussion

Renal function assessment. In most cases, an
increase in blood creatinine levels is the main indica-
tor of ARF to detect pathology in the genitourinary
system [5, 8]. Creatinine concentration in the blood
in case of ARF can increase by two or more times
the baseline level [4, 5]. At the same time, the cre-
atinine concentration increases no earlier than 48 h
after the onset of rhabdomyolysis [6], and therefore,
we recorded the change in creatinine on day 3 after
the glycerin injection.

The intramuscular injection of glycerol led to
the formation of rhabdomyolysis ARF, the increase
in severity of which correlated with an increase in
glycerol dose and the time after its administration.

It was found that after glycerol administration
ARF occurred, which was characterized by hyper-
creatininemia. At a dose of glycerol of 5 mg/kg, the
creatinine concentration was 102 £ 3 uM on day 3,
124 £ 4 uM on day 6, and 162 £ 3 uM on day 9 (at a
normal value of 50 uM) (Fig. 1). At a dose of glyce-
rol of 10 mg/kg, these values were 114 + 3, 181 + 4
and 224 £+ 5 uM, respectively, on days 3, 6 and 9 of
the experiment. With an increase in glycerol dose
to 15 mg/kg, these values were 150 + 3, 209 + 4 and
269 £ 5 uM, respectively, on days 3, 6 and 9 of the
experiment.

A significant increase (on (80—90)%) in creati-
nine level is noted from day 3 to day 6 of the ex-
periment at all doses of glycerol used. The creatinine
level on day 6 at a glycerol dose of 10 mg/kg almost
corresponded to its level on day 9 at a dose of 5 mg/
kg and on day 3 at a dose of 15 mg/kg, which in-
dicated a significant acceleration of renal pathology
with an increase in the dose of glycerol intramuscu-
lar injection (Fig. 1).

Intraperitoneal injection of C, FAS at a dose of
1 mg/kg in a model of mild severity of ARF caused
a decrease in creatinine levels by 25, 38 and 47%
on days 3, 6 and 9, respectively, compared with the
glycerol group (dose 5 mg/kg). With increasing
severity of rhabdomyolysis, C,, fullerene therapy
showed less quantitative positive effects: 16, 21 and
28% at a dose of 10 mg/kg of glycerol and 11, 18 and
21% at a dose of 15 mg/kg on days 3, 6 and 9, re-
spectively. At the same time, with a doubling of the
C,,FAS dose (2 mg/kg), its positive effect increased
by 23 and 26% at glycerol doses of 10 and 15 mg/
kg, respectively, on day 9 of the experiment (Fig. 1).

With the development of ARF, the concentra-
tion of nitrogenous toxins in the blood, which can

only be excreted with the urine, increases signifi-
cantly, which is a sign of impaired kidney function.
Urea is one of the end products of protein metabo-
lism that contains nitrogen. It is produced in the
liver, transported by the blood to the kidneys, filtered
through the vascular glomerulus, and then excreted
from the body. Since this process is continuous, a
certain amount of urea is always normally present in
the blood. At the same time, with the development of
rhabdomyolysis, its concentration increases signifi-
cantly due to significant cell death. ARF manifests
itself as a result of the loss of the glomerulus ability
to filter blood metabolites through it. The result of
the urea test in the blood is one of the main indica-
tors of glomerular filtration efficiency in the develop-
ment of ARF.

An increase in urea concentration from
10 £ 1 mM in the control to 32 + 3, 38 + 4 and
41 + 3 mM on days 3, 6 and 9 of the experiment,
respectively, indicates high ARF already at the mini-
mum dose of glycerol (5 mg/kg) (Fig. 2). An increase
in the dose of glycerol to 10 and 15 mg/kg increased
the amount of urea in the blood by 19 and 14%, re-
spectively, on day 9 of the experiment. C  FAS in-
jections at a dose of 1 mg/kg reduced the amount of
urea by 26, 15 and 12% at glycerol doses of 5, 10 and
15 mg/kg, respectively, on day 9 of the experiment.
With a twofold increase in the C, FAS dose (2 mg/
kg), this indicator decreased by 35, 28 and 21% at
glycerol doses of 5, 10 and 15 mg/kg, respectively,
on day 9 of the experiment (Fig. 2).

Evaluation of pro- and antioxidant balance
indicators. During the development of rhabdomy-
olysis, an excessive amount of myoglobin is released
into the bloodstream from damaged muscle cells,
and free myoglobin is filtered by the glomerular
filtration barrier and endocytosed by renal tubular
cells. Ferrous myoglobin inside tubular cells is oxi-
dized to the trivalent form, which leads to a hydroxyl
radical formation and the subsequent conversion of
trivalent myoglobin to ferrous myoglobin through a
redox cycle with the formation of free radical com-
pounds. The latter initiate LPO and excessive oxida-
tive stress [1]. Antioxidant defense enzymes, such as
CAT and SOD, play a key role in the mechanisms of
regulation of free radical and peroxidative processes.
The most powerful natural antioxidant and the first-
line enzyme of antioxidant defense is SOD, which
performs the reaction of dismutation of superoxide
anion radicals and converts them into less reactive
hydrogen peroxide molecules [26]. The further de-
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Fig. 1. Creatinine concentration in blood of rats with ARF and administration of C_ FAS. *P < 0.05 vs. control

group; **P < 0.05 vs. glycerol group

composition of hydrogen peroxide into water and
molecular oxygen is carried out by CAT, so the ac-
tivity of these enzymes allows us to assess changes
in the pro- and antioxidant balance in the body.
SOD activity in the blood increased by 67, 122
and 167% with the glycerol administration at doses
of 5, 10, and 15 mg/kg, respectively, compared to
the control on day 9 of the experiment (Fig. 3, A).
The use of C_FAS at a dose of 1 mg/kg reduced this
indicator by 9, 22 and 24%, and when the dose was
doubled (2 mg/kg), its positive effect was addition-
ally 16, 15 and 12% when glycerol was administered

64

at doses of 5, 10, and 15 mg/kg, respectively, on day
9 of the experiment (Fig. 3, A).

CAT activity in the blood increased from
1.9 £ 0.1 umole/min/ml in the control to 4.1 £ 0.3,
5.2+ 0.4 and 5.9 + 0.6 pmole/min/ml after glycerol
administration at doses of 5, 10 and 15 mg/kg, re-
spectively, on day 9 of the experiment (Fig. 3,
B). After C_FAS injections at a dose of 1 mg/kg,
CAT activity decreased to 3.2 + 0.3, 4.2 £ 0.2 and
5.1 £ 0.3 umole/min/ml, and with a doubling of the
dose (2 mg/kg), its additional positive effect was 11,
13 and 16% when glycerol was administered at doses
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Fig. 2. The urea concentration in the blood of rats with ARF and administration of C_FAS. *P < 0.05 vs.

control group; **P < 0.05 vs. glycerol group

of 5, 10 and 15 mg/kg, respectively, on day 9 of the
experiment (Fig. 3, B).

We next performed correlation analysis be-
tween the biochemical markers of kidney dysfunc-
tion and activities of SOD and CAT in the blood
(Fig. 4). SOD activity, CAT activity and creatinine
concentration in the blood of rats were expressed
as fold change on the 3, 6" and 9'" day after injec-
tion of glycerol at 5, 10 and 15 mg/kg and plotted
in Fig. 4, A, C. Fig. 4, B,D shows the results of re-

gression analysis of the combined data points, which
revealed Pearson’s correlation coefficient of 0.974 in
the case of creatinine concentration-SOD activity
relationship and 0.973 in the case of creatinine con-
centration-CAT activity relationship indicating tight
correlation between the activity of these enzymes
and the severity of ARF. The slope of this relation-
ship was somewhat steeper (3.38 + 0.25) for SOD
activity compared to CAT activity (2.04 = 0.15).
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A similar analysis was performed in order to
quantitatively characterize the relationship between
changes in urea concentration, SOD and CAT activi-
ty in the blood of rats (Fig. 5).

Again, a close correlation between the severi-
ty of ARF and the activity of SOD and CAT in the
blood of rats was observed. The slopes of this rela-
tionship were similar in the case of urea: (1.49 + 0.21)
for SOD activity and 1.23 + 0.10 for CAT activity.

We next addressed the question about how C,,
fullerene treatment may affect these relationships.
For this, pooled data from days 3, 6 and 9 obtained
after C, FAS treatment were plotted in Fig. 6. It can
be seen that although C,; fullerene did not alter the
relationships between creatinine or urea concentra-
tions and activities of SOD and CAT in the blood
of rats (note that data points are practically overlap-
ping), it cause a significant decrease in the maximal
values of all these parameters.

68

It should be noted that these results correlate
well with the previously obtained data on C, FAS
effect on the functions of the body's antioxidant
system in inflammatory and pathological processes
[27, 28]. Activity of antioxidant enzymes, including
CAT, SOD and glutathione peroxidase (GP,), are
often considered as biomarkers of oxidative stress,
upregulation of which is important for preserving
normal cell function and homeostasis under condi-
tions of oxidative stress [29]. However, the relation
between oxidative stress and the activity of antioxi-
dant enzymes is complex, hence, future studies are
warranted to investigate the role of oxidative stress
in ARF due to rhabdomyolysis.

Inflammation caused by rhabdomyolysis can
induce LPO processes in kidney tissue. To con-
firm this, we evaluated the level of secondary LPO
products, in particular, the concentration of hydro-
gen peroxide in the blood of the studied animals.
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When using glycerin injections at a dose of
5 mg/kg, the level of H,O, in the blood increased
from 0.94 = 0.1 mM (control) to 1.3 £ 0.1, 1.5+ 0.1
and 1.7 £ 0.2 mM on days 3, 6 and 9 of the experi-
ment, respectively (Fig. 7).

C,,FAS injections at a dose of 1 mg/kg reduced
these indicators by (5—7)% in all studied time inter-
vals. Increasing the dose of C_FAS to 2 mg/kg did
not change these values. An increase in glycerol dose
to 10 mg/kg increased the concentration of H,O, to
1.7+ 0.2,2.0 £ 0.2 and 2.6 = 0.2 uM on days 3, 6
and 9 of the experiment, respectively, compared to
the control, i.e. its amount increased by (25-35)%
compared to the previous glycerol dose. The use of
C,,FAS at a dose of 1 mg/kg reduced these indicators
by 10, 8 and 7%, and when its dose was increased to
2 mg/kg, they decreased by 17, 19 and 28% on days
3, 6 and 9, respectively. Glycerin injections at a dose
of 15 mg/kg increased the concentration of H,O, to

24+0.2,3.0+0.3 and 4.1 £ 0.4 uM on days 3, 6 and
9 of the experiment, respectively, compared to the
control. The use of C, FAS at a dose of 1 mg/kg re-
duced the level of H,0, by 14, 15 and 17%, and when
its dose was increased to 2 mg/kg, it decreased by
16, 19 and 23% on days 3, 6 and 9, respectively (Fig.
7). Thus, these findings show that H,O, concentra-
tion, which is a direct indicator of oxidative stress,
is indeed progressively increased during the time
course of the kidney pathology caused by rhabdo-
myolysis, and it decreases under the action of water-
soluble C, fullerenes.

Histopathological analysis of muscle soleus tis-
sue. In control rats, no histopathological features in
the kidney are observed (Table 1; Fig. 8, A).

In rats that received glycerol in a dose of 5 or
10 mg/kg, weak thickening of Bowman’s capsule
and moderate retraction of glomerular tuft are ob-
served, as a result of which the cross-sectional area
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of renal glomeruli decreases by 36-39%. Moderate
tubular and interstitial necrosis (more intense in the
kidney cortex) are also observed. In addition, weak
inflammation and medium hemorrhage are observed
(Table 1; Fig. 8, B and D).

Rats that received glycerol in a dose of 5 mg/
kg or 10 mg/kg and C, FAS (2 mg/kg) have simi-
lar histopathological features, but of lower intensity.
Retraction of glomerular tuft is observed in a fewer
number of renal glomeruli. The cross-sectional area
of renal glomeruli is reduced compared to the con-
trol group by 25-30%, and it is larger by 15-17%
compared to the group of rats that did not receive
C,,FAS. The degree of necrosis in renal tubules and
connective tissue is also lower (Table 1; Fig. 8, C
and E).

In rats that received glycerol at a dose of 15 mg/
kg, the degree of histopathological changes increases
compared to rats that received glycerol at a lower
dose. Strong necrosis of the renal tubules and mode-
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rate necrosis in the connective tissue of the kidney
are observed. Inflammation, hemorrhage, thickening
of Bowman’s capsule and retraction of glomerular
tuft of medium intensity and a decrease in the cross-
sectional area of renal glomeruli are also observed.
In addition, the tubular structure of part of the re-
nal tubules in the medullary zone is disturbed. The
diameter of renal tubes decreases by 8% (Table;
Fig. 8, F).

In rats that received glycerol at a dose of
15 mg/kg and C, FAS (2 mg/kg), the degree of his-
topathological changes is lower. Tubular necrosis
of medium intensity, retraction of glomerular tuft
is weak, cross-sectional area of renal glomeruli is
less reduced, tubular structure of renal tubules is not
disturbed and diameter of renal tubes is not reduced
(Table; Fig. 8, G).

In our opinion, the above-described positive
effects of exposure to C fullerenes on the ARF
caused by rhabdomyolysis are related precisely to
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Fig. 7. Concentration of H,O, in the blood of rats with rhabdomyolysis kidney injury and administration of
C,,FAS (C,,). *P < 0.05 vs. control group; **P < 0.05 vs. glycerol group

their powerful antioxidant properties [15, 16, 22]:
one C,, molecule simultaneously captures 34 me-
thyl radicals, effectively inactivates the superoxi-
danion radical and hydroxyl radicals, protecting
cell membranes from oxidation. By reducing the
number of free radicals formed by the processes
of rhabdomyolysis destruction, water-soluble C,
fullerenes reduce the number of damaged nephron
membranes and, thus, reduce the severity of ARF.
Conclusions. Thus, there is a clear tendency
to decreasing of the studied biochemical parame-
ters values in the blood of rats (creatinine and urea
concentrations, CAT and SOD activities) by about
(20-30)% when using C FAS injections at a dose

of 1 mg/kg and additionally by (12-15)% with an
increase in its dose to 2 mg/kg in the model of glyce-
rol-induced rhabdomyolysis. Moreover, the concen-
tration of hydrogen peroxide also decreases under
the action of water-soluble Ceo fullerenes. Finally, the
biochemical parameters were confirmed by the data
of histopathological analysis.

Based on the analysis of the results obtained,
it is possible to improve the generally accepted ex-
perimental model of glycerol-induced rhabdomyoly-
sis, which is realized by intramuscular injection of a
50% glycerol solution at a dose of 10 mg/kg and is
used to initiate ARF. So, the data obtained indicate
that the injection of glycerol into a single muscle can
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Tab le. Morphometrical features of the kidney in rats after glycerol and C, FAS injection

Groups
5 58 2 22 2 22
> =) > SR=] > SR=
Morphometrical S £ g€ E £ € E € E E
features = © el e SN g 8o
S = 52 5 52 5 52
3 T 5 5 T 5 5 L
= =0 > >0 > >0
© O+ o o + o o+
Cross-sectional
area of renal
glomeruli, um? | 5655+373 | 3429+298* | 39604357~ | 3621+341* | 4212+401" | 3504+314* | 4046+£396"
Diameter
of renal
tubes, um 33.8+3.1 | 35.6+3.5* | 33.5+31" | 32.5+£3.0* | 31.9+2.9" | 31.0+2.9* | 32.9+3.0"

Notes: *P < 0.05 compare with control group; P < 0.05 compare with glycerol group in the same dose

Fig. 8. Representative histological images of the kidney: A — control group; B

— glycerol (5 mg/k

9); C -

glycerol (5 mg/kg) + C, FAS (2 mg/kg); D — glycerol (10 mg/kg); E — glycerol (10 mg/kg) + C, FAS (2 mg/
kg); F - glycerol (15 mg/kg); G — glycerol (15 mg/kg) + C  FAS (2 mg/kg). H&E staining. Scale bar — 100 um
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reduce the amount of glycerol used by half. In addi-
tion, the severity of ARF in this model depends on
the time of the pathology initiation and reaches its
maximum value on the 9" day.

C,,FAS has demonstrated a positive effect on
the development of ARF in vivo, attenuating the
features of renal due to a reduction in the oxidative
stress degree. Therefore, the development of medi-
cines using nanotechnology based on water-soluble
C,, fullerenes, taking into account their powerful
antioxidant properties, opens up new opportuni-
ties in the treatment and prevention of ARF caused
by rhabdomyolysis damage to the musculoskeletal
system.
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Bimomo, mo pabmomioni3 sk TOCTpa CTamis
MiomnaTii MOB’3aHUN 3 HAKONHWYECHHSIM NPOJYKTIiB
po3nany M’s31B, TOCTPOIO HUPKOBOIO HEIOCTATHICTIO
Ta OKHCHUM CTpecoM. MeTor0 ToCHiIKeHHs Oyno
ouninutd BruB C.; QynepeHy sK aHTHOKCHUIAHTY
Ha TIOIIKO/KCHHSI HUPOK Y HIYPiB 3 1HAYKOBaHUM
riinepuHoM padaomionizoM. JlocmiKeHHs TPOBO-
JUIHM Ha Liypax-camisix Jinii Wistar, po3aineHux
Ha Taki JOCHiAHI TPyNH: KOHTPOJBHI TBapuHH,
TBapHHH, SKUM BHYTPIIIHBOM SI30BO BBOJUIIH

IinepuH y go3ax 5, 10 1 15 Mr/kr Ta Ti, SKUM 1I01-
Hsl BHYTPIIIHBOOYEPEBHHHO BBOJIWIM BOJHUH PO3-
unn C; dynepeny (C,,OBP) B n03i 1 abo 2 mr/kr
yepes 48 rox miciist BBeACHHS rititiepuHy. KoHTposb
3a 01OXIMIYHUMH Ta MOP(OIOTITHUMH TTOKa3HUKA-
MH TIpoBOAMIIH Ha 3, 6 Ta 9 100y. BusineHo TicHmit
KOPETSAMIHHUN 3B’I30K MIX TSIKKICTIO TOCTPOTO
ypayKeHHsI HUPOK, i IBUIICHHSM PiBHS KpeaTHHIHY
Ta CEYOBUHH, AKTHBHICTIO CYNEPOKCHAJIUCMYTa3H
(COJ) Ta xaranazu (KAT) y kposi mypis. Iloka3a-
HO, IO y HIypiB, AKi orpumyBaiu 2 mr/kr C, DBP,
pPO3MipH HHUPKOBHX KIyOOUYKiB 1 TPOSBH HEKPO3Y
3MenuryBanucs, a aktuBHicTe COJl 1 KAT y kposi
3HAYHO 3HIDKYBajacsa. OTpuMaHi pe3ynbTaTH MoO-
KYTh OyTH KOPHUCHUMHU JUIsI PO3POOKH MiXO/iB JI0
JIKyBaHHS TMaTOJOTTYHUX CTaHIB M’S30BOi CHCTE-
MM, CIIPUYNHEHUX Pa0IOMIOJIi30M Ta TOB’I3aHUM 13
HUM OKCHJIATUBHUM CTPECOM.

KnouoBi cmoBa: pabmomioni3, rocTpa HHUp-
KOBa  HEJOCTATHICTh, OIOXIMIYHI  ITOKa3HUKH,
naroricronoriunuii ananis, muscle soleus, C; ¢y-
JIepeH.
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