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Amine oxidases are involved in the progression of many diseases and their complications, including
renal failure, due to the generation of the three toxic metabolites (H,O,, aldehydes, and ammonia) in the
course of biogenic amines oxidative deamination. The participation of the first two products in kidney patho-
genesis was confirmed, whereas the role of ammonia as a potential inducer of the nitrozative stress is not
vet understood. The aim of the present study was to test how further intensification of oxidative stress would
affect diabetes-mediated metabolic changes. For this purpose, a rat model of glycerol-induced rhabdomyoly-
sis, as a source of powerful oxidative stress due to the release of labile Fe** from ruptured myocytes, on the
background of streptozotocin-induced diabetes was used. The experimental animal groups were as follows:
group 1 — “Control’, group 2 — ‘Diabetes’, group 3 — ‘Diabetes + rhabdomyolysis’. A multifold increase in
semicarbazide sensitive amine oxidase (SSAQ) activity in the kidney and blood, free radicals (FR), MetHb and
3-nitrotyrosine (3-NT) levels in the blood, as well as the emergence of HbNO in plasma and dinitrosyl iron
complexes (DNICs) in the liver of animals in group 2 as compared to control were revealed. An additional
increase in FR, HbNO levels in the blood, and DNICs in the liver of animals in the diabetes + rhabdomyolysis
group as compared to the diabetes group, which correlated with the appearance of a large amount of Fe**
in the blood of group 3 animals, was detected. Unexpectedly, we observed the positive regulatory effects in
animals of the diabetes + rhabdomyolysis group, in particular, a decreased SSAO activity in the kidney and
3-NT level in plasma, as well as the normalization of activity of pro- and antioxidant enzymes in the blood
and liver compared to animals of diabetes group. These consequences mediated by rhabdomyolysis may be
the result of NO exclusion from the circulation due to the excessive formation of NO stable complexes in the
blood and liver. The data obtained allow us to consider SSAO activity as a marker of renal failure in diabetes
mellitus. In addition, we suggest a significant role of nitrosative stress in the development of pathology, and,
therefore, recommend NO-traps in the complex treatment of diabetic complications.
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observed under various pathological condi-

tions that suggests the role of amine oxidases
in diseases progression [1]. In particular, semicar-
bazide sensitive amine oxidase (EC 1.4.3.21; SSAQ)
is now believed to play a role in renal and vascu-
lar diseases, acute and chronic hyperglycemia, and
diabetes complications [2] due to the formation of

E levated levels of amines and polyamines are

aldehydes and hydrogen peroxide, harmful products
of amines oxidative deamination [3, 4] that allows
using its level of activity in plasma as clinical marker
[2, 5].

In addition to reactive aldehydes and H,0O,,
amine oxidases generate another dangerous product,
such as ammonia, which, by our opinion, has not re-
ceived enough attention. It is important to empha-
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size that ammonia is a key component of nitrogen
homeostasis, especially in kidney. Renal rate of am-
monia synthesis/excretion along with its intrarenal
distribution between urine and blood is the main
factor in renal acid-base balance regulation. Ammo-
nia is the source of nitrogen for all amino acids. In
part, ammonia nitrogen is incorporated into arginine
during ornithine cycle in kidney. Arginine synthesis
is localized to the proximal convoluted tubule with
decreasing activity noted along the proximal straight
tubule of kidney [6, 7], then the amino acid released
into the renal vein and carried to all tissues and cells
[8, 9]. As a consequence, maintenance of plasma ar-
ginine levels is a function of its biosynthesis in the
kidney. Constant and rather significant quantity of
arginine in the body is consumed for the synthesis of
nitric oxide (NO) that can be induced in response to
various stimuli due to up-regulation of nitric oxide
synthases. In addition, arginine also serves as a pre-
cursor for the synthesis of polyamines, which in turn,
are amine oxidases substrates [10]. NO is a signaling
molecule that participates in actually every cellular
and organ function in the body. NO, at physiological
concentrations, regulates glomerular and medullary
hemodynamics, rennin release, tubuloglomerular
feedback response, and extracellular fluid volume
[11]. Alternatively, NO excessive production can
lead to increased formation of peroxynitrite anion,
nitration of tyrosine in proteins and production of
hydroxyl radicals. Also, it may contribute to patho-
genesis of several common renal diseases including
diabetic nephropathy [12, 13]. Moreover, at chronic
diseases, such as diabetes, stimulated ammoniagene-
sis is accompanied by kidney hypertrophy that leads
to renal injury [14]. Accordingly, elevated levels of
ammonia and NO, despite their physiological impor-
tance, are toxic and contribute to renal injury and
fibrosis. Therefore, increased amount of ammonia,
along with other SSAO products, is an important
contributor to renal tissue destruction, whereas ele-
vated SSAQO activity in kidney can be considered as
a marker of pathology.

Earlier, we used animal model of rhabdomyo-
lysis, which is accompanied by powerful oxidative
stress due to the release of labile ferric iron (Fe®)
from myoglobin/hemoglobin of ruptured myocytes
that led to acute kidney failure. It was demonstrated
that all tested amine oxidases, and SSAO to the great
extent, play an essential role in the kidney destruc-
tion under these conditions [15]. The data formed
the basis for the hypothesis on the involvement of
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the enzyme in the development of other kidney pa-
thologies. STZ-induced diabetes animal model of
chronic renal failure also known as diabetic kidney
disease (DKD) [16] was the most suitable one for the
hypothesis proof. It was important, in our opinion,
to further demonstrate the key pathological role of
SSAO, as the source of dangerous products, and to
found their supposed additive effect on the pathology
markers by mechanistic application of two morbid
conditions combination.

Thus, we used animal models of chronic kidney
disease, namely, diabetes and diabetes complicated
with rhabdomyolysis (diabetes + rhabdomyolysis).
Taking into account that vascular disorders and liver
damage are associated with or may be triggered by
kidney abnormalities under diabetes, the level of
SSAQ activity and markers of nitrosative and oxi-
dative stress in blood, liver and kidney, as targeted
tissues, have been estimated.

Materials and Methods

Materials. Streptozotocin, pargiline hydrochlo-
ride, methylamine hydrochloride, xanthine oxidase
from bovine erythrocytes, were purchased from
Sigma (‘Sigma’, USA), whereas Rat 3-Nitrotyrosine
(3-NT) ELISA Kit was from Abbkine, China, (Cat
No KTE100307). All other reagents/chemicals were
of the highest analytical grade available.

Animals. All manipulations with animals were
performed in accordance with European Convention
for the protection of vertebrate animals used for ex-
perimental and other scientific purposes (Strasbourg,
1986) and national requirements for the care and use
of laboratory animals. Male Wistar rats weighting
approx. 180 g up to 2 months old were maintained
on the laboratory pelleted diet and water ad libitum.
Vegetable intake as a source of nitrate and nitrite ex-
posure was excluded.

Experimental model. The animal model of a
resistant autoimmune Type | diabetes was induced
by streptozotocin (STZ), a toxin selective for § cells
of the pancreatic islets. Since Wistar rats are not
prone to the development of autoimmune diseases,
their using allows avoiding irreversible damage of
pancreatic islets, as well as toxic effects on regional
stem cells and inhibition of regenerative processes
in the pancreas, while preserving the possibility of
pancreas damage regulation.

The experiment, in which 15 animals were
used, included two stages. 5 animals irrespective of
treatment were left as control group (intact animals).
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Stage 1: Modeling of type 1 diabetes in rats.
Type | diabetes in experimental animals was induced
by triple intraperitoneale (i.p.) injection of STZ at
different doses in 0.5 ml citrate buffer (pH 4.5) at 7
days intervals. For the first and third injections the
amount of the drug to be administered was 25 mg/kg
animal body weight, while for the second introduc-
tion - 20 mg/kg. Each introduction was performed
under light anesthesia after 12 h of food deprivation.
Incomplete Freud’s adjuvant (1 ml) was administered
i.p. 1 day prior to the introduction of STZ. A week
after the last STZ injection, blood glucose level was
determined in blood samples, collected from the tail
vein by the tail-tip amputation, using glucometer
(*Hlyukofot Plus’, Ukraine). This parameter in dia-
betic rats was (27 + 8) mmol/l whereas in intact rats
it was 6.5 £ 1.7 mmol/I.

Stage 2: Diabetes complicated with rhabdomy-
olysis. At stage 2, diabetic animals were divided into
two groups with about the same blood glucose level
(n =5 per group): diabetic rats (‘Diabetes’) and dia-
betic rats with induced rhabdomyolysis (‘Diabetes +
rhabdomyolysis’). ‘Diabetes+rhabdomyolysis’ was
caused by intramuscular (i.m.) single dose injection
of 50% aqueous solution of glycerol (10 ml/kg) into
both hind limbs in equal volume 7 days after the last
STZ injection. Thus, experimental groups were as
follows: group 1 — “‘Control’, group 2 — ‘Diabetes’,
group 3 — ‘Diabetes + rhabdomyolysis’. On the 10t
day after glycerol injection animals of all experi-
mental groups were sacrificed.

Sample collection and preparation of rat re-
nal and liver cell fractions. Blood was collected in
tubes with and without heparin. Heparinized blood
was immediately centrifuged at 1,500 g for 10 min to
separate plasma for the further studies. The plasma
obtained was stored at -20°C until analysis (up to
24 h). Kidneys and liver were removed on ice. All
further steps were performed at 0-4°C. Cell frac-
tions were prepared by differential centrifugation as
described earlier [17]. Briefly, organs were homoge-
nized 1:10 (w/v) in 10 mM Tris-HCI buffer, pH 7.2
containing 0.25 M sucrose and protease inhibitors
cocktail. The homogenate was filtered through 2
layers of surgical gauze and centrifuged at 700 g
for 10 min. The supernatant, centrifuged at 9,000 g
for 20 min and at 105,000 g for 1 h, was used for
further investigations as cytosolic fraction instantly.
The pellet was suspended in the same buffer contain-
ing 0.25 M sucrose and centrifuged at 105,000 g for
1 h. The microsomal pellets were resuspended in the

same buffer (I ml per 1 g of wet organ) and used for
further investigations immediately.

Determination of 3-nitrotyrosine in plasma
proteins. Nitrotyrosine content in plasma proteins
was measured by Rat 3-Nitrotyrosine (3-NT) ELI-
SA Kit (Abbkine, China) that is a two-site sand-
wich one. All procedures were performed accord-
ing to the manufacturer’s protocol. In brief, samples,
standards, and blank were applied onto a microplate
pre-coated with an antibody specific for 3-NT, and
3-NT present was bound by the immobilized anti-
body. Afterward, HRP-Conjugate Rat 3-NT detec-
tion antibodies were added to the wells. Removal
of any unbound sentences or HRP reagent was per-
formed after each incubation step. Following that,
chromogen solution was added to the wells, and
color developed in proportion to the amount of 3-NT
bound in the initial step. The color development was
stopped and its intensity was measured colorimetri-
cally.

EPR spectrometry. Liver tissue and blood from
each animal were subjected to EPR spectrometry
at the temperature of liquid nitrogen using radio-
spectrometer (“Varian E 109’, USA). Instrument set-
tings were as follows: range of the magnetic field -
0-3750 Gs; modulation amplitude of the magnetic
field — 8 Gs (2 Gs for free radicals); modulation fre-
quency of the magnetic field — 100 kHz; microwave
power 5 mW (0.2 mW for free radicals); microwave
frequency (9.6-9.9) GHz.

Enzymatic assays. Assay for SSAO activity.
Fluorometric assay designed earlier [15] was used
to estimate activity of the amine oxidase in tissue
microsomes and blood. In brief, after preincubation
of the enzyme preparations with monoamine oxidase
inhibitor pargiline (1x10-4 M) at room temperature
for 20 min, followed by incubation for 30 min at
25°C with substrate (0.1 mM methylamine), the re-
action was terminated by addition of 30% ZnSO,.
After centrifugation at 12,000 g for 10 min, superna-
tants were used for detection of H,0, released during
enzymatic reaction. One unit of enzyme activity was
defined as nmol of product formed per minute per
mg protein.

Assay for xanthine oxidase Xanthine oxidase
(EC 1.17.3.2; XO) activity was performed according
to [18] and expressed as amount of uric acid (UA)
produced per min mg protein.

Assay for superoxide dismutase (EC 1.15.1.1;
SOD) activity. The superoxide dismutase (SOD) ac-
tivity was measured in rat erythrocyte hemolysates
after chloroform-ethanol treatment [19], kidney and
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liver cytosolic fractions using the method of Eriks-
son and Borg [20] adapted to microtiter plate. The
cell contained: sample (~50 pg/ml), sodium bicar-
bonate buffer (50 mM, pH 10.1), xanthine (2.5 mM),
luminol (10 mM). The reaction was initiated with
xanthine oxidase (80 pg/ml). The luminol-enhanced
chemiluminescence was monitored for 3-5 min at
460 nm A with microplate reader FLx800 (Biotek,
USA). The amount of protein required to inhibit the
rate of superoxide anions induced luminol chemilu-
minescence reaction by 50%, was defined as 1 unit
of enzyme activity.

Assay for catalase (EC 1.11.1.6; CAT) activity.
CAT activity was estimated spectrophotometrically
following the breakdown of hydrogen peroxide in
catalase-peroxide reaction using optical density and
molar extinction coefficient at 240 nm as a measure
of peroxide concentration. The catalytic process was
followed until at least one-half of the substrate was
destroyed and activity was expressed as amount of
hydrogen peroxide (umol) broken per min mg pro-
tein [21].

Glutathione peroxidase (EC1.11.1.9; GPx) activ-
ity. GPx activity was determined with Elman's rea-
gent (DTNB - 5, 5'-dithiobis-2-nitrobenzoic acid) by
the amount of reduced glutathione used during the
reaction. Optical density was measured at 412 nm
using microplate reader pQuant (BioTech, USA).
One unit of enzyme activity was defined as pmol of
reduced glutathione used per minute per mg protein
[22].

Protein concentration. The protein concentra-
tion was determined by Bradford method [23] with
bovine serum albumin as a standard.

Data analysis. Statistical processing of the re-
sults was carried out using Excel 2007 and the STA-
TISTICA 4.5 for Windows software. Shapiro-Wilk
test was used for the assessment of normality. Data
were analyzed with parametric Student’s t-test. Re-
sults were expressed as mean + SEM and signifi-
cance was set at P < 0.05.

Results and Discussion

It was important to define the level of SSAO
activity in kidney and also in blood and liver as tar-
geted tissues, for renal injury is often accompanied
by the development of chronic liver disease and both
tissues have an tendency to bleed [24-26].

We observed an assumed increase in values of
SSAO activity in kidney and blood (3 fold and 1.4
fold elevation, respectively) and an upward trend in
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the liver in diabetic rats against the control (Fig. 1).
The enzyme activity elevation in plasma (soluble
form) is a result of SSAO release from damaged kid-
ney (and liver), and therefore, as was said, can be
used as clinical index.

At the same time, myocytes rupture, their con-
tent release, and as a consequence powerful oxidative
stress induction under diabetes complication with
rhabdomyolysis led to unexpected consequences.
Specifically, the enzyme activity level was normali-
zed in liver, and significantly decreased in kidney
and blood as compared to diabetes and control state,
respectively (Fig. 1).

To understand the phenomenon we analyzed,
first of all, oxidative stress indexes using EPR analy-
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Fig. 1. SSAO activity in rat kidney (A), blood (B) and
liver (C) under streptozotocin-induced diabetes and
diabetes+ rhabdomyolysis (Mean = SD, n = 5 * to
Control, ** to Diabetes, P < 0.05)
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sis as we awaited its leading role in the pathology of
diabetes and its complications development. Really,
EPR spectra analysis of diabetic rat blood plasma
samples revealed oxidative stress evidence, free
radicals quantity elevation (1.6 fold) comparing to
control (Fig. 2, A). Rhabdomyolysis induction in dia-
betic rats, as expected, additionally stimulated the
processes (1.6 fold increase in the number of free
radicals compared to ‘Diabetes’ (Fig.2, A)) due to
appearance of large quantity of Fe** that was ab-
solutely absent in intact animals and attended in
small amount in diabetic rats (Fig. 2, B). The data
proved the choice of models and their combination
for the experiment was correct but did not confirm
their supposed additive effect on the level of SSAO
activity as pathology marker.

Antioxidant defenses collectively offset the
threat of cell death that could result from the free
radical damage, and conversely the redox balance
disturbance is a risk factor. Indeed, it was found that
pro/antioxidant enzyme activities (XO, SOD and
GPx) significantly changed in blood and liver sam-
ples of diabetic animals (Fig. 3, A, B). The data indi-
cate that additional reason for the stress induction is
the elevated superoxide anion generation due to en-
hancement of XO activity uncompensated with SOD
function in liver and, especially, blood (three-fold).
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Fig. 2. EPR investigation of free radicals (A) and
Fe?t (B) levels in rats’ plasma samples under strep-
tozotocin-induced diabetes and diabetes + rhabdo-
myolysis (Mean = SD, n = 5. * to Control, ** to
Diabetes, P < 0.05)

At the same time, antioxidant protection in the liver
was partially mediated by GPx activity (Fig. 3, A, B).
And again, in addition to SSAO activity nor-
malization, following diabetic animals treatment
with glycerol we observed decrease of pro- and an-
tioxidant enzymes activities to normal level, except
XO activity in kidney (significant 1.7—fold increase)
(Fig. 3, C). So, we detected pro/antioxidant balance
restoring in rats tissues, except for targeted kidney.

Besides, under diabetes+rhabdomyolysis con-
ditions earlier it was found normalization a number
of other rat’s oxidative/carbonyl stress parameters
as compared to diabetes, such as total aldehydes
content and TBA-reactive products in liver, protein
CO-groups content in plasma and liver, as well as
the degree of skin collagen non-enzymatic glyca-
tion which testify to the decrease in accumulation of
advanced glycation endproducts (AGEs) on collagen
fibers [27].

The question is rising what is the mechanism
underlying the normalizing effect of rhabdomyolysis
on the biochemical parameters profile under diabetes
progression?

As we mentioned above, we presumed the third
SSAOQ end product, ammonium, is potential nitro-
sative stress inducer due to NO production inten-
sification under the pathology state. But NO, in a
free state, has a limited range of action. According
to authors [28] ‘the half-life of NO in blood ranges
from 0.05 to 1.8 ms, whereas lifetimes of ~ 1 ps,
1 ms and 1 s correspond to diffusion distances of
~0.1, 2 and 80 mm, respectively’. However, NO has
the ability to form complexes with both heme and
nonheme iron and other transition metals, paired
thiol groups of proteins, peptides and small mol-
ecule compounds such as glutathione and cysteine
to form sufficiently stable dinitrosyl complexes with
paramagnetic properties. They can be generated via
the L-arginine-dependent pathway, catalyzed by the
nitric oxide synthases, due to binding of NO as a
nitrosyl ligand to a transition metal ion. NO reacts
with heme, as well as with iron—sulfur proteins (FeS
centers), as well as with proteins containing other
transition metals in their active sites, leading to
S-, N-, and methemoglobin (MetHb), nitrosyl he-
moglobin (HbNO), and dinitrosyl iron complexes
(DNICs) formation [29, 30].

Thereby, enhanced NO generation related with
SSAQ activity elevation under diabetes could lead
to formation of the pool of nitrosylated or nitrosated
compounds circulating in the body. Really, our data

27



ISSN 2409-4943. Ukr. Biochem. J., 2022, Vol. 94, N 1

2.5 -
2.0 -

15 -

1.0 - ' *

Relative enzyme activity

O Control

[ Diabetes

O Diabetes +Rhabdomylysis

* k%

XO SOD1

2.0 - B

15 -

1.0

0.5 -

Relative enzyme activity

SOD1

2.5 c

15 -

1.0 -

Relative enzyme activity

0.5

CAT

XO SOD1

CAT GPx

Fig. 3. Pro- and antioxidative enzymes activities in rat tissues (A — blood, B — liver, C — kidney) under strep-
tozotocin-induced diabetes and diabetes + rhabdomyolysis (Mean £ SD, n = 5, * to Control, ** to Diabetes,

P <0.05)

revealed under diabetes signs of powerful nitrosative
stress, which along with oxidative stress parameters
were estimated by EPR spectrometry. Namely, we
found almost 2-fold elevation of MetHb, tendency to
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appearance of HbNO, and 1.8-fold increase in 3-ni-
trotyrosine level (one of the recognized clinical dia-
betic marker) in blood samples of diabetic animals
compared to control (Fig. 4, A, B, Fig.5). We have
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Fig. 4. EPR investigation of levels of MetHb (A) and
HbNO (B) in blood and DNICs (C) in liver samples
of experimental rats (Mean + SD, n = 5, * to Con-
trol, P < 0.05

found also fifteen-fold increase in DNICs (Fig. 4, C)
and significant drop in the intensity of both mito-
chondrial signals in liver samples of diabetic animals
as compared to control (Table 1). Enzymes that con-
tain iron-sulfur clusters, which are critical for main-
taining of viability and functional cell activity, such
as guanylyl cyclase, cytochromes P-450 (CY Ps-450),
enzymes of mitochondrial electron transport chain

(ETC), ribonuclease, may be the target of attack by
endogenous NO [31]. But we have found other po-
tential NO targets, such as Mn?*, Cu?- and Mo"*-
containing centers, CYPs-450 in the liver remained
virtually unchanged (Table).

Usually, the transformation of FeS clusters
to DNICs through NO action is highly disruptive
that may be a reason for tremendous mitochondrial
damage. EPR signals associated with mitochondri-
al processes correspond to the number of radicals
generated in the mitochondria by the ubiquinone and
semiquinone sites of the mitochondrial ETC, which
are by several orders of magnitude stronger than
those associated with oxidative processes [32]. State
of the mitochondrial electron transport structures in
liver tissue samples can be estimated by the signals
of semiquinone free radicals (g = 2.00) and iron-sul-
fur centers (g = 1.94) that accepted electrons from
semiquinones. According to the obtained results (Ta-
ble), the magnitude of these signals indicates their
high inverse correlation with the content of nitrosyl
complexes in the blood and liver (r = 0.95-0.98).
Thereby, our EPR data show decrease in mitochon-
drial quantity of free radicals (1.33-fold) and iron-
sulfur centers (1.21-fold) (Table) that are the source
of DNICs in liver of diabetic rats compared to con-
trol and reflect the significant decrease in the rate of
electron transfer in the mitochondrial ETC under the
pathology.

Such transformations have been detected in
many different iron-sulfur proteins and usually in-
hibit the enzymatic activity of the affected protein.
But the process is reversible because complex cellu-
lar systems have evolved to compensate the danger
of NO damage [33]. So, MetHb reduction systems,
predominantly the NADH-cytochrome b5 reduc-
tase 3 (NADH-methemoglobin reductase) pathway,

Table. EPR parameters of rats’ liver samples under streptozotocin-induced diabetes and diabetes+
rhabdomyolysis (Mean + SD, n = 5* to Control, P < 0.05)

Group
EPR parameters, rel. un. Control \ Diabetes Diabetes + rhabdomyolysis
CYPs-450 10+£0.2 12+0.3 0.97 £0.30
Mn?#*-containing centers 10+01 10+£0.2 097+0.21
Cu?*-containing centers 10£0.2 0.89 £0.23 0.87+£0.22
Mo*-containing centers 1001 12+0.3 095+0.21
Mitochondrial free radicals 10+0.1 0.75 + 0.16* 0.67 £ 0.12*
Mitochondrial iron-sulfur centers 10x01 0.82 £ 0.18* 0.76 £ 0.13*
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normally limit its accumulation. Protein FeS centers
also are repaired or replaced [30]. The active repair
of DNICs appears to be a general process that helps
counteract the toxicity of NO exposure. Besides, re-
versible formation of sufficiently stable HbNO and
DNICs ensure storage and transfer of NO molecules
in cells and tissues and under diabetes toxic action of
NO should be extended by NO radical. This balance
depends on oxygen status, and MetHb level because
if the MetHb level increases to more than 30% of
total hemoglobin, symptoms of hypoxia occur [30,
34, 35].

Renal dysfunction in the case of additional
rhabdomyolysis application may be contributing fac-
tor to methemoglobinemia (increase in MetHb) that
results in decrease of oxygen delivery to the tissues
and strong hypoxia development. Really, we have
found under this combined pathological state tenden-
cy to elevation of MetHb quantity and HbNO level
in blood, and sufficient DNICs increase in the liver
samples (2.6-fold) compared to diabetes. But en-
hanced DNICs and HbNO are stable under hypoxia
thereby these complexes cannot release NO in a free
state that explains the decrease of tyrosine nitration
of proteins to normal level under rhabdomyolysis ap-
plication (Fig. 5). It may be the main reason of the
normalizing action of rhabdomyolysis conditions on
some biochemical parameters, including SSAO ac-
tivity, under diabetes progression. Under this com-
bined pathological state further drop in the inten-
sity of both mitochondrial signals (mithochondrial
free radicals and iron-sulfur centers quantity) was
observed, whereas other potential NO targets were
still unchanged (Table). It is the evidence of degra-
dation of mitochondrial ETC iron-sulfur proteins by
nitric oxide, which is the main target under diabetes
+ rhabdomyolysis state.

Taken together, the data obtained allow
considering the SSAO activity level as a marker of
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Fig. 5. 3-Nitrotyrosine level in plasma of experimen-
tal animals (Mean = SD, n = 5, *to Control, ** to
Diabetes, P < 0.05)
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renal failure under system diseases such as diabetes
and its complications.

We also supposed substantial role of nitrosa-
tive stress in the pathology development, and NO-
trapping agents (ferric iron in the case) as potential
therapeutics for diabetic complications care.
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AMIHOOKCHIa3u OepyTh y4acTh y PO3BUTKY
0araThbox 3aXBOPIOBAaHb Ta iX YCKJIAJIHCHb, 30Kpe-
Ma HHUPKOBOI HEIOCTAaTHOCTI, 4Yepe3 YTBOPEHHS
TPOX TokCHuHMX MeTabomitie (H,O,, anpaerinis
Ta aMOHII0) B PEAKIIiAX OKHUCHOTO JIe3aMiHYBaHHS
0ioTeHHMX aMiHiB. Y4acTh MEPIINX ABOX MPOAYKTIB
y TmaToreHe3i HHUPKH Hapas3i MEpPeKOHIUBO J0-
BEIICHO, TOMI K POJIb aMOHi0, SIK MOTCHI[IHHOTO
IHIIYKTOpa HITPO3aTUBHOT'O CTPECY, 3aJIUIIAETHCS
HE3’SICOBaHOI0. MeTOor MBOTo MOCTIIKCHHS OYJI0
MEPEBIPUTH, AK TONAIBIINE TMOCHUJICHHS OKHCH[IA-
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TUBHOTO CTpeCy BIUIMHE Ha MeTaOOoNiuHi 3MIHH,
3yYMOBJICHI IyKpoBUM miaberom. s mporo Oyio
BUKOPHCTAHO MOJIENb TIIEPOI-CTUMYIHOBAHOTO
pabaoMionizy y HIypiB, K JpKepena IMOTYKHOTO
OKCHUJATUBHOTO CTPECY BHACTIJIOK BHBITLHCHHS
nabinpHOro Fe® i3 3pyiiHOBaHMX MIOLHUTIB, Ha TIi
CTPENTO30TONMH-IHIyKOBaHOTO  fiadeTy.  bymo
cOpMOBaHO HACTYIHI EKCIIEPUMEHTANIbHI TPYIIH:
1 rpyna — «KonTtponsHa», 2 rpyma — «Jliaber», 3
rpymna — «/liabet + pabmomioniz». ¥ tBapun 2-i
IPyld TIOPIBHAHO 3 KOHTPOJEM CIOCTEPIranoch
OarartopasoBe T IBUTIICHHS aKTUBHOCTI
cemikapOaszuauymiuBoi  amiHokcugaszu  (SSAO)
B HHpII 1 KpOBi, piBHA BibHUX panukaiiB (BP),
MetHb 1 3-nirporupo3uny (3-NT) B kpoBi, a Ta-
kok mosiea HbNO B mumasmi Ta AUHITPO3UIBHUX
koMrutekciB 3amiza (JJHK3) B mewinmi. Y TBapwH
rpynu «Jliabet+pabaomioni3» MOpPIBHAHO 3 Tpy-
moto  «/liabet» MPOAEMOHCTPOBAHO OAATKOBE
nigsuinenHs pisas BP, HDNO B xposi Ta JTHK3 B
MEYiHL, 10 KOPEIIOBAJIO 3 MOSBOIO B KPOBI TBAPHH
3-i rpynu Benukoi Kinbkocti Fe** sike Gyio moHic-
TIO BIICYyTHE y IHTaKTHHX TBapuH. HecroniBaHo, y
TBapuH Ipynu «/liabeT+pabaoMioniz» MU BHSBIITH
MO3UTHUBHI PETYNATOPHI €(eKTH MOPIBHIHO 3 Tpy-
moro «Jliabet», 30Kkpema, 3HMKEHHS aKTHBHOCTI
SSAO B Hupmi Ta piBHsg 3-NT y mia3mi, a Takox
HOpMaJli3alil0 aKTUBHOCTEH MpO- Ta aHTHUOKCH-
JMAHTHUX €H3UMIB B KPOBI Ta IewiHIIli. Taki HaCTi K,
OIIOCEpEeIKOBaHI pabaoMionizoM, MOXYTb OyTH
pesyabpraroM BukIoueHHS NO 3 KpoBOOOiry TBa-
PHH uepe3 HaJIMipHE YTBOPEHHS HOro cTabiIbHUX
KOMIUIEKCIB B KpoBi Ta mediHii. OTpuMaHni mani
TIO3BOJISTIOTh  PO3MIISIAATH akTUBHICTE SSAO sk
MapKep HHPKOBOI HEIOCTATHOCTI 3a I[yKPOBO-
ro miabety. KpiM Toro, Mu mpuiryckaemMo 3Ha4HY
OB HITPO3ATHBHOTO CTPECY Yy PO3BUTKY HaHOI
MIATOJIOTI{, HA OCHOBI YO0 MOYKEMO PEKOMEHyBaTH
mactku NO B KOMIUIEKCHOMY JIKyBaHHI YCKJaI-
HEHb J1iadeTy.

KnwuyoBi cnoBa: uykpoBuil miaber
I Tumy, pabmomiosni3, HUpKOBa HEIOCTATHICTh, YYT-
JuBa 0 ceMikapOasuay amMiHOKCHa3a, OKHCIIO-
BaJIbHU CTpeC, HITPO3ATUBHUMN CTPEC.
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