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In this study we have tested an idea on the important role of amine oxidases (semicarbazide-sensitive
amine oxidase, diamine oxidase, polyamine oxidase) as an additional source of oxidative/carbonyl stress
under glycerol-induced rhabdomyolysis, since the enhanced formation of reactive oxygen species and reactive
carbonyl species in a variety of tissues is linked to various diseases. In our experiments we used the sensitive
Sfluorescent method devised for estimation of amine oxidases activity in the rat kidney and thymus as targeted
organs under rhabdomyolysis. We have found in vivo the multiple rises in activity of semicarbazide-sensitive
amine oxidase, diamine oxidase, polyamine oxidase (2-4.5 times) in the corresponding cell fractions, whole
cells or their lysates at the 3-6" day after glycerol injection. Aberrant antioxidant activities depended on
rhabdomyolysis stage and had organ specificity. Additional treatment of animals with metal chelator ‘Unithiol’
adjusted only the activity of antioxidant enzymes but not amine oxidases in both organs. Furthermore the in
vitro experiment showed that Fenton reaction (hydrogen peroxide in the presence of iron) products alone had
no effect on semicarbazide-sensitive amine oxidase activity in rat liver cell fraction whereas supplementation
with methylglyoxal resulted in its significant 2.5-fold enhancement. Combined action of the both agents had
additive effect on semicarbazide-sensitive amine oxidase activity. We can assume that biogenic amine and
polyamine catabolism by amine oxidases is upregulated by oxidative and carbonyl stress factors directly
under rhabdomyolysis progression, and the increase in catabolic products concentration contributes to tissue
damage in glycerol-induced acute renal failure and apoptosis stimulation in thymus.
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nhanced formation of reactive oxygen spe-
E cies (ROS) and reactive carbonyl species

(RCY) in a variety of tissues (oxidative and
carbonyl stress, respectively) is linked to a number
of inflammatory and disease states including rhab-
domyolysis [1, 2]. Under rhabdomyolysis, severe
muscle injury with release of intracellular contents
into the bloodstream and myoglobin appearance in
urine (myoglobinuria) testify to structural changes in
the kidney due to the nephrotoxic effects of myoglo-
bin [3]. Furthermore, it is believed that iron released
from myoglobin and hemoglobin plays a critical role
in the pathogenesis of rhabdomyolysis, including
glycerol-induced one. Earlier the labile ferric iron
pool formation in rhabdomyolysis rat blood plasma
was shown, which was completely absent in the in-
tact group of animals. This non-heme iron was not
included in transferrin and therefore is redox active,
whereas a medicine ‘Unithiol” application effectively
decreased its (labile iron) concentration [4, 5].

Degradation products of heme proteins display
tubular nephrotoxic properties partially mediated
by the generation of ROS [6]. Thereby, acute renal
failure (ARF) is the main symptom of the disease,
though many organs and systems are involved in the
process [7]. In particular, rhabdomyolysis induces
the immune system response through muscle inflam-
mation [8]. As a consequence, histamine, an inflam-
mation mediator, is released from the cells content
[8]. Histamine promotes renal damage through its
effect on glomerular and arteriolar endothelium.
Oxidative deamination of the primary amino group,
catalyzed by diamine oxidase (EC 1.4.3.22; DAO)
represents an important catabolic pathway of hista-
mine, mainly in glomeruli. So, histamine and DAO,
according to Floris and Mondovi, play critical role in
pathogenesis of kidney diseases [9].

It is known that pathological conditions are
characterized by elevated levels of different amines.
Manifold increase in the concentration of creatine
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and sarcosine is typical of rhabdomyolysis. These
compounds are the precursors of methylamine, one
of the physiologically important semicarbazide-
sensitive amine oxidase (EC 1.4.3.21; SSAO) sub-
strates [10]. Although methylamine itself is relatively
nontoxic, it becomes very toxic in the presence of
SSAO due to simultaneous formation of dangerous
products such as formaldehyde and H,O, in reaction
of oxidative deamination (1):

RCH,NH, +H,0 + O, <

<> RCHO + NH, + H,0,. )

SSAO is membrane incorporated enzyme,
extremely active in the endothelial cells of highly
vascularized tissues including kidney. Yu and Zou
[11] have found that namely formaldehyde may be
responsible for endothelial injury in the rat kidney
through its interaction with proteins. It is known that
SSAO is bifunctional enzyme mediating inflamma-
tion and ROS production [12]. Under inflammatory
conditions the enzyme promotes the infiltration of
leukocytes into inflamed tissue, thereby contributing
to and maintaining the inflammatory response, and
possibly the tissue destruction [13].

Elevated level of polyamines (putrescine, sper-
midine and spermine) was found in tissues with
marked morphological changes, regardless of the
nature of the disease process [14]. Products of oxida-
tive deamination of polyamines by polyamine oxi-
dase (EC 1.5.3.11; PAO) are amino aldehydes, hydro-
gen peroxide and ammonia. Acrolein spontaneously
formed from these amino aldehydes is the major
uremic toxin [15].

Thereby, catabolic products of biogenic amines
and polyamines may be additional source of oxida-
tive and carbonyl stress under different pathological
and inflammatory processes. We supposed that en-
hanced concentrations of biogenic amines and their
precursors as well as high levels of amine oxidases
activity can be a major reason of kidney and immune
system disorders under the rhabdomyolysis. We also
assumed that iron acceptor ‘Unithiol’ application can
lead to a decrease in oxidative/carbonyl stress inde-
xes under the rhabdomyolysis just as it was observed
with respect to the nitrosative stress indicators [5].

Considering the above mentioned, the work
purpose was as follows: 1) to estimate activity of
amine oxidases (SSAO, DAO, PAO) and antioxidant
enzymes, the catalase (EC 1.11.1.6; CAT), and su-
peroxide dismutase (EC 1.15.1.1; SOD), as oxidative/
carbonyl stress indexes, in the rat kidney and thymus
under rhabdomyolysis induced by intramuscular in-
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jection of glycerol, and to elucidate the influence of
‘Unithiol’ as metal chelator on the enzymes activity;
2) to clarify the influence of Fenton reaction con-
ditions (hydrogen peroxide in the presence of iron),
carbonyl stress factor (methylglyoxal) and combined
action of both agents on key amine oxidase and an-
tioxidative enzymes (SSAO and CAT) in the in vitro
experiment.

Materials and Methods

Chemicals. Phenylmethylsulfonyl fluoride,
pargiline hydrochloride, sodium diethyldithiocar-
bamate trihydrate, semicarbazide hydrochloride,
diphenyleneiodonium chloride, methylamine hy-
drochloride, putrescine hydrochloride, spermine
tetrahydrochloride, 1,4-diaminobutane (histamine),
medium RPMI-1640, HEPES, unithiol (2,3-dimer-
capto-1-propanesulfonic acid sodium salt), purpald
(4-amino-3-hydrazino-5-mercapto-1,2,4-triazole),
Bradford reagent and bovine serum albumin, sodium
azide were obtained from Sigma (USA). 2-Mercap-
toethanol was obtained from Ferac (Gemany). All
other chemicals were of the highest grade commer-
cially available.

Animals. All manipulations with animals be-
fore isolation of the kidneys and thymus were per-
formed 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 (weight ap-
prox. 120 g, up to 2 month-old) were used in these
studies. Before the experiment Nembutal anesthetic
was used.

Model of glycerol stimulated rhabdomyolysis.
Animals were randomly divided into five groups in
an equal number (n = 6). Rats in group CG were
intact animals, whereas those in groups RMGI,
RMG3, RMG3-U and RMG6 were injected with
glycerol (10 ml/kg, i.m. in both back legs). Af-
ter glycerol injection, a medicine ‘Unithiol” as 5%
solution (10 ml/kg, s.c.) was administered to rats
group RMG3-U once a day during 3 days. On the
s (RMG1), 3 (RMG3, RMG3-U), and 6™ (RMG6)
day after glycerol injection, respectively, animals
were decapitated under light ether anesthesia. Thy-
mus and kidney tissues were taken from anaesthe-
tized rats.

Preparation of rat renal cell fractions. After
sacrifice of the animals, the kidneys were removed
on ice. All further steps were performed at 0-4 °C.



O. O. Gudkova, N. V. Latyshko, S. G. Shandrenko

Cell fractions were prepared by differential cen-
trifugation method as earlier [16]. Briefly, kidneys
were homogenized in 10 vol/g of wet tissue weight of
10 mM Tris-HCI buffer (pH 7.2) containing 0.25 M
sucrose. The homogenate was filtered through 2
layers of surgical gauze and centrifuged at 700 g for
10 min. The supernatant was centrifuged at 9000 g
for 20 min and at 105,000 g for 1 h and used for
further investigations as cytozol fraction instantly.
The pellet was suspended in the same buffer con-
taining 0.25 M sucrose and centrifuged at 105,000 g
for 1 h. The microsomal pellets were resuspended in
the buffer (1 ml of buffer per 1 g of wet tissue) and
used for further investigations immediately.

Cell isolation and viability. The thymus was
removed in phosphate-buffered saline (PBS) contai-
ning (mM): NaCl - 136.9; KCI - 2.7, Na, HPO, - 8.1;
KH,PO, — 1.5 (pH 7.2), then small fragmentation
was followed by filtration through thrice-folded
gauze, centrifugation (at 200 g for 5 min) at room
temperature. Cell pellet was suspended in RPMI-
1640 medium containing 10 mM HEPES-NaOH
buffer (pH 7.3), 0.1% BSA, 100 U/ml penicillin,
100 pg/ml streptomycin, and 50 pM 2-mercaptoetha-
nol. The cells were washed twice and resuspended
in RPMI-1640 medium. Cell viability was estima-
ted by trypan blue exclusion assay [17]. Whole cell
lysates were prepared in 10 mM Tris/HCI buffer,
pH 7.6 containing 5 mM MgCl, in the presence of
0.1 mM protease inhibitor phenylmethylsulfonyl
fluoride. The cell debris was removed by centrifuga-
tion at 6 000 g for 5 min, and the supernatants were
used for further assay. The lysates were used for
enzymatic activity estimation of PAO, DAO, SOD,
CAT, whereas for SSAO activity estimation we used
cells suspension in PBS.

Fenton reaction modeling. Experimental sys-
tem based on the Fenton reaction, described by Cail-
let et al. [18] was used in our study. The reaction
mixture contained the following reagents at the fi-
nal concentrations stated: 20 mM phosphate buffer
(pH 7.4), 100 uM FeCl,, 104 uM EDTA, 1 mM H,O,
and 100 uM ascorbic acid. Appropriate cell fractions
(cytozol and microsomes) in the reaction mixture of
1.5 ml final volume were incubated under agitation
at 37 °C for 1 h. Reaction was terminated by cooling
on ice, and enzymes activity was determined imme-
diately.

Assay for amine oxidase activity. Fluorometric
assay was designed to estimate activity of all amine
oxidases under the investigation (SSAO, DAO, and

PAO). The method is based on the formation of
an intense fluorophore between folic acid and the
hydrogen peroxide released during the oxidation
of the corresponding amine as substrate [19]. As
aforementioned amine oxidases are located in dif-
ferent cellular compartments, we used correspond-
ing cell fractions, namely microsomes for SSAO,
cytozol for PAO and DAO, to determine the activ-
ity of the enzymes. The enzyme preparations were
preincubated with appropriate inhibitors, that are
pargiline (1x10* M), semicarbazide (4.3x10* M)
or diethyldithiocarbamate (5x10° M), and diphe-
nyleneiodonium (1.5x10-° M) at room temperature
for 20 min to ensure that activity of MAO, DAO
or PAQO, respectively, if present, were completely
inactivated. The reaction medium contained the
enzyme sample, corresponding substrate (0.1 mM
methylamine, 0.1 mM histamine/putrescine/sper-
mine), | mM NaN, and 1.7 mM potassium phos-
phate buffer, pH 7.2, in a final volume of 250 pl.
Following the incubation for 30 min at 25 °C (for
SSAO and DAO estimation) or 37 °C (for PAO esti-
mation), the reaction was terminated by addition of
30% ZnSO, or 0.6 M HCIO, (deproteination). After
centrifugation at 12,000 g for 10 min supernatants
were used for detection of H,O, released during en-
zymatic reaction. Samples were aliquoted to a 96-
well black plate. Folic acid (1x10° M) and CuCl,
(2x10-°* M) solutions were prepared and added to all
the wells. After incubation for 60 min at 37 °C in the
dark, fluorescence was measured (A, = 360 nm,
A, =460 nm) and H,O, production was calibrated
with H O, (e,,, = 43.6 M'cm™), and corrected for
the background caused by respiratory substrates in
the absence of samples. The developed fluorescence
intensity was measured in a microplate fluorometer
(FLx800, Biotek, USA). The limit of detection for
H,0, is 0.5 pM. One unit of enzyme activity is de-
fined as nmoles of product formed in a minute per
mg protein.

Besides, supernatants were used for detection
of aldehydes also released during the enzymatic
reaction of amine oxidases. Aldehyde quantity was
estimated spectroscopically with 22.8 mM purpald
dissolved in 0.5 N KOH. After 20 min incubation at
room temperature and 65.2 mM KIO, dissolved in
0.5 N KOH addition, the measurements were made
at A = 550 nm [20]. Calibration curve for formalde-
hyde was used for enzyme activity calculation. Sen-
sitivity range is 2-250 pmol of formaldehyde. One
unit of enzyme activity corresponds to quantity of
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formaldehyde formed per minute per mg of protein.
For spectroscopic aldehydes quantity estimation also
the Nash reagent was used [16].

Assay for SOD activity. Superoxide was gene-
rated from reduction of dissolved dioxygen using
xanthine and xanthine oxidase, the well estab-
lished method used to generate superoxide [21].
The amount of protein required to inhibit the rate
of luminol chemiluminescence reaction induced by
superoxide anions by 50%, was defined as 1 unit
of enzyme activity. The total superoxide dismutase
(SOD) and SODI activity was measured in rat thy-
mus whole cell lysates and kidney cytozolic frac-
tions, respectively.

Assay for catalase activity. The activity was
determined at 25 °C by following the decomposi-
tion of H,O, at 240 nm according to the method of
Beers and Sizer [22]. One unit decomposes 1.0 umol
of H,O, per minute per mg of protein.

Assay for peroxidase catalase activity. The
activity was determined at 25 °C with methanol as
the hydrogen donor using the purpald assay develo-
ped by Johansson et al. [23] applied to microplate
reader. In this assay the formaldehyde produced
from methanol reacted with purpald to produce a
chromophore. Quantitation was accomplished by
measuring the absorbance at 540 nm and compa-
ring the results to those obtained with formaldehyde
standards. The series of formaldehyde standards was
analyzed each time the assay was performed. One
unit forms 1.0 umol of formaldehyde per minute per
mg of protein.

Protein estimation. The protein concentration
was determined by the Bradford method [24] with
bovine serum albumin as a standard.

Data analysis. Data were analyzed by Stu-
dent’s ¢-test to determine statistical differences of the
means. All results are expressed as mean = SEM. A
value of P < 0.05 was considered significant.

Results and Discussion

Previously, in our laboratory in the in vivo ani-
mal model of glycerol induced rhabdomyolysis [4],
the multiple metabolic alterations associated with
muscle damage have been found at the 1% day after
injection of glycerol (10-fold elevation in total hem
and creatine kinase levels in plasma) along with
acute renal failure at the 6™ day after glycerol injec-
tion (10-fold increase in blood plasma nitrogenous
wastes, uric acid, urea, and creatinine). Furthermore,
the results of electron paramagnetic resonance spec-
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troscopy revealed the formation in blood an addi-
tional pool of labile ferric iron with resonance signal
at g = 4.3 at the 3" day after injection of glycerol.
This ferric iron, which was absent in blood of con-
trol animals, appeared at the 3 day, the initial phase
of renal injury, and persisted until the 10" day of
the experiment, and may serve as one of the main
reasons for oxidative stress progression in glycerol-
injected rats due to Fenton reaction.

In the present experiment we evaluated the
extent of oxidative/carbonyl stress as well as anti-
oxidant protection in rat kidney and thymus under
glycerol-induced rhabdomyolysis in terms of activity
of amine oxidases (SSAO, PAO, DAO) and antioxi-
dant enzymes (CAT and SOD). Results are shown in
Tables 1 and 2.

It is known, a key component of antioxidant
defense system catalase is a bifunctional enzyme,
which may participate either in the catabolism of
hydrogen peroxide or in the peroxidatic oxidation
of small substrates, such as ethanol etc., depending
on the conditions, namely, hydrogen peroxide con-
centration [25]. In this pathology model, we have
shown that peroxidase activity of catalase in kidney
cytosolic fraction increased 3-fold at the 1% day after
glycerol injection as compared with the control (Ta-
ble 1). In contrast, catalase activity of the enzyme
elevated twice only at the 6™ day after the disease in-
itiation. Apparently, at the initial phase of rhabdomy-
olysis in the rat kidney the peroxidation dominated,
that relates with low H,O, concentration while later,
during the disease progression, the oxidation pre-
vailed due to the high level of hydrogen peroxide
and free, not incorporated into the transferrin, ferric
iron appearance (Fenton reaction conditions). There
was not significant SODI1 activity elevation under
the pathology progression. Instead, we observed a
slight but significant decrease in the enzyme activity
evidently associated with the reducing action of su-
peroxide anions with respect to ferric iron for Fenton
reaction progression [26]. As far as the antioxidant
activity of CAT (Cat-CAT) and SODI] is an indirect
measurement of oxidative stress under the patholo-
gy, their sufficient decrease after ‘Unithiol’ addition
testifies to cells redox state normalization in the rat
kidney.

In the present study we found that amine oxi-
dases activity elevated at the 6™ day (SSAO, PAO)
and the 3" day (DAO), the onset of ARF, and was not
normalized by ‘Unithiol’ treatment. On the contrary
the activity was significantly (2-3-fold) increased
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Table 1. Activities of antioxidant enzymes and amine oxidases in the rat kidney under rhabdomyolysis pro-

gression and treatment with ‘Unithiol” (M £ m, n = 6)

Animal groups

Enzymes
CG | RMGI | RMG3 RMG3-U RMG6

Cat-CAT, pmol H,O,/
min/mg of protein 191 £21 197 + 25 113 + 13* 79 + 14*# 403 £ 60*
Cat-Prx, pmol FA/
min/mg of protein 115+011  347+0.58%  0.88+0.15  043+0.09% 296+ 0.48*
SODI, U/mg of protein 298 + 27 298 + 26 314+22 192 + 17+# 221 + 17*
SSAO, pmol H,0,/
min/mg of protein 0.24+0.04  0.12+0.04*  033+0.05  0.62+0.12% 078+ 0.23*
PAO, pmol H,0,/
min/mg of protein 0.52+0.10  031+£0.07  0.23+0.04* 0.75 + 0.13* 0.85+0.22
DAO, pmol H,0O,/
min/mg of protein 0.30 + 0.06 - 0.64+0.09%*  0.71 +0.12* -

* P <0.05 (compared to CG); # P < 0.05 (compared to RMG3)

compared with that in RMG3 state, perhaps due to
creatinine, the precursor of methylamine, and poly-
amines content elevation in the injured tissue [4, 27].
In our opinion, the enhancement of amine oxidase
activity in the pathologic kidney can be considered
as significant reason of ARF, since elevated levels
of amines deamination products (acrolein, formal-
dehyde and methylglyoxal) are major uremic toxins.
Oxidative stress related with labile ferric iron ap-
pearance is likely not a direct amine oxidases induc-
tor, since ‘Unithiol” addition has a corrective effect
only on antioxidant enzymes activity of CAT (Cat-
CAT) and SODI1 but not amine oxidases. Possibly,
the activity enhancement of the amine oxidases is
mainly induced by the elevated quantity of amines
and polyamines.

We have found the significant correlation
(r=+0.5, P <0.05) between catalase activity of CAT
and SSAO activity at the 3™ day after glycerol injec-
tion in the kidney. This suggests the relationship be-
tween the redox reactions and catabolism of biogenic
amines and polyamines.

In view of the fact that immune system func-
tion is altered by rhabdomyolysis conditions we
examined aforementioned enzymes activities in
thymocytes, the data are presented in Table 2. The
rat-derived thymocytes received ex vivo at the 1%,
3 and 6™ days after glycerol injection were used in
our studies. We registered peroxidase activity of the
enzyme, since we had shown earlier that catalase ac-
tivity was undetectable in thymus [28]. It remained

unchanged after glycerol injection and decreased af-
ter administration of ‘Unithiol’, unlike SOD activi-
ty which elevated and peaked at the 6™ day after
glycerol injection. Taking into consideration our
data obtained previously [28], the 3-fold elevation in
the level of total SOD activity, related to superoxide
content enhancement under rhabdomyolysis, may
be a reason for apoptosis stimulation in thymocytes.
It should be noted that the values of amine oxidase
activity in the thymus were of the same order and
the highest among all the investigated organs (10-
fold higher than in the kidney and 100-fold higher
than in the liver, data are not shown). It testifies that
the metabolism of amines and polyamines is of great
importance for T-lymphopoesis. We again observed
multiple rises in activity of amine oxidases under
investigation (2-4.5 times) already at the 3™ day af-
ter glycerol injection that indicate the increase in the
content of amines and polyamines under the patholo-
gy (the potential threat of thymocytes apoptosis).
‘Unithiol’ addition influenced only Cat-Prx activity.
Thereby, the oxidative stress induced by free ferric
iron has no effect on the behavior of SOD and amine
oxidases.

Since increased generation of hydrogen per-
oxide in the presence of such metals as iron, in an
uncomplexed form in biological systems, as well
as enhanced concentrations of RCS may influence
the redox system, we tested their cooperative effect
to induce antioxidant enzyme catalase and amine
oxidase SSAO in vitro. These enzymes were cho-
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Table 2. Activities of antioxidant enzymes and amine oxidases in the rat thymocytes under rhabdomyolysis
progression and treatment with ‘Unithiol” (M £m, n = 6)

Animal groups

Enzymes

CG | RMGI | RMG3 RMG3-U RMG6
Cat-Prx, nmol FA/min/mg
of protein 264 +5.1 249+82 39.5+10.1 13.1 £2.3%# 26.6 £4.9
SOD, U/mg of protein 57+7 47 +£3 101 + 8* 119 + 15* 158 £ 12*
SSAO, umol H,O,/min/mg
of protein 4.82+082 1.55+042*% 988+ 1.59* 9.88 £ 1.16¥  10.51 +2.4*
PAO, pmol H,0,/
min/mg of protein 1.62 £ 0.46 - 5.62 £ 1.35% 4.17+£0.75%  2.09+£0.46
DAO, umol H,0,/
min/mg of protein 1.21 £0.27 - 5.50 + 1.07* 5.34 £ 0.92% -

*P < 0.05 (compared to CG); *P < 0.05 (compared to RMG3)

sen because we had found the correlation between
Cat-CAT and SSAO activity under rhabdomyolysis.
To investigate whether the oxidative and carbonyl
stress agents are involved in SSAO and CAT stimu-
lation observed in vivo after glycerol injection, we
subjected rat liver microsomes and cytosol to Fenton
reaction conditions (H,O,-iron-ascorbic acid) (2, 3)

Fe** + H,0, — Fe*" + -:OH + OH )

Fe’*+ H,0, — Fe* + -OOH + H* 3)
or methylglyoxal (MG) alone, and their combined
action (H,O,-iron-ascorbic acid +MG). Data are
shown in Table 3.

A weak increase in activity of both enzymes
under the investigation occurred when the liver cell
fractions were incubated only with H,O,-iron-ascor-
bic acid, whereas supplementation with MG resulted
in the significant 2.5-fold enhancement of their
activity. Complicated Fenton reaction conditions
(H,O,-iron-ascorbic acid +MG) significantly induced
SSAO activity stronger than MG alone, while CAT

activity enhancement was much lower in this case.
Thus, the additive effect of combined action of both
carbonyl and oxidative stress agents was observed
only for SSAO. These data indicate that only com-
bined action of oxidative and carbonyl stress agents
are the regulators of the amine oxidase, whereas an-
tioxidant defensive enzyme was influenced more by
the aldehyde. Our studies in vitro defined the key
role for oxidative stress (iron+H,O -Fenton reaction),
carbonyl stress (MG) and their combined action in
antioxidant defense and notably amine oxidase func-
tioning. Thereby, the changes in activities of antioxi-
dant enzymes and amine oxidases observed in the in
vivo experiment may be caused by the direct action
of oxidative/carbonyl stress factors.

Taking into account the data obtained in our
experiments in vivo and in vitro, we hypothesized
that biogenic amine and polyamine catabolism by
amine oxidases is upregulated by oxidative and car-
bonyl stress factors directly under rhabdomyolysis
progression. And the increase in hazardous catabo-

Table 3. Effects of ROS (Fenton reaction) and methylglyoxal on rat liver CAT and SSAO activity (M £+ m,

n=29)
Reaction conditions
E
neymes Control ROS MG (20 mM) ROS+MG
(Fenton reaction)

Catalase, pmol H,O,/min/mg
of protein 560 + 29 657 £ 37* 1398 £ 67** 791 + 69%*8
SSAO, umol H,O,/min/mg
of protein 1.09 £ 0.24 1.38 £0.23 2.81 £ 0.32*%* 3.24 £ 0.21%*

*P < 0.05 (compared to control); *P < 0.05 (compared to “ROS”); P < 0.05 (compared to “MG”)
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lic products concentration (releasing RCS and ROS)
contributes to tissue damage in glycerol-induced
ARF and apoptosis stimulation in the thymus. Pos-
sible role(s) of amine oxidases in pathological pro-
cesses need to be further investigated. Further in-
vestigation of the mechanisms of amine oxidases
catabolic products toxicity and their participation in
the pathological processes is necessary.
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POJIb AMIHOKCHU A3 3A PO3BUTKY
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OCKiNTBbKY 32 PO3BUTKY PI3HUX 3aXBOPIOBAHB Y
TKaHMHAX Ma€ MICIIe MMiABUIIECHHS PIBHSI aKTUBHUX
(hopM KHUCHIO Ta PEaKTUBHMX aJIBJICT1IIB, B LIl poO-
0O0Ti MU MEPEBIPSUTH MPHUITYICHHS TPO BAXKJIUBICTh
podi aMiHOKCH1a3 (cemikapOa3u 4y TIIMBOT
aMIHOKCHIa3H, 1aMiHOKCHIA3H, noJiiamiH-
OKCHJIa3H), SKi € JIOJaTKOBUM JIKEPEIOM OKCH-
JATHUBHOTO Ta KapOOHIIBHOTO CTpECy B yMOBax
TIIEPOIIiHyKOBaHOTO pabpomionizy B miypiB. Y
HUpKax 1 THMYCi, 1[0 € OpraHaMU-MIIICHSIMH 32
pab0MioNTizy, aKTHBHICTh aMIHOKCHJIa3 BH3HAYa-
U po3po0JIECHUM HaMHU BHCOKOUYTIHMBUM (Iyo-
PECIICHTHUM METOJIOM. B eKkcrmepuMeHTi in vivo
AKTHBHICTh aMIHOKCHJIA3 Yy KJIITHHHHX (QpaKIisix,
KJIITHHAX Ta IXHIX J1i3aTax BIpOriJHO 301111y BaJIaCh
(y 2,54 pasu) Ha 3—6-ii JeHb MICJIsS BBEACHHS
[Iineposy. 3MiHM aKTHBHOCTI aHTHOKCHIAHTHUX
CH3UMIB OyJIM TOB’s3aHi 31 CTali€l0 PabaoMioiizy
1 3a;exaiy BiJi opraHa. BBeneHHs TBapuHaM Xe-
JlaTopy MeTaiB «YHiTiony» Ha (oHi padaomionizy
MIPUBOJIUJIO JIUIIE 10 KOPEKI[ii aKTHBHOCTI aHTHOK-
CHJIaHTHUX eH3UMiB. KpiM TOro, B eKCriepuMeHTi in
Vitro MU 3’CyBalJld, IO MPOAYKTH peakiii @eHTona
(3a171i30 B MPUCYTHOCTI MEPOKCH]TY BOJIHIO) HE BUSIB-
75111 e(peKTy Ha aKTUBHICTB CeMiKapOa3uauy TIUBOT
aMIHOKCHIa3l MIKPOCOMaJbHOT (pakiii MmediHKn
IypiB, TOMI SK HPUCYTHICTh METUJITIIIOKCAITIO
MiJIBUIIlyBaJila aKTUBHICTh €H3UMY B 2,5 pa3sa.
KomOiHamiss  YMHHHWKIB  OKCHIATHBHOIO  Ta
KapOOHUJIBHOI'O CTpecy MaJa aJluTUBHUHN edekT Ha

el moka3HUK. MU TpHITyCKaeMo, 10 KaTadoJ1i3m
OlOreHHHX aMiHIB Ta IIOJiaMiHIB 3a Yy4YacTio
aMIHOKCHJ1a3 0€3M0Cepe/IHbO 37aTCH i ICHIIFOBATH
CTYNiHb OKCHAATUBHO-KapOOHIILHOTO CTpecy B
yMOBaX TJILEPOIIHAYKOBAHOTO padIoMiolizy B
IypiB, a 30iMbLICHHS KOHUEHTpalii MPOAYKTIB
KaTabosli3My B TKaHMHAaX MO)e OyTH HPUUYHUHOIO
roCTPOi HHUPKOBOI HENOCTATHOCTI Ta amonTo3y
TUMOIIUTIB.

KnouoBi CIIOBA:
aMIHOKCHIa3d, OIOreHHl aMiHH,
OKCHJaTUBHO-KapOOHIBHUH CTpEC.

pabmomionis,
[OJI1aMIiHU,

POJIb AMUHOKCHU/JIA3 B PABBUTUU
PABIOMHOJIN3A Y KPbIC

0. A. I'yokosa, H. B. Jlamwiuixo,
C. I lllanopenxo

WucTuTyT Onoxumuu uM. A. B. [Tamnaguna
HAH VYxkpannsl, Kues;
e-mail: ogudkova@biochem.kiev.ua

[TockonbKy TpU pa3inyHbIX 3a00JICBaHH-
AX B TKaHAX T[IOBBIMIACTCA KOHICHTpAUUsd akK-
THUBHBIX (OpPM KHCIOpOAAa M PEAKTHUBHBIX Kap-
OOHUJIBHBIX COCAMHCHHM, B JaHHOW pPabOTE MBI
IMMPOBEPAIN TUINOTE3Y O BAXKHOCTU POJIM aMHUHOK-
cunas (cemMukap0a3uaIIyBCTBUTEILHON aMHUHOKCH-
Ja3bl, JUaMHHOKCHIA3bI, HOJ'II/IaMI/IHOKCI/I):[a?)LI) —
JOIIOJJHUTCIIBHBIX HCTOYHHUKOB OKCHIATHBHOI'O H
KapOOHUIIBHOTO CTpecca MPU TIULEPOIHMHAYIHPO-
BaHHOM pa0JIOMHUOIHU3e y KpbIc. B moukax u Tumyce,
opraHax-MUIICHAX IIPpU pa6)Z[OMI/IOJII/13€ AKTUBHOCTbH
aMUHOKCH/Ia3 OMpEeNsuI pa3padoTaHHBIM HaMH
BBICOKOUYBCTBUTEIBHBIM (DIIYOPECHIEHTHBIM METO-
oM. B skcnepuMeHTe in vivo aKkTUBHOCTb aMMH-
OKCHZa3 B KJICTOYHBIX (bpaKHI/IS[X, KJIETKaxX U HuX
Ju3aTtax rnowslmanach (B 2,5—4 pasa) na 3—6-ii nenn
nocie BBeAeHUs rnuiepona. Habmogaemble n3me-
HCHUA aKTUBHOCTH aHTHOKCHUIAHTHBIX DJH3UMOB 3a-
BHCEJIH OT CTaINM pabIoOMHONIN3a U OT opraHa. Bae-
JICHUE 'KUBOTHBIM X€JIaTOpa METAJJIOB «YHUTHOIA»
Ha ¢oHE PabIOMHOIU3a KOPPEKTHUPOBAIO TOJIBKO
AKTHUBHOCTH aHTHOKCUJAAHTHBIX DQH3UMOB obonx op-
ranoB. Kpome Toro, B skcriepumMeHTe in vitro oOHa-
Ppy>KeHO, 4TO MPOAYKTHI peakiuu OenToHa (3kene3o
B IIPUCYTCTBUU MIEPOKCH/IA BOIOPO/IA) HE BIUSIIN HA
aKTHUBHOCTb CeMHKap0a3ua4yBCTBUTEIHHON aMUH-
OKCHJIa3bl MHKPOCOMAJbHOW (pakiuu TeYCHU
KpBIC, TOrJJa KaK NPUCYTCTBUEC METUIITIIMOKCAJIA B
2,5 pa3a MoBbIIIaI0 aKTUBHOCTH dH3UMa. KoMOuHU-
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poBaHue (HaKTOPOB OKCHUJIATUBHOIO U KapOOHMIIb-
HOTO CTpecca OKa3bIBalo Ha aKTUBHOCTH JaHHOTO
SH3WMa aAAUTHBHBIN 3¢ dekT. MBI penmonaraem,
YTO0 KaTab0JIM3M OMOTEHHBIX aMUHOB H TTIOJITNAMHHOB
C y4JacTHEM aMHHOKCHIa3 HANpPIMYI YCHIIMBACT
CTENCHb OKCHUJIATUBHOTO M KapOOHWIBHOTO CTpec-
ca MpH TIUIEPOIMHAYIUPOBAHHOM padIoMHOIN3e
Y KpPBIC, @ MOBBINICHHBIC KOHICHTPAlUX ITPOJAYKTOB
Karabonr3Ma B TKaHSX MPU JaHHON MaTOJIOTHH SB-
JISIFOTCS MPUYMHOMN Pa3BUTHS OCTPOM MOYEUHOU He-
JOCTaTOYHOCTH U aIloNTo3a THMOIIUTOB.

KnrmoueBbie ciioBa: pabgoMHONN3, aMIH-
OKCHOAa3bI, 6I/IOFCHHI)IG AMUHBI, IIOJIMAMWHBI, OKCH-
JATUBHO-KapOOHUJIIbHBIN CTpecC.
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