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Abstract. The study was undertaken to examine the effect of heavy metals on the
antioxidant system and biochemical indexes in the organism of rats. The influence of
heavy metals on indexes The influence of heavy metals on the indicators of the antioxidant
system (the antioxidant enzyme activities — glutathione peroxidase, glutathione reductase,
catalase, and superoxide dismutase) and the processes of lipid peroxidation (the content
of hydroperoxides and products of thiobarbituric acid) was determined. It is established,
that the antioxidant system functions more intensively in blood and liver of rats under the
action of heavy metals. The study of enzyme activity showed the activation of the latter
under conditions of heavy metal intoxication 1.5-2.0 times (depending on the heavy
metal) compared with the control. We found that blood levels of total and direct bilirubin,
creatinine, and urea increased in intoxicated rats from all experimental groups compared
with intact animals. However, a decrease in the content of albumin, total protein, cholesterol,
and triglycerides was also found in all experimental groups, in comparison with intact rats.
Under the action of heavy metals, the activity of total a-amylase, lactate dehydrogenase,
and glucose concentration increases in blood of rats. According to the results of studies in
intoxicated animals compared with the intact group, there was a change in the cation-anion
pool, in particular, a tendency to decrease the content of sodium and inorganic phosphorus
and increase chlorides, magnesium, calcium, and potassium.
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Introduction

Environmental contamination by
heavy metals raises concerns about hu-
man health. It has become evident that
increasing human activities have modi-
fied the global cycle of heavy metals, in-
cluding the toxic non-essential elements.
Heavy metals are among the most toxic
and it is reported that their increased con-
centration in agricultural soils is known
to come from the application of phos-
phate fertilizers, sewage sludge, waste-
water, and pesticides. The accumulation
of toxicants in the air, soil, plants, water,
and sewage sludge has overwhelmed the
natural capacity in many ecosystems, re-
sulting in the potential for humans to be
exposed to heavy metals (Djuric et al.,
2015; Saghazadeh & Rezaei, 2017).

As necessary microelements for
physiological activities, copper and zinc
play a significant part in normal develop-
ment and organisms’ homeostasis main-
tenance. However, high-level exposure to
these elements may also induce adverse
health effects (Maret et al., 2006; Cdos
& Fernandes, 2008). The toxic effect of
heavy metals is due to their influence on
metabolic enzyme systems and induced
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oxidative stress in the animal body. The
toxic molecular mechanisms of different
heavy metals vary, although they also
have some similarities (El Yamani et al.,
2017; Husak et al., 2018).

Oxidative stress is the imbalance
that occurs when there is an increased
production of free radicals that exceeds
the body’s ability to neutralize it. Alter-
ation of chemical reactions at the cellu-
lar level leads to the appearance of free
radicals and peroxides that affect the in-
tracellular structures — proteins, lipids,
and DNA, with the disruption of intrin-
sic mechanisms at this level. Free radi-
cals are normally produced in the body
due to the influence of external factors,
such as pollution, cigarette smoke, or
internal, due to intracellular metabolism
when antioxidant mechanisms are ex-
ceeded (Fig. 1).

Oxidative stress under the action
of heavy metals defined as a persistent
imbalance between the production of
highly reactive molecular species (chief-
ly oxygen and nitrogen) and antioxidant
defense, is implicated in a broad variety
of chronic and acute diseases, including
such diseases as diabetes (Wang et al.,
2014; Kumar & Sharma, 2019).
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Fig. 1. Schematic figure of the link between reactive oxygen species (ROS),
oxidative stress and their effects on the body

Source: Sharifi-Rad et al. (2020).
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Fig. 2. Primary enzymes (SOD or peroxidases) act directly in scavenging
ROS. Secondary enzymes, such as glutathione reductase and glucose-
6-phosphate dehydrogenase, support the action of primary enzymes
regenerating NAPDH and reduced glutathione.

Source: Sharifi-Rad et al. (2020).

Negative environmental factors, in-
cluding heavy metals, lead to a break-
down of antioxidant protection due to
any external influence and cause in-
creased free radical oxidation. This is
accompanied by a change in the confor-
mation of lipids, which leads to a viola-
tion of the structural and functional prop-
erties of biomembranes, increasing their
lability and permeability, imbalance of
enzyme systems of membranes, disrup-
tion of electron transport chains in mito-
chondria. In addition, the products of free
radical oxidation damage proteins, thiol
compounds, and nucleotide phosphates,
change the degree of glycolysis, damage
nuclear DNA with the formation of its
single-strand breaks (Lodovici & Bigag-
1i, 2011).

The activity of the thiol-disulfide sys-
tem may indicate the state of antioxi-

dant reserves of the body, it responds to
its effects and the external nature of the
change of redox potential, which charac-
terizes the ratio of the concentration of
renewed sulfhydryl (SH) and oxidized
disulfide (SS) groups (thiol-disulfide co-
efficient). It is known that the TDC can
be an in-integrative indicator of adap-
tive capabilities of the organism (Fig. 2)
(Sharifi-Rad et al., 2020).

The aim of this study is to assess the
influence of copper, zinc, lead, and cad-
mium on the functioning of the antioxi-
dant system and biochemical indexes in
rat tissues.

Materials and methods
of research

The study was conducted on white
male rats of the same age, weighing 180—
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200 g, kept under standard conditions
of a vivarium, with free access to food
and water. Five groups of animals were
formed: the first — intact (control), the
second — rats orally administered a solu-
tion of copper sulfate at a dose of 3 mg/
kg, the third — rats orally administered a
solution of zinc sulfate at a dose of 2 mg/
kg, the fourth — rats orally administered
a solution of cadmium sulfate at a dose
of 1.5 mg/kg, the fifth — rats orally ad-
ministered a solution of lead nitrate at a
dose of 1.7 mg/kg. Intoxication was per-
formed within 14 days, then the rats were
decapitated under ether anesthesia for
extraction of blood and liver for further
research. The work was carried out in ac-
cordance with the European Convention
for the Protection of Vertebrate Animals
Used for Experimental and other Scientif-
ic Purposes (Strasbourg, France, 1986).
Blood was obtained by well-known
methods and preparations of a homoge-
neous fraction of liver cells were con-
ducted by differential centrifugation
(Severyn & Soloveva, 1989). The content
of thiobarbituric acid reactive substances
(TBARS) was determined by Stalnaya &
Haryshvyly (1977), diene conjugates —
by Gavrilov et al. (1988). In the course
of the research, we used the following
methods to determine the activity of
enzymes: superoxide dismutase (EC
1.15.1.1) by Orehovych (1977), catalases
(EC 1.11.1.9) by Koroliuk (1988), gluta-
thione peroxidase (GP) (EC 1.11.1.9)
and glutathione transferase (GT) (EC
2.5.1.18) by Mannervik (1985), Vlaso-
va et al. (1990). The content of reduced
form of glutathione (GSH) was estab-
lished by the Ellman method (1959).
The content of heavy metals in blood
and liver was determined by spectromet-
ric method (Havezov & Tsalev, 1983),
using the absorption mode in acety-
lene-air flame on the atomic absorption

spectrometer (SpectrAA-55B, VARIAN,
USA). Standard solutions of these metals
were used as controls.

Blood biochemical analysis (activi-
ty of alkaline phosphatase (EC 3.1.3.1),
alanine aminotransferase (EC 2.6.1.2),
aspartate aminotransferase (EC 2.6.1.1),
gamma-glutamyl transpeptidase (EC
2.3.2.2), lactate dehydrogenase (EC
1.1.1.27), cholinesterase (EC 3.1.1.8),
total a-amylase (EC 3.2.1.1), bilirubin
(total and direct), creatinine, urea, glu-
cose, albumin, total protein, cholester-
ol, triglycerides, chlorides, magnesium,
inorganic phosphorus, calcium, sodium,
and potassium) was performed using a
semi-automatic biochemical analyzer
(Micro Lab 300, Netherlands).

The probability of the results was
determined using Student’s t-test. Sta-
tistical calculations were performed us-
ing the Microsoft Excel 2007 program
(Kucherenko et al., 2001).

Analysis of recent researches
and publications

It was found that in rats intoxicated
with copper, zinc, cadmium, and lead
ions, activation of lipid peroxidation was
revealed in blood and liver, which was
assessed by the accumulation of TBARS
(Table 1).

Copper sulfate intoxication leads
to an increase in TBARS by 40% in
blood and 31% in the liver, zinc sulfate
— by 42% in blood and 31% in the liver,
cadmium sulfate — by 66% in blood
and 38% in the liver, lead nitrate — by
61% in blood and 36% in the liver, in
comparison with the control group of
animals.

The content of diene conjugates in
rat tissues (Table 2) was determined as
the ratio of optical density at 233 and
218 nm.
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1. The content of TBARS in rat tissues under conditions of heavy metal
intoxication (M = m, n = 8)

TBARS
Rats Blood, mmol/L Liver,
pmol/mg protein
Intact 1.34+0.05 0.74+0.03
Intoxicated with CuSO, 1.87 £ 0.09* 0.97 £ 0.04*
Intoxicated with ZnSO, 1.91 £ 0.04* 0.95 £ 0.05*
Intoxicated with CdSO, 2.23+0.08* 1.02 £0.07*
Intoxicated with Pb(NO,) , 2.16 £ 0.05%* 1.01 £0.05%*

Note: * P < 0.05 compared with intact rats.

After intoxication of rats with heavy
metal ions, the content of diene conju-
gates in blood and liver tissues increas-
es. Thus, the content of diene conju-
gates in blood increased by 16% after
copper sulfate intoxication, 18% — zinc
sulfate, 24% — cadmium sulfate, 26% —
lead nitrate, compared with the control
group.

The body’s antioxidant defense sys-
tem controls and inhibits all stages of
free radical reactions, from their initia-
tion to the formation of hydroperoxides
and malondialdehyde.

Studies of the activity of superoxide
dismutase and catalase are shown in Ta-
ble 3.

Therefore, intoxication with heavy
metal ions leads to a decrease in the
activity of SOD and CAT in the stud-
ied tissues of rats, especially in the case
of intoxication with cadmium and lead
ions.

The study of the activity of glu-
tathione-dependent enzymes in rat tis-
sues is shown in Table 4.

In blood of rats under conditions
of copper sulfate intoxication, the

2. The content of diene conjugates in rat tissues under conditions of heavy
metal intoxication (M £ m, n =8)

Diene conjugate content (E233/E218)
Rats Blood Liver
Intact 0.84 +0.04 0.97+£0.05
Intoxicated with CuSO, 0.98 +0.07 1.02 £0.09
Intoxicated with ZnSO, 0.99 +0.05 1.04 £0.07
Intoxicated with CdSO, 1.04 £ 0.06* 1.10 £ 0.08*
Intoxicated with Pb(NO,) , 1.06 +0.09* 1.08 +0.04*

Note: * P < 0.05 compared with intact rats.
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3. The activity of superoxide dismutase (SOD) and catalase (CAT) in rat
tissues under conditions of heavy metal intoxication (M £ m, n = 8)

Blood Liver
Rats SOD CAT SOD CAT
(IU/mg of | (umol/L min) (IU/mg of | (umol/L min)
protein) protein)
Intact 0.83 £0.05 11.2+1.10 2.83+£0.32 0.18 £0.03
Intoxicated with CuSO, 0.68 +0.02 10.1 +0.90 2.68£0.17 0.12+£0.02*
Intoxicated with ZnSO, 0.70 £ 0.04 10.7+0.70 2.71+0.15 0.14 +£0.03*
Intoxicated with CdSO, 0.60 +0.03* 8.5+ 0.90* 1.37£0.14* 0.09+0.01*
Intoxicated with Pb(NO3) ,| 0.62+ 0.05* 8.9+ 0.80% 1.72+0.19* 0.11£0.01%*

Note: * P < 0.05 compared with intact rats.

4. The activity of glutathione peroxidase (GP) and glutathione transferase
(GT) and the content of reduced form of glutathione (GSH) in rat tissues
under conditions of heavy metal intoxication (M £ m, n = 8)

Blood Liver
Rats GP (mmol/ | GT (mmol/ GSH GP (umol/ | GT (umol/ GSH
mineL) mineL) | (mmol/L) | min°mg | minemg |(umol/mg e
protein) protein) protein)
Intact 0273+ 68.0 + 0.379 0.37 + 0.48 £ 0.80 +
0.12 4.71 0.04 0.02 0.05 0.04
Intoxicated 0.214 + 357+ 0.294 + 0.34 + 0.46 £ 0.67
with CuSO, 0.11%* 3.68% 0.03* 0.03 0.07 0.05
Intoxicated 0211+ 341+ 0.276 + 036+ 0.44 = 0.62 +
with ZnSO, 0.14* 3.52% 0.07* 0.05 0.03 0.07
Intoxicated 0.170 = 274+ 0.252 + 0.28 £ 0.39+ 0.31+
with CdSO, 0.09* 2.90* 0.02* 0.04* 0.02* 0.03*
Intoxicated 0.181 + 29.7+ 0.263 + 0.30 £ 041+ 039+
with Pb(NO,) , 0.10* 3.10% 0.05%* 0.03* 0.04* 0.05*

Note: * P < 0.05 compared with intact rats.

following decreases: GP activity by
22%, GT activity by 47% and the
content of reduced glutathione by 23%;
zinc sulfate — GP activity by 23%, GT
activity by 50% and the content of
reduced glutathione by 27%; cadmium
sulfate — GP activity by 38%, GT activity
by 60% and the content of reduced
glutathione by 34%; lead nitrate — GP
activity by 34%, GT activity by 57%
and the content of reduced glutathione

by 31%, respectively, compared with
the control group of animals.

Under conditions of intoxication
with copper sulfate and zinc sulfate,
the activity of GP and GT in the liver
of rats changes slightly. The activity of
GP and GT in the liver under exposure
to cadmium ions is reduced by 25% and
19%, respectively, compared with the
control. Under exposure to lead ions,
the activity of GP and GT in the liver
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5. Biochemical indexes of rat blood serum under conditions of heavy metal
intoxication (M £ m, n = 8)

Intoxicated rats

Indexes Intact
Cu Zn Cd Pb

|Alkaline phosphatase, U/L | 291.2 +27.40 | 535.4 £85.21* | 537.3 £ 86.11* | 589.5 + 87.16* | 554.7 + 86.94*
|Alanine aminotransferase,| 78.4+6.34 | 132.8£10.73* | 1353 £ 11.12* [ 1762+ 12.31* | 163.6 + 12.11*
iU/L
|Aspartate 162.3 £ 14.87 | 253.6 £21.32*% | 254.9 £ 22.41* | 338.7 +31.24* | 285.4 + 23.10*
aminotransferase, U/L
y-Glutamyl 24.7+2.21 39.2+£391*% | 405+4.17% | 43.4+485% | 41.2+4.38*
transpeptidase, U/L
Lactate dehydrogenase, 323.54£32.12 | 650.3 +54.74* | 653.4 +55.23% | 724.6 + 61.14* | 692.1 + 55.73*
U/L
Cholinesterase, U/L 343+491 414+5.13 40.1+5.03 432+594% | 423+5.18%
Total a-amylase, U/L 517.8+89.84 [746.3 + 115.12%(749.2 + 123.14*|809.3 + 141.25%(792.1 + 134.21*
Bilirubin:

total, pmol/L 3.6+0.21 3.8+0.20 3.9+0.23 49+027* 4.7+0.29*

direct, umol/L 0.9+0.01 1.0+0.02 1.0£0.03 1.2+£0.03* 1.2+£0.03*
Creatinine, pmol/L 0.9+0.01 1.0+£0.02 1.0+0.03 1.2+0.03* 1.2+£0.03*
Urea, mmol/L 69.3+6.12 102.4£8.93* | 104.1+£9.23* | 118.5+11.54* [112.6 = 10.15*
Glucose, mmol/L 6.2+0.90 11.4+1.25% 11.1+£1.15% 12.9+£2.32% | 123+£2.21*
|Albumin, g/L 5.1+£0.70 6.7+ 1.10* 7.1+1.32% 83+ 1.41% 8.1+1.38%
Total protein, g/L 42.6+3.31 33.8+2.52 349+2.73 31.44£221*% | 32.1+£2.32*
Cholesterol mmol/L 74.7+3.70 61.3+£2.43 62.1+£2.63 56.2+£2.12*% | 584+221*
Triglycerides, mmol/L 1.2+£0.07 0.9+0.02* 0.9+0.03* 0.8+0.01* 0.8 +0.02*
Chlorides, mmol/L 1.0£0.02 0.5+0.02* 0.5+0.03* 0.4+£0.01* 0.4£0.02*
Magnesium, mmol/L 86.3+7.43 106.1£9.72 105.74+9.50 | 112.4+10.92* [111.3 £10.23*
Inorganic phosphorus, 1.7+0.12 23+£0.21* 2.4 +0.24* 2.6 +0.28* 2.5+0.25%
immol/L
Calcium, mmol/L 2.5+0.23 1.4+0.10% 1.5+0.12% 1.2+0.09* 1.3+£0.10*
Sodium, mmol/L 1.9+0.11 2.9+0.20* 2.8+0.25% 35+037* 3.3+£0.45*
Potassium, mmol/L 1442 +12.34 | 127.3 £11.81* | 128.1 £11.90% | 122.3 £ 11.15% [ 123.2 + 11.75*
|Alkaline phosphatase, U/L | 5.3 +0.30 7.4+ 0.60* 7.6+£0.71% 8.4+ 0.90* 8.1 +£0.84*

Note: * P < 0.05 compared with intact rats.

of rats decreased by 19% and 15%, — by 51%, compared with the control
respectively, compared with control group of animals. This change, in our

animals.

opinion, can be explained by the fact that

It should be noted that the content glutathione is involved in the protective
of reduced form of glutathione in the reactions of cellular organelles.
liver of intoxicated rats decreased more Studies have shown that the action
intensively: CuSO, — by 17%, ZnSO, of heavy metals reduces the activity of
— by 23%, CdSO, — by 61%, Pb(NO,), antioxidant system enzymes and the
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concentration of reduced glutathione in
blood of animals.

Biochemical analysis of rat blood
under the influence of xenobiotics on
metabolic processes in the body is
shown in Table 5. The study of enzyme
activity showed the activation of the
latter under conditions of heavy metal
intoxication in 1.5-2.0 times (depending
on a xenobiotic), compared with control,
which is an important sign of confirmation
of pathological processes, taking into
account the organ-specificity of enzymes.

A decrease in the de Ritis ratio was
found in all groups of intoxicated rats,
compared with the group of intact rats,
which indicates inflammatory processes
in the liver.

The increase in the activity of the
studied enzymes is probably caused by
the destruction of hepatocytes and the
development of intrahepatic cholesta-
sis, which causes their intensive entry
into blood. In addition, the change in
the activity of gamma-glutamyl trans-
peptidase in the serum is of important
diagnostic value in the simultaneous de-
feat of the liver parenchyma and hepa-
tobiliary tract and its activity is a sign of
hepatotoxicity. The increase in the level
of gamma-glutamyl transpeptidase also
indicates the stimulation of the activity
of microsomal enzymes.

Hypoproteinemia and a decrease in
albumin content in the serum of rats
under conditions of intoxication may
indicate a decrease in the intensity of
protein synthesis in hepatocytes.

Thus, the increase in serum activi-
ty of the studied enzymes may indicate
damage to liver cells, and may also be a
consequence of the mobilization of pro-
tective and compensatory mechanisms
in the entry of xenobiotics into the body.

Any functional manifestation of a
living organism is provided by the ac-

tion of the corresponding enzyme sys-
tems, so the change in the activity of
the corresponding enzymes correlates
with other studied blood biochemical
parameters. We found that in intoxicat-
ed rats of all experimental groups, lev-
els of total and direct bilirubin, creati-
nine, urea, and glucose were increased
compared with intact animals. Howev-
er, a decrease in the content of albumin,
total protein, cholesterol, and triglycer-
ides was also found in all experimental
groups, compared with intact rats.

According to the results of studies
in intoxicated animals, compared with
the intact group, there was a change in
the cation-anion pool, in particular, a
tendency to decrease in the content of
sodium and inorganic phosphorus, and
increase in chlorides, magnesium, cal-
cium, and potassium. This change is
probably due to a decrease in total pro-
tein and albumin levels, as well as an
increase in organic acids.

The entry of heavy metals into a
living organism leads to occurrence of
oxidative stress, which triggers a set of
interdependent pathological reactions
that cause the activation of the pool
and accumulation of TBARS, as shown
in our previous works. Such data are
consistent with the indicators of the thi-
ol-disulfide balance system (Table 6) in
the protein fraction of blood and liver
in rats.

In blood of all experimental groups,
the thiol-disulfide ratio decreased: in the
second — by 1.5 times, in the third — by
1.7 times, in the fourth and fifth — almost
by 3 times, compared with a group of
intact rats. A decrease in thiol-disulfide
ratio was also found in the liver of all
experimental groups: in the second —
by 1.8 times, in the third — by 2 times,
in the fourth — almost by 3 times, and
the fifth — by 2.3 times, compared
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6. Thiol-disulfide balance of blood and liver of rats under conditions of heavy
metal intoxication (M £ m, n =8)

Intoxicated rats
Indexes Intact
Cu | zn | cd | pb
Blood, pmol/mL
-SH-groups 1436 +152| 12.84+1.42 | 12.61 +£1.23 | 11.08 £ 1.0* [11.76 £ 1.21*
-SS-groups 453+0.63 | 6.05+0.82* | 6.73+0.87* | 10.41 £0.7* |10.29 + 0.67*
Thiol-disulfide ratio 3.17+£0.58 | 2.12+0.32* | 1.87+0.28* | 1.06+£0.17* | 1.14 £ 0.19*
Liver, umol/g

-SH-groups 19.72+£194 | 1524+ 1.6* [14.76 £ 1.48*%[12.87 £1.29%(13.73 £ 1.32*
-SS-groups 534+£0.78 | 7.45+0.72* | 7.94+0.72* | 9.68 £ 0.95* | 8.79 £ 0.64*
Thiol-disulfide ratio 3.69+0.62 | 204+0.31* | 1.86£0.24* | 1.33+0.19* | 1.56 +0.21*

Note: * P < 0.05 compared with intact rats.

with control. A decrease in the thiol-
disulfide ratio indicates an increase in
the concentration of free radicals and
depletion of antioxidants’ sedentary re-
serves of the body, which is a reflection
of the dynamics of positive process un-
der the negative action of xenobiotics.
Changes in the biochemical function
of the liver are accompanied by signs of
toxic hepatitis with hepatocellular in-
sufficiency, as evidenced by increased
activity of aminotransferases, lactate
dehydrogenase, decreased cholesterol
and triglycerides, increased glucose,
and impaired excretory function of the
liver — increase in the presence of gam-
ma-glutamyl transpeptidase, alkaline
phosphatase. Increased activity of cho-
linesterase, total a-amylase, and creati-
nine is a sign of renal failure, pathology
of filtration in the glomeruli of the kid-
neys, and the occurrence of nephritis.
The content of total protein and al-
bumin in the serum during intoxica-
tion with the studied heavy metals is
reduced, which indicates damage to
liver and kidney cells. An increase in
urea content in the serum is a sign of

increased protein catabolism, acute re-
nal failure, as well as a shift in the rela-
tionship between the processes of urea
formation and its excretion in the urine.
It was found that in all groups of intox-
icated animals, the content of inorganic
sodium and phosphorus is reduced and
chlorides, magnesium, calcium, and po-
tassium is increased, which is a sign of
nephritis and previously mentioned dis-
orders of acid-base status (compensated
acidosis).

Conclusions and future
perspectives

This article summarizes the re-
sults obtained, indicating a violation
of the prooxidant-antioxidant balance.
It should be noted that the glutathione
peroxidase system is universal in the de-
composition of peroxides and prevents
the initiation of secondary reactions of
lipid oxidation and participates in the
inactivation of products of oxidative
metabolism of heavy metals in rats.

It was found that heavy metal
intoxication of rats leads to the activation
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of studied blood enzymes (alkaline
phosphatase, alanine and aspartate
aminotransferases,  gamma-glutamyl
transpeptidase, lactate dehydrogenase,
cholinesterase, and total a-amylase) in
comparison with the intact group.

In all experimental groups, the con-
tent of total and direct bilirubin, creati-
nine, urea, glucose, chloride, magnesium,
calcium, and potassium was increased
compared with intact animals.

A decrease in the content of albumin,
total protein, cholesterol, triglycerides,
sodium, and inorganic phosphorus was
also found in all experimental groups,
compared with intact rats.

Heavy metal intoxication in rats
leads to a decrease in the content of
-SH-groups and an increase in the con-
tent of -SS-groups in blood and liver
of all experimental groups, as a conse-
quence — a decrease in thiol-disulfide
ratio indicating the strengthening of free
radical processes oxidation, depletion
of antioxidant reserves of the body, and
confirmatory modifications of protein
molecules.

In conclusion, oxidative stress is an
important pathogenetic link for animals,
and studies in this field may be impor-
tant elements in the future to better un-
derstand and manage various diseases,
including in humans.
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AHomauyia. [jocniomeHHA npoeoounocs O BUBYEHHA 6MAUBY BAMKUX Memasnie Ha
AHMUOKCUOGHMHY cucmemy ma GioXiMivyHi MOKA3HUKU Kposi 8 opeaHiami uypie. BcmaHoseneHo
811U BAHKUX Memanie Ha MOKA3HUKU GHMUOKCUOGHMHOI cucmemu (akmusHicmos gpepmeHmis
QHMUOKCUOAHMHOI cucmemu — eymamioHnepoKcudasu, eaymamioHpedykmasu, Kamanaasu ma
CynepopoKcudOUCMymasu) ma npoyecu nepekucHo20 OKUCHEHHS Ainidie (emicm 2idponepokcudis
ma npodykmie miobapbimyposoi kKucsiomu) y wypis. BcmaHosseHo, wo 3a 0ii eaxckux memarie y
Kposi ma neviHyi wypie iHmeHcusHiwe yHKYioHye aHMUOKcudaHmMHoi cucmemu. [ocnioneHHs
aKMuBHoOCMI hepmeHmie MOKA30a10 AKMUBAUI0 OCMAHHIX 8 YMOBAX IHMOKCUKAYii 8aHKUMU
memanamu 8 1,5-2,0 pasu (3anexwHo 8i0 8amKO20 Memarny), MOPIBHIOIYU 3 KOHMPOAEM.
BcmaHoesneHo, Wo 8 iIHMOKCUKOBAHUX ulypie ycix 00cnioHuUx epyn nidsuweHull piseHb 302016H020
ma npamoeo 6inipybiHy, KPeamuHiHY, ce408UHU, MOPIBHIOKYU 3 IHMAKMHUMU meapuHamu. OOHAK
y 8CiX 00CAiOHUX 2pynax, MOPIBHIOYU 3 IHMAKMHUMU WYPAMU, MAKOHXK 8UABNEHO 3HUMEHHA
smicmy anbbymiHy, 3a2as16H020 binKa, Xonecmeposy ma mpuaniyepudis. 3a Oii 8adcKUx Memarie
Y Kpoei wypig niosuwyemsca aKmueHicme 302a76HOI a-aminasu, nakmamaoeziopozeHasu ma
KOHYeHmpauii 2roKo3u. 3a pesyansmamamu 00cnioieHs y iHMOKCUKOBAHUX MBAPUH, MOPI8HIOHU
3 IHMaKmMHoto 2pyrnoto, crocmepieanacs 3MiHa KAMIiOHHO-AHIOHHO20 Mysy, 30KPema, meHOeHU s
00 3HUMCEHHA 8Micmy HAMPIO Ma HeopaaHi4Ho20 hocgopy, ma 36inbweHHs emicmy xaopudis,
MGQ2Hito, Kanbyito ma Kasito.

Knrovosi cnoea: wypu, Kpos, newviHka, midb, YUHK, Kaomill, ceuHeyb, aHMUOKCUOaHMHA
cucmema
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