YK 577.118:546.76:546.47:678.048
DOI 10.11603/mcch.2410-681X.2017.v0.i1.7678

O. M. Slivinska, R. J. Iskra
INSTITUTE OF ANIMAL BIOLOGY NAAS, LVIV

A COMPLEX INFLUENCE OF CHROMIUM AND ZINC CITRATES
ON ANTIOXIDANT DEFENSE SYSTEM IN RATS’ ORGANISM
WITH AN EXPERIMENTALLY INDUCED DIABETES MELLITUS

Introduction. Since the diabetes mellitus is a genetically predetermined disease, preventive measures to
postpone the onset of the disease or to avert its appearance are especially important for people from risk group.
That is why it is so important to evaluate the role of some microelements in diabetes prevention. In particular, it is
known that zinc plays an important role in insulin synthesis, accumulation and release by 3-cells in pancreas, while
its synergist chromium activates insulin receptors on cell membranes.

The aim of the study — to establish the effect of chromium and zinc citrates on the functioning of antioxidant
system and on the content of lipid peroxidation products in rats’ blood and tissues under the condition of experimental
streptozotocin-induced diabetes mellitus.

Methods of the research. Experiments were conducted on white laboratory rats which were divided into three
groups: 1 —the control group, 2, 3 — research groups. Rats from the 1 and 2 groups received only basic ration, while
chromium and zinc citrates solutions were added to the water of animals from the group 3 in 25 mcg Cr/kg and 50
mg Zn/kg of body weight dosage. An experimental diabetes mellitus (EDM) was induced in animals from 2 and 3
research groups on the 25" day of the experiment, after 24-hour fasting, by intraperitoneal injection of Streptozotocin
in 45 mg/kg bodyweight dosage. Materials for the research were rats’ blood and tissues that were received after
decapitation. The content of lipid hydroperoxides in blood and tissues was determined by a method that requires
protein sedimentation by a trichloroacetic acid (TCA) and further addition of ammonium thiocyanate to the solution.
The MDA content was measured by means of a colored reaction of malondialdehyde with the thiobarbituric acid.
The activity of superoxide dismutase (SOD, EC 1.1.15.1.) was determined by a method where nitrotetrazolium is
reduced by superoxide radicals. Glutathione peroxidase activity (GP, EC 1.11.1.9.) was measured by the speed of
reduced glutathione oxidation. The activity of catalase (EC 1.11.1.6.) was measured by hydrogen peroxide ability
to form a stable colored complex with molybdenum salts. The activity of glutathione reductase (GR, EC 1.6.4.2) was
measured by a speed of glutathione reduction in the presence of NADPH. The content of reduced glutathione was
gauged by the level of thionitrophenol anion formation as a result of SH-groups of glutathione and 5.5-dithiobis-(2-
nitrobenzoic acid) reaction.

Results and Discussion. It was determined during the research that lipid hydroperoxides (LHP) and MDA
contents in rats’ blood, skeletal muscles and pancreas were increased, while the activity of antioxidant defense
system enzymes and reduced glutathione content were decreased under the condition of streptozotocin-induced
DM. Under the condition of combined chromium and zinc citrates addition to the diet of rats from group 3 we observed
the credible decrease of lipid hydroperoxides content, while the increased activity of antioxidant enzymes compared
to those indexes from group 2.

Conclusions. The received results indicate the normalization of lipids peroxidation processes and antioxidant
defense under the influence of chromium and zinc citrates in animals with hyperglycemia. The further research of
antioxidant properties of organic compounds of these microelements will let to develop medical remedies for dia-
betes prevention and treatment.
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Diabetes mellitus is an endocrine disease that
occurs as a result of an absolute or relative insulin

tabolism disorders at the first place, which leads to
hyperglycemia. Glucose accumulation in blood

deficiency, which leads to the defection of all types
of metabolism. The appearance of this disease is
predetermined by the influence of various exoge-
nous, immune, endocrine and genetic factors or by
their combination [1]. Regardless of its mechanism,
the insulin deficiency leads to carbohydrates me-
© L. S. Logoyda, 2017.

leads to glycolysis and TCA intensification that re-
sults in an intensified work of electron transport
chain in mitochondria. A membrane potential rises
to a critical point that causes a block of a Il mito-
chondrial complex, an electron from coenzyme-Q10
passes on to an oxygen molecule and a superoxide
anion (-O?) is being formed [2]. In a state of hyper-
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glycemia a mitochondrial superoxide dismutase
(Mn-SOD) cannot cope with the excess of the su-
peroxide anions and the oxidative stress begins.
Superoxide anion converts to the hydroxyl-radical,
hydrogen peroxide and peroxynitrite after interaction
with other compounds [3, 4]. The oxidative stress
goes along with proteins nitrification, lipids peroxida-
tion, DNA fragmentation, changes of cell signaling,
activation of PARP-1, which results in metabolism
and mechanisms of cell signaling disorders that are
typical for diabetes complications [3]. As a result of
pathological changes that occur under the condition
of diabetes a lower glucose intake from blood, a
local decrease of intracellular glucose reserve in a
form of glycogen and triacylglycerides, an ener-
getic depletion of the organism are seen. Alto-
gether it leads to energy substrates deficiency that
directly correlates with defense systems efficiency,
in particular of the antioxidant one [5]. The antioxi-
dant defense system controls and restrains all
stages of free radical reactions starting with their
initiation and up to the hydroperoxides and malon-
dialdehyde formation [6—8].

Since the diabetes mellitus is a genetically
predetermined disease, preventive measures to
postpone the onset of the disease or to avert its
appearance are especially important for people from
risk group. That is why it is so important to evaluate
role of some microelements in diabetes prevention.
In particular, it is known that zinc plays an important
role in insulin synthesis, accumulation and release
by B-cells in pancreas, while its synergist chromium
activates insulin receptors on cell membranes.

Therefore, the aim of our research was to
establish the effect of chromium and zinc citrates
on the functioning of antioxidant system and on the
content of lipid peroxidation products in rats’ blood
and tissues under the condition of experimental
streptozotocin-induced diabetes mellitus.

MATERIALS AND METHODS. The research
was implemented on white laboratory rats, which
were held in the Institute of Animal Biology of NAAS
vivarium. ltwas completed in accordance to recom-
mendations, approved by European Convention on
vertebrate protection, used for experimental and
scientific purposes (Strasburg 1986), and to “Bio-
ethical expertise of preclinical and other scientific
researches, implemented on animals (Kyiv, 2006).
Animals with body weight from 150 to 170 g were
divided into three groups, each consisted of 7 ani-
mals: 1 —the control group, 2, 3 —research groups.
For 30 days of the research rats from the 1 and 2
groups received only basic ration, while chromium
and zinc citrates solutions were added to the water
of animals from group 3 in 25 mcg Cr/kg and 50 mg
Zn/kg body weight dosage. An experimental diabe-

tes mellitus (EDM) was induced in animals from 2
and 3 research groups on the 25" day of the expe-
riment, after 24-hour fasting, by intraperitoneal injec-
tion of Streptozotocin (“Sigma”, USA) in 45 mg/kg
bodyweight dosage. Hyperglycemia was detected
using portable glucose meter (“Gamma-M"), by
measuring sugar level in blood taken from the tail
vein. The animals were withdrawn from the expe-
riment by means of decapitation under light ether
anesthesia. Materials for the research were rats’
blood and homogenates of liver, skeletal muscles
and pancreas, in which the content of lipid peroxida-
tion products and the activity of antioxidant defense
enzymes were measured.

The content of lipid hydroperoxides in blood
and tissues was determined by a method that re-
quires protein sedimentation by a trichloroacetic
acid (TCA) and further addition of ammonium thio-
cyanate to the solution [9]. The MDA content was
measured by means of a colored reaction of malon-
dialdehyde with the thiobarbituric acid [10]. The
activity of superoxide dismutase (SOD,EC 1.1.15.1.)
was determined by a method where nitrotetrazolium
is reduced by superoxide radicals [11]. Glutathione
peroxidase's activity (GP, EC 1.11.1.9.) was mea-
sured by the speed of reduced glutathione oxidation
[12]. The activity of catalase (EC 1.11.1.6.) was
measured by hydrogen peroxide’s ability to form a
stable colored complex with molybdenum salts [13].
The activity of glutathione reductase (GR, EC 1.6.4.2)
was measured by a speed of glutathione reduction
in the presence of NADPH [14]. The content of
reduced glutathione was gauged by the level of
thionitrophenol anion formation as a result of SH-
groups of glutathione and 5.5’-dithiobis-(2-nitroben-
zoic acid) reaction [15].

The received digital data was statistically
processed using a computer program “Statistika”.
Student’s test was used to determine significant
difference between averages.

RESULTS AND DISCUSSION. In the process
of the research it was established that under the
condition of streptozotocin-induced diabetes the
content of lipid hydroperoxides was increased in
1.9times in blood of rats from group 2 (tab. 1), while
the content of MDA didn’t change credibly, but the
activity of SOD was decreased in 1.2 times and of
glutathione peroxidase in 1.4 times. Also, the ten-
dency to decreased level of reduced glutathione
and glutathione reductase was observed in these
animals compared to the control group (tab. 1). This
indicates lipid peroxidation induction and the de-
creased activity of antioxidant system enzymes in
a state of diabetes.

The credible decrease of hydroperoxides
contentin blood in 1.8 times was established under
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Table 1 — The content of lipid peroxidation products and the activity of antioxidant system
enzymes in rats’ blood in a state of experimental diabetes and under the complex effect
of zinc and chromium citrates (M+m, n=7)

Animal groups
Indexes Control Research
2 (with diabetes) | 3 (with diabetes+Cr+Zn)
Lipid hydroperoxides, standard units/g 0.5225+0.0168 0.996+0.134" 0.545+0.0276 %
of protein
MDA, nmoles/g of protein 3.84+0.106 3.94+0.136 3.655+0.066
SOD, standard units/g of protein 26.53+0.509 22.74+0.715™ 27.15+0.866%
Catalase, mcmoles/min for 1 mg of protein 18.38+0.373 18.945+1.4 20.362+1.011
Reduced glutathione, mcmoles/| 0.73+0.027 0.62+0.066 0.87+0.042™#*
Glutathione peroxidase, nmoles/min 23.05+0.696 16.56+0.366™ 27.93+0.489™###
for 1 mg of protein
Glutathione reductase, mcmoles/min 1.36+0.132 1.25+0.131 1.405+0.055
or 1 mg of protein

Note. Here and in the Table 2—4: * statistically creadible differences between animals from 2 and 3 groups and animals from
group 1 (control): * — p<0.05; ** — p<0.01; *** — p<0.001; * statistically creadible differences between animals from group 3 and

group 2: #— p<0.05; ## — p<0.01; ### — p<0.001.

the condition of complex addition of chromium and
zinc citrates to the ration of rats from group 3, but
the SOD’s activity was increased in 1.2 times,
glutathione peroxidase’s activity — in 1.7 times and
the content of reduced glutathione — in 1.4 times
compared to those indexes in group 2. At the same
time the activity of glutathione peroxidase and the
content of reduced glutathione were increased in
1.2 times compared to the control group (tab. 1).
The received results confirm the normalization
of lipid peroxidation processes in blood and the
increase of antioxidant defense system enzymes
under the influence of chromium and zinc citrates.
The liver maintains the constant glucose blood
level. It was established that the content of MDA in
rats’ liver from group 2 (tab. 2) was increased in 1.4
times, but the content of reduced glutathione was
decreased in 2.7 times, also activities of glutathione
peroxidase and glutathione reductase were de-
creased in 1.4 and 1.9 times respectively. Also the
tendency to increased level of lipid hydroperoxides
and catalase’s activity, while the tendency to de-
creased level of SOD activity were observed in a
researched tissue, compared to animals from the

control group, although these changes were not
credible. But it was established that the content of
MDA in rats’ liver from group 3 was decreased in
1.7 times, but the content of reduced glutathione
was increased in 2.3 times, also activities of SOD,
glutathione peroxidase and glutathione reductase
were increased in 1.4 and 1.6 times respectively,
compared with animals from group 2. Besides that
a credible decrease of MDA content and increase
of SOD’s, catalase’s and glutathione peroxidase’s
activities were observed, compared to animals from
the control group.

It is established that in a physiological state
under the clear insulin regulation muscle tissue is
one of the main glucose consumers. We detected
a credible increase of lipid hydroperoxides content
in 3.1 times, MDA content in 1.4 times, but the
decrease of SOD'’s, catalase’s, glutathione peroxi-
dase’s and glutathione reductase’s activities in 1.2,
1.6, 2.0 and 2.3 times respectively in the muscle
tissue of rats from group 2 compared to those in-
dexes in animals from the 1 (control) group (tab. 3).

Since the muscle tissue is an insulin sensitive
tissue, in a state of diabetes the speed of glucose

Table 2 — The content of lipid peroxidation products and the activity of antioxidant system
enzymes in rats’ liver in a state of experimental diabetes and under the complex effect
of chromium and zinc citrates (M+m, n=7)

Animal groups

of protein

Indexes Control Research
1 2 (with diabetes) | 3 (with diabetes+Cr+Zn)
Lipid hydroperoxides, standard units/g 0.163+0.0098 0.241+0.061 0.144+0.007

for 1 mg of protein

MDA, nmoles/g of protein 3.569+0.154 4.887+0.309" 2.91940.09™##
SOD, standard units/mg of protein 41.882+1.249 39.375+1.107 54.22+1.066™%#
Catalase, mcmoles/min for 1 mg of protein 7.57+0.366 8.77+0.479 8.817+0.174"
Reduced glutathione, mcmoles/| 4.6+0.326 1.73+0.0625™ 4.07+0.166"#
Glutathione peroxidase, nmoles/min 9.02+0.345 6.37+0.208™ 10.37+0.297###
for 1 mg of protein

Glutathione reductase, mcmoles/min 1.53+0.12 0.818+0.13™ 1.31+0.107#
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Table 3 — The content of lipid peroxidation products and the activity of antioxidant system
enzymes in rats’ muscles in a state of experimental diabetes and under the complex effect
of zinc and chromium citrates (Mtm, n=7)

Animal groups

Indexes Control Research
1 2 (with diabetes) | 3 (with diabetes+Cr+Zn)

Lipid hydroperoxides, standard units/g 0.15+0.0052 0.47+£0.0475™ 0.23+0.0538%*
of protein
MDA, nmoles/g of protein 1.49+0.08 2.098+0.138™ 1.67+0.129*
SOD, standard units/mg of protein 63.43+£1.05 51.67+0.853™ 67.88+1.81%#
Catalase, mcmoles/min for 1 mg of protein 18.78+0.972 11.35+£0.319™ 15.11+£1.078%#
Reduced glutathione, mcmoles/| 0.33+0.015 0.257+0.031 0.305+0.0192
Glutathione peroxidase, nmoles/min 37.3£2.6 18.68+0.989™ 34.11+0.809%#
for 1 mg of protein
Glutathione reductase, mcmoles/min 0.47+0.045 0.207+0.008™ 0.60+0.061%#

for 1 mg of protein

phosphorylation to the glucose 6-phosphate is
decreased, as aresult the intensity of lipolysis rises
as well as the content of free unsaturated fatty
acids that can be oxidated in a process of lipid
peroxidation. The increase of lipid peroxidation
products in a state of diabetes is also related to the
modification of antioxidant enzymes by the active
oxygen and glucose.

With the addition of Cr and Zn citrates to rats’
ration from group Ill a decrease of lipid hydroper-
oxides content in 2 times and MDA content in 1.2
times was observed, but the activities of SOD,
glutathione peroxidase, glutathione reductase were
increased in 1.3, 1.8 and 2.9 times respectively,
compared to those indexes in animals from group
2. Besides that a credible decrease of catalase’s
activity in 1.2 times was established in group 3
compared to the group 1 (control).

Pancreas is a complex alveolar gland with both
exocrine (excretory) and endocrine (incretory) func-
tions [1]. Regardless of the extent of compensation
of the diabetes there is a direct correlation between
the intensity of free radical oxidation, dyslipidemia
and triglyceridemia that impact negatively on the
functional activity of B-cells [16—18]. Active forms
of oxygen oxidate phospholipids of mitochondrial
membranes in B-cells in pancreas, which leads to

the outflow of protons from the electron transport
chain and the decreased ATP production that is a
critical factor in the process of insulin synthesis [19].
The oxidative modification of proteins and lipid
peroxidation are closely connected and form the
pathological circle which leads to the oxidative
stress progression in pancreatic cells.

It was established in the research that in rats’
pancreas from group 2 contents of hydroperoxides
and MDA were increased in 2 and 1.9 times respec-
tively compared to the control group (tab. 4). At the
same time with the complex addition of chromium
and zinc citrates their content in rats’ pancreas from
group 3was decreased in 1.6 and 1.8 times respec-
tively, compared to animals from group 2.

The decrease of SOD activity in 2.4 times, the
content of reduced glutathione in 2.0 times, gluta-
thione peroxidase and glutathione reductase ac-
tivities in 1.3 and 1.4 times respectively were ob-
served in rats’ pancreas from group 2, although the
activity of catalase was increased in 1.3 times
compared to those indexes in animals from the
control group.

Superoxide dismutase is a key enzyme of the
antioxidant defense system, it dissactivates one of
active oxygen forms — superoxide radical (O,-) with
the formation of hydrogen peroxide [6, 7]. The de-

Table 4 — The content of lipid peroxidation products and the activity of antioxidant system
enzymes in rats’ pancreas in a state of the experimental diabetes and under the complex effect
of zinc and chromium citrates (M+m, n=7)

Animal groups
Indexes Control Research
2 (with diabetes) | 3 (with diabetes+Cr+2Zn)
Lipid hydroperoxides, standard units/g 0.36+0.029 0.71+0.04™ 0.45+0.0186"#
of protein
MDA, nmoles/g of protein 1.52+0.0528 2.83+£0.024™ 1.60+0.123%#
SOD, standard units/mg of protein 38.12+2.252 15.84+0.65™ 40.19+0.607##
Catalase, mcmoles/min for 1 mg of protein 4.07+0.24 5.29+0.432™ 4.16+0.145*
Reduced glutathione, mcmoles/| 1.19+0.067 0.59+0.025™ 1.06+0.0494##
Glutathione peroxidase, nmoles/min 31.31+1.502 24.5+1.21" 31.14+2.251%
for 1 mg of protein
Glutathione reductase, mcmoles/min 0.86%0.0373 0.61+0.0159™ 0.78+0.0366%
for 1 mg of protein
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creased SOD activity in a state of experimental
diabetes mellitus can occur due to the hydrogen
peroxide accumulation which is SOD’s inhibitor and
catalase’s substrate, activity of which increases.
The increase of SOD activity in 2.5 times, of the
content of reduced glutathione in 1.8 times, gluta-
thione peroxidase and glutathione reductase ac-
tivities in 1.3 times were observed in rats’ pancreas
from group 3, although the activity of catalase was
decreased in 1.3 times compared to those indexes
in animals from group 2.

Overall, the decreased activity of antioxidant
defense system enzymes in blood, as well as in
researched tissues, in animals from group 2 under
the condition of experimental diabetes is condi-
tioned by depletion of their reserves that are con-
sumed for the neutralization of free radicals. The
decreased concentration of GSH is related not only
with its intensified consumption and insufficient
reduction (namely with the change of glutathione
peroxidase and glutathione reductase activities) but
also with the defection of glutathione synthesis and
interchange.

The decrease of lipid hydroperoxides and MDA
contentin rats blood and tissues from group 3 under
the influence of zinc and chromium citrates indicate
the inhibitory effect of researched elements (with
the increment usage) on lipid peroxidation pro-
cesses in blood, liver, muscles and pancreas — or-
gans, that are characterized by a high metabolic
activity. The explanation of mechanisms of chro-
mium and zinc inhibitory effect on peroxidation
processes in rats’ blood and tissues should be
sought in the activation of glutathione-dependent
antioxidant enzyme system, which neutralizes lipid
peroxides and maintains the reduced condition of
SH-groups of proteins and therefore assures their
functional activity [20].

Antioxidant effect of Cr (3) may be conditioned
by its ability to regulate expression of antioxidant
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O. M. CniBiHCcbKa, P. 1. Ickpa
IHCTUTYT BIO/10r TBAPVIH HAAH, /1bBIB

KOMIUIEKCHU BIVIUB IIUTPATIB XPOMY I IITMHKY HA CUCTEMY
AHTUOKCHUJAHTHOI'O 3AXHCTY B OPT'AHI3MI I YPIB 3 EKCITEPUMEHTAJIBHO

IHAYKOBAHMWM IIYKPOBUM JIABETOM

Pe3stome
Bcmyn. OckinbKu yykposuli diabem € 2eHeMuU4yHO 0emepMiHOBaHUM 3axBOPHBaHHSIM, 0CO6/1UBE 3HAYEHHST
0715 /1r0deli 3 2pynu pusuKy Maromb pPoghiiakmMuyHi 3aXoou 3 MEMO0 BIOMepPMIHyBamu Mo4amoK 3axXB0pPHBaHHS

OPUTTHAJIBHI AOC/II>KEHHA
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OPUTTHAJIBHI JOC/II>KEHH

a6o 3arobiemu Uo2o BUHUKHEHHIO. TOMY Bax/IUBO OUIHUMU pPosib 0esikux MikpoesieMeHmis y rpogbinakmuyji oiabe-
my. 3okpema, 8i00MO, W0 YUHK Bidi2pae 8axx/1usy po/ib MU CUHME3I, HAKOMUYeHHI U BUBI/IbHEHHI IHCY/THY B-KaimuHamu
Miow/IyHKOBOI 3a/103U, a U020 cuHepaicm XpoM 3yMOB/IIOE aKkmusayiro iHCYy/IIHOBUX peyernmopis Ha MemMbpaHax
K/IMUH.

Mema docnidxeHHs1 — 3’acysamu Oito yumpamis XpoMy | YUHKY Ha thyHKUIOHYBaHHS aHmUOKCcUOaHMHOI cuc-
memu ma smicm rpooyKmMIs NepoKCUOHO20 OKUCHEHHS NiMidis y Kposi i mKaHUHax Wypis rnpu excrepuMmeHmaris-
HoMmy yykposomy diabemi, iHOyKOBaHOMY CMPENmMO30MmOYyUHOM.

Memoodu 0ocidxeHHs. [Joc/ioxeHHs nposedeHo Ha Bi/iux 1abopamopHUX wypax, sikux 6y/10 Mooi/IeHo Ha
mpu 2pynu: 1-wa — KOHmMpPOo/IbHa, 2-2a i 3-ms — 00c/ioHI. Lypu 1-1'i 2- epyn crnoxusasiu BUK/IFOYHO OCHOBHUU pa-
yioH, a mgapuHam 3-i 2pyrnu 0o MUMHoI 800U dodasasiu PO34UHU yumpamis XpoMy ma YUHKY 8 Ki/lbkocmi, 8ioro-
BIOHO, 25 mKe Cr/k2 i 50 M2 Zn/ke macu mina. Ha 25-my 0oby ekcriepumeHmy y msapuH 2-i'i 3-f 00C/IIOHUX epyr Ha
m/ii 24-200UHHO20 20/100yBaHHS1 BUK/IUK&/IU eKcriepuMeHmasibHUll yykposul diabem wi/issxoMm BHympilWHboYyepes-
HO20 BBEOEHHSI CMPernmo30moyuHy 3 po3paxyHKy 45 me/ke macu mina. Mamepiasiom 07151 0C/iOXeHb By/iU KPoB
i mKaHUHU wypis, sKi sBiobupasnu nicss ix oekanimayii. ¥ kposi i mKkaHUHax BU3Ha4a/u BMIicm 2ioporepokcudis
MemodoM, MPUHYUIT SIKO20 [10/1512a€ 8 0CA0XKEHHI MpomeiHy mpux/10poymosoko KUC/IOMOK 3 HACMYMHUM BHECEHHSIM
Y cepedosulye mioyiaHamy amoHito. KoHyeHmpayito TBK-akmusHUX rMpodyKmis BU3HaYasIu 3a 00MOMO20H0 KO/TbOPOBOT
peakyii Mas10Ho8020 diasib0eaidy 3 miobap6imypPoBOr0 KUC/IOMO0, aKMUBHICMb CynepoKcUOOUCMyma3su — MemoooM,
MPUHYUN 5IKO20 ro/isi2a€e y BIOHOB/IEHHI HIMPomempasosito CynepoKCUOHUMU paoukasamMu, akmusHiCmb
2/lymamioHnepokcudasu — 3a WBUOKICMIO OKUCHEHHST BIOHOB/IEHO20 2/TymamioHy, akmusHiCmb kamanasu — 3
ypaxysaHHsIM 30amHocmi epokcudy BOOHIO YMBOPBamU i3 COsIMU MO/II6OeHy cmilikuli Ko/Iboposul KOMII/IEKC,
aKkmusHicmb 271ymamioHpedykmasu — 3a WBUOKICMIO BIOHOB/IEHHS 2/lymamioHy rpu HasisHocmi NADPH, svicm
BIOHOB/IEHO20 2/1yMamioHy — 3a piBHeM YmMBOPEHHS MIOHIMPOGYEHI/IbHO20 aHIoOHa B8 pe3y/ibmami 83aemModii SH-epyrn
2/1ymamioHy 3 5,5-0umiobic-2-Himpo6eH30UHO KUC/IOMOIO.

Pe3ysnbmamu Ui 062080peHHs. Y Mpoyeci BUKOHaHHS pobomu BCmMaHOB/IeHO, WO 3a yMoB8 cmpenmo-
30MOYUHIHOYKOBaHO20 diabemy B KpPOB8i, NediHyi, CKeIeMHUX M’si3ax ma niow/1yHKosIl 3a/103i msapuH 3-i' 2pynu
3pocmas piseHb 2idporepokcudis /inidis i TBK-akmusHUX MPOOyKMI8, 0OHaK 3MEHWYBa/IUChL aKMUBHICMb €H3UMIB
aHMUOoKcuOaHmMHOo20 3axucmy ma smicm BiOHOB/IEHO20 2/1ymamioHy. pu KOMIMIEKCHOMY 000asaHHi 00 payioHy
wypis 3-i epynu yumpamis XpoMy ma YUHKY 8 00C/TIOXXyBaHOMY Mamepiasii 8i03Ha4as1u BipO2iOHE 3HUXEHHSI PiBHS
MPOOYKMIB NepoKCUOHO20 OKUCHEHHS /1iMidis ma rnioBUWEHHS] aKmusHOCMI aHMUOKCUOaHMHUX eH3UMIB8 BIOHOCHO
MOKa3HUKIB mBapuH 2-i pynu.

BucHosku. OmpumaHi pe3y/ibmamu csiodams po HopMasli3ayito rMpoyecis NepoKCUOHO20 OKUCHEHHS 1inidis
ma aHmUOKCUOaHMHO20 3axucmy y msapuH 3 2inepa/iikeMietro 3a yMOos 8r1/1usy yumpamis Xpomy i YUHKY. 3'cyBaHHs
aHmuokcudaHmHuUx sracmusocmeli opa2aHiqyHUX CriosyK yux MikpoesieMeHmis 00380/1UMb PO3PO6UMU Ha IX OCHOBI
MeOUYHi 3acobu 3 Memoto MPOogiIaKMUKU i /liKyBaHHS UyKposoe2o diabemy.

KNHOYOBI C/TOBA: Wwypu; aHTUOKCUAAHTHA CUCTEMA; LIMTPAT LIMHKY; LIUTPAaT XPoMYy; eKCriepuMeHTasIbHO
iHAYKOBaHWUi LlyKpoBwUii fiaGer.

O. H. CnuBuHckas, P. 1. Uckpa
WHCTUTYT BUNOJTIOMNN XKIBOTHbBIX HAAH, /1IbBOB

KOMIUTEKCHOE BO3JIEVICTBUE IJUTPATOB XPOMA U ITUHKA
HA CUCTEMY AHTUOKCUJAHTHON 3AIIUTHI B OPTAHU3ME KPBIC
C OKCIIEPUMEHTAJIBHO NHAYLNPOBAHHBIM CAXAPHBIM JMABETOM

Pestome

BcmynneHue. [10CKo/bKY caxapHbili duabem sig/1siemcsi 2eHemu4ecku 0emepMUHUPOBaHHbLIM 3a60/1e8aHUEM,
ocoboe 3HayeHue 07159 todeli U3 2pynrbl pucka UMerom fpoghuiakmuyeckue Mepornpusimusi ¢ Ye/bH OmcpoYums
Hayasio 3abo/sesaHus uiu npedomspamume €20 BO3HUKHOBEHUE. [T0amMoMy BaHO OUEeHUMb PO/lb HEKOMOPbIX
MUKpPO3/1IeMeHmos 8 npoghuiakmuke ouabema. B yacmHocmu, U3BeCMHO, YMO YUHK u2paem BaxHyH po/ib npu
CUHMe3e, HaKOM/IeHUU U BbICBOBOXOEHUU UHCY/TUHA B-K/1emKamMu Moo es1y004HoU e/e3bl, a e20 CUHEP2UCM XPOM
06yc108/1UBAEM aKmMuBayUo UHCY/TUHOBbIX Peyenmopos Ha MeMbpaHax K/1emok.

Lenb uccnedosaHusi — 8bISICHUMB delicmaue yumpamos XpoMa U YUHKa Ha (bYHKUUOHUPOBaHUE aHMUOKCU-
daHmHoU cucmeMb! U co0epxaHue npooykmos NepoKCUOHO20 OKUC/IEHUS /IUMUOOB 8 KPOBU U MKaHSIX KPbIC Mpu
3KCepuMeHmMasibHOM caxapHoMm ouabeme, UHOYYUPOBaHHOM CMPENMO30MOYUHOM.

MemoOsbI uccsedosaHusi. VicciedosaHusi pPoBeodeHbl Ha 6esibix 1abopamopHbIX Kpbicax, Komopble 6bl/iu
pasoesieHbl Ha mpu apynnbl: 1-1 — KOHMPo/ibHas; 2-51 U 3-89 — ofbimHble. Kpbicskl 1-U u 2-0 epynn ynompeb/isiu
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UCK/TI04UME/IbHO OCHOBHOU payuUoH, a XXusomHsimv 3-U 2pynribl K numbesol Bo0e 006as/15/1u pacmsopb! yumpamos
Xpoma U YUHKa B Kosiudecmse, coomsemcmseHHo, 25 mke Cr/ke u 50 me Zn/k2 macckl mesa. Ha 25-e cymku akc-
nepumeHma y XusomHbix 2-U u 3-U orbImHbIX 2Py Ha hoHe 24-4acoB020 20/100aHUSI BbI3bIBa/IU IKCIIEPUMEH-
masibHbIl caxapHbil duabem nymem B8HYMpPUOPIOWHO20 BBEOEHUST CMPEernmo30moyuHa us pacyema 45 me/ke
maccbl mena. Mamepuasiom 07151 ucciedosaHull 6b1/1U KPOBb U MKaHU KPbIC, KOMopble ombupasiu rnocsie ux oeka-
numayuu. B Kposu U mkaHsix orpeoesis/iu cooepxaHue 2udpornepokcuoos MeEMoOOM, MPUHYUIT KOMOpPO20 3aK/IH0-
yaemcsi 8 0CaX0eHUU MPoMeuHa mpux/10pyKCycHOU Kuc/10mol ¢ noc/1edyouuM BHeCeHUeM B cpedy muoyuaHama
amMMoHus. KoHyeHmpayuro TEK-akmusHbIX podyKmos ornpeoesis/iu ¢ MoMOoWwbio ysemHol peakyuu Ma/loHOBO20
duasib0eauda ¢ muobapbumyposol Kucsiomot, aKmuBHOCMb CYrepoKcudoUCMyma3sbl — MemooOM, MPUHYUI KO-
mopo20 3ak/1rYaemcsi 8 BOCCMAaHOB/IEHUU HUMPOMEMpPA30/1usi CyrnepoKCUOHbIMU padukasamu, aKkmusHOCMb
2/TymamuoHIiepoKcudasbl — 1o CKOPOCMU OKUC/IEHUS] BOCCIMAHOB/IEHHO20 2/yMamuoHa, akmusHOCMb Kamasiasbl —
C yyemom crnocobHocmu nepokcuda 8000poda 06pa3osbiBams C CO/ISIMU MO/IU6OeHa cmolikuli ysemHOU KOMII/IEKC,
aKmusHOCMb 271ymamuoHpedykmasbl — 110 CKOPOCMU BOCCMaHOB/IeHUS &/lymamuoHa 8 npucymemsuu NADPH,
cooep)kaHue BOCCMAaHOB/IEHHO20 2/yMamuoHa — Mo YPOBHI0 06pa3osaHuUsi MUOHUMPOhEHUIbHO20 aHUOHa B
pesysibmame s3aumodelicmsusi SH-2pynn anymamuora ¢ 5,5-0umuobuc-2-HumpobeH3olHol Kuc/1omod.

Pe3ynbmamsl u o6¢cyxoeHue. B npoyecce BbINo/IHEHUS pabombl yCmaHOB/IEHO, YMO 8 YC/I08USIX cmernmo-
30MOYUHUHOYYUpPOBaHHO20 duabema B8 KpoBU, NeYEHU, CKe/IEMHbIX MbILUYAX U MOOXe/1yO0UHOU XXee3e UBOMHbIX
3-Ui epynsl Bo3pacmars yposeHb 2udpPorepoKcUdos /1unudos U TEK-akmusHbIX MPOOYKMOos, 0OHaKO yMeHbWa/ucCh
aKmuBHOCMb 3H3UMOB aHMUOKcudaHmMHoU 3awyumsl U cooepxaHue BOCCMAaHOB/IEHHO20 2/lymamuoHa. [1pu KoMri-
JIeKCHOM Aobas/ieHuUU 8 payuoH Kpbic 3-U epyrnbl yumpamos XpoMa U YuHKa 8 uccsiedyeMoM mamepuase omme-
4a/1u d0CMOBEPHOE CHUXEHUE YPOBHS MPOOYKIMOB MepOKCUOHO20 OKUC/IEHUS IUNUOOB U MOBbILUEHUE aKmUuBHOCMU
aHMUOKCUOaHMHbIX 9H3UMOB OMHOCUME/ILHO rokasamesieli XUBOMHbLIX 2-U 2pyrifbl.

Bb1800bI. [o/1ydeHHbIe pesyibmambl cBUGEMe/IbCMBYM 0 HoOpMa/iu3ayuu npoyeccos nepokcUoHO20 OKUC-
JIeHUs1 UNUAOB U @aHMUOKCUOaHMHOU 3awjumal y XXUBOMHbIX C 2unepa/iukeMued npu s1ussHuU yumpamos Xpoma
U YUHKa. BbisicHeHue aHmuokcudaHmHbIX CBOUCMB 0pa2aHuyeckux CoeoUHEeHUU amux MUKPO3/1eMeHmMOos Nno3so/1um
paspabomamb Ha UX OCHOBE MeJQUYUHCKUE cpedcmaa 0/1 Mpoghuiakmuku U /Ie4eHUs1 caxapHo20 duabema.

KNHOYEBbBIE C/1IOBA: KpbICbl; aHTUOKCUAAHTHAA cUCTEMA; LIUTPAT LMHKa; LiTpaT XpomMma; aKcnepmumeH-
Ta/IbHO NMHAYLMPOBaHHbI AnabeT.
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