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REDOX-DEPENDENT MECHANISMS OF BRAIN NEUROPROTECTION OF RATS WITH
EXPERIMENTAL DIABETES MELLITUS

© O. Temirova, M. Khaitovych, A. Burlaka, A. Vovk

Mema. Jlocnioumu egexmugnicms pecyit08aHHs pPeOOKC-3ANeHCHUX MeXAHI3MIE Heluponpomexyii pisHux
¢apmaxonociunux cxem N-ayemunyucmeiny (NAC) ma menamoniny (Mel) y 2onoeuomy mo3ky wypie 3
eKCcnepuMeHmanbHum yykposum diabemom 1 muny (LJ/] 1).

Memoou. I[ypu 3 inoykoseanum L] 1 ompumysaru NAC (1,5 o/ke), Mel (10 me/xe) abo ix xombinayio
(NAC+Mel) npomseom 5-mu muodwcnis. Cman enexmpon-mpancnopmuozo aauyioea (ETJI) mimoxondpiti,
weuoKicms 2enepysanus cynepoxkcuonux paoukanie (CP), axkmusnicme nNOS, xonyenmpayiio 1axkmogeputy,
«BibHO2O 3ani3ay, memeemo2nooiny, 8-oxoG 6 KIMuHax 20108HO20 MO3KY WYPié O0CHIONHCY8ANU MEMOOOM
enekmponHo2o napamacuimuozco pesonauncy (EIIP) na xomn romepusoeanomy EIIP-cnexmpomempi PE-1307 3a
memnepamypu piokozo azomy (T=77K).

Pesynomamu. Yepes 7 muoicnie nicas inoykyii L[/l 1 weuokicme eenepysanusi CP mimoxonopisimu 201081020
mo3ky wypie 3 LI/l 1 byra 3Hauno seuwor, a axmuguicms Heuponanvroi NO-cummasu (nNOS) snudicenoro,
nopigHsAHO 3 2pynor Koumpoar. byno ecmanoeneno smenwenns akmuenocmi Komnnexcy I ETJI mimoxonopii
ma 3pocmanns pisHs 8-oxoG, Konyewmpayii «ginbHozo 3anizay, NO-FeS-6inkie, konyenmpayii rakmogepuny
ma MetHb, ¢ mxanuni eonosnozo mo3xy meapur 3 LJ] 1. Bci docnidocysani papmaronociyni cxemu cnpusiiu
0ocmosipHomy 3HUdMCeHHIO weuokocmi eenepysanus CP ma sionosnennto axmusnocmi nINOS mimoxouopisimu
2010681020 MO3KY. Papmaronoeciuna kopexyii NAC/Mel abo NAC+Mel cnpusina 00cmogipHOMYy 3HUIMCEHHIO Di6Hs
8-0x0G ma xomnnexcie NO-FeS-6inxis, nopmanizayii axmueHocmi KOMNIEKCI8 «BLILHO20 3A1i34» MKAHUHU
201081020 mo3ky wypie 3 L/ 1. Tepania NAC maxooc cnpusna smenwennio piens MetHb, a xombinosana
mepaniss NAC+Mel - smenwennio pienss aakmogepumy 201061020 MO3Ky wypie 3 L/11.

Bucnoexku. Ilpu inoyxyii [J/] 1 muny 8iob6ysacmuvcs nowxodcenus ETJI mimoxonopiu npooykmamu HenoeHo2o
PO3nA0y 2110K03U, WO NPOABIACMbCA 3HUNCeHHAM cunme3y AT®, niosuwennam pisua CP, axi cemepyiomscs 6
HAcniOOK nopyuienHs Mmexauismy mpancnopmy enekmponis. Tepanias NAC ma Mel uu ix xombinayii
CYNPOB00ICYBANACS 3AXUCHIOM KIIMUH 20108H020 MO3KY wypie 3 L[/ 1 6i0 mokcuunoi 0ii CP, nepewkodocaiouu
nopyuwenHs QyHKYil MimoxorOpit, wjo ceioyums npo Hetiponpomexmueny o0iro. NAC ma Mel € nepcnexmusnumu
JKapcoKumu 3acobamu 01 npopinakmuxu ma aiKy8anHs oiabemuynoi netiponamii

Knrwuosi cnosa: yyxkposuii diabem, 20106HUll MO30K, OKcudamuguut cmpec, N-ayemunyucmein, MelamoHiH,
MIMOXOHOPIL, cynepoxcuo

complications. So, the risk of stroke, in patients with
diabetes, is 3—4 times higher. In 10 % of cases, vascular

1. Introduction
Diabetes mellitus (DM) is one of the most

common diseases with a steady tendency to increase, "a
non-infectious epidemic of the 21st century” [1]. It is
projected that by 2030 the number of patients will reach
552 million (9.9 % or 1 diabetes patient in 10 healthy
adults), and by 2035 — to 592 million (10.1 %) [2]. DM
is one of the main causes of cerebrovascular

complications in patients with DM, lead to lethal effects
[3]. The authors of numerous scientific papers in
experimental and clinical studies have identified the
leading role of oxygen and nitrogen radicals in the
pathogenesis of diabetes and its complications, in
particular, diabetic encephalopathy [4, 5].
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2. Formulation of the problem in a general
way, the relevance of the theme and its connection
with important scientific and practical issues

An important mechanism for the development of
diabetic encephalopathy is the oxidative stress caused by
hyperglycemia, which causes excessive formation of
superoxide radicals (SR) and exhaustion of the
antioxidant defense system [6]. Strengthening the
generation of SR initiates the activation of 5 signaling
pathways, which are involved in the pathogenesis of
complications of diabetes. These include: increased
formation of advanced glycation end-products (AGE),
increased expression of AGE receptors, polyol glucose
utilization, activation of protein kinase C isoforms,
hyperactivity of the hexosamine pathological pathway
[7]. Signal pathways activate apoptosis reactions and
cause energy depletion, which leads to damage to
neurons and the development of diabetic encephalopathy
[8]. The role of autophagy, a dynamic process, which
plays an important role in the regulation of cellular
homeostasis by processing macromolecules and
dysfunctional organelles, as well as various types of
reactive oxygen species (ROS) [9, 10], is actively studied
today.

3. Analysis of recent studies and publications in
which a solution of the problem are described and to
which the author refers

The brain cells are particularly susceptible to
oxidative damage due to the increased oxygen
metabolism, high lipid content and relative weakness of
antioxidant defense [11]. Recent research has established
the leading role of mitochondria in the ischemic injury of
the brain in the launch of cascade of oxidative,
morphofunctional neuronal disorders [11, 12]. Induced
by hyperglycemia, accumulation with mitochondria of
the ROS leads to disturbance of ion transport, impulse
generation and conduction, rejection of reuptake of

mediators  (catecholamines, dopamine, serotonin),
denovo protein synthesis disorder, reprogramming of
energy-producing reactions, causing a significant

decrease in energy reserves and loss of neurons [11].
Therefore, an important link of the cerebroprotective
mechanism of action of modern durgs is their
mitoprotective action.

To date, the role of N-acetylcysteine (NAC), a
synthetic drug with antioxidant properties, in the
treatment of diseases of the central nervous system is
widely studied [13]. Experimental studies indicate the
ability of NAC to detect cerebroprotective effects under
DM conditions [14].

Recent studies point to the ability of melatonin to
influence the functioning of mitochondria, penetrating
through membranes it stimulates antioxidant enzymes
such as superoxide dismutase, catalase, glutathione
peroxidase, glutathione reductase, which contributes to
increased resistance to oxidative damage [15].

4. The field of research considering the general
problem, which is described in the article

Data on the neuroprotective effect of N-
acetylcysteine and melatonin are very fragmented. The
NO- and CP-dependent mechanisms of cerebroprotection
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of N-acetylcysteine and melatonin in case of DM 1 have
not been studied sufficiently.

5. Formulation of goals (tasks) of article

The aim of the work was to study the
effectiveness of regulation of redox-dependent
mechanisms of neuroprotection processes of NAC and
Mel various pharmacological schemes, in the brain of
rats with experimental DM 1.

6. Presentation of the main research material
(methods and objects) with the justification of the
results

Experiments were carried out on 35 adult male
Wistar rats weighing 200-260 g, grown in vivarium of
the National Medical University named after O.O.
Bogomolets. All manipulations on animals have been
carried out in accordance with the Law of Ukraine No.
3447-IV "On the protection of animals from cruel
treatment” and in accordance with the "Directive of the
European Union of 2010/10/63 of the EU on the
Protection of vertebrates used for experimental and other
scientific purposes” [16]. Compliance with the bioethical
principles, while working with laboratory animals, is
certified by the expert opinion of the Ethics Committee
of the NMU named after O.0. Bohomolets (protocol
Ne99 dated 12/28/2016).

Animals were kept in the conditions of 12-hour
daily regime (8: 00—20: 00 light and 20: 00-8: 00 — dark
time of day), natural light, at room temperature (19—
24 °QC), relative humidity (50-65 %) in standard plastic
cages of 3—4 animals. They received a diet of feed mix
and cooled boiled water as needed.

Type 1 diabetes mellitus was modeled by
administration of streptozotocin (STZ) (Sigma, USA) at
a dose of 50 mg / kg in citrate buffer solution (pH 4.5)
once intraperitoneally according to guidelines [17]. The
DM was monitored by blood glucose content, which was
determined using the One Touch Select Simple Portable
Meter (LifeScan, USA). After 72 hours, animals with
persistent hyperglycemia with a peripheral blood glucose
index higher than 15 mmol / | were taken.

Animals were divided into 5 groups: 1 — control
(n=7; intact animals); 2 — DM 1 (n=7; group of model
animals with streptotrozine DM 1 receiving 0.9 %
physiological saline per 0s); 3 — NAC (n=7; group of
diabetic rats receiving N-acetylcysteine (STADA) at a
dose of 1.5 g / kg per 0s); 4 — Mel (n=7; group of diabetic
rats receiving melatonin (Kyiv Vitamin Factory) at a
dose of 10 mg / kg per 0s); 5 — NAC + Mel (n=7; group
of model animals with streptozotocin DM 1 receiving a
combination of N-acetylcysteine (1.5 g / kg) and
melatonin (10 mg / kg)). Doses were selected according
to literature sources [18, 19].

The investigational medicinal products were
administered to experimental animals for 5 weeks,
started 2 weeks after induction of DM.

We studied the changes in the functioning of the
electron transport chain (ETL) of the mitochondria, the
rate of SR generation, the activity of the neuronal NO
synthase (nNOS), the concentration of lactoferrin, "free
iron", methemoglobin (MetHb), and the level of 8-
oxoguanin in rat brain tissue cells.
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Changes in the functioning of the mitochondria
ETL were determined by the location of the EPR signals
(g is the spectroscopic fraction factor), and the amplitude
of the corresponding signal was measured. The studies
were carried out by the method of electron paramagnetic
resonance (EPR) in a low temperature (77 K) of
biological material stabilization [20]. For this, 500 mg of
brain tissue was placed in a special mold and frozen in
liquid nitrogen. The obtained tissue samples were
investigated in a paramagnetic pure quartz diver on a
computerized spectrometer RE-1307 with resonator
HO11 at a temperature of liquid nitrogen (77 K). The
power of the microwave source was 40 mW, the
modulation frequency was 100 kHz and the amplitude
10 Gaussian, the receiver's continuous time 1=0.3 sec. As
a standard of intensity, a specially oriented sample of
Al,Oj3 single crystal with a specific concentration of cr
ions was used. The method of double integration
evaluated the concentration of molecules by comparing
the intensity of signals in EPR spectra with the intensity
of the standard. Error in the method of spectrum
integration and the spread of spectrum reproduction of
one sample is not more than 3 %.

The rate of SR generation in the tissues was
determined by the EPR method at room temperature in a
paramagnetic clear quartz cell using a spin capture
TEMPONE-H ("Sigma"). The activity of nNOS was
determined by the EPR method using SpinTraps
technology, as the spin trap was wused by
diethylthiocarbamate (Sigma) [21].

The molecular marker of oxidative DNA damage
- 8-oxoguanine (8-0x0G) - was determined by analyzing
ultraviolet spectra of eluates after their solid phase
extraction from the brain [22].

The concentration of lactoferrin, "free iron",
MetHb, was investigated by EPR method at a
temperature of liquid nitrogen (77 K) [21].

Statistical data processing was performed using
variation statistics using the SPSS Statistics (version
22.0) program using AVONA single-factor analysis of
variance with the Dunnet criterion for comparison groups
with control and experimental groups. The normal
distribution of variables was checked by the Shapiro-
Vilka test. The spot evaluation of the results was
presented in the form of average values and standard
error of the mean (X+m). At the critical level of

significance during the check of statistical hypotheses
were taken p <0.05.

The EPR brain specimens of rats with DM 1 and
intact animals contain the following EPR signals, namely
0g=2.0, which characterizes the level of f
flavoubisemiquinones in ETL mitochondria; g=2.03 —
level of formation of NO complexes with FeS proteins in
ETL mitochondria; g=1.94-activity of the Fe-protein N-2
in the protein NAD ¢ H-ubiquinone oxidoreductase
electron transport complex of the respiratory chain of
mitochondria.

7 weeks after the induction of DM 1, the rate of
SR generation (Fig. 1a), in the mitochondria of the brain,
in the group of animals with DM 1 was significantly
higher compared with the control (0.93+0.14 nm / g
tissue * min v 0.15+£0.05 nm / g tissue * min, p <0.01).
The activity of the neuronal NO synthase (nNOS) (Fig.
1b), the brain of the rats with DM 1, was reduced
compared to the control group of rats (0.47£0.04 nm / g
tissue minus 1.24+0.09 nm / g tissue ¢ min, p <0.01). The
analysis of changes in the rate of SR generation, after
5 weeks of pharmacotherapy, showed a statistically
significant decrease compared with the group of diabetes
mellitus (p <0.05). Thus, the rate of SR generation when
the NAC was set to 0.75+£0.07 nm / g tissue * min. Mel
treatment caused a decrease in the rate of SR generation
by 27.96 % (0.67+£0.09 nm / g tissue min) and 40.86 %
(0.55+0.08) combined therapy.

NAC induced an increase in nNOS activity in the
mitochondria of the brain cells of diabetic rats
(0.7+£0.05 nm / g tissue minus vs. 0.47£0.04, p<0.01).
Mel therapy also contributed to an increase in the activity
of nNOS (0.87+0.1 nm/g tissue ¢ min, p<0.01). The
combined pharmacotherapy of NAC and Mel contributed
to the growth of nNOS activity to 0.95+0.05 nm/g tissue
(min. p<0.01) compared to the DM 1 group without
treatment.

The level of 8-oxoG, a marker of oxidative
damage to nucleic acids in rat brain cells, after 7 weeks
of induction of DM 1, was significantly higher in
comparison with the control group (0.61+0.1 nm/g of
crude tissue versus 0.18+0.06, p<0.01). After
pharmacological correction of NAC/Mel or NAC+Mel,
the level 8-oxoG (Fig. 2) was significantly lower in
comparison with the group receiving the physiological
solution (p<0.01).
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Fig. 1. Influence of N-acetylcysteine (NAC) and melatonin (Mel) on the rate of generation of superoxide radicals and
nNNOS activity in mitochondria of brain cells: a — the rate of generation of superoxide radicals; b — nNOS activity. DM 1
(rats with diabetes mellitus 1 receiving physiological saline per os); NAC (rats with DM 1, administered NAC at a dose
of 1.5 g / kg per 0s); Mel (rats with DM 1 receiving Mel in a dose of 10 mg / kg per os); NAC+Mel (diabetic rats
receiving NAC and Mel per os combination therapy); control (intact rats). NAC / Mel or NAC+Mel was administered
within 5 weeks. * in comparison with control, p <0.05; # in comparison with DM 1, p<0.05
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Fig. 2. Changes in the level of 8-0xo0G in brain cells of diabetic rats that received a physiological solution and drugs.
DM 1 (rats with diabetes mellitus 1 receiving physiological saline per 0s); NAC (rats with DM 1, administered NAC at
a dose of 1.5 g/kg per os); Mel (rats with DM 1 receiving Mel in a dose of 10 mg/kg per 0s); NAC+Mel (diabetic rats
receiving NAC and Mel per os in combination therapy); control (intact rats). NAC / Mel or NAC+Mel were
administered within 5 weeks. * in comparison with control, p<0.01; # in comparison with DM 1, p<0.01
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The damaging effect of DM 1 on ETL on the
mitochondria of rat brain cells was manifested by the
increase in the level of complexes of NO-FeS proteins
(Fig. 3, a) to 0.097+0.007 c.u., when compared with the
control group — 0.05+0.02 (p<0.05). Increasing the level
of the complex indicates the interaction of NO,
synthesized nNOS, with FeS — proteins of mitochondria
with a violation of the oxidative phosphorylation process.
NAC/Mel or NAC+Mel therapy reduced the level of
complexes of NO-FeS proteins, but the difference was
not statistically significant (p>0.05).

The activity of the Complex | ETL of the rat
mitochondria of the brain (Fig. 3, b) with DM 1 was
0.125+0.011 c. u., which is 4.6 times lower than the
control values — 0.58+0.07 c.u. (p<0.05). NAC therapy
increased the activity of Complex | ETL mitochondria to
0.2+0.058 c.u. (in 1.6 times more, in comparison with the

group of DM 1 (p<0.05)).
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Pharmacorrection of Mel and NAC+Mel also
gave a positive result (0.22+0.009 doses and 0.25+0.006
doses respectively) (p<0.05).

In cells of intact animals, the level of the ESR
signal of the "free iron" complexes ("FI") was recorded
within 0.08+0.004 c. u., whereas in the brain cells of
animals with DM 1 under the same conditions —
1.357+0.176 c. u. (p<0.01) (Fig. 4). Thus, for DM 1 there
is an increase in oxidative processes due to the
accumulation of "FI" complexes, increase in their content
in the intercellular matrix, and the formation of an
oxidizing phenotype. The introduction of investigated
drugs contributed to the reduction of "FI" complexes
(p<0.01). The values close to the control were observed
in the group of animals receiving NAC (0.158+0.008 c.
u.). In the brain of animals receiving Mel, the levels of
the "FI" complexes were 2.1 times smaller (0.68+0.11 c.
u.), and in animals receiving the combination therapy
NAC+Mel — 3.7 times (0.325+0.034 c. u.).

*
*
I I #
Mel NAC+Mel Control
#
I
# *
I
Mel NAC+Mel Control

Fig. 3. Influence of N-acetylcysteine (NAC) and melatonin (Mel) on the level of complexes of NO-FeS-proteins and
activity of complex | ETL of mitochondria of rat cell cultures: a — level of complexes of NO-FeS proteins; b — activity
of complex | ETL mitochondria. DM 1 (rats with diabetes mellitus 1 receiving physiological saline per 0s); NAC (rats
with DM 1, administered NAC at a dose of 1.5 g/kg per 0s); Mel (rats with DM 1 receiving Mel in a dose of 10 mg/kg

per 0s); NAC+Mel (diabetic rats receiving NAC and Mel per os combination therapy); control (intact rats). NAC/Mel or
NAC+Mel were administered within 5 weeks; * in comparison with control, p<0,05;
# in comparison with DM 1, p<0.05
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Fig. 4. Changes in the concentration of "free iron" complexes in brain cells of diabetic rats that received a physiological
solution and medicinal substances. DM 1 (rats with DM 1 receiving physiological saline per 0s); NAC (rats with DM 1,
administered NAC at a dose of 1.5 g/kg per o0s); Mel (rats with DM 1, receiving Mel at a dose of 10 mg/kg per 0s);
NAC+Mel (diabetic rats receiving NAC and Mel per os combination therapy); control (intact rats). NAC/Mel or
NAC+Mel were administered within 5 weeks; * in comparison with control, p<0,05; # in comparison with DM 1,
p<0.05

It was also found that the level of flavou-
bisemiquinones in the brain of DM 1 animals receiving a
physiological solution was 0.14+0.009 c. u., whereas in
the control group it was 0.35+0.05 c. u. (p<<0.05). Only
NAC+Mel combination therapy had a statistically
significant increase in the level of flavoubisemiquinones
(0.28+0.008 c. u.).

In the brain cells of rats with DM 1, the
concentration of lactoferrin (LF) was 0.16+0.019 spins/g
of crude tissue, respectively, 14.8 times higher than the
content of LF in the brain cells of intact rats, which was
0.078+0.01 spins/g of raw tissue (p<0.05). Combined
NAC+Mel therapy, unlike monotherapy, reduced the
level of LF of the brain of rats from DM 1 (0.09+0.011
spins/g of crude tissue, p<0.05).

In the cages of the brain of rats with DM 1, the
level of MetHb was 9.6 times higher than the control
group (0.192+0.011 vs. 0.020£0.002 c. u., p<0.05). NAC
therapy contributed to a significant decrease in MetHb
level in the brain of rats with DM 1 (0.120+0.01 c. u.,
p<0.05). Mel in monotherapy and in combination with
NAC also reduced the MetHb level, but the values were
not  statistically  significant  (0.155+0.015 and
0.148+0.013 c. u., p>0.05).

According to literary sources, hyperglycemia
leads to a disturbance of the ETC function of
mitochondria and causes an increase in the generation of
ROS. Since mitochondria are the main source of ROS,
oxidative stress, induced by disturbances of mitochon-
drial functions, also contributes to the development of
diabetic neuropathy [23]. Neurons use oxidative
phosphorylation to meet energy needs, so changing the
functioning of mitochondria leads to energy shortages
and deaths of neurons. Violation of the functions of the
neurons leads to an increase in the level of ROS, due to
the leakage of electrons from ETC [24]. Under
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pathological conditions, with high glucose content inside
the cell, more NADH and FADH2 are formed in the
Krebs cycle and more electrons are transmitted to the
electron transport chain. As a result, the intermembrane
proton gradient increases to a certain limit after which
further transport of electrons to complex Il is blocked,
turning the electrons back to the Q complex, which
transports them one by one to molecular oxygen, thus
forming the superoxide radical [7]. CP cause damage to
mitochondrial DNA and proteins, which results in a
breach of ETC and an additional increase in the amount
of SR. In addition, NO can interact with CP, which
results in the formation of peroxynitrite that can induce
lipid peroxidation and activate the cascade of events that
results in DNA damage [25].

The obtained results indicate that the
administration of various pharmacological schemes of
NAC, Mel or their combination for 5 weeks to rats with
streptozotocin DM 1 promotes the protection of
mitochondria from oxidative damage. Pharmacotherapy
caused a decrease in the rate of generation of SR
(p<0.05) and an increase in the activity of nNOS
(p<0.01). Medicinal products helped to normalize the
functioning of ETC mitochondria.

Mel plays an important role in the regulation of
mitochondrial homeostasis. It reduces the generation of
nitric oxide in mitochondria and supports the
bioenergetic functions of cells. Mel is activator of
antioxidant enzymes, in particular catalase, superoxide
dismutase, glutathione reductase, and lipoxygenase
inhibitor. It increases resistance to oxidative damage by
stabilizing microsomal membranes [26]. Introduction of
Mel in rats with experimental DM 2 contributed to
improving the functioning of liver mitochondria due to
increased activity of mitochondrial citrate synthase
(p<0.001), complex IV ETL (p<0.05), normalization of
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phosphorylation coefficient (p<0.05). The authors note
that therapy also led to an increase in the synthesis of
ATP (p<0.05) [27]. Another study showed that Mel in a
dose of 10 mg/kg contributes to the protection of
mitochondria of adipose tissue, in experimental rats DM
2, from oxidative damage [28].

Introduction of NAC to streptozotocin-induced
DM 1 rats at a dose of 1.5 g/kg for 4 weeks contributed
to a decrease in the rate of SR generation and an increase
in NO (p<0.01) by aortic mitochondria. It has been
shown that in the liver, NAC also increased the rate of
generation of CP while NO was reduced [7].

7. Conclusions from the conducted research
and prospects for further development of this field

1. The rate of SR generation, the mitochondria of
the brain cells of untreated rats with DM 1, was
significantly higher compared to the control group
(0.93+0.14 nm/g tissue minus vs 0.15+0.05 nm/g tissue *
min, p<0.01).

2. There was a violation of the synthesis of NNOS
in rat brain tissue from DM 1, which may be due to
damage to NO synthase, or as a result of the interaction
of NO with superoxide radicals, which leads to the
formation of peroxynitrite. There was an increase in the
formation of complexes of NO-FeS proteins
(0.097+£0.007 c. u., in the control — 0.05+0.02, p<0.05)
indicating the interaction of NO synthesized by nNOS
with FeS-proteins of mitochondria with process
disturbance oxidative phosphorylation. A decrease in the
activity of the Complex | ETL mitochondria was
detected (0, 125+0.011 c. u., while in the control it was
0.58+0.07 c. u., p<0.05).

3. Modeling of DM 1 in rats was accompanied by
an increase in the level of 8-hunting G-marker oxidative

damage to nucleic acids (0.61+0.1 nm/day/g vs.
0.184+0.06, p<0.01), activity of complexes "Free iron"
(1.35740.176 c. u., while in the control — 0,08+0,04 c. u.,
p<0,01) concentration of lactoferrin (0.16+0.019 spins/g of
raw tissue against 0.078+0.01 spins/g of raw tissue <0,05)
and MetHb (0.192+0.011 versus 0.020+0.002 rpm,
p<0.05), in the brain tissue.

4. The administration of NAC, Mel, and their
combination in rats with experimental DM 1 contributed
to protecting the cells of the brain relative to the toxic
effect of SR (the rate of SR generation was
0.75+0.07 nm/g tissue ¢ min, 0.67+0.09 nm/g tissue °
min, and 0.554+0.08 nm/g tissue ¢ min, p<0.05). The
protective effect of the drugs was manifested by the
growth of nNOS activity (0.7£0.05, 0.87+0.1 and
0.95+0.05 nm/g tissue ¢ min, respectively, p<0.01),
preventing the progression of damage to neurons.

5. Pharmacological correction of NAC/Mel or
NAC + Mel contributed to a significant decrease in the
level of 8-0xoG (0.39+0.06, 0.35+0.07 and
0.3£0.04 nm/g of crude tissue, compared with DM
1 group without treatment — 0.61+0.1, p<0.01), increase
in the activity of the complex | ETL mitochondria
(0.2+0.058, 0.22+0.009 and 0.25+0.006 c. u., p<0.05)
normalization of the activity of the "FI" complexes of the
brain tissue of rats from DM 1 (0.158+0.008, 0.682+0.11
and 0.325+0.034 c. u., p<0.05). Therapy also contributed
to a reliable NAC a decrease in the level of MetHb
(0.19240.011 units, p<0.05) and the combination therapy
NAC+Mel, in contrast to monotherapy, contributed to a
decrease in the molar LF of the brain of rats from DM 1
(0.09+0.11 spins/g of raw tissue, p<0.05).

6. NAC/Mel in monotherapy and combination
therapy are promising drugs for the prevention and
treatment of diabetic neuropathy.
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