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Type 2 diabetes mellitus is becoming common disease and the most aggressive in terms of its onset in people of all ages.
Understanding diabetes mellitus whole clinical picture complexity, associated primarily with its complications due to the
complexity, cascade and versatility of “vicious circles” of disease pathogenetic mechanisms that cause both diabetic micro- and
macroangiopathies formation, we attracted attention to the relationship ‘diabetes vs cognitive disorders’. Chronic experimental
trials were performed on Wistar rats using the model of streptozotocin-induced experimental diabetes mellitus. To correct the
mnestic disorders we used metformin and alpha-lipoic acid separate and combined administration. The data obtained indicate the
formation of cognitive disorders in streptozotocin-induced experimental diabetes mellitus dynamics which is confirmed by learning
process failure as well as short- and long-term memory weakening. We revealed a pronounced reduction of amnestic reactions in
animals after metformin and alpha-lipoic acid combined administration, which is manifested by the investigated mnestic
parameters normalization. The proposed complex scheme of pharmacocorrection is effective, has a pathogenetic basis and a
pronounced sanogenetic effect, which in the case of further detailed study might have clinical significance.

Key words: diabetes mellitus, training, short-term memory, long-term memory, conditioned reflexes, pathogenetic
mechanisms, metformin, alpha-lipoic acid.
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BUPAKEHICTH KOTHITUBHUX PO3JIAIIB TA IX TATOTEHETUYHA KOPEKIIISA
B JMHAMIII CTPEIITO30TOIUH-ITHAYKOBAHOI'O IYKPOBOI'O ITABETY

IyxpoBunii miaber 2 ThIly cTae Bce OUIBII PO3MOBCIOKEHIM 3aXBOPIOBAHHSAM Ta HAMOLIBII arpecHBHUM 3 TOUKH 30py HOro
nebTy B ocid pisHoro Biky. Po3ymitoun cknafgHicTh yciel KIHIYHOT KapTHHH IyKpoBOro niabery, MOB’s3aHy MHepil 3a Bce 3
YCKJIAIHEHHSIMH 3aXBOPIOBAHHS Yepe3 KOMIUIEKCHICTb, KACKAAHICTh Ta 0araToOIYHICTh «XMOHMX KUT» IAaTOreHETHYHMX MEXaHi3MiB
3aXBOPIOBAHHSL, SIKi CIIPUUMHAIOTH (JOpMyBaHHS JiabeTHUHUX MIKpO- Ta MAKPOAHTIOMATi, HAIlly YBAry MPUBEPHYB 3B’ 30K LyKPOBOIO
niabeTy Ta KOTHITMBHHX po3jaliB. ExcriepuMeHTasbHi DOCipKeHHs: Oy BHKOHAHI B yMOBaX XPOHIYHOTO eKCIIEPUMEHTY Ha LIypax
ninii Bicrap Ha Mozeni CTPENTO30TOIMH-CIPIINHEHOTO SKCIIEPUMEHTAIBHOTO IyKPOBOTO JiadeTy. 3 METOI0 KOpEKIil MHECTHIHUX
PO37aiB IIypaM OKPEMO Ta CyMICHO BBOAMIHM MET(HOPMIH Ta ab(a-minoeBy KUcioTy. OTpuMaHi pe3ysibTaTd CBiquaTh npo GopMyBaHHS
KOTHITHBHUX pO3JaJiB B AWHAMILi (GOPMyBaHHS CTPENTO30TOLMH-IHIYKOBAaHOTO EKCIEPHMMEHTAIBHOIO I[yKPOBOIO mdiabery, o
MiATBEPKYETHCS HOTIPIICHHSM IIPOLIECY HaBYAHHS, a TAKOXK MOCIA0ICHHSIM KOPOTKO- Ta JJOBIOTPHBAJIOL ITaM’sITi. 32 YMOB CyMiCHOT'O
BBe/ICHH MeT(OpPMiHY Ta anb(a-TinoeBoi KUCIOTH IypaM i3 CTPENTO30TOLMH-IPOBOKOBAHMM EKCIEPUMEHTAIBHUM I{yKPOBHM
niabetoM, BinOyBaeThCsl BUp@KEHA PEOyKIliss aMHECTHYHHX IMPOSBIB y TBAapHH, LIO0 HPOSBILIETHCS HOPMATI3AL[EI0 JOCITIIKYBaHUX
MHECTHYHHX MOKa3HHKIB. 3alpoNOHOBaHa KOMIUICKCHA cxeMa (hapMakOKOpeKiii € eeKTHBHO, Ma€e IaTOreHeTHYHE IIPYHTS Ta
LIUIKOM BUP@KCHUH CAHOT€HETUYHMH BILINB, 1110 B Pa3i MOJANIBIIOTO PETENBHOTO AOCIIUKEHHS MaTHME KIIHIYHE 3HAYCHHSI.

KonrouoBi cioBa: 1ykpoBuii 1iadet, KOpOTKOYacHa ram’ATh, JOBrOYacHA MaM’ sTh yMOBHI pedieKkcH, NaToreHeTH4Hi
MeXaHi3MU, MeT(OpPMiH, alb(a-JIInoeBa KUCIOTA.

The work is a fragment of the research project “Investigation of endothelial dysfunction in diabetes, the possibility and
effectiveness of a new method of diabetes treating”, state registration No. 0118U001852.

Type 2 diabetes mellitus (DM) is becoming an increasingly common disease and the most aggressive
in terms of its onset in people of all ages. There are statistics on a significant prevalence of patients and, most
threateningly, a significant increase in the age of its initiation: according to the WHO, approximately 425
million people aged 20 to 79 suffer from this disease, and there are preconditions for a significant increase in
the number of patients with diabetes over the next 20-25 years to 629 million people [8]. It is known that
over the past 40-45 years, the number of people suffering from diabetes has increased almost fourfold [2],
which gives the WHO the opportunity to talk about the “creeping epidemic of diabetes” [3].

Understanding the complexity of the whole clinical picture of diabetes, associated primarily with
complications of the disease due to the complexity, cascade and versatility of the “vicious circles” of
pathogenetic mechanisms of the disease that cause the formation of diabetic micro- (retinopathy,
nephropathy and polyneuropathy) and macroangiopathies, our attention was drawn by the possible
connection between diabetes and cognitive disorders. In this regard, there is the WHO data for 35.6 million
patients with cognitive disorders and dementia, including Alzheimer's disease in 2010 [9] with a risk of
increasing the number of this group of patients to 115.4 million people in 2050 [7].
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The leading social concept of life expectancy puts us in front of an increasing number of elderly
people, which raises several problematic questions in terms of the problem of diabetes. On the one hand,
there are data from clinical studies that convincingly show the leading role of diabetes in the formation of
cognitive disorders [12, 13], while the risk of dementia in patients with diabetes is halved compared to the
general population [13]. From the point of view of basic science, a probable explanation for this fact may
be the progressive demyelination of nerve fibers in diabetes, the severity of which is directly dependent on
the duration of the disease [11].

The purpose of the study was to investigate the exprtession of cognitive disorders in the dynamics
of the experimental model of streptozotocin-induced diabetes mellitus, as well as the impact of
comprehensive pharmacological treatment on the studied indicators. Functioning of short-and long-term
memory due to the period of development of the conditioned reflex of active avoidance (CRAA) was used
as a study criterion for cognitive function in rats.

Materials and methods. Experimental studies were performed in a chronic experiment on 55
Wistar rats weighing 180-25 g. Experimental diabetes mellitus (EDM) was modeled in rats by intraperitoneal
(i.p.) administration of streptozotocin (STZ; “Serva”, Germany, 60 mg/kg) dissolved in sodium citrate buffer
(pH=4.5). EDM formation was verified on the 2™ day by blood glucose level determining using an indicator
test strip ('One Touch', Germany). Only the rats with blood glucose concentration above 15 mmol/L. were
selected for further experiments.

Rats were observed for 6 weeks (this time interval is sufficient for experimental diabetic
polyneuropathy development [10]) after which treatment was started. The following pharmacons were tested:
metformin (MF; Santa Cruz Biotechnology, Inc., USA; 200 mg/kg, i.p.) and alpha-lipoic acid (ALA;
“Farmak”, Ukraine, 50 mg/kg, i.p.). These drugs were administered to rats with EDM starting at 7 weeks for
a further 4 weeks (up to 10 weeks of the experiment) once a day, twice a week (the 2 and 5 days). The animals
were randomized into 5 groups: 1 — intact rats (control); 2 — rats with EDM; 3 — EDM rats with MF; 4 —
EDM rats with ALA; 5 — EDM rats with combined MF and ALA administration. There were 11 rats in
each experimental group.

Experiments on CRAA reproduction and mnestic functions investigation were performed in a
rectangular chamber (50 x 15 cm) with metal walls 40 cm high and a metal floor connected to an electric
power source. The chamber was divided into 2 equal parts. 20W lamps were installed in each compartment.
The light switch-in was used as a conditional stimulus (CS). An electric current (0.5-0.8 mA) given through
a metal floor was considered to be an unconditional stimulus (US) [1].

Rats were allowed to examine the camera for 5 min with the door open and the light off. The
training procedure consisted of sequentially applying electric current to rats while they were in the
illuminated compartment of the chamber. The training continued until the animal reached 9 avoidances out
of 10 consecutively used CS.

Memory preservation was checked after 24 hrs (short-term memory) and 7 days (long-term memory)
in a similar way. This combination of CS and US was repeated until the animal reached 9 avoidances out of
10 consecutive CS uses.

As an integrative indicator of mnestic functions expression the “preservation” index was
calculated [1].

The pharmacological compounds whose effects were studied were administered 30 min before the
CRAA formation (the 1* day of the trial — the learning process), 30 min before the CRAA reproduction
after 24hrs (the 2" day of the trial — short-term memory) and 30 min before the CRAA reproduction in a
week (the 8™ day of the trial — long-term memory). Animals in the control group received saline in a similar
volume in the same time intervals.

The data obtained were calculated statistically using one-way variant ANOV A parametric criterion
accompanied by a post-hoc Newman-Keuls test. The minimum statistical probability was determined at
p<0.05.

Results of the study and their discussion. The animals were first presented with a conditioned
stimulus, and after 5 s — unconditional. After a series of electric shocks, the animal first froze and then tried
to escape from the electric shocks. Initially, the control group rats needed 22-26 s to reach the goal, after
which the running time was reduced. An advance reaction developed — after the presentation of a
conditioned stimulus, the animal moved to the opposite side to receive electrical stimulation. Consolidation
of the lead reaction was a criterion for the formation of CRAA.

Starting from the first week after the introduction of STZ, the number of combinations of US and
CS required for the occurrence of CRAA was 27% more than in the control observations (p<0.05,
table 1).

Later, from the 2" till the 4™ weeks of the experimental trials the investigated index of the training
continued to be increased and was equal to 33.9+3.3 that was 30.9 % more pertaining the same index in
the control observations (p<0.01). The studied index with the time of the pathological condition
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reproduction progressively increased and reached maximum values at the 8" and the 10" weeks of the trial,
respectively, 39.1+4.1 and 42.4+4.3, which significantly exceeded (on 45.2 % and 62.9 %, respectively)
the analogous control values (p<0.01).

Table 1
Severity of the formation of the conditioned reaction of active avoidance of short-term
and long-term memory in the dynamics of streptozotocin-induced diabetes mellitus
Experimental groups, compounds used, Number of CSS and CS combinations required for the emergence of CRAA

doses (mg/kg) Training Short-term memory Long-term memory
1. Control 25.94+2.6 7.2+1.1 2.740.5
2. STZ, 2 days of trials 27.3£2.7 6.9£1.0 3.1+04
3.STZ, 1** week of trials 32.943.1 * 10.7£1.2 * 3.440.6
4. STZ, 2™ week of trials 33.1+3.2 * 104+1.1 * 3.3+04
5 STZ, 4™ week of trials 33.943.3 ** 10.7£1.5 * 3.580.4
6. STZ, 6™ week of trials 34.743.2 * 114+1.3 * 3.8+0.7
7. STZ, 8" week of trials 37.643.6 ** 15.241.7 ** 5.440.6 *
7.STZ, 10" week of trials 42.444.3 ** 17.1+1.9 ** 9.741.1 **

Notes: * — p<0.05, ** — p<0.01 — significant differences of the studied indicators in comparison with those in the control group
of animals (statistical criterion — one-variant ANOVA + Krushkal-Wallis)

During the 1% week of the trial only in the group of rats with MF and AL A combined administration
the number of US and CS combinations required for CRAA was 16 % less than in rats with STZ-provoked
EDM (p<0.05, table 2).

Table 2
Influence of MF and ALA separate and combined administration on the CRAA formation expression,
short-term and long-term memory manifestations in rats with STZ-induced diabetes

Experimental groups, compounds Number of CSS and CS combinations required for the emergence of CRAA
used, doses (mg/kg) Training Short-term memory Long-term memory
1. Control 25.9+2.6 7.2+1.1 2.740.5
Ist week of the experiment
2.STZ 32.943.1 * 10.7+1.2 * 3.440.6
3.STZ + MF 31.7£2.7 9.240.9 3.4+0.4
4.STZ + ALA 32.3+£2.7 9.6+0.9 3.3+0.6
5.STZ + MF + ALA 27.6£2.3 # 7.9+0.7 # 3.2404
6th week of the experiment
6.STZ 347432 * 11413 * 3.840.7
7.STZ + MF 31.9£2.8 8.9+0.8 3.440.5
8.STZ + ALA 29.84+2.9 9.740.8 3.640.6
9.STZ + MF + ALA 28.1£24 # 7.8+0.8 # 3.240.6
7th week of the experiment
10. STZ 36.743.4 ** 13.741.5 ** 4.2+0.7
11. STZ + MF 28.7+2.6 9.240.8 4.1+0.6
12. STZ + ALA 29.242.8 9.840.9 4.3+0.6
13.STZ + MF + ALA 27382.6 # 7.940.8 # 4.140.5
8th week of the experiment
14.STZ 37.643.6 ** 15.241.7 ** 5.440.6 *
15. STZ + MF 289825 # 10.1+0.9 # 4.0+0.5
16. STZ + ALA 31.1£2.8 11.241.2 4.3+0.5
17. STZ + MF + ALA 27.1£2.6 # 8.3+0.8 # 3.2+0.4 #
9th week of the experiment
18.STZ 39.144.1 ** 16.3£1.7 ** 8.940.9 **
19. STZ + MF 20.1£2.6 # 9.840.8 # 6.6+0.8
20.STZ + ALA 31.7£2.7 10.3+0.9 # 6.740.6
21.STZ + MF + ALA 274827 # 7.980.9 # 4.940.5 ##
10th week of the experiment
22.STZ 42.444.3 ** 17.1£1.9 ** 9.741.1 **
23.STZ + MF 28.7£2.7 # 9.4+0.8 # 5.8+0.6 #
24.STZ + ALA 29.24+2.9 10.3+0.9 # 4.9+0.6 #
25.STZ + MF + ALA 26.9+2.6 # 7.940.9 # 4.240.4 ##

Notes: * — p<0.05, ** — p<0.01 — significant differences of the studied indicators in comparison with those in the control group
of animals; # — p<0.05, ## — p<0.01 — significant differences of the studied indicators in comparison with those in the group of animals
with the introduction of STZ (statistical criterion — one-variant ANOVA + Krushkal-Wallis)

Similar results, which indicate a more pronounced correction of the learning process in diabetic
rats under the influence of MF and ALA complex administration, were recorded during 6-10 weeks of the
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experiment (p<0.05). The last week of the trials gave us 26.9+2.6 successful US and CS combinations
which was comparable with the same control index (p>0.05) and was 1.6 times less pertaining the same
index in diabetic rats on the 10" week of the experimental trials without the treatment (p<0.05).

One could see the both MF and ALA separate introduction during the experimental time interval
mainly did not affect the value of the training index (p>0.05).

With the time of STZ-induced pathological condition reproduction, the number of combinations of
US and CS required for the CRAA repeating a day after its development, gradually increased, being 1.5
times more on the 4™ week of the trials pertaining the control index (p<0.05). The value of the studied
index on the 6™ week of the experimental trial was equal to 11.4+1.3 that was 58 % greater if compare with
the analogous data in the control group (p<0.05). The data we received on the 10" week of EDM was 2.4
times more than the control indicator (p<0.01).

Both MF and ALA seperate adminsitartions to diabetic rats were indifferent to the investigated
indexes during the 8 weeks of the experimental trials. Their efficacy was evident on the 9™ and the 10™
weeks of the trials which was proved by their indexes significantly less pertaining the control data in
diabetic rats on the 9" and the 10" weeks of the trials without the treatment (p<0.05).

Combined MF and ALA injection resulted in the short-term memory restoration in diabetic rats
even at the end of the 1*" week of the trials (p<0.05). The investigated indexes of the short-term memory
functioning in diabetic rats under the influence of MF and ALA combined administration were steadily
lower pertaining the same indexes in the correspondent control observations in diabetic rats without the
treatment. Thus, on the 10" week of the trial the investigated index was equal to 7.9+0.9 that was
comparable with the same index in the control rats (p>0.05) and was 2.2 times less pertatining the same
index in diabetic rats without the treatment (p<0.05).

Under the influence of STZ in conditions of the EDM model there was a gradual increase in the
number of US and CS combinations required for the emergence of CRAA 7 days after conditioned reflex
development. These data indicated a marked long-term memory deterioration which became statistically
probable at 8 week of trials (p<0.05). This investigated index maximal increase (9.7+1.1) - on 3.6 times
(p<0.01) — we registered on the 10" week of the EDM.

Single MF and ALA adminsitartions failed to normalize long-term memory throughout 9 weeks of
the experimentral trials. The investigated indexes on the 10" week of the model were equal to 5.8+0.6 and
4.920.6 that were on 40.2 % and 49.5 % less (p<0,05 in both cases), correspondently, comparing the same
index in diabetic rats without the treatment.

At the same time, long-term memory was normalized under the influence of MF and ALA combined,
starting from the 8" week of the trials (p<0.05), which persisted until the end of the experiment. The

% investigated index on the 9" week
” of EDM was equal to 4.9+0.5 that
. was on 44.9 % less (p<0,05) being
e 7 P #| compared with the same index in
T 1=l ] diabetic rats without the treatment.
S T — : At the 10" week of the study, the
— — — number of US and CS combinationa
H H 1 i required for CRAA emergence after
H H H i H 7 days from conditioned reflex
i 0 im development, was 2.3 times less
than the corresponding index in the
control measurements (p<0.01).
The relative values of the
integral indicator of "preservation”,
e 1 8 w ooz oo e wowoe o which allowed us to assess the

.1 stweek 7 week g w?ek 9" week 10 week ) impact Of the Compound on the
Fig. 1. The effect of separate and combined effects of MF and ALA on the index . .
preservation of  the skill

of "preservation" in rats with STZ-induced EDM Symbols: on the abscissa -1 (5,9, I » | . §
13, 17) - rats with diabetes; 2 (6, 10, 14, 18) rats with diabetes + MF; 3 (7, 11, 15, 19)  (‘engram”), are given in the figure.
rats with diabetes + ALA; 4 (8, 12, 16, 20) rats with diabetes + MF + ALA. On the y- The value of “preservation” under
axis — the value of the studied indicator, expressed in % related to the same indicators  the influence of co-administration
in rats of control groups, taken as 100%: B . - . of MF and ALA was significantly

Notes: * —p<0.05, ** — p<0.01 — significant differences of the studied indicators in . .

) . ; o o . greater than in the control, starting
comparison with those in the control group of animals; # — p<0.05 — significant differences h .
of the studied parameters in comparison with those in rats with STZ-induced EDM, from the_ 7% week of the trial
marked with dark bars (one-variant ANOVA + Krushkal-Wallis). (p<0.05, fig. 1).

At the 9 of the experiment, the value of the studied indicator was 14.1 % higher than in the control
measurements (p<0.05). At the 10" week of EDM the incestigated index was 18.1 % less if compared with
the control data(p<0.05). There is a tendency to increase the value of the indicator of “preservation”

*k
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depending on the term of complex pharmacological correction of cognitive disorders under the conditions
of EDM.

Thus, the obtained results indicate the undoubted formation of cognitive disorders in the dynamics
of the formation of STZ-induced EDM. This is confirmed in our studies by data on the deterioration of the
learning process, as well as a pronounced weakening of short- and long-term memory within 10 weeks
after the introduction of STZ. The obtained data are correlated with the results of studies [13], which
showed the dynamics of deterioration of neurological processes in diabetes under experimental conditions
and in the clinic. We consider the actual data obtained as a result of demyelination of nerve fibers, which
begin to form in 1.5-2 months of diabetes due to a combination of endothelial dysfunction and alternative
action of oxygen components, the accumulation of which is shown in the pathogenesis of diabetes [5, 11].

That is, the amnestic effect found by us in the dynamics of formation of STZ-induced EDM is
confirmed by time-dependent inhibition of the process of conditioned reflex formation in the CRAA test,
as well as deterioration of short- and long-term memory. Deterioration of the relative rate of “preservation”
also reflects the negative neuropathophysiological processes that continue in the body of rats under the
conditions of EDM.

Another significant block of data obtained indicates some positive aspects related to the prospect of
recovery of mnestic disorders characteristic of EDM through the complex use of the classic antidiabetic drugs
such as MF and ALA, which is characterized by antioxidant, membraneotropic properties and the ability to
improve blood rheology [3, 6]. We consider the obtained results of a much more pronounced recovery of
learning processes, indicators of short- and long-term memory, as well as the indicator of “preservation” to
be an experimental substantiation of a correctly formulated and proposed scheme of pharmacological
correction of cognitive disorders in EDM. Note that even in such a limited form, the selected complex scheme
of pharmacological correction is effective while also having a pathogenetic basis and a pronounced
sanogenetic effect..

D000k

1. In the dynamics of formation of STZ-induced EDM cognitive disorders are formed, which are
manifested by inhibition of the learning process during the development of CRAA, deterioration of short-
and long-term memory and deterioration of the relative indicator of “preservation”.

2. Amnestic manifestations are progressive and are determined by the development of diabetes.
The greater degree of their severity is registered within 6-10 weeks from the moment of reproduction of
STZ-induced EDM, which coincides with the term of development of nerve fiber demyelination.

3. Under the conditions of joint administration of MF and ALA to rats with STZ-provoked EDM
there is a pronounced reduction of amnestic manifestations in animals, which is manifested by the
normalization of the studied indicators of learning, short-, long-term memory and “preservation”.

4. Significant recovery of learning processes, indicators of short- and long-term memory, as well
as the indicator of “preservation” is considered an experimental justification of a correctly formulated and
proposed scheme of pharmacological correction of cognitive disorders in EDM.

Prospects for furthers researches include a detailed study of the effectiveness of the proposed scheme of pathogenetically
based correction of cognitive impairment in type 2 diabetes with an emphasis on the developed scheme composition, dosages and
its complexity to obtain convincing evidences of its clinical testing reasonability.
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The purpose of this study was to establish the effect of acute pulmonary inflammation of non-viral origin on the
expression of angiotensin-converting enzyme-2. Wistar rats (n=20) were introduced into the trachea of sterile nylon thread 2.5 cm
long and 0.2 mm thick to a depth of 2.5 cm. Endotracheal injection of nylon thread led to formation of acute bronchopneumonia,
which included the sequential development of: exudative and proliferative inflammation, peribronchial and alveolar abscesses,
their organization and diffuse fibrosis of the lung parenchyma. It was shown that the exudative phase of acute inflammation was
accompanied by inhibition of angiotensin-converting enzyme-2 expression in bronchial epitheliocytes, type II alveolocytes and
vascular endothelium. During the transition of inflammation to the stage of proliferation and fibrosis, the expression of the enzyme
was restored. The identified changes indicated the presence of regulatory factors that differ from the coronavirus action.

Key words: acute inflammation, fibrosis, endotracheal injection, immunohistochemistry

J.C. 3a6aiues, 0.0. Aaguk, C.O. Xynodaiii, B.1. lllenutbko, C.B. 3161ineB

EKCIIPECISA AHI'TOTEH3UH-IIEPETBOPIOIOYOI'O ®EPMEHTY -2
Y TKAHUHAX JIETEHb ITPY EKCIIEPUMEHTAJIBHIV BPOHXOITHEBMOHI

Mertoro nocuimkeHHs OyI0 BCTAHOBJIECHHS BIIMBY TOCTPOTO JIETCHEBOTO 3allaIeHHs HE BIpPYCHOTO T'eHe3y Ha eKCIIPEeCito
aHTioTeH3HH-TIepeTBOprorodoro depmenty-2. Illypam minii Bicrap (n=20) Oyno mpoBeneHe BBEICHHS y Tpaxelo CTEPUIIBHOL
KalpoOHOBOT HUTKU JOBXUHOIO 2,5 cM Ta ToBIuHOIO 0,2 MM Ha mubuHy 2,5 cM. EHnoTpaxeansHe BBeICHHS KalPOHOBOI HUTKH
HpU3BOAMIO 0 (OPMYBaHHS TOCTPOi OpOHXOIHEBMOHII, fKE BKJIIOYANO IOCIIIOBHUH PO3BHUTOK: EKCYJATUBHOTO i
npostidepaTHBHOTO 3anajieHHs, IepuOpPOHXiaJbHIX Ta aIbBEOAPHUX abcleciB, IX opraHizauito Ta qudy3Hui Gpidbpo3 napeHxiMu
nereHb. [loka3aHo, IO ekcygaTHBHA (pa3a TOCTPOro 3amajieHHS CyNpOBOIKYBajacs MPUIHIYEHHSAM EKCIpecii aHriOTEeH3UH-
HepeTBOpPIOIYOro (epMeHTy-2 y emirenionurax OpoHxiB, anbBeonouurax Il mopsaky Ta cyauHaomy enporenii. IIpu mepexoni
3anajeHHs y cTafio mpomidepanii Ta ¢GiOpo3yBaHHS eKcrpecis (epMEeHTY BiJHOBIIOBanacs. BusBieHi 3MiHM BKasyBaJd Ha
HasIBHICTB (haKTOPIB perysLil, sSIKi BiIpi3HAIOTHCS Big Aii KOpOHABipycCy.

Kuawuosi ciioBa: roctpe 3ananeHHs, Gpidpo3, eHmpoTpaxeanbHe BBEACHHS, IMyHOTICTOXIMIs

The work is a fragment of the research project “Study of cell-molecular mechanisms of pharmacological influence on
the reprogramming of the macrophages functional phenotype in wound regeneration on the background of hyperglycemia”, state
registration No. 0119U101219

Coronavirus disease 2019 (COVID-19) remains a serious threat to public health both today and in
the future [15]. Coronavirus damages almost all systems and organs, but the lungs are most affected.
Already at an early stage of the disease develops acute lung injury, which can lead to acute respiratory
distress syndrome (ARDS) [13]. The exudative stage progresses to proliferative stage and pulmonary
fibrosis [13].

After the first COVID epidemic in 2002, the functional receptor required for coronavirus to enter
host cells was identified, they found angiotensin-converting enzyme-2 (ACE2) [8, 9]. In addition to lung
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