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A study of complex interaction of fac-
tors involved in development of type 2
diabetes mellitus (T2DM) provides the
basis for developing strategies for the
prevention, treatment of complications,
and for reduction of disability and mor-
tality from this disease.

Hypoxia is currently considered to be
an universal factor involved in complica-
tions development of many diseases
including diabetes mellitus. Acute hypox-
ia causes a body’s systemic reaction
manifested as vasodilatation in the large
circulatory system and hypoxic pulmo-
nary vasoconstriction (HPV) in the arter-
ies of the pulmonary circulation [1].
Under physiological conditions, such a
vasoconstriction optimizes the respirato-
ry function of the lungs and demon-
strates an ability of arteries to regulate
pulmonary circulation and maintain a
normal ventilation-perfusion ratio. Lack
of the adequate response to hypoxic
effects may be an additional mechanism
for the development of diabetic complica-
tions in the cardiovascular system.
Despite years of study, the mechanisms
of HPV remain largely unclear, as does
the effect of diabetes on the pulmonary
artery reactivity. Since currently known
mechanisms for HPV development are
based on changes in the glycolytic path-
ways of metabolism, a significant dete-
rioration in the condition of patients
with diabetes is quite predictable. In
such cases, taking into account the spe-
cific features of pulmonary artery reac-
tivity is very important for both the
adequate correction of circulatory disor-
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ders and treatment of concomitant dis-
eases [2—4]. Many researchers consider
pulmonary hypertension (PH) to be one
of these diseases [5, 6]. Although the
link between diabetes and PH is being
actively debated, there is a need for more
reliable experimental studies that would
show the modifying effect of diabetes on
regulation of the pulmonary circulation.

Alveolar hypoxia is currently consi-
dered to be the main factor that causes
HPV, with extra and intra-acinar arte-
ries being the main vascular segment
that ensures HPV development [7, 8].
These arteries are located in that part of
the lung that cannot be locally studied
using most of the common approaches.
Therefore, the method of video micro-
scopic analysis of changes in the tone of
the intrapulmonary segment of the arter-
ies was used in the presented work.

The aim of the study was to evaluate
the effect of high-fat diet and T2DM on
the development of the HPV reaction
in vivo and in vitro.

Materials and methods. Animals used
in the experiments. The experiments were
conducted on 75 adult white Wistar male
rats weighing (180 = 15) g, kept on the
vivarium standard diet, consisting of dry
briquetted compound feeds (vivarium of
SI «Institute of Pharmacology and Toxi-
cology of NAMS of Ukraine»). All mani-
pulations with animals were carried out
in accordance with the Law of Ukraine
Ne 3447-IV «On Protection of Animals
from Cruel Treatment» [9] and the Euro-
pean Convention for the Protection of
Vertebrate Animals used for Experimen-
tal and other Scientific Purposes [10].
The animals were euthanized by intrave-
nous injection of urethane in the lethal
dose (400 mg per 100 g of body mass).
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All animals were randomly divided
into three groups of 20 animals each in
2 groups and 35 in group 3. The first
group was a control one, the animals of
the second group were treated on a high-
fat diet (HFD), and the animals of the
third group were simulated with T2DM.

Simulation of diabetes in rats. Simula-
tion of diabetes was performed according
to the previously described method [11].
The development of T2DM was caused by
keeping rats on a high-fat diet (animal fat
in the amount of 10 % of the total feed
weight was added to the vivarium stan-
dard granulated feed containing 6 %
vegetable fat) for 21 days followed by a
single intraperitoneal administration of
streptozotocin (STZ) at a dose of 40 mg/
kg. For further experiments, the rats
with hyperglycemia were used, having
blood glucose levels above 15 mM/L 11
days after STZ administration (group
T2DM) [12]. Blood glucose level was mea-
sured using Bionime glucometer (BION-
IME Rightest GM 300, Switzerland).

Operational preparation. The experi-
ments were performed on animals under
intraperitoneal chloralose-urethane anes-
thesia (1:10; based on 30 mg of urethane
per 100 g of body mass). After a trache-
ostomy, the left jugular vein and the left
common carotid artery were catheterized
with Teflon catheters; heparin was admin-
istered in a dose of 50 units per 100 g of
body weight. Given the complexity of
pulmonary artery catheterization in small
animals, the retrograde catheterization of
the right ventricular cavity through the
right jugular vein was performed. It is
known that systolic pressure in the pul-
monary trunk is fully consistent with
pressure in the right ventricle, and its
measurement is often used when studying
the pulmonary circulation in both experi-
mental and clinical settings [13].

Hypoxic hypoxia (HH) was caused by
transferring the animals to respiration
with a gas mixture containing 10 % O,
and 90 % N,. The duration of hypoxia
was 30 min.

Registration and calculation of the
primary cardiac and hemodynamic
parameters.

A non-invasive measurement of systolic
blood pressure (BPs) in the caudal artery

was performed with S-2 sphygmomano-
meter (Hugo-Sachs Elektronik, Germany).

Blood pressure in the right ventricle
(RVP) was measured with Millar’s pres-
sure microcatheter (Millar Instruments,
USA), and in the left common carotid
artery — with ISOTEC pressure sensors
(HSE, Germany) using a DBA amplifier,
type 660 (HSE, Germany). The data was
digitized with analog-to-digital conver-
ters PowerLab 4/30 (AD Instruments;
Australia) and ADC (HSE, Germany).
Signal processing was performed using
the Chart 5 program (AD Instruments,
Australia).

Preparation of the thin slices of the
lung tissue. The preparation was carried
out according to the previously described
method [14]. Under general anesthesia,
thoracotomy was performed followed by
extirpation of the heart and lungs en
bloc. The heart and lungs were immersed
in Hanks solution with following compo-
sition (mM/L): 1,26 CaCl, - 6H,0; 5,33
KCl; 0,44 KH,PO,; 0,8 MgSO, « 7 H,0;
138 NaCl; 4,2 NaHCO,; 0,38 Na,HPO,;
5,6 glucose. In an additional lobe of the
lung, a section was made perpendicular to
the distal part of the artery and trans-
ferred to a chamber with Hanks solution
at 37 °‘C. The chamber was placed on the
objective table of the inverted microscope
Biolam P-1 (Lomo, Russia). The examina-
tions were conducted at 100x magnifica-
tion. On the section, the lumen of the
lobar artery segment with a diameter of
100—-200 microns was found. During the
experiment, images were taken at regular
intervals with a rate of 5 per min using
a digital camera with a resolution of
5 megapixels (eTrek, China).

An ability of the intrapulmonary
artery (iPA) to contract was determined
using a 7-min reaction to Hanks solution
containing 40 mM KCl (depolarizing
solution). Further changes in the lumen
area of the iPA segment were calculated
as a percentage of amplitude of the
maximum contraction in response to the
depolarizing solution.

To create hypoxia, the chamber with
lung tissue slices was perfused with
Hanks solution preliminarily bubbled
with a gas mixture containing O, 1 %,
CO, 5 %, N, 94 % for 20 min.
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The solutions in the chamber were
changed using peristaltic pump IPS
(Ismatec, Switzerland) at a rate of 3,5 mL/
min.

Calculation of iPA lumen area. The
obtained images were processed in real
time with Image J program (National
Institutes of Health, USA) using the
algorithm written in Image J Macro Lan-
guage — the image was converted to 8-bit
format (gray scale) and owing to the
Canny-Deriche edge detector algorithm
[15], the VLA lumen boundaries were
determined with subsequent calculating
the area of this lumen in pixels. Based on
the obtained values, a graph was con-
structed and updated after each image
taking.

A study of contractile activity of the
pulmonary artery circular segments. Imme-
diately after extraction from the chest, the
lungs were placed in the cooled Krebs solu-
tion with the following composition
(mM/L): 182 NaCl, 4,7 KCI, 1,4 NaH,PO,,
1,0 MgCl,, 1,8 CaCl,, 25 NaHCO,, 6,5
glucose, pH 7,4. The iPA rings were
placed in the flow chamber (4 ml) with
Krebs solution (35 °‘C) and stretched on
the metal hooks with preliminary load up
to 0,5 g (5 mN). A contractile activity of
the iPA rings was recorded in isometric
mode using the tension sensors (FTK-
0.1, C.K.K., Ukraine), and oxygen con-
centration in the chamber for a study of
blood vessels was measured using E-5046
electrode (Radiometer, Denmark). The
experimental data were recorded with
LabTrax 4-CDA adapter (WPI, USA) and
DataTrax 2 software (WPI, USA).

A study of the blood vessel responses
was carried out according to the follow-
ing two protocols:

1 — for the iPA rings, contraction to
phenylephrine (PE) and relaxation to
acetylcholine (Ach) were determined;

2 — a magnitude of the iPA rings reac-
tion to decrease in oxygen content in
Krebs solution was estimated. The iPA
rings preliminarily contracted with PE
(8 + 1075 mM/L) were kept for 10 min in
the oxygenated Krebs solution (pO, -~
350 mm Hg) with subsequent 20-min
perfusion with Krebs solution having low
partial oxygen pressure (pO, ~ 1 mm Hg).
The hypoxic solution was obtained by

sparging the gas mixture with the fol-
lowing composition: CO, 5 %, N, 95 %.

Data analysis and statistical proces-
sing. Statistical analysis and graphic
presentation of the study results were
performed using the programs Exel
(Microsoft, USA) and Statistica 8 (Stat
Soft Inc., USA).

The distribution normality was eva-
luated with Shapiro-Wilk test. The
data are presented as follows: as means
+ standard errors of means (m *= SE)
for the normal distribution, as medians
and the first and third quartiles (Med,
Q,; and Q;,) for the non-parametric
distribution. The Wilcoxon test was
used to compare the dependent sam-
ples. Multiple comparisons were per-
formed using ANOVA Kruskal-Wallis
test. The differences were considered
statistically significant if p-value was
less than 0,05.

Results and its discussion. The gen-
eral characteristic of the type 2 diabetes
mellitus model is shown in Table 1 and
corresponds to the data presented previ-
ously [12].

In vivo studies. When measuring pres-
sure in the right ventricular pressure
(RVP), the significant differences were
revealed between rats of different groups.
In the control group rats RVP mean was
(10,13 + 0,54) mm Hg. In animals of the
second and third groups, its values were
twice as many: (20,58 = 2,81) and (22,33 =
2,69) mm Hg respectively (Tabl. 2).

The transfer of the control animals to
breathing with the gas mixture with low
oxygen content (10 %) led to the typical
reaction of the circulatory system.
Hypoxic hypoxia in rats of this group
was accompanied by decrease in blood
pressure in the systemic circulation and
increase in pressure in the right ventri-
cle cavity (Fig. 1, 2). It should be noted
that increased pressure in the right ven-
tricle cavity, as well as the hypotensive
reaction on the part of the systemic cir-
culation persisted throughout the period
of hypoxia. The restoration of breathing
by air with the normal oxygen content
caused a gradual decrease in pressure in
the right ventricle and increase in blood
pressure in the carotid artery.

As in animals of the control group, in
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Table 1

General characteristics of the diabetes model (m + SE)

Time period
Parameter Baseline 33 days
(n = 60) Control High-fat diet | Type 2 diabetes mellitus

(n=20) (n=20) (n=18)

187 9 2807 2987 247 +6

p < 0,001 p < 0,001 p < 0,001

Body mass, g p1>0,05 p1<0,01
p2 < 0,001

5,6 0,1 6,0+0,2 5,6+0,2 20,7+0,9

Glucose level, p >0,05 p>0,05 p < 0,001
mM/L p1>0,05 p1<0,001
p2 < 0,001
12,716 | 123,5+1,9 127,3+ 1,8 128,2+2,0

Systolic blood p <0,05 p<0,01 p < 0,01
pressure, mm Hg p1>0,05 p1>0,05
p2>0,05

Notes. p — compared to the baseline value, p1 — compared to the control group, p2 — compared to the HFD group.

Table 2

The effect of a high-fat diet and strepto-
zotocin injection on changes in the right
ventricular pressure (m * SE)

Right ventricular
Group
pressure, mm Hg
Control (n=9) 10,13+ 0,54
High-fat diet 20,58 = 2,81
(n=6) p1<0,01
22,33+ 2,96
Type 2 diabetes
mellitus (n = 11) p1<0,01
p2> 0,05

Notes. Here and on Table 4: plI — compared to the
control group, p2 — compared to the HFD group.

rats kept on the high-fat diet and in
rats with T2DM model, hypoxic hypoxia
was accompanied by development of a
hypotonic reaction in the systemic cir-
culation. Blood pressure decreased by
15-20 % and remained at that level
throughout the period of hypoxia. In
animals of all groups, mean arterial
pressur (MAP) values at the respective
time intervals did not differ from each
other (Fig. 1).

In rats of the second group, lung ven-
tilation with hypoxic gas mixture was
not accompanied by significant changes
in pressure in the right ventricle cavity
(Fig. 2).
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Fig. 1. Changes in pressure in the carotid artery under hypoxic hypoxia
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In rats with T2DM model, the inver-
sion of the hypoxic pulmonary vasocon-
striction reaction was observed. Unlike
animals in the control group, there was
a decrease in pressure in the right ven-
tricle cavity. Such a change in pressure
occurred almost from the first minute of
hypoxia and persisted throughout its
period. Restoring ventilation with room
air with the normal oxygen content led
to a gradual return of pressure to its
initial value (Fig. 2).

In vitro studies. Contractile activity of
iPA on the lung sections

In the control group rats, perfusion
of lung sections with hypoxic solution
reduced iPA lumen by 25,6 %, which
indicated the development of the reac-
tion of hypoxic pulmonary vasocon-
striction. In rats fed with HFD,
hypoxic pulmonary vasoconstriction
in response to hypoxia was main-
tained, but the lumen area decreased
by only 8,2 %. In rats with T2DM
model, perfusion of the lung sections
with the hypoxic solution led to sig-
nificant increase in the iPA Ilumen
area (Tabl. 3, Fig. 3).

Such a change in iPA lumen under
hypoxia on the lung sections of rats with
the T2DM model indicates an inversion
of HPV reaction, and it should be
regarded as a disturbance of one of the
fundamental adaptive reactions in the
body.

Table 3

Changes in intrapulmonary artery lumen
under hypoxia in type 2 diabetes mellitus
group of rats (% of the maximal decrease
lumen in area in response to Hanks
solution with 40 mM /L KCl)

Group m = SE
Control (n=17) -25,64 +5,38
) i -8,16 + 1,55
High-fat diet (n = 8)
p1<0,05
20,78 5,19
Type 2 diabetes
mellitus (n = 12) P17 <0001
p2< 0,01

Notes. The symbol «-» means a decrease in the lumen
area, pl — compared to the control group,
p2 — compared to the HFD group.

Contractile activity of the pulmonary
artery circular segments. Given the
absence of the normal distribution of the
values obtained as a result of measure-
ments in this series of experiments, we
presented means and standard errors
only in the text for a better perception of
the data.

As can be seen in Figure 4, the vascu-
lar preparations of the intraorgan seg-
ments of the pulmonary artery pre-
served their functional activity. At the
same time, the obtained results indicate
a moderate decrease in the amplitude of
the phenylephrine-induced contraction
of the pulmonary artery segments iso-
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Fig. 3. Typical changes in lumen area of the intrapulmonary artery of a rat in the control group

lated in rats with T2DM model in com-
parison with vessels of animals in HFD
group.

A decrease in oxygen content in Krebs
solution led to appearance of the typical
reaction of PE-contracted pulmonary
artery (PA) rings from all experimental
groups. In the control group animals, the
contraction of the vascular preparations
averaged (47,1 = 5,1) % of the maximum
contraction was observed. The response of
the vessels from rats kept on the high-fat
diet was significantly less averaging
(18,2 = 4,5) %. In the group of animals
with diabetes mellitus model, this reac-
tion was practically absent, and its value
was only (2,3 = 0,9) % (Tabl. 4, Fig. 5).

The first demonstration of the struc-
tural changes in the pulmonary vascula-
ture in diabetes was a study of 1984,
which evaluated the angiogenesis in the
lungs of rat fetuses with STZ-induced
diabetes mellitus [16]. In fetuses obtained
from females with diabetes, it was shown
that the capillary network development
is much less than in lungs of fetuses
from rats in the control group, and it
affects the efficiency of gas exchange in
the lungs. A decrease in density of lung
capillaries in the adult rats with STZ-
induced DM has been shown by other
researchers [17], but M. Pan et al. found
a significant increase in vascular density
in the lungs of mice with both an induced
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Fig. 4. Functional activity of the pulmonary artery vascular preparations under influence of the
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Notes. Left — relaxation in response to acetylcholine, right — contraction in response to phenylephrine.
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Table 4

Contraction of intrapulmonary artery vascular preparations of rats with type 2

diabetes mellitus model under influence of hypoxia
Group Median Q, Q;
Control 31,30 23,27 56,93
6,71 2,38 23,41
High-fat diet
p1<0,001
_ 2,64 1,33 4,26
Typg 2 diabetes p1< 0,001
mellitus
p2<0,01

and genetically determined model of
T2DM [18].

However, the changes caused by diabe-
tes in the lungs are not limited to purely
morphological ones. Lopez-Lopez et al.
[19] showed a decrease in endothelium-
dependent relaxation of the pulmonary
arteries due to increased production of
the reactive oxygen species (ROS) in the
lungs of rats with STZ-induced type 1
diabetes. Excessive ROS production was
the result of increased expression of
p47phox (regulatory NADPH subunit) in
rats with diabetes. Later, this group
published another study devoted to
investigation of the LA response to vaso-
constrictors in rats with T1DM. The
authors showed increased 5-HT2A recep-
tor expression and increased cyclooxy-
genase metabolite levels, which led to
increase in 5-HT-induced LA contraction
in rats with T1DM [20].

Data on the development of peripheral
endothelial dysfunction in the pulmonary

vessels as an universally recognized char-
acteristic of the peripheral diabetic macro-
and microangiopathies are rather contra-
dictory. Both the presence and the absence
of impaired NO-dependent pulmonary
endothelial function have been reported
[19, 21-23]. Moral-Sanz et al. demonstra-
ted that endothelium-dependent relaxation
was not altered, and the contraction was
significantly reduced in resistive PAs in
obese Zucker rats compared to thin rats of
the same line. The decrease in response to
vasoconstrictors is explained by increased
expression of inducible NO-synthase (iNOS)
in PA in Zucker rats with obesity [24]. The
downward trend in PA constricting
responses is also confirmed by this study:
there is a moderate decrease in PE-induced
contraction of pulmonary artery segments
isolated in rats with T2DM. At the same
time, it is known that both endothelium-
dependent and independent relaxation of
LA in mice with T2DM is not changed
compared to the control [18].
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0| <0001 i
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Researchers are more unanimous in
that diabetes leads to impaired respira-
tory function of the lungs [22, 25, 26].
The structural changes in the airborne
barrier and impaired in vivo diffusion
have also been reported [27, 28]. It is
noteworthy that under conditions of
metabolic syndrome and diabetes, hyper-
glycemia itself increases vascular perme-
ability due to increase in superoxide
level in the vascular wall and perhaps
due to the activity of NADPH-oxidase
[29]. Another reason for the increased
permeability of endotheliocyte mem-
branes may be ET-1, since it increases
permeability of the endothelial mem-
brane [30] and increases adhesion of leu-
kocytes [31]. This is confirmed by data
on overexpression of ET-1, ET-A and
ET-B receptors in lungs of rats with STZ-
induced T1DM [32]. Several groups of
researchers have shown increased adhe-
sion of macrophages and leukocytes in
the lung capillaries of animals with dia-
betes, suggesting that inflammation
develops in the pulmonary vasculature
[27, 33—36].

Hypoxia also actively affects the pul-
monary blood flow. Alveolar hypoxia is a
consequence of many diseases caused by
inadequate alveolar ventilation, and is
observed in pulmonary edema, acute
respiratory distress-syndrome or chronic
obstructive pulmonary diseases [37]. In
this regard, metabolic syndrome and/or
diabetes mellitus (DM) is no exception [5,
38-40]. There are few publications
devoted to the study of the body's
response to hypoxia in diabetes mellitus,
and they mainly consider models of the
prolonged hypoxia. In mice with a T2DM
model compared to the control group ani-
mals, 4-week hypoxia led to increase in
pressure in the right ventricle. This fact
suggested a higher susceptibility of mice
with diabetes to hypoxia. The explana-
tion for this was an increase in ROS
production by mitochondria and a
decrease in superoxide dismutase content
in mitochondria [19]. El-Habashy et al.
observed a decrease in the forced expira-
tory volume in the first second, forced
expiratory flow, peak expiratory flow
and maximal oxygen consumption in
patients with DM. Such disorders were

more pronounced in cases of uncon-
trolled diabetes, which allowed the
authors to consider the lungs as a target
organ for DM [41]. In addition, STZ-
induced diabetes exacerbates damage
caused by hypoxia (8 % O, for 12 h) due to
enhancing the inflammation reactions [42].

The most discussed topic is the rela-
tionship of diabetes mellitus, metabolic
syndrome, insulin resistance with dysli-
pidemia and PH. For example, R. T. Za-
manian et al. published the first clinical
report on the relationship between insu-
lin resistance and PH [43]. It is believed
that patients with DM are at increased
risk of PH and pulmonary embolism [5,
44]. It has been shown that DM is an
independent factor in PH development in
patients with chronic obstructive pulmo-
nary disease and interstitial pneumonia
[38, 45]. The experimental data generally
confirm the existence of such a relation-
ship [17, 46]. This study also revealed a
significant increase in pressure in the
right ventricle of the heart of rats on a
HFD and with T2DM model compared to
the pressure in rats of the control
group. On the other hand, between rats
with T1DM model and animals of the
control group, there were no significant
differences in this parameter values [20,
34]. In our previous work, when simu-
lating T1DM, the pressure in the right
ventricle of the heart was also signifi-
cantly lower than in animals of the
respective control group [47]. Such con-
flicting results may be due to different
models of DM and different species of
animals.

Our data presented in this article indi-
cate an inversion of response in rats with
T2DM model. This phenomenon was
observed both at the whole organism
level, and on the pulmonary vessel prepa-
rations. A probable explanation of this
fact may be a change in the pathway of
glucose metabolism in PA of animals
with DM under hypoxia influence. It was
shown that in healthy animals, selective
glycolysis blockade may change this reac-
tion from constriction to dilatation [48].
The transition from oxidative to glyco-
lytic metabolism during hypoxia is pro-
vided with HIF-1 due to both inhibiting
the conversion of pyruvate to acetyl
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coenzyme A or lactate [49, 50], and
increasing efficiency of the electron
transfer when switching subunits in
cytochrome c¢ oxidase [51]. It is known
that in hyperglycemia, dysfunction of
this factor is observed [52—-54], and it
can lead to disturbances in the metabolic
and therefore contractile responses of
smooth muscle cells to hypoxia.

When analyzing the results of the
study, some differences were found in
PA reaction in vitro: inversion of HPV
reaction was observed on the lung sec-
tions, and only the absence of contrac-
tion — on the pulmonary artery rings. It
can be assumed that such an inversion of
the reaction depends on the presence of
tissues surrounding PA. It is known that
bronchi can enhance relaxation of the
nearest arteries. It was found in newborn
rats, that bronchial epithelium produces
a factor that can reduce the muscle tone
of the pulmonary vessels [565]. A detailed
study of the role of various lung tissues
in regulation of PA tone would make
more grounded conclusions.

Conclusion

Thus, in T2DM, there is an increase in
pressure in the right ventricle of the
heart of both rats on a HFD and rats
with T2DM model, as well as the
absence of HPV reaction in animals of
the HFD group and inversion of the
reaction to hypoxia in rats with T2DM
model. This is confirmed by the results
obtained in the experiments in vitro.
Unfortunately, the available data do
not allow us to judge, with an accept-
able degree of certainty, about the pos-
sible mechanisms of the inversion of
HPYV reaction in DM.

Finding out the exact mechanisms
involved in the inversion of the hypoxic
pulmonary vasoconstriction response in
diabetes mellitus will contribute to a bet-
ter understanding of the fundamental
pathophysiological processes that will
promote development of pathogenetically
justified approaches to the treatment of
this disease and its complications.

Conflict of interest
The authors declare no conflict of interests.

1.

2.

10.

11.

12.

13.

14.

Hypoxic Pulmonary Vasoconstriction: From Molecular Mechanisms to Medicine. K. J. Dunham-
Snary, D. Wu, E. A. Sykes et al. Chest. 2017. V. 151. P. 181-192.

Cutts N. R., Brody J. S. Influence of maternal diabetes on basement membranes, type 2 cells, and
capillaries in the developing rat lung. Dev Biol. 1984. V. 104. P. 469-476.

. Patients diagnosed with diabetes are at increased risk for asthma, chronic obstructive pulmonary

disease, pulmonary fibrosis, and pneumonia but not lung cancer. S. Ehrlich, C. Quesenberry, S. Van
Den Eeden et al. Diabetes Care. 2010. V. 33, N2 1. P. 55-60.

. Cheepsattayakorn A., Cheepsattayakorn R. Pulmonary Infectious Diseases in Association with Dia-

betes Mellitus. Journal of Lung, Pulmonary & Respiratory Research. 2017. V. 4. P. 1-4.

. The role of hyperglycemia and insulin resistance in the development and progression of pulmonary

arterial hypertension. D. Grinnan, G. Farr, A. Fox et al. Journal of Diabetes Research. 2016. V. 2016.

. Hypoxia-induced pulmonary hypertension in type 2 diabetic mice. M. Pan, Y. Han, R. Si et al. Pulmo-

nary Circulation. 2017. V. 7. P. 175-185.

. Pulmonary vascular effect of insulin in a rodent model of pulmonary arterial hypertension.

A. W. Trammell, M. Talati, T. R. Blackwell et al. PuImonary Circulation. 2017. V. 7. P. 624-634.

. Suresh K., Shimoda L. A. Lung Circulation. Compr Physiol. 2016. V. 6. P. 897-943.
. Law of Ukraine N2 3447-|V «On Protection of Animals from Cruel Treatment». Vidomosti Verkhovnoyi

Rady Ukrayiny. 2006. N2 27. P. 230. URL: https://zakon.rada.gov.ua/laws/show/3447-15.

European convention for the protection of vertebrate animals used for experimental and other scien-
tific purposes. Council of Europe, Strasbourg, 1986. 53 p.

Furman B. L. Streptozotocin-Induced Diabetic Models in Mice and Rats. Current Protocols in Phar-
macology. 2015. V. 70. P. 5.47.1-5.47.20.

Experimental model type 2 diabetes mellitus. N. V. Dobrelya, O. V. Parshikov, L. V. Boitsova,
0. S. Khromov. Pharmacology and Drug Toxicology (Kyiv). 2019. V. 13 (1). P. 42-50. URL: https://
pharmtox-j.org.ua/index.php/pharmtox-j/issue/view/36/36.

Galie N., Humbert M., Vachiery J.-L. ESC/ERS guidelines for the diagnosis and treatment of pulmo-
nary hypertension. Eur. Heart J. 2015. 15 p.

Real-time videomicroscopic analysis of contractile activity of intrapulmonary arteries. I. V. Strielkov,
0. V. Parshikov, I. V. Kizub, N. S. Gula, Y. O. Dunyak, N. V. Dobrelya, O. S. Khromov. Pharmacology
and Drug Toxicology (Kyiv). 2013. V. 7 (4-5). P. 76-80. URL: https://pharmtox-j.org.ua/index.php/
pharmtox-j/issue/view/9/9.

332

®apmakonoris Ta nikapceka Tokcukonoris, Tom 14, Ne 5/2020
ISSN 2227-7943. Pharmacology and Drug Toxicology, 2020, 14 (5), 324—336



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Deriche R. Using Canny's criteria to derive a recursively implemented optimal edge detector. Int. J.
Computer Vision. 1987. V. 1. P. 167-187.

Grant M. M., Cutts N. R., Brody J. S. Influence of maternal diabetes on basement membranes, type
2 cells, and capillaries in the developing rat lung. Dev Biol. 1984. V. 104. P. 469-476.

Activation of the GLP-1 receptor by liraglutide increases ACE2 expression, reversing right ventricle
hypertrophy, and improving the production of SP-A and SP-B in the lungs of type 1 diabetes rats.
M. Romani-Perez, V. Outeirino-lglesias, C. M. Moya et al. Endocrinology. 2015. V. 156. P. 3559-3569.
Hypoxia-induced pulmonary hypertension in type 2 diabetic mice. M. Pan, Y. Han, R. Si et al. Pulm
Circ. 2017. V. 7. P. 175-185.

Diabetes induces pulmonary artery endothelial dysfunction by NADPH oxidase induction. J. G. Lopez-
Lopez, J. Moral-Sanz, G. Frazziano et al. Am J Physiol Lung Cell Mol Physiol. 2008. V. 295. P. L727—-
L732.

Type 1 diabetes-induced hyper-responsiveness to 5-hydroxytryptamine in rat pulmonary arteries via
oxidative stress and induction of cyclooxygenase-2. J. G. Lopez-Lopez, J. Moral-Sanz, G. Frazziano
et al. J Pharmacol Exp Ther. 2011. V. 338. P. 400-407.

Gurney A. M., Howarth F. C. Effects of streptozotocin-induced diabetes on the pharmacology of rat
conduit and resistance intrapulmonary arteries. Cardiovascular Diabetology. 2009. V. 8. P. 4.

Toda N., Imamura T., Okamura T. Alteration of nitric oxide-mediated blood flow regulation in diabe-
tes mellitus. Pharmacology & Therapeutics. 2010. V. 127. P. 189-209.

Maric-Bilkan C. Sex differences in micro- and macrovascular complications of diabetes mellitus.
Clinical Science. 2017. V. 131. P. 833-846.

Pulmonary arterial dysfunction in insulin resistant obese Zucker rats. J. Moral-Sanz, C. Menendez,
L. Moreno et al. Respir Res. 2011. V. 12. P. 51.

Evaluation of pulmonary alveolo-capillary permeability in type 2 diabetes mellitus: using technetium
99mTc-DTPA aerosol scintigraphy and carbon monoxide diffusion capacity. K. Ozsahin, A. Tugrul,
S. Mert et al. Journal of Diabetes and its Complications. 2006. V. 20. P. 205-209.

Systematic review of the association between lung function and type 2 diabetes mellitus. O. L. Klein,
J. A. Krishnan, S. Glick, L. J. Smith. Diabetic Medicine. 2010. V. 27. P. 977-987.

Popov D., Simionescu M. Alterations of lung structure in experimental diabetes, and diabetes associ-
ated with hyperlipidaemia in hamsters. The European Respiratory Journal. 1997. V. 10. P. 1850-1858.
Fatty diabetic lung: functional impairment in a model of metabolic syndrome. C. Yilmaz, P. Ravikumar,
D. J. Bellotto et al. Journal of Applied Physiology. 2010. V. 109. P. 1913-1919.
Hyperglycemia-mediated oxidative stress increases pulmonary vascular permeability. J. S. Clem-
mer, L. Xiang, S. Lu et al. Microcirculation. 2016. V. 23. P. 221-229.

Porter L. P., McNamee J. E., Wolf M. B. Interaction of endothelin-1 and nitric oxide in endothelial
barrier failure in the cat hindlimb. Microcirculation. 2000. V. 7. P. 347-356.

Endothelin-1 causes sequential trapping of platelets and neutrophils in pulmonary microcirculation
in rats. E. Helset, S. Lindal, R. Olsen et al. Am J. Physiol Lung Cell Mol Physiol. 1996. V. 271. P. L538-
L546.

The lung endothelin system: a potent therapeutic target with bosentan for the amelioration of lung
alterations in a rat model of diabetes mellitus. A. Cayir, R. A. Ugan et al. J. Endocrinol Invest. 2015.
V. 38. P. 987-998.

Up-regulation of kinin B1 receptor in the lung of streptozotocin-diabetic rat: autoradiographic and
functional evidence. R. M. Vianna, B. Ongali, D. Regoli et al. Br. J. Pharmacol. 2003. V. 138. P. 13-22.
Different patterns of pulmonary vascular disease induced by type 1 diabetes and moderate hypoxia
in rats. J. Moral-Sanz, J. G. Lopez-Lopez, C. Menendez et al. Exp Physiol. 2012. V. 97. P. 676-686.
Diabetic microvascular disease and pulmonary fibrosis: the contribution of platelets and systemic
inflammation. R. Jagadapillai, M. J. Rane, X. Lin et al. Int J. Mol. Sci. 2016. V. 17. P. 1853.
Long-term administration of angiotensin (1-7) prevents heart and lung dysfunction in a mouse
model of type 2 diabetes (db/db) by reducing oxidative stress, inflammation and pathological
remodeling. A. M. Papinska, M. Soto, C. J. Meeks, K. E. Rodgers. Pharmacol Res. 2016. V. 107.
P. 372-380.

Frohlich S., Boylan J., McLoughlin P. Hypoxia-induced inflammation in the lung: a potential therapeu-
tic target in acute lung injury? Am J. Respir Cell Mol Biol. 2013. V. 48. P. 271-279.

Impact of diabetes in patients with pulmonary hypertension. A. D. Abernethy, K. Stackhouse, S. Hart
et al. Pulm Circ. 2015. V. 5. P. 117-123.

Unrecognized glucose intolerance is common in pulmonary arterial hypertension. M. E. Pugh,
I. M. Robbins, T. W. Rice et al. J. Heart Lung Transplant. 2011. V. 30. P. 904-911.

Pulmonary Circulation in Obesity, Diabetes, and Metabolic Syndrome. P. Khaing, P. Pandit,
B. Awsare, R. Summer. In Comprehensive Physiology; Ed. Y. Prakash. 2020. V. 10. P. 297-316.

®apmakonoris Ta nikapcbka Tokcukonoris, Tom 14, No 5/2020 333
ISSN 2227-7943. Pharmacology and Drug Toxicology, 2020, 14 (5), 324—336



41. El-Habashy M. M., Agha M. A., El-Basuni H. A. Impact of diabetes mellitus and its control on pulmo-
nary functions and cardiopulmonary exercise tests. Egyptian Journal of Chest Diseases and Tuber-
culosis. 2014. V. 63. P. 471-476.

42. Hypoxia-induced acute lung injury is aggravated in Streptozotocin diabetic mice. L. M. Wang,
N. Z. Zhong, S. J. Liu et al. Experimental Lung Research. 2015. V. 41. P. 146-154.

43. Insulin resistance in pulmonary arterial hypertension. R. T. Zamanian, G. Hansmann, S. Snook et al.
Eur Respir J. 2009. V. 33. P. 318-324.

44. Movahed M.-R., Hashemzadeh M., Jamal M. M. The prevalence of pulmonary embolism and pulmo-
nary hypertension in patients with type Il diabetes mellitus. Chest Journal. 2005. V. 128. P. 3568-
3571.

45. Associations between diabetes mellitus and pulmonary hypertension in chronic respiratory disease
patients. T. Takahashi, A. Yoshihisa, K. Sugimoto et al. PLoS ONE. 2018. V. 13. P. e0205008.

46. Elevated pulmonary arterial pressure in Zucker diabetic fatty rats. D. Morales-Cano, M. Callejo,
B. Barreira et al. PLoS One. 2019. V. 14. P. e0211281.

47. Peculiarity of hypoxic pulmonary vasoconstriction in diabetic rats. O. S. Khromov, N. S. Hula,
N. V. Dobrelya, A. |. Soloviev. Pharmacology and Drug Toxicology (Kyiv). 2017. V. 11 (2). P. 76-85.
URL: https://pharmtox-j.org.ua/index.php/pharmtox-j/issue/view/27/27.

48. Soloviev A., Bondarenko A., Kizub I. Selective glycolysis blockade in guinea pig pulmonary artery
and aorta reverses contractile and electrical responses to acute hypoxia. Vasc. Pharmacol. 2012.
V. 57. P. 119-123.

49. HIF-1-mediated expression of pyruvate dehydrogenase kinase: a metabolic switch required for cel-
lular adaptation to hypoxia. J. W. Kim, I. Tchernyshyov, G. L. Semenza, C. V. Dang. Cell Metab. 2006.
V. 3. P. 1777-185.

50. Hypoxia response elements in the aldolase A, enolase 1, and lactate dehydrogenase A gene promo-
ters contain essential binding sites for hypoxia-inducible factor 1. G. L. Semenza, B. H. Jiang,
S. W. Leung et al. J. Biol. Chem. 1996. V. 271. P. 32529-32537.

51. HIF-1 regulates cytochrome oxidase subunits to optimize efficiency of respiration in hypoxic cells.
R. Fukuda, H. Zhang, J. W. Kim et al. Cell. 2007. V. 129. P. 111-122.

52. Hyperglycemia regulates hypoxia-inducible factor-1alpha protein stability and function. S. B. Catri-
na, K. Okamoto, T. Pereira et al. Diabetes. 2004. V. 53. P. 3226-3232.

583. High glucose concentrations alter hypoxia-induced control of vascular smooth muscle cell growth
via a HIF-1alpha-dependent pathway. W. Gao, G. Ferguson, P. Connell et al. J Mol Cell Cardiol. 2007.
V. 42. P. 609-619.

54. HIF-1alpha dysfunction in diabetes. H. Thangarajah, I. N. Vial, R. H. Grogan et al. Cell Cycle. 2010.
V. 9. P. 75-79.

55. A bronchial epithelium-derived factor reduces pulmonary vascular tone in the newborn rat. J. Belik,
J. Pan, R. P. Jankov, A. K. Tanswell. J Appl Physiol. 2004. V. 96. P. 1399-1405.

0. S. Khromov, N. V. Dobrelia, O. V. Parshikov, L. V. Boitsova
Effect of type 2 diabetes mellitus on the development of hypoxic pulmonary
vasoconstriction

Hypoxia is currently considered to be an universal factor involved in the development of complications
in many diseases including diabetes mellitus (DM). Acute hypoxia causes a systemic reaction with the
large circulatory system developing vasodilation and the lesser circulatory system arteries developing
hypoxic pulmonary vasoconstriction (HPV), which demonstrates the arteries’ ability to regulate pulmonary
circulation and maintain normal ventilation-perfusion ratio. Lack of the adequate response to hypoxic
effects may be an additional mechanism for the diabetic complications in the cardiovascular system.
Despite years of study, the mechanisms of HPV remain largely unclear, as does the effect of diabetes on
pulmonary artery reactivity.

The aim of the study was to evaluate the effect of high-fat diet and diabetes on the development of the
HPV reaction in vivo and in vitro.

Studies in rats divided into three groups (control group, a group of rats on a high-fat diet (HFD), and a
group of animals with experimental type 2 diabetes mellitus (T2DM)) showed that in rats kept on the high-fat
diet, an injection of streptozotocin leads to significant increase in blood glucose levels. In rats kept on the
high-fat diet only, this parameter did not differ from the levels in the control animals. In rats kept on HFD and
in rats with T2DM model, the right ventricular pressure was significantly higher compared to the control rats.

The lung ventilation with a hypoxic gas mixture led to decrease in blood pressure in the systemic circula-
tion in animals of all groups. In the control rats, the pressure in the right ventricular cavity of the heart
increased indicating the development of hypoxic pulmonary vasoconstriction. In HFD rats, hypoxic hypoxia
had virtually no effect on the right ventricular pressure. In T2DM rats, an inversion of the hypoxic pulmonary
vasoconstriction reaction with decrease in the right ventricular pressure was observed.

These results have been confirmed in the in vitro experiments. In lung sections, the responses of the
intrapulmonary arteries to hypoxic effects were multi-directional: the pulmonary artery luminal area
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decreased in the control animals, almost did not change in HFD animals, and increased in T2DM animals.
In the rats with experimental diabetes mellitus, the contractile responses of the pulmonary artery ring seg-
ments to hypoxia were significantly suppressed compared to the vessels from the control animals.

Finding out the exact mechanisms involved in the inversion of the pulmonary vasoconstriction response
in diabetes will contribute to a better understanding of the fundamental pathophysiological processes that
will promote development of pathogenetically justified approaches to the treatment of this disease and its
complications.

Key words: diabetes mellitus, intrapulmonary arteries, hypoxia, hypoxic pulmonary vasoconstriction

0. C. Xpomos, H. B. Jobpens, O. B. MNapLmkos, J1. B. BoiiuoBa
Bname uykpoBoro giabeTty 2-ro Tuny Ha pO3BUTOK riNOKCUYHOT IereHeBol
Ba30KOHCTPUKLLT

Finokcia Hapasi BBaXa€eTbCsA YHiBepcanbHUM (HakTOpOM, 3ay4eHUM [0 PO3BUTKY YCKNAAHEHb Npu
GaraTtbox 3aXBOPIOBAHHSAX, BKJOYatoun LykpoBuia giadet (LLL). focTpa rinokcis BUKIMKAE CUCTEMHY peak-
Lil0 opraHiamy, 3a sIkoi y BeIMKOMY KoJli KpOBOOOIry pOo3BMBAETLCS AMnaTaLis CyauH, a B apTepisx Masioro
Kosia KpoBOOOIry BUHMKAE rinoKcKMYHa ereHeBa Ba3oKOHCTPUKLA (IT1B), ska AeMOHCTPYE 34aTHICTb apTe-
pii 4o perynsuii nereHeBoro KpoBooOGiry Ass MiATPUMKU HOPMAaJIbHOro BEHTUNSAUINHO-Nepdy3iiHOro
CNiBBIAHOLLEHHS. BiaCyTHICTb afekBaTHOI peakLji Ha rinOKCUYHUIA BNIMB MOXE CTaTu LWe OAHUM MexaHi3-
MOM PO3BUTKY AiabeTUYHUX yCKnaAHeHb Y CepLeBO-CyAVHHIA cucTemi. HeaBaxaroum Ha GaratopidyHi
LOCNioXeHHs, MexaHiamun [T1B 3anuwatoTbCs Marxe He 3’scoBaHuMu, sk i Bname L Ha peakTUBHICTb
NIEereHeBnx apTepii.

MeTa [oCniaXeHHs — OUHUTY BB CNOXMBAHHS iXi 3 BUCOKMM BMICTOM xupiB i L, 2-ro Tuny (LLA2)
Ha po3BUTOK peakii 1B B ymoBax in vivo Ta in vitro.

JlocnigxXeHHs Ha wwypax, skux 6yno po3nonineHo Ha 3 rpynu (KOHTPOsbHA rpyna, rpyna Lypis, Wo
nepebyBann Ha BUCOKOXWMPOBIK AjeTi (BX[), Ta rpyna TBapuH, y fkux Buknvkanu LLA2), nokasanu, wwo
BBEJEHHS CTPENTO30TOLMHY LLypPaM, AKi yTPUMYIOTbCS Ha OIiETI 3 BUCOKMM BMICTOM XMPiB, NPU3BOAUTb A0
3HAYHOro 36ibLUEHHS BMICTY MIIOKO3M B KPOBI. Y LLYpPIB, AKMX Tinbku yTpumMyBanu Ha BXX/, uei nokasHmk
He BiAPIBHABCS Bif, BENVYNHN Y TBAPUH KOHTPOJIbHOI rpynu. BennymHa Tucky B npaBoMy LLUAYHO4YKY CEPLS
LypiB, Wwo nepebyBann Ha BXX/, Ta B wypis 3 mogennto LI12 6yna AOCTOBIPHO BULLIOIO 3a LIIO BENIMYMHY B
LLYPiB KOHTPOJIbHOI Fpynu.

BeHTunsauis nereHb rinoKCMYHOK ra30BOI0 CYMILLLLIO NPU3BOAWA 00 3HMXEHHS TUCKY KPOBI Yy BENINKO-
MY KO KpOBOOGIry B TBAPUH YCixX rpyr. Y LypiB KOHTPOJIbHOI FPYMNKN TUCK Y MOPOXHMHI MPaBOro LWyHO4Ka
cepus NiaBuMLLYBaBCS, WO CBIiAYMI0 NPO PO3BUTOK MNOKCUYHOI lIereHeBOi BA30OKOHCTPUKLT. Y WwypiB rpynm
BX/[, rinokCuyHa rinokcis NpakTM4yHO He BRAMBasa Ha TUCK Yy MOPOXHMHI MPaBOro LiyHouka cepus. Y
wypis 3 mogennto L2 cnocrepiranacs iHBepcia peakuii rinoKCUYHOI IereHeBOi Ba3OKOHCTPUKLLi 3i 3HWN-
>XEHHSIM TUCKY B MOPOXHVHI MPaBOro LLyHOuKA.

Lli pesynbtatn nigTBEPAXKYBaNMCs gocnigaMmmn B ymoBax in vitro. Ha 3pisax nereHb BignoBiab BHYTPILL-
HbOJIEreHeBUX apTepiil Ha FiMNOKCUYHWIA BMAMB Oyna pi3HOHaNpPaB/eHO: Y TBAPMH KOHTPOJSILHOI rpynun
nsolla NpocBiTy apTepii 3aMeHLWyBanacs, y TBapuH, Wo nepedysann Ha BX/, nnowa npoceity aptepii
Maiixe He 3MmiHOBanacs, a y TBapuH 3 mogennio L2 Binbysanocs ii 36inbweHHs. CkopoTnmei peakuii
KiNbLLEBUX CErMEHTIB SliereHeBoi apTepii Ha rinokcito B Lwypis 3 mogennto L2 6ynv 3Ha4HO NPUrHiYeHnMmn
NOPIBHSAHO 3 CyANHAMM TBAPUH KOHTPOJIbHOI Fpynu.

3’aCcyBaHHSA TOYHMX MEXaHi3MiB, 3aly4eHMx 00 iHBEPCIi peakuii nereHeBoi Ba3OKOHCTpUKL|i 3a L,
[03BONNTb Kpallle 3po3yMiTn dyHaaMeHTasbHI naTodi3ionoriyHi npouecwu, LWo cnpusaTumve po3pobui nato-
reHeTM4YHO 0BI'PYHTOBaHMX MiAXOAIB A0 JliKyBaHHS LbOro 3aXBOPIOBAHHS Ta MOro yCKJlagHEeHb.

KnrouoBi cnosa: LykpoBuii giabeT, BHyTpiLLUHbOereHeBi apTepii, rinokcis, rimokcuyHa nereHesa
Ba30KOHCTPUKLS

A. C. Xpomos, H. B. lo6pens, A. B. lNapwukos, J1. B. boiiyoBa
BnusHue caxapHoro guabeTta 2-ro TMna Ha pasBUTUE rMNOKCUYECKO NIeroYHom
Ba30KOHCTPUKLMN

Mnokcmnsa B HACToOsILLLEE BPEMS CHMTAETCH YHMBEpPCasibHbIM GakTOPOM, BOBIEYEHHbIM B PasBUTME
OCJIOXHEHUI Npu MHOrMx 3aboneBaHsX, BKIoYas caxapHblin anabeT (CL). OcTpas runokcusi Bbi3blBaeT
CUCTEMHYIO peakLMo OpraH1M3ma, npu KOTopoi B 601bLLIOM Kpyre KpOBOOOpaLLleHNs pa3BMBaeTCs auna-
TauMa COCYOOB, a B apTepusix Masnoro Kpyra BO3HMKAET MMMOKCUMYECKas feroyHas Ba3OKOHCTPUKLNS
(FN1B), koTOpasi 4EMOHCTPUPYET CMOCOBHOCTbL apTepuii K perynsaumnmn nero4Horo KposooobpatlieHus oas
NOAOEPXAHNS HOPMAJIbHONO BEHTUNSILLMOHHO-NEPdY3MOHHOro cooTHoWweHns. OTCYTCTBME afeKBaTHOM
peakumn Ha M’MNOKCMYEeCKOe BO3ENCTBME MOXET CTaTb eLle OAHMM MEXaHU3MOM pPa3BuUTUS auabetuye-
CKUX OCJIOXHEHUA B CepAevHO-COCyOuCTOl cucteme. HecmoTps Ha MHOroneTHue uccrenoBaHus,
MexaHu3Mbl [J1IB 0CTaloTCs NOYTU HE HEBLISICHEHHBIMU, KaK U BAUSHWE CL, Ha peakTUBHOCTb NIEMOYHbIX
apTepuin.

Llenb nccnenoBaHus — ougHKa BANSHUS NOTPEBNIEHNS NULLX C BBICOKMM copepXaHnem xupos n CL,
2-ro Tuna (CA2) na passutue [J1B B yCnoBusix in vivo v in vitro.
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MccnepoBaHve npoBeeHHOE Ha Kpbicax, KOTopble Oblv pacnpeaenieHbl Ha TPy rpynnbl (KOHTPOSIbHAs
rpynna, rpynna KpbiC, HaXOAMBLUMXCS Ha BbICOKOXMPOBOM anete (BXK[), n rpynna XXMBOTHbIX, Y KOTOPbIX
Bbi3Bann C2), nokasanu, YTO BBeAEHME CTPENTO30TOLUMHA KpbiCaM, COAepXalmBLUMMCS Ha OMeTe C
BbICOKMM COZEPXaHVEM XMPOB, MPUBOAUT K 3HAYNTESNIbHOMY YBEIMYEHWNIO COAEPXaHUS TIOKO3bl B KDOBM.
Y KpbIC, KOTOPbIE HAX0AUNUCh TONbKO Ha BXX/, aTOT nokasaTtenb He OT/IMYancs OT BEMYMHbI Y XKMBOTHbIX
KOHTPONbHOW rpynnbl. BenvyinHa gaBneHns B NpaBoOM Xenyao4dke cepaua KpbiC, HaxoamsLumxcs Ha BXK/,
Ny kpbic ¢ Mogenbto C12 6blna 4OCTOBEPHO BhILLE €r0 BEIMYMHbI Y KPbIC KOHTPOJSIbHOM FPYMIbl.

BeHTunaums nerkux runokCUYeckolr ra3oBO CMECHIO MPUBOAMIA K CHUXEHWIO OaBNeHUs KPOBU B
60/bLLIOM Kpyre KpoBOOOPALLEHNS Y XUBOTHBIX BCEX Ipynn. Y KPbIC KOHTPONbHOW rpynnbl AaBneHve B
MoJIOCTW MPaBOro Xenyaoyka cepala noBblilLanochk, YTO CBUAETENBCTBOBAIO O Pa3BUTUN MMMNOKCUYECKOM
NIEero4HOM Ba30KOHCTPUKLUMN. Y KpbIC rpynnbl BXX/, runokcmnyeckas runokcus NpakTU4eckn He BAmsana Ha
[aBrieHne B NOJIOCTU NPaBOro Xenyaoyka cepaua. Y kpeic ¢ mogenbio C12 Habnioganack MHBEPCUS peak-
LMW TMMNOKCMYECKOIM NEroYHO BA3OKOHCTPUKLIMN — AABNIEHWE B MOSIOCTM NPaBOro Xenyo4ka CHUXanoch.

9T pesynbTaTbl NOATBEPXAANNCH UCCNIef0BaHMSMUN B YCNIOBUSX in vitro. Ha cpe3ax nerknx oTBeT BHY-
TPUIErO4YHOM apTeEPUN Ha TMMOKCMYECKOe BO3OENCTBUE Obln pa3HOHAMNPAB/IEHHBIM: Y XMUBOTHbIX KOHTP-
OJIbHOW rpynnbl NioLWwanb NPOCBETa apTeEPUN YMEHbLUANACh, Y XXMBOTHbIX rpynnbl BXXK/, nnowans npoceeTta
apTepun NoYTU He MeHsANach, a y XNBOTHbIX C Mogenbio CA2 npovcxoamno ee ysennyeHve. Cokpatutesb-
Hble peakLn KONbLEBbIX CErMEHTOB JIEFO4YHOW apTEPUN Ha MMMOKCUIO Y KPbIC ¢ Moaenbio CA2 Obinn 3Ha-
YUTENbHO NOAABIIEHHBIMU MO CPABHEHMIO C COCYAAMM XNBOTHBIX KOHTPOJSIbHOM MpyMrbl.

BbiSIcCHEHME TOYHBIX MEXaHW3MOB, BOBJIEYEHHBIX B MHBEPCUIO PEaKLMW JIErOYHOW Ba30KOHCTPUKLIMM
npu caxapHom auabeTe, NO3BOMAUT JlyyLLe NOHATb PyHOAAMEHTasIbHbIE NaTODU3N0NOrMYECKMEe NPOLLECCHI,
cnocobcTBoBath pa3paboTke naToreHeTnYeckn 060CHOBaHHbIX MOAXOA0B K JIe4eHMo 3Toro 3abonesBaHus
1N €ro OCNOXHEHUN.

KnroveBblie crioBa: caxapHbii avnaber, BHYTpWJIero4Hbele apTepun, rmrnokCcus, rmrnokcnydeckas iero4Has
Ba30KOHCTPUKLUNSA
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