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One of the primary mechanisms of retinal neurodegeneration in diabetes mellitus is gamma-aminobu-
tyric acid (GABA) deficiency that makes the use of GABA-benzodiazepine receptor modulators a promising
option for the correction of this diabetic complication. The aim of this study was to determine the effect of the
benzodiazepine receptor agonist carbacetam on the expression of vascular endothelial growth factor (VEGF)
and hypoxia-inducible factor-lo. (HIF-10) in retina of rats with hyperglycemia. Experimental diabetes was
modeled by a single administration of streptozotocin (50 mg/kg) to three-month-old male Wistar rats. Im-
munoblotting and immunohistochemical studies were performed using monoclonal antibodies against VEGF
and HIF-1a. It was shown that the development of diabetic retinopathy (DR) at the early stages was accompa-
nied by a progressive multifold increase in the retina content of VEGF on 7-28 days and HIF-I1a. on 28" day.
Insulin and insulin+carbacetam treatment significantly alleviated diabetes-induced overexpression of both
HIF-1o. and VEGF. Carbacetam was shown to block the diabetogenic increase in VEGF content in retina. The
introduction of insulin with carbacetam significantly reduced the expression of VEGF and the development
of specific morphological manifestations of DR. Thus, restoration of GABA-ergic signaling can be used as a
promising therapeutic option for the correction of DR disorders.

Keywords: VEGF, HIF-1o hyperglycemia, streptozotocin-induced diabetes, retinopathy, GABA-benzodia-
zepine receptors, carbacetam.

ne of the main mechanisms of retinal dama-
O ge in diabetes mellitus (DM) is the dys-

function of the retinal neurovascular unit,
which includes retinal neurons, glia, and vascular
endothelium [1]. The first manifestations of diabetic
retinopathy (DR) are intraretinal microvascular ab-
normalities, accompanied by edema due to increased
vascular permeability and neovascularization due to
hypoxia and activation of a powerful transcription
factor — hypoxia-inducible factor (HIF-1a) and its
dependent vasculoendothelial growth factor (VEGF)
[2, 3].

Microvascular abnormalities include capil-
lary basement membrane thickening, endothelial
cell tight junction failure, pericyte loss, and acel-
lular capillary formation [4]. As a result, capillary

insufficiency leads to hypoxia/ischemia and triggers
pathological angiogenesis, which in turn exacerbates
retinal hypoxia, inflammation, immune dysfunction
and completes the pathological cycle of DR progres-
sion [5]. The vessels that form are immature, highly
permeable, and rupture easily, leading to intraocular
hemorrhages [6, 7].

Neurodegeneration of the retina develops in-
terdependently with the development of circulatory
disorders, which may even precede microvascular
manifestations [8]. Scanning laser polarimetry and
optical coherence tomography identify retinal gan-
glion cell loss concomitant with a decrease in nerve
fiber layer thickness [9] even in the absence of any
microvascular deficit [8]. Neurodegeneration of the
retina is manifested by apoptosis of neurons and re-
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active gliosis, which complements the dysfunction of
the retinal neurovascular unit and, in turn, increases
the development of vasoregression [10].

Most current therapeutic strategies, including
anti-VEGF antibodies (anti-VEGF therapy), tar-
get the late stages (diabetic macular edema and
proliferative DR) and are unable to prevent neuronal
damage [10, 11]. Therefore, the research of early fac-
tors leading to diabetic retinal lesions and the justifi-
cation of new therapeutic approaches aimed at elimi-
nating not only vascular, but also neuronal disorders
is relevant.

Primary mechanisms underlying neurodegene-
ration in DM include accumulation of extracellu-
lar glutamate (glutamate excitotoxicity), oxidative
stress, imbalance between neuroprotective and neu-
rotrophic factors, and chronic inflammation [12].
Gamma-aminobutyric acid (GABA), dopamine de-
ficiency and excitatory glutamate toxicity are the
neurochemical mechanisms specific to DR that trig-
ger metabolic disturbances, the caspase cascade, and
apoptosis [13].

The first drug to be approved by the US Food
and Drug Administration (FDA) for the treatment of
diabetic neuropathy is the GABA receptor agonist
pregabalin [14]. In diabetic rats, pregabalin blocked
retinal-specific neuroinflammation, apoptosis, and
oxidative stress through enhanced GABA-ergic
regulation. Therefore, the impact on GABA-ergic
processes is a promising direction for the pathoge-
netic treatment of retinal neuronal dysfunction in
DR.

In this regard, a promising drug is carbacetam,
which has a number of positive effects in various
pathological processes [15, 16], including diabe-
tes [17]. The drug was developed at the Institute
of Physical and Organic Chemistry and Carbon
Chemistry of the National Academy of Sciences
of Ukraine, belongs to endogenous modulators
of the GABA-benzodiazepine receptor complex,
B-carboline derivatives and is a carboline isostere
(1-ox0-3,3,6-trimethyl-1,2,3,4-tetrahydroindolo
[2,3c]quinoline). It has anti-amnestic, anxiolytic, an-
ti-hypoxic, anti-edema and anti-shock effects, thanks
to which it can become a promising means of neuro-
protection [15-17].

The aim of this study was to determine the
effect of the benzodiazepine receptor agonist
carbacetam on the retinal expression of VEGF and
HIF-1a in DR.
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Materials and Methods

Experiments. The work was carried out in ac-
cordance with the norms and principles of the EU
Directive 2010/63 on the protection of animals, the
Declaration of Helsinki (2008) and the requirements
of the Law of Ukraine “On the Protection of Ani-
mals from Cruelty” (No. 1759-VI dated 15.12.2009).
The animals were kept in vivarium conditions on a
standard diet.

DM was modeled in 35 three-month-old male
Wistar rats weighing 140-160 g by a single intraperi-
toneal injection of streptozotocin (50 mg/kg; Sigma-
Aldrich, USA). Immediately after injection 3 rats
were removed from the experiment for immunoblot-
ting studies (pre-DM control). After 7 days, 5 rats
were removed from the experiment (pre-treatment
control). Other animals (n = 27) were divided into
three groups — in the 1 group, insulin (Actrapid HM
Penfill, Novo Nordisk A/S, Denmark) was adminis-
tered at a dose of 30 Units (n = 9), in the 2" group —
insulin was combined with carbacetam (5 g/kg in
0.5 ml of saline solution; n = 9). In the control group
(n=9), only drug solvents were administered (un-
treated control). The drugs were injected intraperito-
neally every other day, starting from the 7" day after
the administration of streptozotocin, for 28 days.

Carbacetam was synthesized in the Department
of Chemistry of Biologically Active Compounds of
the Institute of Physical-Organic Chemistry and Car-
bon Chemistry named after L. M. Lytvynenko of
the National Academy of Sciences of Ukraine (Kyiv,
Ukraine) under the supervision of Doctor of Chemi-
cal Sciences, senior researcher S. L. Bogza.

Glucose content was monitored using a glu-
cometer and disposable test strips (ACCU-Chek In-
stant, Roche, Germany) in fasting blood taken from
the tail vein. Blood glucose content was stably high
during the observation and on the 7" day (pre-treat-
ment control) was 27.93 + 1.36 mmol/l, in 14 days —
29.80 £ 1.38 vs 17.6 £ 1.21 vs 15.58 + 0.81 mmol/l
in untreated controls, 1%t and 2" groups, respec-
tively. On the 28" day, blood glucose content in the
untreated controls was 29.32 + 1.25 mmol/l, in the 1%
and 2" groups 17.02 = 1.03 and 14.38 + 1.25 mmol/I,
respectively (P < 0.05 when compared with pre-
treatment control). During the experiment, the ani-
mals significantly lost weight: before DM simulating,
the average weight was 145.1 + 2.5 g, and on the 28"
day — 115.3 + 1.6 g (P < 0.05). The given data made
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it possible to consider the applied model of DM in
rats as adequate.

Immunohistochemical study. Animals were
euthanized after 7 (n = 3), 14 (n = 9; 3 in each group),
and 28 days (n = 9; 3 in each group) by lethal injec-
tion of thiopental (75 mg/kg) and decapitation. The
eyes were immersed in a 10% solution of neutral
formalin and embedded in paraffin. Serial histologi-
cal sections with a thickness of 2—3 pm were made
from paraffin blocks on a rotary microtome NM 325
(Thermo Shandon, England). Immunohistochemical
study was performed using monoclonal mouse anti-
bodies against VEGF (no. MA5-12184, Invitrogen,
USA). Sections were additionally stained with he-
matoxylin. Microscopic research and photo archiv-
ing were carried out using a light-optical microscope
ZEISS (Germany) with the results processing sys-
tem “Axio Imager. A2”. The evaluation of expression
severity was carried out according to D. J. Dabbs
(2014) based on the visual-analog scale: 0 points — no
coloring; 1 point (+) — weak color intensity; 2 points
(++) — average color intensity; 3 points (+++) — high
color intensity [18]. The percentage of VAGF-posi-
tive cells with different intensites of staining was
calculated in the inner nuclear layer per 100 cells,
the results were presented in %.

Immunoblotting. Animals were euthanized af-
ter 7 (n=2), 14 (n=9; 3 in each group), and 28 days
(n=9; 3 in each group) by lethal injection of thio-
pental. The content of VEGF and HIF-1a in retinal
tissue lysates was determined by immunoblotting.
Tissue samples were preserved in liquid nitrogen,
crushed and homogenized in 50 mM Tris-HCl buffer
(pH 7.4) with the addition of phosphatase and pro-
tease inhibitors (Pierce Protease and Phosphatase in-
hibitor, ThermoScientific, USA). Electrophoresis was
performed in an 8% polyacrylamide gel with sodium
dodecyl sulfate in a chamber for vertical gel electro-
phoresis (BioRad, USA). Proteins from the gel were
transferred onto the nitrocellulose membrane using
an electroblot. Membranes were incubated with
monoclonal antibodies to VEGF (no. MA5-12184,
Invitrogen, USA) and HIF-la (no. HPA0O1275,
rabbit, Sigma Aldrich, USA). Antibodies to actin
(B-actin, no. MA5-15739, mouse, Invitrogen, USA)
were used for its detection as a control of protein
application. After primary incubation, membranes
were washed and treated with anti-species secondary
antibodies conjugated with horseradish peroxidase
(Invitrogen, USA). Semiquantitative analysis was
performed densitometrically using TotalLab soft-

ware (TL120, Nonlinear Inc, USA). The results of
the immunoblot analysis were expressed in arbitrary
units from the control value of the optical density
of the corresponding polypeptide zone on the bloto-
gram normalized to the actin content in each sample.

Statistical procedures. Statistica 10 software
(StatSoft, Inc., USA) was used for statistical analy-
sis. Means and their standard errors were calculated.
Sample means were compared using analysis of
variance (ANOVA), for posterior pairwise compari-
sons — Scheffe’s test; Fisher’s exact test was used to
compare semiquantitative characteristics. P values
< 0.05 were considered significant.

Results and Discussion

The study of the VEGF content by immuno-
blotting revealed its multiple increase in the retina
tissue of rats with experimental diabetes (Fig. 1).

On the 7" day, the VEGF content exceeded
the initial level (pre-DM control) by 10.3 times
(P < 0.05). After 28 days, it was increased by 8.6
times compared to the initial level (P < 0.05). On
the blotograms of the control samples after 7 and
28 days, bands at the level of about 28 kDa were
detected, which corresponded to the content of the
monomeric form of VEGF and indicated a high level
of its synthesis.

Against the background of insulin adminis-
tration, the content of VEGF in the retinal tissue
(Fig. 1) remained high and, after 28 days, exceeded
the initial level by 3.7 times (P < 0.05), but it was
significantly lower than in the untreated control at
day 28 (2.3 times; P < 0.05).

Administration of insulin with carbacetam
blocked the hyperglycemia-induced increase in
retina VEGF content (Fig. 1), which was practical-
ly no different from the initial level on the 28" day
(P > 0.05). In the samples of this group, no band of
the monomeric form of VEGF (28 kDa) was detected
on the blotograms (Fig. 1, A), which indicated a low
level of its synthesis.

Given the close connection between VEGF ex-
pression and the activity of the transcription factor
HIF-1a [3], the content of the latter in retinal tissue
was analyzed by immunoblotting (Fig. 1). The ini-
tial level of HIF-1a (pre-DM control) was almost in-
distinguishable from the basal values, reflecting the
actual absence of its expression. The content of HIF-
lo rose to maximal values on the 28" day, reaching
a maximum in the untreated control. When insulin
was administered, it was the smallest (27.2 times
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Fig. 1. Western blot analysis of hypoxia-inducible factor-1a (HIF-1a) and vascular endothelial growth factor
(VEGF) levels in the retinal tissue: pre-DM control (1); 7 days — pre-treatment control (11); 28 days after insu-
lin administration (111) and insulin and carbacetam co-administration (1V); 28 days — untreated control (V).
A — representative blotograms of HIF-1a, VEGF, and f-actin (loading control); B — results of densitometric
analysis of protein levels normalized to f-actin content; vertical axis shows arbitrary units (a.u.); *P < 0.05
compared to the pre-DM control; **P < 0.05 compared to the pre-treatment control; ***P < (.05 compared

to the untreated control

compared to untreated control; P < 0.05), and when
insulin was administered with carbacetam, it was in-
termediate (3.0 times lower than untreated control;
P < 0.05).

Thus, in this study, the development of DR al-
ready in the early stages (7-28 days) was accompa-
nied by a progressive multiple increase in the content
of VEGF and HIF-1a in the retina, which was inhib-
ted by the introduction of both insulin and insulin
with carbacetam. At the same time, the effect of car-
bacetam actually blocked the increase in the VEGF
content and significantly reduced the increase in the
HIF-1a content.

The obtained results also made it possible to
establish an interesting feature of the VEGF/HIF-
la ratio. If in the late period (28 days) the increase
of VEGF could be associated with the increase of
HIF-1a, then in the early period there was no such
connection. Therefore, it was possible to assume the
presence of another, different from HIF-1a, mecha-
nism of VEGF overexpression in the early stages of
DR development, for example, reactive gliosis, when
activated glia become a source of inflammatory and
growth factors [12]. Accordingly, the blocking of the
increase in VEGF with the use of carbacetam indi-
cated that the action of the drug is aimed at these
pathways.

Morphologically, the development of DR was
confirmed, which could be observed in the dynamics
of observation in the untreated control (Fig. 2, a, d,
g). A decrease in the density of cells in the nuclear
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layers of the retina, swelling of all layers, especial-
ly the inner plexiform layer, vascular anomalies in
the form of microaneurysms, dilatation of vessels,
microthrombus formation, areas of ischemia were
noted. Cytoplasmic vacuolization, cell swelling, nu-
clear pyknosis were noted in nerve cells, which was
especially noticeable in ganglion cells. This reflected
the development of microcirculation disorders, me-
tabolism and degeneration of nerve cells.

In the dynamics, such changes increased ac-
cording to the observation period (7%, 14, and 28
days), while if signs of non-proliferative DR were
detected at first, specific signs of proliferative DR
were added on the 28" day (Fig. 2, g). Thus, microa-
neurysms were formed on the inner surface of the
retina, in which foci of angiogenesis were formed
(white arrows in Fig. 2, g) with proliferation of the
endothelium and the formation of several microvas-
cular lumens, closely located to each other and sur-
rounded by a thick perivascular membrane. A large
number of VEGF-positive cells were noted around
such vessels. The accumulation of such cells in the
inner layers of the retina preceded the formation of
foci of angiogenesis (black arrows in Fig. 2, a, d),
which corresponded to the initial phenomena of neo-
vascularization in DR [19].

Another manifestation of proliferative DR was
the formation on the 28" day in the outer retina
layers of untreated control rats of cell proliferates,
formed from intensely basophilic rounded cells (yel-
low arrows in Fig. 2, g). This was likely a reflection
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7" day

28t" day

Fig. 2. Vascular endothelial growth factor (VEGF) immunostaining in the rat retina (representative micropho-
tographs, counterstaining with hematoxylin): a-fx200; g-ix400; a, d, g — untreated control; b, e, h — insulin
administration; c, f, i — administration of insulin and carbacetam. a, d — black arrows: VEGF-positive cells
in the inner retina layers; g — white arrows: microaneurysms with foci of angiogenesis and numerous VEGF-
positive cells; yellow arrows: cellular proliferations in the outer retina layers

of the glial-mesenchymal transition of Muller cells,
which is the main fibrogenic mechanism in prolife-
rative DR [20]. Transdifferentiation of Miiller glial
cells into myofibroblasts occurs under the influence
of trophoblastic growth factor (TGF-P) against the
background of VEGF overexpression [20]. As shown
above, overexpression of VEGF according to immu-
noblotting data was noted at earlier terms.

Against the background of insulin administra-
tion, a decrease in the intensity of VEGF expression
was noted (Fig. 2, b, e, h). On the 7" day (Fig. 2, b),
immunospecific staining remained in the rounded
cells of the inner nuclear layer (probably Muller
cells). Morphologically, insignificant signs of non-
proliferative DR were identified at this time, mainly
in the form of microaneurysms of the retina. On the
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14" day (Fig. 2, €), immunospecific staining was also
detected in the inner layers of the retina, surrounding
microaneurysms, and in addition, in the vessels of
the choroid plexus. On the 28" day (Fig. 2, h), the
intensity of VEGF-positive staining was the greatest,
but no signs of proliferative DR were observed at
this time, unlike the control group.

The combined administration of insulin and
carbacetam made it possible to significantly prevent
the development of DR (Fig. 2, ¢, f, i). Weak VEGF-
positive staining was noted in individual cells sur-
rounding slightly dilated vessels in the inner layers
of the retina, individual rounded cells of the inner
nuclear layer. At the same time, expanded vessels
did not form foci of angiogenesis, and the formation
of cellular proliferates was not detected in the outer
layers. Morphologically, the layers of the retina were
in a preserved state at all observation periods.

The highest intensity of VEGF-specific staining
was noted in cells of the inner nuclear layer, probab-
Iy Mller cells [3, 10]. To assess the degree of ex-
pression of VEGF in these cells, their number was
calculated depending on the intensity of staining in
animal groups on the 28" day (Fig. 3).

When insulin and both insulin with carbacetam
were administered, the proportion of non-stained
and weakly stained cells with an intensity of 0-1
points increased against the background of a de-
crease in the number of intensively stained cells (2-3
points). Such results also confirmed the inhibitory
effect of insulin and carbacetam on the activation of
VEGF expression.
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Thus, the high intensity of VEGF-positive
staining was characteristic of foci of specific mor-
phological manifestations of DR: on the inner retina
surface — the formation of microaneurysms with
proliferation of the endothelium and foci of angio-
genesis, in the outer retina layers — the formation of
cell proliferations. Administration of insulin and, to
an even greater extent, insulin with carbacetam sig-
nificantly reduced the expression of VEGF and the
development of specific morphological manifesta-
tions of DR.

As it has been established today, the dysfunc-
tion of the retinal neurovascular unit contributes to
such microvascular changes as microaneurysms,
microhemorrhages, infarcts of nerve fibers (cotton
wool spots), deposition of exudate (hard exudates),
the formation of acellular and non-perfused capil-
laries, a decrease in the integrity and an increase in
the permeability of retinal vessels [21]. We observed
the beginning of the development of such changes on
the 28" day of the experiment in the control group.

It is believed that hypoxia, through protection
of HIF-1a from degradation and formation of HIF-1
that activates VEGF expression, leading to vascular
hyperpermeability and retinal neovascularization
[3]. However, in our study, against the background
of VEGF overexpression already from the 7" day,
the increase in the content of HIF-1a occurred only
on the 28" day and, accordingly, did not explain the
activation of VEGF in the early stages. The abili-
ty of carbacetam to reduce the early expression of
VEGEF indicated the involvement of GABA-ergic

02 points @ 3 points

Insulin+Carbacetam

Fig. 3. Quantification of vascular endothelial growth factor (VEGF)-positive cells (%) in the rat retinal tissue
at the 28" day of onset of diabetes (immunohystochemical data), according to the scale of D. J. Dabbs [18];
*P < 0.05 compared to the untreated control (Fisher’s exactly test)
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mechanisms in this process. It is significant that
in our studies VEGF activation explosively cove-
red all layers of the retina, starting with the layer
of ganglion cells, then nuclear layers, and later all
layers of the retina. Logically, this can be connected
with the insufficiency of the inhibitory mechanisms
of nervous regulation, namely, the insufficiency
of GABA-ergic signaling [13], the deficiency of
which under the conditions of DR was restored by
carbacetam.

The principle possibility of VEGF expression
activation through HIF-1-independent mechanisms
was shown for Hep3B hepatocellular carcinoma cells
[22], where VEGF regulation is mainly controlled by
the Akt/PI3K and SP1 pathways and is independent
of HIF-1 under hypoxic conditions.

In addition, during hyperglycemic stress, mi-
croglia are activated and can contribute to neuronal
damage due to the secretion of neurotoxic and proin-
flammatory factors [23]. Our studies do not exclude
the possibility of VEGF expression by activated mi-
croglia. Involvement of Miiller cells and astrocytes
leads to the development of reactive gliosis, which
is also associated with overexpression of VEGF and
proinflammatory cytokines [24]. In DM, Miiller cells
have a number of abnormal functions, they become
gliotic, impair potassium deposition, glutamate and
GABA uptake, and express angiogenesis modulators
[25]. It is the excessive activation of glia that is the
cause of specific diabetic neurodegeneration of the
retina [26]. Therefore, the effect of carbacetam could
also be explained by the inhibitory effect on micro-
and macroglia under DR conditions.

In our study, it was clearly shown that the main
pathological processes in the retina, namely reactive
gliosis, angiopathy, and cellular proliferations, oc-
cur almost simultaneously already in the early stages
of DR. The analysis of literary data proves that the
cause of their development is a universal mecha-
nism of activation of pathological cellular cascades
with the formation of an excessive amount of pro-
inflammatory mediators and growth factors [3, 5, 6,
12]. However, the positive effects of the GABA-ergic
drug highlight the role of neurochemical disorders,
the correction of which can significantly restore the
dysfunction of the retinal neurovascular unit and in-
hibit the overexpression of cellular regulators. In vit-
ro studies have shown that changes in the activity of
retinal neurons in DR are associated with a decrease
in inhibitory processes due to GABA deficiency, an
increase in the release of glutamate, and an increase
in the excitation of ganglion cells [27].

The study of neuroretinal dysfunction in the
early stages of DM [28] sheds light on possible cel-
lular mechanisms of the obtained results. Normally,
amacrine cells of type A17 provide inhibition of
GABA-ergic feedback on bipolar cells. In DM, the
calcium permeability of synaptic receptors of Al7
cells is reduced, which leads to inhibition of GABA
release with subsequent disinhibition and increase of
glutamate release from bipolar cells [28].

Our study shows the perspectives of a trial
of carbacetam for the prevention of diabetic retina
damage. Its main effect is modulating, which pre-
vents excessive activation of regulatory systems
under the influence of pathogenic factors [15-17].
Such an effect is generally characteristic of ben-
zodiazepines, which, for example, in Alzheimer’s
disease improve clinical outcomes due to allosteric
modulation of the GABA effect [29]. The results of
our study are in agreement with very recent report,
in which N-GABA treatment of rats with streptozo-
tocin-induced diabetes has been shown to improve
angiogenic signaling, inhibit apoptosis, and preserve
the integrity of blood-brain barrier in brain tissue
[30]. Thus, restoration of GABA-ergic signaling can
be used as a promising therapeutic option for the
correction of neuronal dysfunction in DR.

Conclusions. The conducted study showed that
during the development of experimental DM, mor-
phological signs of DR developed in the animal eyes
after 7 days and within 28 days, which was accom-
panied by a multiple increase in the retinal VEGF
content. Insulin administration decreased VEGF
content, while administration of insulin with car-
bacetam blocked the increase in retina VEGF con-
tent. The content of HIF-1a in the retina increased
only on the 28™" day, the introduction of insulin,
as well as insulin with carbacetam, reduced this
increase. Immunohistochemical study revealed a
significant activation of VEGF expression both in
the inner (in foci of angiogenesis) and in the outer
(in newly formed cell proliferates) retina layers.
Administration of insulin and, to a greater extent,
insulin with carbacetam allowed to significantly pre-
vent the DR development and reduce the intensity of
VEGF-positive staining in all retina layers.
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OnauM 3 OCHOBHHUX MeXaHi3MiB
HelipozjereHepanii  CiTKiBKH TIpA  I[yKPOBOMY
niabeti € gedinuT raMMa-aMiHOMACIISTHOT KUCIOTH
(FTAMK), mo poOuTh BUKOPUCTAHHS MOAYJISATOPIB
FTAMK-06eH30/1ia3emiHOBUX PEIENTOPiB  MEePCIeK-
THBHHM BapiaHTOM KOPEKIii I[bOr0 Iia0eTHYHOTO
YCKJIAZHEHHA. MeTOI0 LBbOro IOCTipKeHHS Oyio
BU3HAUMUTH BIUIMB aroHicta OeH30ia3eniHOBUX
penenTopiB kapbameraMmy Ha eKCIPECit0 BaCKYJIIsp-
HOro eHjoTemanpHoro ¢akropa pocry (VEGF) i
rinokcis-igmynudensroro ¢axropa-la (HIF-1a) y
CITKIBIIi OKa IIypiB i3 rinepriikeMiero. Ekcriepumen-
TaJbHUM A1a0eT MOAETIOBAJIM OJHOPA30BUM BBE-
JIEHHSM CTPENTO30TOUHY (50 MI/KT) TPUMICSIYHIM
mypaM-camisiM - JiHii - Bictap. ImyHOOMOTHHT
Ta IMYHOTICTOXIMIYHI JIOCHIJPKEHHS TPOBOJIH-
U 3 BUKOPUCTAHHSIM MOHOKJIOHaJIBHHUX AHTHUTLI
nporu VEGF i HIF-lo. Iloka3zano, mo po3BHUTOK
niabermunoi peruHonarii ([P) Ha paHHIX cTamisx
CYNPOBOIKYBABCSI IPOTPECcCylodrM 0Oararopaso-
BUM 30ibIIeHHSM Yy ciTkiBli BMicTy VEGF Ha 7-28
no0y ta HIF-1a Ha 28 no0y. JlikyBaHHS iHCYIIIHOM
Ta IHCyJiHOM*KapOareTaMoM 3HA4YHO 3MEHIIY-
BaJIO CIPUYMHEHY /ia0eTOM TilepeKcIpecito sK
HIF-1a, Taxk i VEGF. Iloka3ano, mo kapOareram
Omokye nmiaberoreHHe 30inmbineHHs Bmicty VEGF
y ciTtkiBmi. BBeneHHst iHCyJniHy 3 KapOameramom

28

3Ha4yHO 3HMXKYyBajio ekcrpecito VEGF i1 po3BuTok
cneuudiuHux Mopdornoriyaux npossis JP. Takum
yuHOM, BijHOBJIeHHsSI [AMK-epriunoi curnamnizarii
MoOXe OyTH BUKOPHCTAHO SIK MEPCHEKTHUBHHUM Tepa-
MIEBTUYHUN BapiaHT Jyisi Kopekiii po3nanis [IP.

KnwouoBi cmoBa: VEGF, rimepriikemis
HIF-lo, cTpenTo30TONWH-IHAYKOBAaHUN Jialer,
peturonatist, [AMK-6eH30oia3emniHoBI penenTopu,
KapOareram.
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