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Long-term hyperglycemia leads to disorders of most metabolic processes, which subsequently leads to an in-
crease in the risk of damage to body tissues, and in the future can cause serious diabetic secondary complications.
The purpose of the work is to study the level of neurotrophic factors under the conditions of control pathology
and to identify a possible relationship with neurodegenerative changes. The experimental study was carried out on
non-linear rats. Were studied the level of protein S100b, brain neurotrophic factor and nerve growth factor, as well
as clusterin and fractalin. The study found imbalanced levels of S100b, neurotrophic factor, and nerve growth factor
in the serum of rats with diabetic retinopathy, suggesting early signs of retinal neurodegeneration. In particular, the
level of serum protein S100b increased by 1.5 times on the 60th day, and by 1.9 times on the 120th day compared to
intact animals. The concentration of the neurotrophic factor, both on the 60th and 120th day, exceeded the data of
intact animals by 1.2 times, respectively. The level of nerve growth factor significantly increased on the 60th day by
1.2 times, on the 120th day — by 1.5 times relative to intact rats. An increase in the levels of clusterin and fractalin
was established, which can be considered prognostic markers in the development of microangiopathic diabetes for

early diagnosis of the inflammatory process.

Key words: diabetic retinopathy, neurodegenerative changes, retina, pathogenesis.

Connection of the publication with planned re-
search works.

The work is a fragment of complex clinical and lab-
oratory research carried out by the SE «Ukrainian Re-
search Institute of Transport Medicine of the Ministry of
Health of Ukraine» (Odesa) as part of the research work
«Improving the prevention and treatment of the main
eco-dependent and occupationally caused diseases on
on the basis of studying the features of etiology and
pathogenesis», state registration number 0116U008822.

Introduction.

Under conditions of long-term hyperglycemia (di-
abetes mellitus — DM), most metabolic processes are
disrupted, which leads to an increased risk of damage
to body tissues, and in the long run can cause serious
diabetic secondary complications [1]. Due to the lack of
timely referral of patients and late diagnosis of type 2 di-
abetes, at the time of diagnosis, 50% of patients already
have complications associated with the development of
micro- and macroangiopathies, among which diabetic
retinopathy (DR) is quite common [1, 2, 3].

The main cells that ensure the normal functioning
and vital activity of retinal neurons are Miiller cells and
microglia, which under physiological conditions secrete
various cytokines, growth factors and neuroproteins.
Chronic hyperglycemia causes an imbalance of these
molecules, which further induces retinal neurodegener-
ation processes. Neurospecific proteins are a group of
substances that are secreted mainly in nervous tissue
and regulate the vital processes of neurons. Numerous
studies show that neurotrophic factors (NTFs) play an
important role in the protection of nervous tissue in var-
ious injuries. The mechanism of neuronal death depends
not only on the production of neurotoxic substances,
but also on the deficiency of neurotrophic support. Defi-
ciency of NTF synthesis contributes to the death of nerve
cells as a result of necrosis and triggers the processes of
apoptosis. This fact determines the relevance of study-

ing the role of these proteins in neurodegenerative pro-
cesses in the retina [2, 3].

The aim of the study.

Study of the level of neurotrophic factors under the
conditions of DR in order to identify a possible relation-
ship with neurodegenerative changes of the retina.

Object and research methods.

The experimental study was carried out on non-lin-
ear rats with a body weight o f 180.0-200.0 g. Controls
were intact rats that received distilled water intragas-
trically. A streptozotocin model was used to reproduce
type 2 diabetes. This model makes it possible to repro-
duce the main pathogenetic links of type 2 diabetes in
humans — impaired secretion and action of insulin and
is characterized by the development of intolerance to
carbohydrates, relative insufficiency of insulin secretion
in response to elevated glucose levels, and preservation
of the secretory response to non-glucose secretogens.
For this purpose, streptozotocin (SigmaAldrich Chemie
GmbH, Germany) was administered to rats once intra-
venously at a dose of 65 mg/kg. Streptozotocin solution
was prepared in 0.1 M citrate buffer (pH 4.5). In order
to reduce the diabetogenic effect of streptozotocin, 15
minutes before its administration, nicotinamide (Afton
Pharma, India) was administered intraperitoneally at a
dose of 230 mg/kg, which allows preserving up to 40%
of pancreatic insulin reserves in experimental rats, due
to which the animals develop a stable basal hyperglyce-
mia [4].

The level of protein S100b, brain-derived neuro-
trophic factor (BDNF) and nerve growth factor (NER) in
blood serum was determined using specific reagents
from R&D Diagnostics Inc. (USA) by the sandwich vari-
ant of solid-phase enzyme-linked immunosorbent assay
according to the attached instructions. The results were
calculated using the Multiscan immunoenzyme analyzer
(Finland). The obtained parameters were expressed in
units of pg/ml [5].
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The level of clusterin was determined by the immu-
noenzymatic method using the commercial Clusterin
ELISA test system manufactured by BioVendor (Czech
Republic). Fractalkine concentration in blood serum was
determined by the enzyme-linked immunosorbent assay
using the Fractalkine ELISA Kit manufactured by RayBio®
(Georgia) [5].

Work with animals was carried out in accordance
with the «General Ethical Principles of Animal Exper-
iments» (Ukraine, 2001), which is consistent with the
provisions of the «European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes» (Strasbourg, 1986), Law
of Ukraine No. 3447-IV dated 21.02.2006 «On the pro-
tection of animals from cruel treatment», Order of the
Ministry of Education and Science, Youth and Sports of
Ukraine No. 249 dated 01.03.2012 «Procedure for con-
ducting experiments and experiments on animals by sci-
entific institutions», Law of Ukraine «On the Protection
of Animals from Cruelty Treatment» No. 440-IX dated
January 14, 2020 [6].

Statistical processing of the obtained results was car-
ried out with the help of the «Statistica 10.0» program.
The probability of differences between the indicators of
the control and experimental groups was determined by
Student’s and Fisher’s tests. The level of reliability was
accepted at p<0.05.

Research results and their discussion.

We established an increase in the level of serum
protein S100b on the 60th day by 1.5 times (p<0.05), on
the 120th day by 1.9 times (p<0.05) compared to intact
animals (table 1). At low protein concentrations, it acts
as a neuroprotector and increases the «resistance» of
neurons and glia, however, under conditions of chronic
hyperglycemia, there is an increased expression of re-
ceptors for glycosylation end products on the cell sur-
face, which leads to excessive activation of microglia,
provokes hyperproduction of pro-inflammatory cyto-
kines and activation of neuronal apoptosis [3, 7].

Table 1 - Study of the content of neuropeptides in
the retina of rats under conditions of experimental
diabetic retinopathy (X1Sx)

ndicator Intact group Control group (n=20)
(n=10)  |on the 60th day [on the 120th day
S100b, pg/ml 30,7£2,4 45,7+4,2* 57,9+4,7°"
BDNF, pg/ml 32,612,1 28,4+1,9* 26,5+1,77"
FRN, pg/ml 5,411,2 6,7+1,4* 8,1+1,57"

Notes: 1.*¥ — p<0.05 compared to the intact group of animals;
2. ** — p<0.05 relative to the indicators obtained on the 60th day;
3. nis the number of animals in the group.

The BDNF concentration was 32.6+2.1 pg/ml, which
was 1.2 times (p<0.05) higher than the data obtained
on the 60th day of the study. On the 120th day of ob-
servation, this indicator also decreased by 1.2 times
(p<0.05) and amounted to 26.5+1.7 pg/ml. An increase
in the level of BDNF can be considered as an adaptive
and compensatory mechanism of «stability» of ganglion
cells under conditions of long-term hyperglycemia [7].

The level of FNR significantly increased on the 60th
day by 1.2 times (p<0.05), on the 120th day by 1.5 times
(p<0.05) compared to intact animals. An increased level
of FNR prevents the early death of ganglion neurons, ac-
tivation of Miillerian cells and the development of cap-

illary hypoperfusion. In our study, the increased level of
FNR can be considered as a compensatory reaction to
the hyperproduction of the S100b protein [3, 8].

In the scientific literature, there are only isolated
studies of the role and place of clusterin and fractalin in
the pathogenesis of DR, and there are no data on deter-
mining its diagnostic significance [8]. Since clusterin and
fractalin play a significant role in restoring tight junctions
and limiting the reactive response to metabolic damage,
it seems relevant to study these markers themselves and
their involvement in the pathogenesis of DR.

Therefore, we studied the content of clusterin and
fractalin in the blood serum of rats under conditions of
simulated pathology. The obtained results are shown in
table 2.

Table 2 — Study of the content of clusterin and
fractalin in the blood serum of rats under the
conditions of experimental diabetic retinopathy

(X£Sx)
. Intact group Control group (n=20)
Indicator
! (n=10)  |on the 60th day|on the 120th day/
Clusterin, ug/ml| 74,5+2,8 78,8+3,1 84,843,2"
Fractalin, ng/ml| 1,75+0,6 1,97+0,7 2,38+0,8"

Notes: 1.* — p<0.05 compared to the intact group of animals;
2. nis the number of animals in the group.

It was established that already on the 60th day of
the experiment, the level of clusterin increased by 1.1
times compared to the intact group (78.8%3.1 pg/ml vs.
74.5+2.8 pg/ml), fractalin also by 1. 1 times (1.97+0.7
ng/ml vs. 1.75+0.6 ng/ml). On the 120th day of obser-
vation, the level of clusterin significantly increased by
1.2 times (p<0.05) compared to intact animals (84.8%3.2
ug/ml vs. 74.5+2.8 ug/ml), and fractalin concentration
— 1.4 times (p<0.05), respectively (2.38+0.8 ng/ml vs.
1.7540.6 ng/ml). At the same time, there were no signif-
icant differences between the indicators of these mark-
ers on the 60th and 120th day. An increase in the clus-
terin content in the blood plasma above the reference
values (over 77 pg/ml) can be an indicator of an active
inflammatory process, retinal edema and damage to the
retinal pigment epithelium. We assume that the cyto-
protective role of clusterin does not extend in the long
course of DR, when the damage to the GRB is significant
and the local source of clusterin does not compensate
for the degree of retinal damage.

In turn, fractalkine is an important modern chemok-
ine involved in the functioning of the neurovascular unit
of the eye. It is expressed and secreted by retinal gan-
glion cells. Today, there are data on the role of fractal-
kine in the pathogenesis of various diseases, which allow
considering fractalkine and its receptor as a certain reg-
ulator of proliferation, including neurons and glial cells,
and a factor of anti-apoptosis.

Conclusions.

1. The study found an imbalance in the levels of
S100b, BDNF and FNR in the blood serum of rats with
DR, which indicates early signs of retinal neurodegen-
eration. In particular, the level of serum protein S100b
increased by 1.5 times (p<0.05) on the 60th day, and by
1.9 times (p<0.05) on the 120th day compared to intact
animals. The concentration of BDNF both on the 60th
and 120th day exceeded the data of intact animals by
1.2 times (p<0.05), respectively. The level of FNR signifi-
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cantly increased on the 60th day by 1.2 times (p<0.05),
on the 120th day — by 1.5 times (p<0.05) relative to in-
tact rats.

2. Studying the functioning of the chemokines frac-
talin and clusterin is quite appropriate for the early di-
agnosis of the progression of the inflammatory process.
It was established that already on the 60th day of the
experiment, the level of clusterin increased by 1.1 times
compared to the intact group, fractalin also by 1.1 times.
On the 120th day of observation, the level of clusterin
significantly increased by 1.2 times (p<0.05) compared
to intact animals, and the concentration of fractalin — by
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1.4 times (p<0.05), respectively. The study of changes
in the levels of clusterin and fractalin can be considered
prognostic markers in the development of microangio-
pathic diabetes for early diagnosis of the inflammatory
process.

Prospects for further research.

They should include the study of all possible links of
the pathogenesis of DR against the background of type 2
diabetes in order to develop and implement new patho-
genetically based treatment schemes for these microan-
giopathic complications.

PONb HEMPONMENTUAIB B PO3BUTKY HEMPOAEMEHEPALLIT CITKIBKW V LLIYPIB
3A YMOB EKCNEPUMEHTANbHOI AIABETUYHOI PETUHONATII

N3BO «MixkHapoaHa akagemia eKkonorii Ta meguuuHn» (M. Kuis, YkpaiHa)
prof_S.L.V@ukr.net

Tpusana zinepenikemia npuzgodums 00 po3nadis binbwocmi memaboniyHux npouyecis, Wo 8 MNOOAI6WOMY
gede 00 3POCMAHHA PU3UKY YpaweHb MKAHUH OpP2aHi3My, a 8 rfepcriekmusi Moxce SUKAUKamu ceplio3Hi
diabemuyHi 8MOpPUHHI YCcKNaOHeHHA. Mema pobomu rona2ae y susyeHHi pisHA HelipompogiyHux ¢hakmopis 3a
YMO8 KOHMPOsbHOI Namosoeaii ma eusssneHHsA MOM/IUB020 830EMO38’A3KY 3 HelipoOezeHepamusHUMU 3MiHAMU.
ExcniepumeHmassbHe 00Cni0xeHHA nposedeHo Ha HeniHiliHux wypax. 3a0a8 nocmassneHoi memu 6yn0 nposedeHo
sus4YeHHsA pisHA binka S100b, mo3Kos020 HelipompogiiHo2o hakmopa ma akmopy pocmy Hepsis, a MAaKOH
KnacmepuHy ma ¢pakmanidy. Y 0ocnioxeHHi ecmaHosneHo oucbanaHc pisHie S100b, HelipompogiyHoz20
chakmopa ma hakmopy pocmy Hepsig y cuposamui Kposi wypie 3 diabemu4Hoo pemuHonamieto, Wo cgid4ume
npo paHHi 03HaKU HelipodezeHepayii cimkisku. 3o0kpema, piseHb cuposamkosozo binka S100b nidsuwysasca
Ha 60-y 0oby e 1,5 pasis, Ha 120-y 006y — 8 1,9 pasie nopieHAHO i3 iIHMAKMHUMU meapuHamu. KoHuyeHmpauis
HelipompodgiyHo20 hakmopy, Ak Ha 60-y, mak i Ha 120-y 0oby nepesuwyysana 0aHi iIHMAKMHUX mMeapuH 8 1,2 pasu
8i0nogioHo. PiseHb hakmopy pocmy Hepsie docmosipHo nidsuuysasca Ha 60-y 006y 8 1,2 pa3u, Ha 120-y 0oby
— 8 1,5 pasie 8i0HOCHO IHMAKMHUX Wypis. BcmaHosneHo nid8uweHHA pisHi8 KnacmepuHy ma ¢pakmaniHy, wo
MOMCHA 88AXAMU MPO2HOCMUYHUMU MAPKepamu 8 po3sumKy MiKpoaHaionamuyHux diabemuyHux 30018 PAHHbOT

0ia2HOCMUKU 3arasbHO20 MPoyecy.

Knrouoei cnoea: diabemuyHa pemuHonamis, Helipooe2eHepamusHi 3MiHU, CiImKieKka, namozaeHes.

3B’A30K nyb6aiKauii 3 nnaHOBMMM HayKOBO-AOCAIA-
HUMK poboTamu.

PoboTa € ¢parmeHTOM KOMMNIEKCHUX KAiHiKo-nabo-
paTopHUX AocnigKeHb, 3aiicHeHuXx AN «YKpaiHCbKui
HAYKOBO-AO0CAIAHUIA [HCTUTYT MeAMLMHU TPaHCNopTy
MiHicTepcTBa oxopoHK 340poB’a YKpaiHu» (m. Ogeca)
B paMKax BUKOHAHHA HAayKOBO-A40CNiAHOI poboTn «Yao-
CKOHaneHHA NPodiNaKTUKM Ta NiKyBaHHA OCHOBHUX €KO-
3anexHux Ta npodecinHo 06yMmoBNEHMX 3aXBOPHOBaHb
Ha OCHOBI BMBYeHHA ocobnunBocTen eTionorii Ta naTore-
He3y», HoMmep AeprKaBHOi peecTpauii 0116U008822.

Bcryn.

3a ymoB TpuBanoi rineprikemii (Lykposoro giabety
— UA) nopyyeTtbes 6inbwictb MeTaboniyHUX NPOLECIB,
LU0 NPU3BOANTb A0 3POCTAaHHA PUSUKY YParKeHb TKaHWH
OpraHiamy, a B NepcrneKkTUBi MOXKe BUKIMKATU CEPNO3HI
OiabeTnyYHi BTOPUHHI ycknagHeHHA [1]. Y 38’s3Ky 3 Bia-
CYTHICTIO CBOEYACHOMO 3BEPHEHHSA MALEHTIB Ta Mi3HbOKO
AiarHoctukoto U 2-ro TMny, Ha Yac BCTAaHOB/EHHA Aia-
rHo3y 50% XBOPUX B¥Ke MaloTb YCKAAAHEHHS, NOB A3aHi
3 PO3BMTKOM MiKpPO-Ta MaKpOaHrionaTii, cepes, AKUX A0-
CUTb YacTo 3yCTpivaeTbca AiabeTnyHa petuHonartia (AP)
[1,2,3].

OCHOBHMMM KNiTMHaMK, AKi 3abesneuyyoTb HOp-
ManbHe PYHKLiOHYBaHHS Ta UTTEAIANbHICTD HEMPOHIB
CITKIBKM, € KNiTMHKM Mtionnepa i mikpornia, aki 3a ¢isi-
ONOTYHUX YMOB BUAINAOTb Pi3HI LUMTOKIHKW, daKTopU
pocCTy Ta HelpobiNKK. XpoHiuHa rinepraikemis BUKAUKAE
ancbanaHc LMX MOMEKYA, WO B MOAANbLIOMY iHAYKYE
npouecu HenpoaereHepauii CiTkiBku. HeipocneundiyHi
6iNKKM — Ue rpyna pevyoBuH, AKi BUAINAIOTLCA NEPEBaXKHO
Yy HEepBOBIli TKAHWMHU Ta PEryntolTb NPOLECU KUTTEL-
ANbHOCTI HEMPOHIB. YMCNEeHHI AOCNiAMKEHHS NOKa3yoTb,
o HenpoTpodiuHi daktopu (HTP) BigirpatoTb BaxkAU-
BY PO/b Y 3aXUCTi HEPBOBOI TKAHMHWU NPU PI3HUX YLLIKO-
OyKeHHAX. MexaHi3am 3arnbeni HelpoHiB 3ai1eXUTb He
TiNIbKK Big, BUPODBNEHHA HEMPOTOKCUUYHUX PEYOBUH, @ M1
Bia Aediunty HeMpoTpodivHOoi NiATPUMKKN. OediunT cuH-
Tesy HT® cnpuse 3arnbeni HepBOBUX KNITUH B pe3y/b-
TaTi HEKPO3Yy i 3anyckae npouecn anontosy. Llei ¢akT
BM3HAYaAE aKTya/bHICTb BUBUYEHHA POAi AaHux Binkis y
HelpoaereHepaTUBHMX NpoLecax y ciTkisyi [2, 3].

Merta gocnig)eHHs.

BM3HaueHHs piBHA HelpoTpodiuHnx daKTopiB 3a
ymoB [P 33418 BUABNEHHA MOX/IMBOIO B3aEMO3B’A3KY
3 HellpoaereHepaTUBHMMM 3MiHAMM CITKIBKU.
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O6’eKT i meTOAM AOCNIAKEHHS.

EKcnepumeHTanbHe JOCNIAXKEHHA NPOBEAEHO Ha He-
NiHIKHMX Wypax macoto Tina 180,0-200,0 r. KoHTponem
CNYryBanW iHTAKTHI LLYPW, AKI BHYTPILWHbOLUTYHKOBO OT-
pumyBann AUCTMAbOBaHY Boay. [OnAa sigTBOopeHHA U/
2-ro TMNY BMKOPMCTOBYBa/IM CTPENTO30TOLMHOBY MO-
nenb. laHa moaenb A03BOAE BIATBOPUTM TONOBHI NaTo-
reHeTUYHi naHku U4 2-ro Tuny y Al0AMHKM — NOPYLUEHHA
ceKkpevuii Ta 4ii iHCYNiHY | XapaKTepU3yeTbCA PO3BUTKOM
iHTONEePaHTHOCTI A0 BYIEBOAIB, BiAHOCHOK HeaocTaT-
HiCTIO ceKpeLil iHCyniHy y BiANOBiAb HA MiABULLEHWUI pi-
BEHb [/IIOKO3M Ta 36eperKeHHAM CEKPETOPHOI peakLii Ha
HErNIIOKO3HI CEeKPEeToreHun. 3 LiE0 METOHO Lypam OL4HO-
pa3oBO BHYTPIWHLOBEHHO BBOAWAN CTPENTO30TOLMH
(«SigmaAldrich Chemie GmbH», HimeuunHa) aosoto 65
Mr/Kr. PO34nH cTpentosoToumnHy rotysaau 8 0,1 M um-
TpaTHomy bydepi (pH 4,5). 3 meTolo 3HUKEHHsA aiabeTo-
reHHoi Ail cTpenTo30TouMHY 3a 15 XBUAMH 40 Moro BBe-
[EHHA, BHYTPILLHbOOYEPEBUHHO BBOAMIN HIKOTMHaMIZ,
(«Afton Pharman, IHain) go3soto 230 mr/Kr, SsKuii g0380-
nne 36epertn o 40% 3anaciB NAaHKPEATUYHOTO iHCYAiHY
Yy AOCNIQHWX LLYpPiB, 3@ PaXyHOK YOro y TBapWH po3BMBa-
€Tbca ctabinbHa 6asanbHa rinepraikemia [4].

PiBeHb 6inka S100b, mo3KkoBOro HelpoTpodiyHOro
¢dakTopa (BDNF) Ta ¢daktopa pocty Hepsis (PPH) y cu-
poBaTLi KpPOBi BM3HA4YaAM 3a AOMNOMOrot crneumdivHmx
peaktusiB ¢ipmm R&D Diagnostics Inc. (CLLUA) meTozom
ceHABiY-BapiaHT TBepaodasHoro iMyHobepMeHTHOro
aHanisy 3rigHo 3 iHCTpyKLUismK, wo aoaasanucs. O6nik
pe3ynbTaTiB NPOBOAMAN 3@ ONOMOrO iIMyHOPEPMEHT-
Horo aHanizatopa Multiscan (®iHnaHgis) OTpumaHi na-
pameTpu BUPaXKaau B oamHuuax nr/mn [5].

BM3HAYeHHA piBHA KnacTepuHy NpoBOAMAN iMYHO-
bepmMeHTHUM MeTOAOM 3 BUKOPUCTAHHAM KOMepLin-
Hoi TecT-cuctemu Clusterin ELISA BuMpo6HMUTBA dipmun
BioVendor (Yecbka Pecny6nika). BU3HAYEHHS KOHLEH-
Tpauii dpakTasKiHy B CMPOBATLi KPOBI 34iMCHIOBANN iMy-
HOopepMeHTHUM MeTo4O0M 3a A0MNoMmorol Habopy pea-
reHTiB Fractalkine ELISA Kit BupobHuuTBa dipmun RayBio®
(Tpysia) [5].

PoboTa 3 TBapMHamu nposoauaacs BignoBigHO A0
«3aranbHUX €TUYHUX NPUHLMMIB EeKCNepMMEHTIB Ha
TBapuHax» (YKkpaiHa, 2001), wo y3rogsKyerbca 3 Moso-
KEHHAM «EBPOMNENCbKOi KOHBEHLI LWOoA0 3axucTy xpe-
6eTHUX TBAPUH, AKI BUKOPUCTOBYIOTLCA 3 eKCMepUMeH-
TAaNbHUMM Ta IHWKWMM HayKoBMMM Linamm» (CTpacbypr,
1986 p.), 3akoHy Ykpainm No 3447-IV Big 21.02.2006
p. «MpO 3aXMCT TBAPUH Bif, *)KOPCTOKOrO MOBOAMKEHHAY,
Haka3y MiHicTepcTBa OCBITU i HAYKM, MON0O4j Ta CNOPTY
YKpainm Ne 249 Big 01.03.2012 p. «lMopAagok nposeaeH-
HA HAyKOBMMM YCTaHOBaMM [OCNiAiB, €KCNnepuMeHTIB
Ha TBapMHax», 3aKoHY YKpaiHu «[1po 3axmCT TBApWH Big,
YKOPCTOKOro nosoaxeHHa» Ne 440-1X sig 14.01.2020 p.
[6].

CTaTUCTUYHY 06POOKY oAepKaHWUX pPe3ynbTaTiB Npo-
BOAMAM 33 Aonomoroto nporpamu «Statistica 10.0».
BiporigHicTb BiAMIHHOCTEM MiXK MNOKAa3HUKAMU KOH-
TPONIbHOI Ta AOCNIAHUX TPYN BU3HAYaA/IM 33 KpUTEPIAMU
CTblogeHTa Ta diwepa. PiBeHb A4OCTOBIPHOCTI NpuiiMmanm
npu p<0,05.

Pe3ynbTati gocnigKeHb Ta ix 06roBopeHHs.

Hamun BCTaHOBMEHO MiABULLEHHA PIBHA CMPOBATKO-
Boro 6inka S100b Ha 60-y goby B 1,5 pasis (p<0,05), Ha
120-y noby — B 1,9 pasis (p<0,05) nopiBHAHO i3 iHTaK-
THUMU TBapuMHamu (Tabn. 1). B HM3bKMX KOHLEHTpauinA

6iNoK i€ AK HEMPONPOTEKTOP Ta NMiABULLYE KCTIAKICTb»
HeMpPOoHiIB Ta Mii, o4HAK 33 YMOB XPOHI4YHOI rinepraikemii
BiZAMIYAETLCA NiABULLEHA EKCMNpecia peuenTopiB A0 KiH-
LLeBUX NPOAYKTIB INMiKO3MAOBAHHA HA KNITUHHIN NoBepx-
Hi, WO NpPM3BOAMTb 40 HAAJAMLIKOBOI aKTMBALii MiKpor-
Nii, NPOBOKYE rinepnpoayKLito Npo3anasbHUX LUTOKIHIB
Ta aKTMBaLLilO anonTo3y HelpoHis [3, 7].

Tabauusa 1 — [ocnigKeHHA BMicTy HeliponenTuais
Yy CiTKiBL,i LLypiB 32 YMOB eKcnepumMeHTaNbHOI
AiabeTnuHoi petuHonarii (XtSx)

IHTakTHa rpyna| _ KoHTposbHa rpyna (n=20)
MoKasHuK
(n=10) Ha 60-y foby | Ha 120-y aoby
S100b, nr/mn 30,7+2,4 45,7+4,2* 57,944,777
BDNF, nr/mn 32,6%2,1 28,4+1,9* 26,5+1,77"
®PH, nr/mn 5,4+1,2 6,7+1,4* 8,1+1,5""

Mpumitku: 1.* — p<0,05 NOPiBHAHO i3 IHTAKTHOO rPYNOO TBAPUH;
2. ** —p<0,05 BiZAHOCHO NOKa3HUKIB, oAepKaHMX Ha 60-y f0by;
3. n — KinbKicTb TBApWH Yy rpyni.

KoHueHTpauis BDNF craHosuna 32,6+2,1 nr/mn, wo
B 1,2 pa3u (p<0,05) nepeBuLLyBano oaepKaHi AaHi Ha
60-y 006y pocniakeHHaA. Ha 120-y oby cnoctepekeHHs
OaHU NOKa3HMK TaKoX 3HMXKyBaBcA B 1,2 pasu (p<0,05)
Ta cknagas 26,5+1,7 nr/ma. MigsuueHHs pisHa BDNF
MOXHa pPo3rAfatTM AK afanTaLiiHO-KOMMEHCATOPHUIM
MEXaHi3M «CTiKOCTi» FaHrNiO3HUX KNITUH 332 YMOB TpU-
Basoi rinepraikemii [7].

PiseHb ®HP aocToBipHO nigsuuyBaBca Ha 60-y goby
B 1,2 pasu (p<0,05), Ha 120-y aoby — B 1,5 pasis (p<0,05)
NOPIBHAHO i3 IHTAKTHMMM TBapMHamU. MMigBULWEHUN pi-
BeHb ®HP nonepensKye paHHIO 3arnbesnb raHrNio3HMX
HEMpPOHIB, aKTUBALIIO MIO/IIEPOBCbKUX KITUH Ta PO3-
BUTOK KaninapHoi rinonepdysii. B Hawomy goCNiaKeHHi
niasuweHnn piseHb ®HP mMoKHa po3rnsgaTM AK Kom-
NeHcaTopHy peakLlito Ha rinepnpoaykuito 6inka S100b
[3, 8].

Y HayKoBil niTepaTypi iCHYIOTb AMLe NOOAMHOKI 40-
CNiAXKeHHA poni N Mmicua KaacTepuHy Ta paKTaniHy B
natoreHesi 1P i BigcyTHi AaHi Wo[0 BU3HAYEHHA MOro
AjarHoCTMYHOI 3HauywocTi [8]. OCKiNbKM KnacTepuH Ta
dpakKTaniH BigirpatoTb iCTOTHY PO/b Y BiHOBMEHHI LWiNb-
HUX KOHTAKTIB i 0BbMmelKeHHi peaKTUBHOI Bignosiai Ha
MeTaboniyHe NOLIKOAMKEHHA, BUOAETHCA aKTyaSlbHUM
DOCNIAXEHHA CaMUX AaHUX MApPKepiB Ta iX y4acTb B Na-
ToreHesi [iP.

Tomy Hamu 6yn10 NpoBeAEHO BUBYEHHA BMICTY Knac-
TepuHy Ta ¢ppaKTaniHy B CMPOBATL KPOBI LLypiB 32 yMOB
3mozenboBaHoi natonorii. Ogep»KaHi pe3ynbTatv Hase-
OeHi B Tabnuu,i 2.

Tabnuua 2 — focnig)XeHHA BMIiCTY KnacTepuHy Ta
¢paKraniHy B cMpoBaTL,i KPOBi LLypiB 3@ YMOB €KC-
nepumeHTanbHOI giabeTnuHoi peTuHonarii (X+Sx)

NoKasHMK IHTaKTHa rpyna| KoHTposabHa rpyna (n=20)
(n=10) Ha 60-y nobylHa 120-y n06Y
KnactepuH, mkr/mn|  74,5+2,8 78,8+3,1 84,843,2"
dpakTaniH, Hr/mn 1,75+0,6 1,97+0,7 2,38+0,8"

Mpumitku: 1.* — p<0,05 NOPIBHAHO i3 IHTAKTHOO rPYNOO TBAPUH;
2. n — KiNbKicTb TBAPWH Yy rpyni.

BcTaHoBMEHO, WO BXe Ha 60-y 406y ekcnepumeHTy
piBeHb KnactepuHy nigsuwysasca B 1,1 pasum BigHoOC-
HO iHTaKkTHOI rpynu (78,8%3,1 mkr/mn npotn 74,5+2,8
MKr/mn), dpakraniHy Takox B 1,1 pasu (1,97+0,7 wr/
mAa npotn 1,75+0,6 Hr/mn). Ha 120-y aoby cnocrtepe-
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YXEHHA piBEHb KNacTepuHy AOCTOBIPHO MiABULLYBaBCA B
1,2 pa3u (p<0,05) nopiBHAHO i3 iIHTaKTHUMK TBAPUHAMM
(84,8+3,2 mKr/mn npotn 74,5+2,8 MKr/mn), a KOHLEH-
Tpauia ¢pakTaniHy — B 1,4 pasu (p<0,05) BignosigHo
(2,38+0,8 Hr/mn npotv 1,75+0,6 Hr/mn). MNpu ubomy
OOCTOBIPHUX BiZAMIHHOCTEM MiXK MOKa3HWKaMU [aHMUX
MapKepiB Ha 60-y Ta 120-y noby He BcTaHOBAEHO. [Mia-
BULLEHHA BMICTYy KNnacTepuHy B Naa3mi KpPoBi MoHag,
pedepeHTHi 3HaueHHA (NoHaa 77 MKr/mn) moxke 6yTu

CBiZYNTb MPO PaHHi O3HaKM HellpoaereHepaLii CiTKiBKM.
30Kpema, piBeHb cMpoBaTKoBoro 6iska S100b nigBuLLy-
BaBcA Ha 60-y goby B 1,5 pasis (p<0,05), Ha 120-y aoby
— B 1,9 pasis (p<0,05) NOpiBHAHO i3 IHTAKTHUMM TBaAPU-
Hamn. KoHueHTpauia BDNF ak Ha 60-y, Tak i Ha 120-y
[06y nepeBuLyBana AaHi iHTaKTHUX TBapuH B 1,2 pasu
(p<0,05) BignosigHo. PiseHb ®HP gocToBipHO NigsuLLy-
BaBcA Ha 60-y goby B 1,2 pasu (p<0,05), Ha 120-y aoby
—B 1,5 pasis (p<0,05) BigHOCHO iHTaKTHMX LYypIB.

2. BUBYEHHS PYHKLIOHYBaHHA XEMOKIiHiB dpaKTaniHy
Ta KNACTEePUHY € AOCUTb AOLIIbHUMM 3341 PaHHbOI Aji-
ArHOCTUKM MpOrpecyBaHHA 3ananbHoro npouecy. Bera-
HOBJIEHO, WO BXe Ha 60-y Aoby eKcnepMMeHTy piBeHb
KnactepuHy nigsuilysasca B 1,1 pa3un BiAHOCHO iHTaK-
THOI rpynn, dpakTaniHy Takox B 1,1 pasu. Ha 120-y goby
CnocTepeKeHHA piBeHb KAacTepuHy AOCTOBIpHO NiaBuU-
wyeasca B 1,2 pasu (p<0,05) nopiBHAHO i3 iIHTaKTHUMM
TBapMHaMM, a KOHUEHTpauia ¢pakTaniHy — B 1,4 pasu
(p<0,05) BignosiaHo. [locniaxeHHA 3MiH piBHIB KnacTe-
pUHY Ta dpaKTaniHy MOXKHa BBAXKaTU NPOrHOCTUYHUMM
MapKepamm B PO3BUTKY MiKPOaHFONaTUYHUX AiabeTny-
HUX 33418 PAHHbOI AiarHOCTUKM 3ananbHOro NpoLecy.

MepcnekTMBM NOAANbLUNX AOCNIAMKEHD.

MOBWHHI BKAKOYATU BUBYEHHA BCIX MOMXINBUX TAHOK
natoreHesy [P Ha Tri UJ, 2-ro Tuny 3ag1s po3pobKu Ta
NnpoBaZKeHHA HOBUX NATOreHeTUYHO ObrPYHTOBAHMX
CXeM NiKyBaHHA [AaHWUX MIiKPOaHrionaTUYHUX YCKNaa-
HEHb.

iHAMKATOPOM aKTMBHOFO 3anma/nbHOro mpouecy, Habpsa-
Ky CiTKiBKM M ywKogxeHHA MPB. Mpunyckaemo, wo uu-
TONPOTEKTOPHA PO/b KNACTEPUMHY HE MOLUMPYHOETLCA
npw Tpmueanomy nepebiry [P, Konu nowkoaKeHHs NPE €
3HAYHUM i MicLLeBe AyKepeno KNacTePUHY He KOMMEHCYE
CTYNiHb YPaXKeHHA CiTKIiBKU.

B cBOW 4yepry, Ba*K/IMBMM Cy4aCHUM XEMOKIHOM,
AKMIA bepe y4yacTb Yy OYHKUIOHYBaHHI HEMpOCYAUHHOI
OOMHML OKa, € dpaKTankiH. BiH eKcnpecyeTbea cekpe-
TYETbCA TAHMNIOHAPHUMM KNITUHAMKU PeTUHU. Ha cbo-
rogHi iCHylOTb AaHi WoAo poni ¢pakTanKkiHy B naTtore-
Hesi pi3HMX 3aXBOPIOBaHb, AKi A03BONAIOTb PO3rNAAATH
dpakTankiH i horo peuenTop AK NeBHUI PerynaTop npo-
nidepauii, y ToMy Yncai HEMPOHIB i FianbHUX KNITUH, i
YMHHUK aHTMAMONTO3Yy.

BUCHOBKM.

1. Y pgocnigKeHHi BcTaHoBneHO aucbanaHc piBHIB
S$100b, BDNF Tta ®HP y cupoBaTui Kposi wypis 3 AP, wo
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PONIb HENPONENTUAIB B PO3BUTKY HEMPOAErEHEPALLIT CITKIBKU Y LLYPIB 3A YMOB EKCNEPUMEHTA/b-
HOI AIABETUYMHOI PETUHONATIT

Mpeiic H. I., CaBuubKuii I. B.

Pestome. TpuBana rinepraikemis npuM3BoAWTb A0 po3nagis binbwocTti meTaboniyHMX npouecis, Wo B Nogasb-
LIOMY Beie A0 3POCTaHHA PU3MUKY yparKeHb TKAHWH OpPraHismy, a B NEPCNEKTUBI MOXKe BUKNUKATU cepio3Hi aiabe-
TUYHI BTOPUHHI YCKNaZHEHHSA, NOB’A3aHi 3 PO3BUTKOM MiKPO-Ta MaKpOoaHrionaTii, cepes, AKMX JOCUTb YacTo 3ycTpi-
YyaeTbca AiabeTnyHa petuHonartia. OAHaK, Ha CbOroAHi AaHi WoAo AereHepaTUBHMX 3MiH CiTKIBKM 32 YMOB AaHOro
YCKNAAHEHHA, OCUTb OBMENXKEHI, LLLO CMNOHYKAE A0 6inbll rMMOOKOro Ta AeTaNbHOr0 BUBYEHHA MOr0 NAaTOreHETUYHUX
MexaHi3amiB. MeTa pob0oTM Nonsarae y BUBYEHHI piBHA HelMpoTpodiuHMX GaKTOPIB 3@ YMOB KOHTPO/bHOI natonorii
Ta BUABNEHHA MOX/IMBOrO B3aEMO3B’A3KY 3 HEMPOAEreHePaTUBHUMM 3MiHaMN. EKcnepumeHTanbHe A0CAiAKEHHA
NpoBeAEeHO Ha HeNiHiHMX Lypax, poboTa 3 AKMMM NPOBOAMAACA BiANOBIAHO A0 «3ara/ibHUX €TUYHUX NPUHLMNIB
eKCcrnepmMmeHTiB Ha TBapuHax» (YKpaiHa, 2001), Lo y3roAKyeTbCA 3 NONOKEHHAM «EBPONENCbKOI KOHBEHLUI LLoA0
3axMcTy XpebeTHNX TBapUH, AKI BUKOPUCTOBYIOTLCA 3 EKCNEPUMEHTAZIbBHUMM Ta IHLIMMM HAYKOBUMMU LLinAMUY. 3aanA
nocraeneHoi meTu 6yn0 NpoBeaeHO BUBYEHHS piBHSA 6inka S100b, Mo3KkoBoro HelpoTpodiuHoro pakTopa Ta PpaKkTo-
py POCTY HEpPBIB, a TAaKOX KNacTepuHy Ta ¢paKkTaniHy. Y AOCNiAKeHHi BcTaHOBMeHOo ancbanaHc pisHiB S100b, Hen-
poTpodiuHoro ¢paktTopa Ta pakTopy POCTy HEPBIB Y CMPOBATLi KPOBI LLYpPiB 3 AiabeTUYHOI peTUHOoNaTIEel, WO CBia-
YUTb NPO PaHHI 0O3HAKWM HelpoaereHepaLii CiTKiBKU. 30Kpema, piBeHb cMpoBaTKoBoro binka S100b niasuiyBascs
Ha 60-y noby B 1,5 pasis, Ha 120-y goby — B 1,9 pasis (p<0,05) NOPiBHAHO i3 iHTaKTHUMM TBapUHAMK. KoHLeHTpaLin
HenpoTpodivuHoro pakTopy, AK Ha 60-y, TaK i Ha 120-y noby nepeBumLlyBana AaHi iHTaKTHUX TBapuH B 1,2 pa3u Bia-
nosigHo. PiBeHb $haKTOpy pOCTy HEPBIB AOCTOBIPHO NiaBMLYyBaBcA Ha 60-y 4oby B 1,2 pa3u, Ha 120-y aoby — B 1,5
pasiB BifHOCHO iHTAKTHMX LWypiB. BUBYEHHA OYHKLiIOHYBaHHA XeMOKiHIB dpaKTaniHy Ta KNacTepuHy € AOCUTb [0-
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LiNbHUMK 33415 PAaHHBOI AiarHOCTUKM NPOrpecyBaHHA 3ananbHOro npouecy. BctaHosneHo, wo BXe Ha 60-y goby
eKCnepMmeHTy NiaBMLLYBABCA piBEHb KAacTepuHy Ta ¢paKTaniHy BiAHOCHO iHTAKTHOI rpynu. JocnigKeHHA 3MiH
piBHiB KnactepuHy Ta GpakTaniHy MOXKHA BBaXKaTW NPOrHOCTUYHUMM MapPKEPaMM B PO3BUTKY MiKPOAHFONaTUYHUX
AiabeTUUYHNX 33415 PaHHbOI A4iarHOCTMKKM 3aMnaibHOro NpoLecy.

Knwouosi cnosa: giabeTnyHa petTuHonartia, HeMpoaereHepaTUBHI 3MiHW, CiTKiBKa, naToreHes.

THE ROLE OF NEUROPEPTIDES IN THE DEVELOPMENT OF RETINA NEURODEGENERATION IN RATS UNDER
CONDITIONS OF EXPERIMENTAL DIABETIC RETINOPATHY

Preys N. I., Savytskyi I. V.

Abstract. Prolonged hyperglycemia leads to disorders of most metabolic processes, which subsequently leads to
anincrease in therisk of damage to body tissues, and in the future can cause serious diabetic secondary complications
associated with the development of micro- and macroangiopathies, among which diabetic retinopathy is quite
common. However, today the data on degenerative changes of the retina under the conditions of this complication
are quite limited, which prompts a deeper and more detailed study of its pathogenetic mechanisms. The purpose
of the work is to study the level of neurotrophic factors under the conditions of control pathology and to identify a
possible relationship with neurodegenerative changes. The experimental study was conducted on non-linear rats,
which were worked with in accordance with the «General Ethical Principles of Animal Experiments» (Ukraine, 2001),
which is consistent with the provisions of the «European Convention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes». For this purpose, the level of protein S100b, brain neurotrophic
factor and nerve growth factor, as well as clusterin and fractalin were studied. The study found imbalanced levels
of S100b, neurotrophic factor, and nerve growth factor in the serum of rats with diabetic retinopathy, suggesting
early signs of retinal neurodegeneration. In particular, the level of serum protein S100b increased by 1.5 times on
the 60th day, and by 1.9 times on the 120th day (p<0.05) compared to intact animals. The concentration of the
neurotrophic factor, both on the 60th and 120th day, exceeded the data of intact animals by 1.2 times, respectively.
The level of nerve growth factor significantly increased on the 60th day by 1.2 times, on the 120th day by 1.5 times
compared to intact rats. Studying the functioning of the chemokines fractalin and clusterin is quite appropriate for
the early diagnosis of the progression of the inflammatory process. It was established that already on the 60th day
of the experiment, the level of clusterin and fractalin increased relative to the intact group. The study of changes in
the levels of clusterin and fractalin can be considered prognostic markers in the development of microangiopathic
diabetes for early diagnosis of the inflammatory process.

Key words: diabetic retinopathy, neurodegenerative changes, retina, pathogenesis.
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