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Bausxaue IIPOMN3BOAHbBIX OKCHHAOJIA HA PA3BHUTUC
IHO3AHMX O(i)TaJIbMOJIOI‘I/I'-IeCKI/IX HapymeHI/Iﬁ
IIPHA CTPECIITOOTOIINH-UHAYIIMPOBAHHOM CaxapHOM ,ZlI/IaﬁeTe

A.A. Cnacos?, JI.B. Haymenko?, FO.A. I'oBoposa', A.C. Tapan’, A.M. Yebanbko!, A.B. CMUpHOB!,
10.1. Benukopognas', H.A. Jlosunckasa?, E.H. be3conona?

@I'EOY BO «Boazoepadckuil 2ocydapcmeetibiil MeduyuHckuil yHusepcumem» Munzdpasa Poccuu, Boazoepaod,
Poccus

2 @I'BOY BO «Mockogckuil 2ocyoapcmeeHHblil yHusepcumem um. M.B. Jlomonocoea», Mockea, Poccus

AHHOTAIIUA

BBemenue. BPoccuu mo 1aHHBIM HA 2021 T. 3aPETUCTPUPOBAHO 5 MJIH 168.8 ThIC. GOJIBHBIX CaXapHBIM JUa6ETOM
(CIT). Odranpmonoruueckue no3auue ocnoxkuenus C/I (karapakra, peTHHOIATHUS, IJIAYyKOMa) IPUBOJAT K IIPOTPECCHUPY-
IOIeMy CHIKEHUIO 3peHHUsI BILIOTH /IO CJIEIOTHL, &, CJIEI0OBATENIBHO, K YXY/AIIEHUIO KAaYeCTBa KU3HU MAIeHTOB ¢ 1uabe-
toM. IIpodunakruka ocsnoxuHenuii CJ] HanpsAMyio cBA3aHA ¢ KOHTPOJIEM YPOBHA IVIMKEMUU, YTO HE BCEI/Ia BO3MOXKHO,
II03TOMY IIOWCK HOBBIX CPeZICTB (hapMaKoJIOrHuecKod KoppeKnuu nocyiefctBuil CJI sABjfeTcs akTyaJbHOH 3ajavei.
B paHee IpoBe/IeHHBIX HCCIEOBAHIAX CPEAH H30CTEPOB MeJIATOHIHA ObLIO BBISABIEHO coequHeHne K-165, obianaomiee
0 TaTPMOTHUIIOTEH3UBHBIMH CBOMCTBAMU

IT e 1 ». M3yuuTs BAMAHNE HOBOTO OHMOM30CTEPA MeJIATOHUHA, IPOU3BOIHOTO 3-apUINJeH-2-0KCUH/I0J1a, Ha AuabeTH-
YeCKUU KaTapaKTOTeHe3, ypPOBEHb BHYTPUIVIA3HOTO 1aByieHus (BI/]), peTHHAIBbHYIO MUKPOIIUPKYJIANHIO U GYHKITNOHAb-
HYI0 aKTUBHOCTbH CETUATKH B YCJIOBUAX CTPENTO30TOIUH-UHAynpoBaHHoro C/I.

MaTtepuanabs U MeToJB5s . Mogenuposanue C/I IpoBOAMIIU ITyTEM BBEZIEHHS B XBOCTOBYIO BEeHY KPBIC-CAMIIOB
suHuU Sprague Dawley maccoii 260—280 1 crpenrto3oTtonuHa (45 Mr/kr, rpynmna C/1). Ha npoTs:KeHHU BCETo HKCIEepPHU-
MEHTa, B TeueHHne 60 JTHeH, /I CHUKEHUA PUCKA CMEPTH OT KeTOaI[U/[03a SKCIIEpUMEHTAIbHbIE )KUBOTHBIE TTOJIKOXKHO
nostyqastu AByxdasHbiil nacyInH «Xymynua M3» (Eli Lilly, ®@panmus). C 61-ro [HsA SKCIIEPHMeHTA }KUBOTHBIM IIPOBO/IU-
Jlach MHCTHJUIANUA 0.4% pacTBopoB K-165 1 MestaToHHHA (OIBITHASA TPYIIIA U IPYIINA Tpenapara cpaBHeHus). B xoze sxe-
IIeEpUMEHTA JJIsA OIleHKU 3D (HEKTUBHOCTU N3YIaeMOro COe/IMHEHUsI OblIa IPOBe/ieHa MIPIDKU3HEeHHAas peructpanus B/,
YPOBHA IVIa3HOH MUKPOLUPKYJIAIUU U 3y1eKTpopeTuHorpadus. I[Toce sBTaHa3uu >KUBOTHBIX OblyIa IIPOBeZieHa SHyKJlea-
1A IVIA3HBIX I0JI0K, KOTOPbIe OBLIN MCIIOIB30BAHBI JJIS ITATOMOP()OJIOTHYECKOTO UCCIIEIOBAHUS U OIIPE/ieJIeHUs KOHEU-
HBIX IPOJIYKTOB IVIMKUPOBAHUS U KapOOKCUMETUTU3HHA B CTPYKTYPaX XPyCTaIHKA.

PesynabTarths . CoegunHenue K-165 B yCI0BUSX CTPENTO30TOIUH-UHAYIUPOBAHHOTO C/] CHUXKAET BBIPAXKEHHOCTH
11aToMopGhOJIOTHYECKUX IIPU3HAKOB KaTapakThl Ha 32 % (medparmMeHranys, HabyxaHue BOJIOKOH XpPyCTaInuKa, 00pa3oBa-
HUe MOPTaHUEBBIX TeJIel) U ypoBeHb BI'/] Ha 24 %, MOBBIIIAET YPOBEHD IVIA3HOH reMOMUKponepdy3uu Ha 37.5 % U OKa-
3BpIBaeT TEHJEHITUIO K YBEeJIMUEHHUIO CMEIIaHHOI'O OTBeTa TAJI0UeK U KoI6oueK.
3axkxaio4eHUe. HoBoe IpOU3BOJHOE 3-apUINJEH-2-OKCHHJIOIA — coeinHeHne K-165 — NposBiIfeT BRIpaKeHHOE
AHTHKATAPaKTAJIBHOE JIeHCTBYE, CHIXKAET ypoBeHb BI'/l y )KUBOTHBIX € SKCIIEpUMEHTAIBHBIM CJI, ClIOCOOCTBYeT yiIyuliie-
HHUIO NTapaMeTPOB MUKPOLUMPKYJIAIUN U eMOHCTPUPYeT TeHAEHIINIO K HOpMaIu3aluu OH03IeKTPUUeCKOH aKTUBHOCTH
CeTUaTKU U 00J1a/1aeT HEHPOPETUHOIPOTEKTUBHBIM JIEHCTBUEM.

Knaoueavle cro8a: caxapHbIi quaber, MeJIaToOHNH, coeinHeHne K-165, BHYTpUIIa3HOE JaBJIeHNe, KaTapaKTa, KPBICHL.
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The effect of oxindole derivatives on the development
of late ophthalmologic disorders in streptozotocin-induced
diabetes mellitus

A.A. Spasov!, L.V. Naumenko?, Yu.A. Govorova', A.S. Taran', A.M. Chebanko?, A.V. Smirnov’,
Yu.l. Velikorodnaya', N.A. Lozinskaya?, E.N. Bezsonova?

Wolgograd State Medical University, Volgograd, Russia

2 Lomonosov Moscow State University, Moscow, Russia

ABSTRACT

Introduction. InRussia,asof 2021, 5 million 168.8 thousand patients with diabetes mellitus (DM) were regis-
tered. Ophthalmologic late complications of DM (cataract, retinopathy, glaucoma) lead to a progressive decline in vision up
to blindness, and, consequently, to a decrease in the quality of life of patients with DM. Prevention of DM complications is
directly related to glycemic control, which is not always possible, therefore, the search for new pharmacological agents for
correction of the consequences of DM is an urgent task. In previous studies, among melatonin isosteres, the compound
K-165 was synthesized, which has ophthalmic hypotensive properties.

A im . To study the effect of a new melatonin bioisostere, a 3-arylidene-2-oxindole derivative, on diabetic cataractogen-
esis, intraocular pressure (IOP), retinal microcirculation and functional activity of the retina in streptozotocin-induced DM.
Materials and methods. DM wasmodeled by administering streptozotocin (45 mg/kg, DM group) into
the tail vein of male Sprague Dawley rats weighing 260—280 g. Throughout the experiment, for 60 days, to reduce the risk
of death from ketoacidosis, the experimental animals subcutaneously received biphasic insulin, Humulin M3 (Eli Lilly,
France). Since the 61st day of the experiment, the animals were instilled 0.4% solutions of K-165 and melatonin (experi-
mental group and reference drug group). During the experiment, intravital measurements of IOP, ocular microcirculation
level and electroretinography were carried out to evaluate the effectiveness of the studied compound. After euthanasia of
the animals, the enucleated eyeballs were used for pathomorphological examination and determination of advanced glyca-
tion end products and carboxymethyllysine in the lens structures.

Results. The compound K-165 in streptozotocin-induced DM reduces the severity of pathomorphological signs of
cataract by 32% (defragmentation, swelling in lens fibers, appearance of Morgagni globules) and the level of IOP by 24%,
increases the level of ocular blood microperfusion by 37.5% and shows a tendency to increase the combined response of
rods and cones.

Conclusion. Anewderivative of 3-arylidene-2-oxindole, the compound K-165, exhibits a pronounced anti-cata-
ract effect, reduces the level of IOP in animals with experimental DM, improves microcirculation parameters and demon-
strates a tendency to normalize the bioelectrical activity of the retina, and has a neuroprotective effect on the retina.
Keywords: diabetes mellitus, melatonin, compound K-165, intraocular pressure, cataract, rats.

Citation example: Spasov A.A., Naumenko L.V., Govorova Yu.A., Taran A.S., Chebanko A.M., Smirnov A.V.,
Velikorodnaya Yu.I., Lozinskaya N.A., Bezsonova E.N. The effect of oxindole derivatives on the development of late oph-
thalmologic disorders in streptozotocin-induced diabetes mellitus. Journal of Siberian Medical Sciences. 2024;8(4):101-
115. DOI: 10.31549/2542-1174-2024-8-4-101-115

BBEJAEHUE INTRODUCTION

B Poccuu 1o jaHHBIM Ha 2021 T. 3aPETUCTPUPO-
BaHO 5 MJIH 168.8 ThIc. GOJIBHBIX CaXapHBIM Juabe-
toMm (CII) [1]. Ocnoxxuenus CJI asasaiores B Poceuu
OCHOBHBIMHM NPHYMHAMH CMEPTH B IOMYJISI[UHN
OOJIPHBIX CAXapHBIM JJUa0ETOM 1 ¥ 2-TO TUIIOB, B IIEP-
ByI0O OYepe/b M3-32 BBICOKOTO PHCKA CEPAEYHO-
COCYZTUCTBIX OCTIOKHEHUH [2, 3]. [71a3HbBIE 3a001€Ba-
HUsL, KOTOPBIE OTHOCATCS K ITO3THUM OCIOKHEHUAM
caxapHOTO nrabera (kaTapakTa, peTHHOIIATHA, IJ1ay-
KOMa), XOTsI U He SABJISIOTCS JIeTaJIbHBIMHU, OHAKO

In Russia, as of 2021, 5 million 168.8 thousand
patients with diabetes mellitus (DM) were registered
[1]. DM complications are the main causes of death in
the population of patients with type 1 and type 2 DM in
Russia, primarily due to the high risk of cardiovascular
complications [2, 3]. Eye diseases, which are late com-
plications of DM (cataract, retinopathy, glaucoma),
although not fatal, lead to progressive decline in vision
up to blindness, and, consequently, to a decrease in the
quality of life of patients with DM [4, 5].
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MIPUBOJIAT K IIPOTPECCUPYIOIIEMY CHIKEHUIO 3pEHUS
BILIOTH /IO CJIETIOTHI, &, CJIEJIOBATEbHO, K YXYIIIe-
HHIO KaueCTBa KU3HHU MMaIlMeHTOB ¢ AuaberoMm [4, 5].

CoBpeMeHHbIE TOJIXO/IbI K UX JIEUEHUI0 BEChMa
5 PEeKTUBHBI U HEMPEPHIBHO YJIYUIIAIOTCA, HO B TO
JKe BpeMs OHU OCTAIOTCS PaIMKAIbHBIMH, UMEIOT
PsiZl cepbe3HBIX OTPAHUYEHHN U OCJIOKHEHHWH, HX
3G GEKTUBHOCTh YaCTO SIBJISIETCSI BDEMEHHOMH, y4YH-
THIBas XPOHUYECKUH XapaKTep caxapHOro auabera.
[6, 7]. [IpodrtakTrKa OCJIO}KHEHUH caXapHOTO Ja-
0eTa HAIIPSAMYIO CBA3aHA C KOHTPOJIEM YPOBHS TJIH-
KEMHH, UTO HE BCErJla BO3MOIKHO, TIO3TOMY ITOMCK
HOBBIX Cp€JICTB (HhapMaKOJIOTHUECKOU KOPPEKIUH
MOCJIEICTBUI caxapHOTro auabera SIBJISETCS aKTy-
aJIbHOH 3a7aue.

B paHee MpOBeEHHBIX HCCIEOBAHUSIX CPEIH
U30CTEPOB MeJTATOHHWHA OBLJIO BBISIBJIEHO COEIUHE-
Hue K-165, obsamaroiee 0OQTaIbMOTHUIIOTEH3UB-
HBIMHU CBOMCTBaMHU.

ITEJIb NCCJIEAJOBAHUA

V3yueHvie BIUSHUS HOBOTO OHMOM30CTEpa MeJjia-
TOHHHA, IPOU3BOAHOI'O 3-apI/I]II/IHeH-2-OKCI/IH,Z[OJIa -
K-165 Ha nrabeTHUecKuil KaTapaKTOreHes3, YPOBEHD
BHYTPHUIJIA3HOT'O [aBJIEHHA, PETHHAJIBHYI0O MHUKPO-
IUPKYJIANUI0 U (PYHKIIMOHAJIBHYIO aKTUBHOCTD CET-
YaTKA B YCJIOBHSAX CTPEIITO30TOLMH-UH/IYIIMPOBAH-
HOTO caxapHoro auabera.

MATEPUWAJIbI 1 METO/IbI

IKCIEepUMEHTHI ObLIM TIPOBEJEHBI HA 60 I0JIO-
BO3PEJIBIX KpbIcaxX-camIax JuHuu Sprague Dawley
maccoit 260—280 r (000 «HIIK Bbuorex», MockBa)
U MPOIIEIINX 2-HeIeJTbHbIA KADAHTUH B BUBApUH
HayuHoro 1ieHTpa MHHOBAIMOHHBIX JIEKAPCTBEHHBIX
cpenicTB Bosrorpasickoro rocyZjapcTBEHHOTO MeZu-
IIMHCKOTO YHUBepcuTeTa. Bee MaHuUMysIsiiiuu ¢ 1a60-
PaTOPHBIMU KUBOTHBIMH ITPOBOUJINCE C COOJTIONIE-
HHeM TpeboBaHUM J1aOOPATOPHON HPAKTHKHU IIPHU
MPOBEJIEHNH JIOKJTMHUYECKHUX HCCIIeZIoBaHUU B Poc-
cutickoii ®enepanuu (IIpuka3z MunucrepcerBa 3pa-
BooxpaHeHus1 Poccutickoit Dejrepanu ot 01.04.2016
No 199H «O06 yTBEp:KIAEHUH IPaBUJI HaJJIexKalnen
naboparopHoii mpaktuku», [OCT 33044-2014). Bce
SKCIEPUMEHTAJIPHBIE HCCIIEIOBAHUS BBITIOJHSIUCH
B COOTBETCTBUM C TPEOOBAHUSAMH [I€HCTBYIOIIETO
«PykoBo/icTBA 110 TIPOBEEHUIO JTOKJIMHUYECKUX
HCCIIE/I0OBAaHUH JIEKAPCTBEHHBIX cpeicTB» (M., 2012),
co cratbeir (cr.) 11 PemepasbHOTO 3aKOHA OT
12 ampess 2010 T. N2 61-®3 «O06 obpalieHuu Jekap-
CTBeHHBIX cpesicTB» (CobOpaHue 3aKOHO/IaTeIbCTBA
Poccutickoit ®enepamuu, 2010, N2 16, cT. 1815;
No 31, cT. 4161) u coracHo IIpaBuiam slabopartop-
HOoN mpaktuku B Poccuiickoni ®enepanmu (I'OCT

Modern approaches to their treatment are very
effective and are constantly improving, but at the
same time, they remain radical, have a number of
significant limitations and complications, their effec-
tiveness is often temporary, given the chronic nature
of DM [6, 7]. Prevention of complications of DM is
directly related to glycemic control, which is not
always possible, therefore, the search for new phar-
macological agents for correction of the conse-
quences of DM is an urgent task.

In previous studies, among melatonin isosteres,
the compound K-165 was identified, which has oph-
thalmic hypotensive properties.

AIM OF THE RESEARCH

To study the effect of a new melatonin bioisostere,
a 3-arylidene-2-oxindole derivative — K-165 on dia-
betic cataractogenesis, intraocular pressure level,
retinal microcirculation and functional activity of the
retina in streptozotocin(STZ)-induced DM.

MATERIALS AND METHODS

The experiments were performed on 60 mature
male Sprague Dawley rats weighing 260—280 g (Bio-
tech, Moscow) after a 2-week quarantine in the
vivarium of the Scientific Center for Innovative Med-
icines of the Volgograd State Medical University. All
manipulations with laboratory animals were carried
out in compliance with requirements of good labora-
tory practice for preclinical studies in the Russian
Federation (Order of the Ministry of Health of the
Russian Federation dated 01.04.2016 No. 199n “On
approval of the rules of good laboratory practice”,
GOST 33044-2014). All experiments were carried
out in accordance with the requirements of the cur-
rent “Guidelines for the Conduct of Preclinical Stud-
ies of Medicines” (Moscow, 2012), with Article (Art.)
11 of the Federal Law of April 12, 2010 No. 61-FZ “On
the Circulation of Medicines® (Collected Legislation
of the Russian Federation, 2010, No. 16, Art. 1815;
No. 31, Art. 4161) and according to the Rules of Labo-
ratory Practice in the Russian Federation (GOST
33044-2014) and the Order of the Ministry of Health
of Russia dated 01.04.2016 N 199n “On Approval of
the Rules of Good Laboratory Practice”. All method-
ological approaches complied with the requirements
of the “Guidelines for the Conduct of Preclinical
Studies of Medicine”. The procedures involving labo-
ratory animals were carried out in accordance with
the ethical standards for the treatment of animals
adopted in Directive 2010/63/EU of the European
Parliament and of the Council of 22 September 2010
on the protection of animals used for scientific pur-
poses. The experimental study was approved by the
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33044-2014) u Ilpukasza MwunszapaBa Poccuum oT
01.04.2016 N2 199H «O06 yrBep:kneHuu IIpaBui
HaJyTeKaIel JabopaTopHO MpakTUKU». Bee MeTo-
JIMYECKUE IIOIXOJIbI COOTBETCTBOBAIN TpPeOOBaHU-
AMU «PyKOBOJICTBA IO TPOBENEHUIO JOKJIMHUYE-
CKUX WCCJIEJOBAaHUM JIEKADCTBEHHBIX CPEICTB».
IIpouemypbl ¢ yaacTueM JiabopaTOPHBIX KUBOTHBIX
OCYIIECTBJISUIICh B COOTBETCTBHU C OSTUYECKHUMHU
HOpMaM#u 00OpalleHus ¢ 3 KUBOTHBIMHY, TPUHATHIMU B
JupextusBe EBpomneiickoro mapsiamenTta u CoseTa
Espometickoro Corsa 2010/63/EC ot 22 ceHTAOps
2010 T. 0 3aIIUTe KUBOTHBIX, HCIIOJIH3YEMBIX B HAyU-
HBIX IeJIIX. JKCIEPUMEHTAIBHOE HCCIe0BaHIE
0I00PEHO 3THYECKUM KOMHTETOM Bosrorpazackoro
TOCYIapCTBEHHOTO MEAUITMHCKOTO YHUBEpPCUTETA
(cupaBka N@ 2022/043 0T 02.12.2022).

CJI mopenupoBasin crpenro3doronuaomM (CT3),
pacTBOpeHHBIM B 0.1 M HaTtpuii-nuTpaTHOM Oydepe
(pH 4.5), KOTOpPBINI BBOJAWJIN B XBOCTOBYIO BEHY B
nose 45 mr/kr. Ha atane ¢popmuposanus CJ] (mep-
BbIe 3 fHs mociie BBeAeHus CT3) 11 npenynpexe-
HUSA THOETN KUBOTHBIX I10 IPUYHHE THITOTJIMKEMUH
JKUBOTHBIE MOJIyJaId TJTIOKO3Y BMECTE C MTUTHEBOU
Boziol (5 T Ha 100 mut). [lepBOe u3MepeHre KOHIIEH-
TpAIUU TJTIOKO3bI B KPOBU ITPOBOJUIN Yepe3 CYyTKU
nocJie BBesienus: CT3, mociie 4ero BCeM >KHBOTHBIM C
VPOBHEM TJIIOKO3bI >19.4 MMOJIb/JI JJIsl CHUKEHUS
PHICKa CMEPTH OT KETOAIU/103a Ha3HAva U JIByX(as-
Hblll uHCysmH «Xymysun M3» (Eli Lilly, ®pan-
IHs1) — KOMOMHAIIWIO MHCYJIMHOB KOPOTKOH (30 %) u
cpenHelr (70 %) TPOMOIKUTETBHOCTH JIEHCTBUS.
WMHCYyIMH BBOAWJIM TOJKOKHO B 00JIACTh XOJIKH
JKMBOTHOTO CTPOTO B IIEPUOJ] BpEMEHH 15:00—17:00
B n03e 1—4 EJI 1o ciemytomeit cxeme: mIpu YPOBHE
IJIIOKO3bl  >19.4 MMmousib/n1 — 1 EJ| wHCynuHa,
>25 MmmoJib/s1 — 2 EJI, >30 mmoib/i1 — 3 E/l, >33.3 —
4 EJI (15—20 mmonb/n — 1 EJl, 20—25 MMoyb/n1 —
2 E/1, 25—30 mmouib/i1 — 3 E/I, >30 mmosib/ 1 — 4 EJT).
KoppeKTHpoBKYy [103bl WHCYJIHHA ITPOU3BOIUIIN
1 pa3 B HEJEJIO MOCIe KOHTPOJIBHOTO OIpeeIeHHS
KOHITEHTPAITUHU TJTIOKO3bI B KPOBH DKCIIEPUMEHTATh-
HBIX KUBOTHBIX.

N3 sKcriepuMeHTa WCKIIOYAINCh KUBOTHBIE C
YPOBHEM IVIMKEMUH MEHEE 15 MMOJIb/JI.

/3 BKJIIOUEHHBIX B OKCIEPUMEHT >KUBOTHBIX
c¢OpPMUPOBATIHU 4 TPYIIIHI IO 15 0cOOel B KaXKI0M:

1. KonTposibHas Tpynma 1 — UHTAKTHBIE JKHUBOT-
HbIE, [TOJIyYaBIIIue KypcoBoe (14 /THEel) MECTHOE BBe-
JIEHHE PacTBOPHUTEJISI — JeUOHU3UPOBAHHOU BOJBI B
ob6BeMe 30 MKIJI.

2. KoHTpoJIbHAS TPyIIa 2 — JKUBOTHBIE C DKCITe-
puMmentanbabiM  CJI, 1moJydyaBiliie  KypcOBOeE
(14 mHel) MecTHOE BBeJIEHUE PACTBOPUTENIS — JEUO-
HU3UPOBAHHOM BOJIBI B 00'beMe 30 MKIJIL.

Ethics Committee of the Volgograd State Medical
University (certificate No. 2022/043 dated
02.12.2022).

DM was modeled by STZ dissolved in 0.1 M
sodium citrate buffer (pH 4.5), which was adminis-
tered into the tail vein at a dose of 45 mg/kg. At the
stage of DM modeling (the first 3 days after STZ
administration), the animals received glucose via
drinking water (5 g per 100 ml) to prevent death due
to hypoglycemia. The first measurement of blood
glucose concentration was performed 24 hours after
STZ administration; thereafter, all animals with glu-
cose concentration >19.4 mmol/] received biphasic
insulin, Humulin M3 (combination of short-acting
(30%) and medium-acting (70%) insulins) (Eli Lilly,
France) to reduce the risk of death from ketoacido-
sis. Insulin was administered subcutaneously into
the scruff of the animal’s neck strictly between 15:00
and 17:00 in a dose of 1—4 U in the following regi-
men: glucose level >19.4 mmol/l — 1 U of insulin,
>25 mmol/l — 2 U, >30 mmol/l -3 U, >33.3—-4U
(15—20 mmol/l — 1 U, 20-25 mmol/l — 2 U,
25-30 mmol/l — 3 U, >30 mmol/l — 4 U). The insulin
dose was adjusted once a week after a control mea-
surement of the blood glucose concentration in
experimental animals.

Animals with glucose level <15 mmol/l were
excluded from the experiment.

The animals included in the experiment were
divided into 4 groups (15 animals in each group):

1. Control group 1 — intact animals that received
14-day instillations of a solvent — deionized water in
a volume of 30 pl.

2. Control group 2 — animals with experimental
DM that received 14-day instillations of a solvent —
deionized water in a volume of 30 pl.

3. Experimental group 1 — animals with experi-
mental DM that received 14-day instillations of the
compound K-165 at a concentration of 0.4% in a vol-
ume of 30 pl (4 mg/ml).

4. Experimental group 2 — animals with experi-
mental DM that received 14-days instillations of the
reference substance, melatonin (Sigma, USA) at a
concentration of 0.4% in a volume of 30 pl.

The experimental groups with STZ-induced DM
included animals with glucose level >15 mmol/l. The
start of administration of the studied substance to
animals with experimental DM was the 61st day after
administration of STZ.

The studied compound K-165 was synthesized
by Associate Professor N.A. Lozinskaya at the
Department of Medical Chemistry and Fine
Organic Synthesis of the Lomonosov Moscow State
University.
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3. OmbITHAs rpynma 1 — »KUBOTHBIE C DKCIEPHU-
MeHTasbHBIM C/l, mosrygyaBIre KypcoBoe (14 JTHEH)
MeCTHOe BBeJleHUe coeinHeHus K-165 B KOHIlEHTpa-
nHu 0.4 % B 00beMe 30 MKJI (4 Mr/Mut).

4. OmpITHAsA TpyIIa 2 — KUBOTHBIE C BKCIIEPU-
MeHTIbHBIM CJI, mostyuaBinue KypcoBoe (14 AHeH)
MECTHOE BBeJIEHHE BeIlleCTBA CPAaBHEHUs MeJaTo-
HuHa (Sigma, CIIIA) B KOHIIEeHTpaIUK 0.4 % B 00b-
eMe 30 MKJL.

B skcriepuMenTanbHbIe rpymnel ¢ C, mHAYIIHPO-
BaHHBIM CT3, BKJIIOUATU 2KUBOTHBIX C YDOBHEM TJIIO-
KO3bl >15 MMOJb/JI. Hauano BBemeHUs TecTupye-
MBIX 00pAa3IIOB JKUBOTHBIM C JKCIIEPUMEHTTHHBIM
CJI — 61-i1 neup nocye Beeaenus CT3 .

Hccneayemoe coequHenne K-165 ObLI0 CUHTE3U-
poBano pgomeHToM H.A. JlosmHckoui Ha kKadeape
MEIUIMHCKOH XUMHUH M TOHKOTO OPraHUYECKOTO
cunTte3a MI'Y umenu M.B. JlomoHOCOBa.

11 TpMKU3HEHHOTO HCCIIEOBAHUS XPYCTaTU-
KOB JIaOOPATOPHBIX JKUBOTHBIX ITPOBOJIHIIN ODTaTh-
MOCKOIIHIO B PeKHUMe PeTPOUJUTIOMUHAIINN Ha TIOP-
TaTUBHOWU ImesieBol jamie — Digital hand-held slit
lamp (CIITA) ¢ dboToperucrparueii n306paskeHus B
YCIJIOBUSAX MUZPHA3a, BEI3BIBAEMOTO TPOIIMKAMUIOM
(1% pactBop, Alcon-Couvreur N.V., Benbrus). s
OI€HKH CTEIEHU TOMYTHEHU S XPyCTAIMKOB UCIIOJTh-
30BaI  MOAUMDUIMPOBAHHYIO  KJIACCH(MUKAIIIIO
P. Suryanarayana et al. [8]:

O — IIPO3PaYHbIA XPYCTAIHK;

1 — MUHHUMAaJbHas HEMPO3pPAaYyHOCTb B IIEHTpE
xpycranuka (Haauyue HeOOJIBIIOTO KOJIMYECTBa
CyOKaTCy/IApHBIX BAaKyOJIel);

2 — QUaroBble IIOMYTHEHUS B IIEHTPE U 110 IIEPHU-
depun xpycranmka («TyMaHHOe» IIOMYTHEHHE
KOpBI);

3 — IIOMyTHEHHE BCEro XpyCTanKa (IUIOTHOE
IIOMyTHEHUE sApa ¥ «TyMaHHOE» IIOMyTHEHHE
KOpBI);

4 — 3pejas KaTapakTa — IUIOTHOE ITOMYTHEHHE
KOPBI U f/Ipa XPyCTaJIUKA.

Nsmepenue BHyTpuriasHoro aasieHus (BI/I)
MPOBOJIWJIK C IOMOIIBI0 O(PTATBMOJIOTUYECKOTO
BeTepuHapHOTO ToHOMeTpa Tonovet (OuHIAHANSN),
He TpeOyIoIero IpeaIBapUTeIbHON aHeCcTe3UH
POTOBUIIBI.

Perucrpanuro riazHoON MUKPOIUPKYJIAIUN OCY-
IECTBJISUTA €  HCIOJIb3OBAaHUEM ITPOTPaMMHO-
amnmapaTtHoro komiuiekca MP150 (BIOPAC Systems
Inc., CIIIA) u gatumka urojb4daroro tuma TSD-144
(CIITA), mporpammbl AcqKnowledge 4.2. corsacHo
WHCTPYKIIUHU TPOU3BOUTEA. SOHAUPYIOIIIEe JIa3ep-
HO€ U3JIyUYeHHe IO3BOJISET MOJIYUYUTh OTPAKEHHBIHI
CHUT'HAJI U3 CJIOS TKAaHHW TOJIIUHOHA 70 1 MM, 00beM
30HINPYEMOU TKaHU cocTaBiser 1 Mm3. CymmapHast

For the intravital examination of the lenses of
laboratory animals, ophthalmoscopy was performed
as retroillumination imaging using a portable Digital
hand-held slit lamp (USA) with image capturing
amid tropicamide-induced mydriasis (1% solution,
Alcon-Couvreur N.V., Belgium). To assess the grade
of lens opacity, a modified classification of P. Surya-
narayana et al. was used [8]:

0 — clear lens;

1 — minimal opacity in the anterior pole of the
lens (a small number of subcapsular vacuoles);

2 — focal opacity in the anterior pole and cortex of
the lens (hazy opacity);

3 — hazy cortex persists and dense nuclear opacity
appears;

4 — mature cataract (dense opacity of both the
cortex and nucleus).

Measurement of intraocular pressure (IOP) was
carried out using a Tonovet veterinary tonometer
(Finland), which does not require preliminary anes-
thesia of the cornea.

Registration of ocular microcirculation was per-
formed using MP150 system hardware (BIOPAC
Systems Inc., USA) and TSD-144 needle-type sen-
sor (USA), AcqKnowledge 4.2 program according to
the manufacturer manual. Laser radiation allows
obtaining a reflected signal from a tissue layer up to
1 mm, the volume of investigated tissue is 1 mma3.
The total thickness of the sclera, choroid and retina
in rats is less than 0.5 mm. The use of the contact
technique of laser Doppler flowmetry (LDF) allows
assessing the level of microcirculation throughout
the depth of the analyzed area. Taking into account
the essentials of blood supply to the rat eyeball, as
well as the peculiarity of LDF of the anterior seg-
ment of the eye, this study allows assessing the level
of perfusion in perfusion units (p.u.) in the territo-
riy of long posterior ciliary arteries, as well as the
anterior ciliary arteries.

The functional state of the retina was assessed
using electroretinography (ERG). The ERG principle
is to record the potentials of retinal neurons in
response to a light stimulus. The assessment is based
on the amplitude of the a- and b-waves. The negative
a-wave generated by the outer segments of the pho-
toreceptors is responsible for their functional state;
the positive b-wave is responsible for the activity of
the bipolar and Miiller cells, with a possible contri-
bution of the horizontal and amacrine cells. ERG was
recorded immediately after measuring the level of
microcirculation. For this purpose, the animals were
instilled a 1% tropicamide solution (Alcon-Couvreur
N.V., Belgium) to achieve maximal mydriasis. The
rats then underwent dark adaptation for 20 min.
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TOJIIIWHA CKJIEPBI, COCYIUCTOU OOOJIOUKHU TyIa3a U
CEeTUATKU Y KPBICHI COCTaBJIsIeT MeHee 0.5 MM.
Hcmonb30BaHNEe KOHTAKTHOM METOJUKU JIa3€PHOM
JIonIIepoBckol  moymerpun  (JIJI®) mosBosiser
OIIEHUTDH YPOBEHb MUKPOLMPKYJIAIUN IO BCEH IJIy-
OuHe 30HANPYeMOL 001acTU. YUUThIBAsA TPUHITUITH-
JIBHYIO CXeMY KPOBOCHAOXKeHUs IJIA3HOTO sI6JI0Ka
KpBICBI, a Tak:ke 0cOOeHHOCTh mpoBeeHus JIJI®
IepeHero OTpe3Ka IJIa3a, JaHHOE WCCIeTOBAHHE
TI03BOJISIET OIIEHUTDH YPOBEHD Nep(Py3uu B epdy3u-
OHHBIX equHuNax (m.e.) B bacceHax 3aJHUX JJINH-
HBIX [IWJITHAPHBIX aPTEPHUH, a TAKKe TePETHUX IIHTH-
aApHBIX apTepuil.

OueHky GpyHKITMOHAJIBHOTO COCTOSTHUS CETYATKU
MPOBOJIMJIA C TIOMOIIBIO BJIEKTPOPEeTUHOrpadbUuu
(9PT). IIpunnun IPT 3aka0UyaeTcs B peTUCTPAIIUU
IIOTEHINAJIOB HEHPOHOB CETYATKU B OTBET HA CBETO-
BOH cTumys1. OIeHKY IIPOBOST IO aMILIUTY/I€ BOJTH
a u b. 3a QyHKIIMOHAIIBHOE cOCTOsTHUE (hOTOpEIen-
TOPOB OTBEYAeT HeraTWBHAS a-BOJIHA, TeHepupye-
Mas UX HapYKHBIMH CerMEHTaMH; 3a aKTUBHOCTH
OUIOJISIPHBIX M MIOJIJIEPOBCKUX KJIETOK, C BO3MOXK-
HBIM BKJIAZIOM TOPH30HTAJBHBIX M aMaKPHUHOBBIX
KJIETOK — TOo3uTHBHasA b-BoyHa. IPT mpoBojuiu
cpasy IocJIe PETUCTPAIUN YPOBHSA MUKPOIIUPKYJIS-
nuu. /1711 3TOrO KUBOTHBIM HHCTHJUIMPOBAIH 1%
pacteop Tponukamuaa (Alcon-Couvreur N.V., besb-
TUsA) JJIA TOJIyYeHUs MaKCHUMAaJbHOTO MUApHasa.
3aTeM KpbIC MO/BEPTAJIN TEMHOBOU afanTalid B
TeyeHUe 20 MUH. B mocsenyromeM »KUBOTHBIX Hap-
KOTH3UPOBAIIA (xsmopasrugpar (PanReac
AppliChem), 300 Mr/KT, BHyTPUOPIOMIUHHO) ¥ (PUK-
CHUPOBAJIN HA CTOJIUKE, U30JIMPOBAHHOM OT 3JIEKTPO-
MAarHUTHOTO U3JTy4eHUs. POTOBUYHBIN cepeOpIHBIi
9JIeKTPOJT (AaKTHUBHBIM) IOMeIaTId Ha POTOBUILY,
MpeABapUTEIHFHO CMOUYEHHYI0 M30TOHUYECKUM pac-
TBOPOM HATPHS XJIOPUAA I 60Jiee TIOJTHOTO KOH-
TaKTa; pebepeHTHBINA UTOIbYAThIN 3y1eKTpo EL452
(MuHYC) TOMeIaIu MOAKOKHO B 00JIaCTU Uepera;
3a3eMJISTIOIIUH UTOJIYATHIN 3s1eKTpo EL450 mome-
a7y TOAKOXKHO B 00JIACTH OCHOBAHUS XBOCTA.
Crpo6ockon TSD122A co BCHBIINIKON 6esioro ceera
MIPOJIOJIKUTETHFHOCTHIO 30 MKC U 9HEPTHEH BCITBIIITKH
180 M/IK, MOJIKIIOUEHHBIN K cTUMyJsTopy STM200
(BIOPAC Systems, Inc., CIITA), pa3Melaniu 3a CIiu-
HOU JKUBOTHOTO, perucrpanuio 9P mpoBoamau B
OTBET HA OAMHOYHYIO CTHUMYJIAIUIO. BhI3BaHHBIE
OUOIIOTEHIUAJIBI MPOIYCKAIINCh Ha yactote 5 I,
VCIJIMBAJIUCh, YCPEAHSIINCH U TIPEJCTABIISIINCH IPa-
¢duyeckm Ha BdKpaHe NOpu IoMolnu nosurpada
MP150 ¢ xommbioTepHON Tporpammoi AcqKnow-
ledge 4.2. /151 oLleHKU cTeneHU pa3BUTUA QYHKIIFO-
HaJIBHBIX TIOBPEXK/IEHUH CeTUYaTKH OIIPeeIAIN MaK-
CUMAJIBHYIO aMIUTUTYAY BJIEKTPOPETUHOTPAMMEI,

Afterwards, the animals were anesthetized (chloral
hydrate (PanReac AppliChem), 300 mg/kg, intra-
peritoneally) and fixed on a table isolated from elec-
tromagnetic radiation. The corneal silver electrode
(active) was placed on the cornea pre-moistened
with isotonic saline solution for more complete con-
tact; the reference needle electrode EL452 (minus)
was placed subcutaneously in the skull area; the
ground needle electrode EL450 was placed subcuta-
neously at the base of the tail. A TSD122A strobo-
scope with a white flash (duration 30 ps and energy
180 mJ), connected to a STM200 stimulator
(BIOPAC Systems, Inc., USA), was placed behind the
animal’s back, and ERG was registered in response
to a single stimulation. Evoked biopotentials were
recorded at a frequency of 5 Hz, amplified, averaged
and plotted on the screen using MP150 system with
AcqKnowledge 4.2 program. To assess the grade of
functional retinal damage, the maximal amplitude of
the electroretinogram was calculated as the sum of
the absolute values of the a- and b-wave peaks (coef-
ficient b/a).

After euthanasia of laboratory animals under
anesthesia (400 mg/kg chloral hydrate, intraperito-
neally), the eyeballs were removed. The right eyeball
of each laboratory animal was used for pathomor-
phological examination, and the left one — for deter-
mination of the concentration of advanced glycation
end products (AGE) and carboxymethyllysine (CML)
in the lens.

During the pathomorphological examination,
fresh modified Davidson’ fluid was used to fix the
eyeball [9]. The specimen was then dehydrated in
ascending alcohols and embedded in paraffin His-
tomix. From the obtained blocks 4—6 pm thick sec-
tions were cut using a microtome and then mounted
on microscope slides. The sections were stained
with hematoxylin and eosin-phloxacin according to
the standard technique [10]. The stained slides
were examined and photographed using an Axio-
Scope A1 microscope with an AxioCam MRcj5 digital
camera.

To assess the grade of cataract, a score from 0 to
5 was used (A.V. Smirnov, Yu.l. Velikorodnaya,
2019):

0 — no signs of cataracts;

0.5—1 — initial signs of subcapsular or cortical
cataract (vacuolization and swelling of lens fibers);

1.5—2 — local manifestations of cataract (subcap-
sular hyperplasia of epithelial cells or cortical swell-
ing of the fibers);

2.5—3 — severe cortical cataract with defragmen-
tation and swelling of lens fibers, appearance of Mor-
gagni globules;
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KOTOpAasi BBICUUTHIBAIACH KAK CYyMMa abCOJIOTHBIX
3HAYEHUH MUKOB a- 1 b-BostH (koaddunuent b/a).

ITocse sBTaHA3MK J1TAGOPATOPHBIX KUBOTHBIX IO
HapKO30M (400 MT/KT XJIOpajaTruzpara BHYTPUOPIO-
IIMHHO) IJIa3Hble SIOJIOKW ObUTH SHYKJIEHPOBAHEI.
[TpaBoe m1a3HOe AOJIOKO KaXKZOro J1abOpaTOPHOTO
JKMBOTHOTO HCIIOJIF30BAJIOCH JJIs TATOMOP(MOJIOTHYEe-
CKOTO WCCJIEJIOBAHUS, a JIEBOE — IS OIpPE/eIeHNUs
COZIEpPIKAHMA B XPYCTAIMKE KOHEUHBIX POYKTOB TJIH-
kupoBanwus (KIIT') u kapbokcumeTruusuHa (KMJT).

IIpu  mnpoBeneHUH  HTATOMOP(OJIOTHIECKOTO
HCCIeIOBaHUA Ul (PUKCAMU TJIa3HOTO sI6JI0Ka
HCIIOJIb30BAJIN CBEKEIIPUTOTOBJIEHHBIN MOANPULII-
poBanHbI pactBop /laBuiacoHa [9]. /lasee mare-
pran o6e3BOKMBaIM B Oarapee CIHPTOB BOCXO/A-
e KPeIroCTU U 3aKJII0YAITH B TapapUHOBYIO CPELY
Histomix. C moJyiyueHHBIX OJIOKOB Ha MHUKPOTOME
MIOJTyYaTl CPe3bl TOJIIIUHON 4—6 MKM U MOHTHPO-
BIN WX HA IMpeAMeTHBIe cTeksa. Cpes3bl OKpariu-
BN TeMATOKCUJIMHOM U B03UH-(PJIIOKCUHOM IIO
CTaHAAPTHOU MeTofuke [10]. Mukpormpenaparthbl
uszydanu u ¢oTtorpadrupoBaJii Ha MHUKPOCKOIIE
AxioScope A1, 060py0BaHHOM ITU(GPOBON KaMepou
AxioCam MRc5.

J17151 OLIEHKU CTelleHU KaTapaKThl UCIIOJIb30BAIH
b6aytbHYI0 cucteMy oT O 70 5 (A.B. CmupHOB,
[0.U. BetukopojHasi, 2019):

O — IPUBHAKHU KaTapaKThl OTCYTCTBYIOT;

0.5—1 — HavyaJIbHbIe TIPUBHAKHU CyOKaICyJIIPHOU
WIA KOPTUKAJIBHOU KaTapaKThbl, IPOSBIIAIOIIUECS
BaKyoJn3aIyen u HabyxaHreM BOJIOKOH XPYCTAJINKA,;

1.5—2 — JIOKaJbHbIe IPOSBJIEHUS KaTapaKThI,
BBIPA’KAOIMECs B THIEPIUIA3UU SIHUTETHATbHBIX
KJIETOK ITO7 Karcysaou (cybkaricysisipHas) uin HaOy-
XaHHUEM BOJIOKOH XPYCTaIUKa (KOPTUKAIbHASA);

2.5—3 — BRIpOKeHHas1 KOPTUKAJIbHAS KaTapaKTa C
nedparMeHTalrel u HabyxaHueM BOJIOKOH, 00pa3o-
BaHHEM MOPTaHUEBBIX TeJIEll;

3.5—4 — KOpPTHKaJIbHAsA KaTapakTa, OXBaThIBAIO-
masi BeCh XpycTanuk (medparmeHTanus u Habyxa-
HI€ BOJIOKOH, HAIMUKE «BaJIOHHBIX» KJIETOK, MOP-
TaHUEBBIX TeJIEIl IT0 BCEMY IIEPUMETPY XPYCTATIUKA);

4.5—5 — sifilepHas KaTapakTa (THaJIMHO3).

[TosiydyeHHBIE PEBYJIBTATHI CTATHUCTHUYECKH 0Opa-
6arpIBau ¢ IoMoIbio mporpamMmsel Microsoft Excel
2016 (CIIIA). /IocTOBEPHOCTh PE3YIBTATOB O TAH-
MOCKOIIUU OLIEHWBAJIM II0 KpUTEepUI0 MaHHA —
YUTHH, JOCTOBEPHOCTh AAHHBIX 0PTAIHMOTOHOME-
TPUH, UMMYHO(MDEPMEHTHOTO aHAIN3a U IaTOMOP-
(onoruueckoro ucciaeOBaHUSA — MO t-KPUTEPUIO
CrproieHTa. KauecTBeHHBIH aHAIU3 PE3YJITATOB
HCCJIEIOBAHUS MECTHO-Pa3ApaKAIOIIETO JIEHCTBUS
coenvHeHus1 K-165 MPOBOJWIN C UCIOJIH30BAHUEM
KPHUTEPUs XU-KBAAPAT.

3.5—4 — cortical cataract of the whole lens (defrag-
mentation and swelling of fibers, presence of balloon
cells, Morgagni globules along the entire perimeter
of the lens);

4.5—5 — nuclear cataract (hyalinosis).

The obtained results were processed statistically
using Microsoft Excel 2016 (USA). The accuracy of
the results of ophthalmoscopy was assessed using
the Mann-Whitney test, the accuracy of the results
of ocular tonometry, enzyme immunoassay and
pathomorphological examination — using the Stu-
dent’s t-test. A qualitative analysis of the results of
the study of the local irritation effect of the com-
pound K-165 was carried out using the chi-square
test.

RESULTS

The glucose level in laboratory animals from the
intact control group reached 15 mmol/] already on
the third day after the streptozotocin administration
and remained significantly high, exceeding the simi-
lar indicator in rats of the intact groups. In the groups
of animals that were instilled the compound K-165
and melatonin, the glucose level throughout the
experiment also remained significantly high com-
pared to the intact control group.

The development of diabetes in rats was accom-
panied by weight loss, polyuria, polydipsia, polypha-
gia — clinical signs characteristic of severe DM. The
animals were anergic and apathetic.

The ophthalmoscopy (retroillumination imaging)
shows that in animals from the intact groups lenses
remained clear until the end of the experiment (lens
opacity grade 0) (Table 1). In animals with DM, by
the 3rd month of the study, grade 3 of lens opacity
was noted and the grade of cataract was 2.5 (the val-
ues statistically significantly differed from intact ani-
mals at p < 0.05).

The pathomorphological examination of the lens
showed that the experimental animals with induced
DM had all the signs of cataract: vacuolization, swell-
ing and defragmentation of lens fibers with the pro-
duction of balloon cells, Morgagni globules develop-
ment, as well as abnormal nuclear trapping by the
fibers (Fig. 1, A). In one rat with induced DM, sub-
capsular proliferation of epithelial cells in the ante-
rior pole of the lens was detected (Fig. 1, B).

In most cases, animals developed cortical and
peripheral types of cataracts. The grade of lens dam-
age by morphological signs varied from moderate
pathological changes to the development of almost
complete cataracts. In experimental animals, which
were instilled melatonin for correction of the dia-
betic complications, morphological signs of moder-

Journal homepage: http://jsms.ngmu.ru

107



Cnacos A.A. udp. / Journal of Siberian Medical Sciences T. 8, N° 4 (2024)

PE3YJ/IBTATDBI

YpoBeHb rimkemMuu y 1abopaTOPHBIX KUBOTHBIX
W3 TPYNIIBl UHTAKTHOTO KOHTPOJIS y:Ke Ha TPETHH
JleHb 110CJIe BBE/IEHUS CTPENTO30TOIMHA IIPEBBINIAI
15 MMOJIb/JI X OCTaBaJICSI JOCTOBEPHO BBICOKHUM, ITpe-
BOCXOZfI QHAJIOTUYHBIN IT0OKA3aTeNb Y WHTAKTHBIX
KpbIc. B rpymmax ;KMBOTHBIX, KOTOPBIM WHCTHJLIU-
poBasnu coequHeHue K-165 U MeJaTOHUH, YPOBEHD
IJIIOKO3Bl HA TPOTSDKEHUHM DHKCIIEPHMEHTA TaKKe
OCTaBaJICA JIOCTOBEPHO BBICOKUM IO CPABHEHUIO C
TPYIIION MHTAKTHOTO KOHTPOJIS.

PazButne npmabera y KpBIC COIIPOBOXKIAJIOCH
moTepey Beca, MOJIUypHUeH, MOJUAUIICueN, morrda-
ruefl — KJINHUYECKUMH IMPU3HAKAMH, XapaKTep-
HbIMH JUiA TspReod ¢opmber C/l. JKuBoTHbIE ObLTH
BAIJIBIMU U alIaTUIHBIMU.

B pesysbTaTe IpoBeIeHHON 0 TATBMOCKOIINY B
pPeKMMe pPeTPOWJUIIOMUHANNYN OBLIO YCTAHOBJIEHO,
YTO y MHTAKTHBIX JKMBOTHBIX XPYCTaJIUKH OCTaBa-
JIUCh MIPO3PAYHBIMHU JI0 KOHIIA SKCIIEPUMeHTa (CcTe-
IIeHb IIOMYTHEHUsS XpyCTaIuKoB O) (Tabm. 1).
¥ xuBoTHBIX ¢ CII K 3-My Mecsly HCCIeT0BAHUA
pa3BHUBaJIaCh CKOPee 3-s1 CTEIeHb TOMYTHEHUS XPY-
CTaJINKOB, M CTENEHb IIOMYTHEHUs COCTaBWJIA 2.5
(mokazaresu CTaTUCTUYECKH 3HAYMMO OTJIMYAIOTCS
OT UHTAKTHBIX JKUBOTHBIX IIPHU P < 0.05).

ITpoBenerHOe mMaTOMOP(OIOTHUECKOE HCCIIENO-
BaHUe XpyCTaJMKa II0Ka3ajio, YTO Yy IOOIBITHBIX
JKUBOTHBIX ¢ WHAynupoBaHHBIM CJI oTMeuann Bce
NIPU3HAKA PAa3BUTHUS KATAPAKTBI: BAKyOJIM3aIlUs,
HabyxaHue u JAedparMeHTalis XpPYyCTaJIHMKOBBIX
BOJIOKOH ¢ 00pa3oBaHyeM OaJIJIOHHBIX KJIETOK, (pop-
MHPOBAHUEM MOPTaHHUEBBIX TeJIel, a TaKKe aHO-
MaJIbHBIM YZIepKaHUEM s/iep BOJIOKHAMHU (puc. 1, A).
¥ omgHO# KphIch ¢ nHAYIPOoBaHHBIM C/I 6bL1a 06Ha-
pyKeHa cyOKarcyssapHas npoaudepanus KIeTOK
SIIUTENA B [IEPe/IHEN 30He Xpycranuka (puc. 1, B).

B GospImHCTBE CIy4aeB y JKHUBOTHBIX pa3BHBa-
JINCh KOPTUKAJIbHBIN U TepudepuuecKuil BU/IBI KaTa-

ate diabetic cataracts were also found: swelling, vac-
uolization and partial defragmentation of lens fibers
mainly in the equatorial regions of the cortical layer
of the lens (Fig. 2).

In experimental rats which were instilled the mel-
atonin bioisostere, compound K-165, pathological
changes in the lens caused by long-term hyperglyce-
mia were expressed poorly. In most cases, the main
manifestations of cataract were observed in one of
the equatorial regions of the lens and were character-
ized by local swelling of lens fibers and abnormal
nuclear trapping (Fig. 3). Scoring the grade of cata-
ract revealed a significant decrease (by 32%) in path-
ological changes in the lens of experimental animals
with induced DM and conjunctival instillation of the
compound K-165.

Thus, according to the morphological study
results, the substance K-165 had a greater potential
for correcting cataract manifestations in laboratory
animals with induced diabetes.

The experiment revealed that in rats with diabe-
tes mellitus, IOP increased compared to intact ani-
mals (by 36% in the control group with DM), and the
IOP level in laboratory animals that received instilla-
tions of the compound K-165, decreased by 24%
compared to animals with DM (Table 2). In the group
of animals that were instilled melatonin, the IOP
level decreased by 25% compared to the group of ani-
mals with streptozotocin-induced DM.

According to the results of the microcirculation
analysis in the control group with DM, the level of
retinal microcirculation decreased by 36% (p < 0.05)
compared to the intact control group (Table 2). In
the group of animals receiving the compound K-165,
the level of retinal microcirculation significantly
increased by 37.5% compared to the group of ani-
mals with DM. In animals receiving melatonin, a
tendency to increase the level of microcirculation by
20.4% was observed in comparison with the group of

Ta6auna 1. Biusauue coegnHenns K-165 1 MeslaTOHHMHA Ha CTENEHb TOMYTHEHUS XPYCTAIMKOB IIPU CTPEITO30TOLMH-

WH/yLIUDOBAaHHOM CaxapHoOM JiuabeTe

Table 1. The effect of the compound K-165 and melatonin on the grade of lens opacity in streptozotocin-induced diabetes

mellitus

I'pynna / Group

CTeneHb NOMYTHEHUS XPYCTAINKOB
Degree of lens opacity

KouTposb 1 (uuTakTHbIe) / Control 1 (intacts)

KonTposn 2 (caxapHbiii fuabet) / Control 2 (diabetes mellitus)
CaxapHbld auabet + MesaToHuH / Diabetes mellitus + melatonin

CaxapHbii guabet + K-165 / Diabetes mellitus + K-165

0
2.5+0.25"
1.8+0.2
1.2 £ 0.24*

# [loka3aTesl CTATUCTUYECKH 3HAYUMO OT/INYAKTCS OT FPyNibl KOHTPoJs 1 (MHTaKkTHBIE) pu p < 0.05; kpuTepuit ManHa - YuTHH.
The values with statistically significant differences compared to control group 1 (intacts) at p < 0.05; Mann-Whitney test.

* [lokaszaTesy CTATUCTUYECKU 3HAYMMO OTJIMYAIOTCS OT IPYNINbI KOHTPOJIsA 2 (caxapHbIi AnabeT) npu p < 0.05; kputepuit MaHHa - YUTHH.
The values with statistically significant differences compared to control group 2 (diabetes mellitus) at p < 0.05; Mann-Whitney test.
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Puc. 1. ®parMeHT XpyCTAIVMKA IOJ[OIBITHON KPBICHI C HH/IY[POBAHHBIM CAXaPHBIM [HA6ETOM, OKPACKA TeMATOKCHIINH-
H03WHOM, yBeIn4YeHHe x200 (A) u cybrancysispHast nposudepariis KJIEeTOK B IepeAHEi 30He XPYCTaINKa,
OKpAaCKa reMaTOKCIJINH-203UHOM, yBeJndeHue x400 (B)

Fig. 1. A lens fragment of the experimental rat with induced diabetes mellitus, hematoxylin and eosin staining,
x200 magnification (A) and subcapsular cell proliferation in the anterior pole of the lens, hematoxylin and eosin staining,
x400 magnification (B)

paxkr. IIpy 5TOM cTeneHb BHIPAXKEHHOCTHU MTOBPEK/IE-
HUS XPYCTAINKA [0 MOP(OJIOTUUECKUM MTPU3HAKAM
BapbHUPOBAIACH OT YMEPEHHBIX I[ATOJIOTUIECKIX
HM3MEHEeHUH /10 Pa3BUTHA IPAKTUIECKU ITOJTHOH KaTa-
PaKThl. Y IOAOMBITHBIX JKUBOTHBIX, KOTOPBIM B Kaue-
CTBE CPEeJICTBA KOPPEKIIUY TUA0ETUIECKUX OCIIOKHE-
HUU WHCTWUIMPOBIA MEJIATOHHH, TakKKe oOHapy-
JKUBATH MOPQOJIOTUYECKUE TTPU3HAKY CPETHEBBIPA-
JKEHHON JTnabeTWyYecKOW KaTapakThl: HabyxaHUe,
BaKyoJIM3aIUA U YacTHYHAA JieparMeHTaIusa BOJIo-
KOH XpYCTaJHMKAa B OCHOBHOM B 3KBaTOPUAJIbHBIX
30HAX KOPKOBOTO CJIOS XpyCTaIuKa (puc. 2).

animals with DM, though did not differ significantly
from it.

The assessment of the electrophysiological state
of the retina showed that streptozotocin-induced
DM in animals leads to electrophysiological changes
in the retina ( Table 2). Thus, the b/a coefficient sig-
nificantly decreased by 38% compared to the average
value in intact animals, which, in turn, confirms the
literature data that the earliest sign of deterioration
in visual function during the experimental DM is a
decrease in the amplitudes of wave potentials. When
correcting streptozotocin-induced DM with the com-

Puc. 2. PparMeHT XpyCTaJNKa [OIONBITHON KPHICHI U3 IPYIIIBI «CaXapHbIH 1HabeT + MeTaTOHUH».
Okpacka reMaTOKCHINH-303MHOM. YBeIHUEHNE X200
Fig. 2. A lens fragment of the experimental rat from the group of animals with diabetes mellitus and instillation
of melatonin. Hematoxylin and eosin staining. Magnification x200
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Puc. 3. ®parMeHT XpyCcTayuKa MO/IOMBITHOM KPHICHI U3 TPYIIIBI «CaXapHBbIii [uaber + coequnenue K-165».
Okpacka reMaTOKCIJIMH-203UHOM. YBeJINUEHHE X200
Fig. 3. A lens fragment of the experimental rat from the group of animals with diabetes mellitus and instillation of K-165.
Hematoxylin and eosin staining. Magnification x200

Y NOAONBITHBIX KPBIC, KOTOPBIM HHCTHJUIHPO-
BasT GMOM30CTEp MeJIaTOHUHA — coeinHeHne K-165,
[aTOJIOTHYECKHE W3MEHEHUs B XpYyCTaJIuKe, 00y-
CJIOBJIEHHBIE JUIUTEJTLHON THIIEPIIUKEMHUEN, OBLIH
c1a60 BBIpAKEHBI. B GOJIBIIIMHCTBE CIyYaeB OCHOB-
HbIE IIPOSIBJIEHUS KaTapaKThl HA0OJII0/TAJTUCH B OTHOM
13 HKBATOPHAJIBHBIX 30H XPYCTAJINKA U XapaKTePH-
30BAJIUCH JIOKAJIbHBIM HAaOyXaHUEM XPYCTATTMKOBBIX
BOJIOKOH ¥ aHOMAJIbHBIM yZiep:KaHueM sazep (puc. 3).
Pacuer cpenHero 6ajyia CTeleHH BBIPA’KEHHOCTH
KaTapaKThl BBIABUJI 3HAUUMBIN XapaKTep yMeHbIIe-
HUA (Ha 32 %) MPOSBIEHUH MATOJIOTHYECKHUX IPO-
[[eCCOB B XPyCTaJWKe IOJONBITHBIX »KHUBOTHBIX,
KOTOPHIM KOHBIOKTUBAJIBHO BBOJIWJIM COEIUHEHHE
K-165 na done nnaymnuposansHoro C/I.

Takum 06paszom, 10 JAHHBIM MOP(OIOTHIECKOTO
HCcCaenoBaHuA BerecTBo K-165 ob1amano GOIBIINM
MIOTEHIINAJIOM KOPPEKIIVH MPOSBIEHUHA KATaAPAKTHI Y
J1a00paTOPHBIX KUBOTHBIX ¢ HHAYIIUPOBaHHEIM C/I.

B skcnepumeHTe GBLIO BBISBJIEHO, UTO Y KPBIC C
C/] noseiuanocs BI'/] 1o cpaBHEHUIO ¢ ”HTAKTHBIMU
JKUBOTHBIMU: Ha 36 % — B rpymnne kontposas C/, a
ypoBeHnb BI'/] y 1ab0paTOpHBIX KUBOTHBIX, TIOJTyYaB-
IUX WHCTWUIANUU coequHeHus K-165, cHmkaics
Ha 24 % 110 CpaBHEHUIO ¢ }kuBOTHBIMH ¢ C/] (Tabur. 2).
B rpymme >KUBOTHBIX, KOTOPBIM HHCTHJLTHPOBAJIH
MeJaToHuH, ypoBeHb B/l cHmxkasncs Ha 25 % 10
CPaBHEHUIO C TPYNION >KUBOTHBIX CO CTPEITO30-
TOIUH-UH/IyIIIPOBAHHBIM T1a0ETOM.

[To pesyspraTaM aHaaM3a MapaMeTPOB MHUKPO-
OUPKyAAnuu B Tpymnme KoHTposs ¢ CI ypoBeHb
PETUHAIBHOW MUKDPOIUPKYJISAIMH CHIDKAJICSI Ha
36 % (p < 0.05) IO CPaBHEHUIO C TPYMIION MHTAKT-
HOTO KOHTpOJIA (cM. Tabi. 2). B rpyIine KUBOTHBIX,

pound K-165 and melatonin, a tendency to an
increase in the combined response of rods and cones
was observed compared to the group of animals with
streptozotocin-induced DM.

DISCUSSION

In this study, melatonin was used as a reference
drug. Extensive studies have shown its presence in
important structures of the eye, such as the retina,
iris, ciliary body, lens, and lacrimal gland [11—14].

Melatonin plays a key role in the suppression of
cataract formation due to its various properties. A sig-
nificant decrease in the incidence of cataract was
found after melatonin treatment, accompanied by
favorable changes in oxidative stress markers and an
increase in the activity of antioxidant enzymes [15]. In
a model of early type 2 DM in adult rats, melatonin
pellets were implanted subcutaneously. After 12 weeks
of treatment, melatonin, which did not affect glucose
metabolism in control and diabetic rats, prevented a
decrease in a-waves, b-waves of the electroretinogram
and oscillatory potential amplitude, as well as an
increase in retinal lipid peroxidation, NOS activity,
TNF-q, glial fibrillary acidic protein of Miiller cells
and vascular endothelial growth factor levels. In addi-
tion, melatonin prevented a decrease in retinal cata-
lase activity. These results demonstrate that melato-
nin protects the retina from alterations observed in an
experimental model of diabetic retinopathy (DR)
associated with type 2 DM [16]. Furthermore, the
experimental data indicate that exogenous melatonin
and its analogs effectively reduce IOP in animals and
patients with glaucoma. Melatonin primarily acts
through specific receptors (MT1, MT2, and the puta-
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Ta6una 2. Biusauue coeguHenust K-165 1 MeslaTOHHHA Ha ypOBeHb BHYTPUIJIA3HOTO AaBJenus (M + o),
MUKpOUUpKysanuu (M + m) u koadpdunueHT b/a mpu cTPenToO30TOLHH-UHAYLIUPOBAHHOM caxapHoM jJuabeTte (M + m)
Table 2. The effect of the compound K-165 and melatonin on the level of intraocular pressure (M * ¢), microcirculation
(M + m) and the b/a coefficient in streptozotocin-induced diabetes mellitus (M + m)

BIJI, MM pr. CT. YpoBeHb KoadpPpunuent

I'pynna / Group IOP mm H MUKPOUUPKY/ISILNY, I1.€. b/a, oTH. en.
! & Microcirculation level, p.u. Coefficient b/a, a.u.

KoHTposb 1 (MHTaKTHbIE) 9.45 +0.45 2237.0 £242.2 0.34 +0.09
Control 1 (intact)
(n=15)
KoHTposb 2 (caxapHblil juabeT) 12.9 £ 0.95* 1426.7 £ 45.0* 0.21 + 0.04*
Control 2 (diabetes mellitus)
(n=15)
CaxapHbiii fua6et + K-165 9.8+0.51* 1962.4 + 204.9% 0.27 £0.01
Diabetes mellitus + K-165
(n=15)
CaxapHblil juabeT + MeJJaTOHHUH 9.6 + 0.58" 1771.7 £ 256.7 0.24 £0.01

Diabetes mellitus + melatonin
(n=15)

[Ipumeyanwus: BI/]-BHyTpuriasHoe JjaBjeHHUe; M.e. - Nepy3MOHHbIE €JMHUIBI; OTH. e/l. — OTHOCUTEJIbHbIE e/[HHHUIIBI.
*[lokasaTeJy CTATUCTUYECKH 3HAYMMO OTJIMYAIOTCS OT IPYNIbl KOHTPoJIsl 1 (MHTaKTHBIE) IpH p < 0.05; t-kpuTepuit CThrofieHTa.

# [lokasaTes M CTATUCTHYECKH 3HAYMMO OTJIMYAIOTCS OT IPYNIbI KOHTPOJIA 2 (caxapHbIi auabeT) npu p <0.05; t-kputepuii CThloeHTa.
N o t e : IOP - intraocular pressure; p.u. - perfusion units; a.u. - arbitrary units.

* The values with statistically significant differences compared to control group 1 (intacts) at p < 0.05; Student’s t-test.

# The values with statistically significant differences compared to control group 2 (diabetes mellitus) at p < 0.05; Student’s ¢t-test.

moJlydaBIiux coequnenne K-165, ypoBeHb peTH-
HAJIbHOW MUKPOIUPKYJIAIMN JTOCTOBEPHO IIOBBI-
mascs Ha 37.5 % 1o CpaBHEHHIO C TPYIIIION KUBOT-
HbIX ¢ C/I. Y JKMBOTHBIX, IIOJIyYaBIINX MEJIATOHUH,
HabJI0faMach TEHAEHIUA K YBEJTHYEHUIO YPOBHS
MUKPOIUPKYJIAIUA Ha 20.4 % 10 CPaBHEHHIO C
rpyMIo ;KUBOTHBIX ¢ C/I, XOTsI J0CTOBEPHOTO OTJIU-
uus He ObLIO.

ITpu ucc/IeIOBAaHUM JIEKTPODU3HOIOTHUECKOTO
COCTOSIHUSI CETYATKU BBISBJIEHO, YTO CTPENTO30-
TOIUH-UHAYIIMPOBAHHBIN 11abeT y 3)KMBOTHBIX IIPHU-
BOJUT K 3JIEKTPO(PU3UOIOTHNIECKUM U3MEHEHUAM B
ceruatke (cm. Tabsm. 2). Tak, xkosddumuent b/a
JIOCTOBEPHO CHIMzKasics Ha 38 % 10 CpaBHEHMIO CO
CPEeIHUM 3HAaYE€HHEM y HHTAKTHBIX ’KHBOTHBIX, 3TO,
B CBOIO O4Yepejb, IMOATBEPKIAIOT JIUTEPATYPHbIE
JIaHHBIE O TOM, YTO HanboJiee PaHHUM CHTHAJIOM
VXYAIIEHUsI 3PUTENbHON (QYHKIWH MPU Pa3BUTHU
C]I B DKCIIEpUMEHTE SIBJIAETCA CHUKEHHE aMILIUATY
BOIH moreHnuaioB. Ha ¢oHe koppekunuu crpem-
TO30TOLMH-UHAYIIUPOBAHHOTO auabera CoequHe-
aueM K-165 1 MejaTOHMHOM HaOJII05a1ach TEH/IEH-
[IMA K YBEJIMYEHHUIO CMEIIAHHOTO OTBETa MMaJoyeK 1
KOJIOOYEK IO CPAaBHEHUIO C FPYIIOH JKUBOTHBIX CO
CTPENTO30TONHH-UHYIIUPOBAHHBIM JUA0ETOM.

OBCYXKJIEHUNE

B nanHOM uccienoBaHUN MEJIATOHUH HUCIIOJIb30-
BaJId B Ka4YeCTBE 3TAJIOHHOI'O IIperapara. O6I.HI/Ip-

tive MT3) expressed abundantly in cells of the retina
and ciliated epithelium. Stimulation of these recep-
tors, especially in the ciliary body, results in decreased
aqueous humor secretion, thereby reducing IOP [17].
Although melatonin holds promise as a potential ther-
apeutic agent for a number of eye diseases, particu-
larly in the context of its antioxidant, anti-inflamma-
tory and neuroprotective properties, its topical appli-
cation as eye drops remains challenging due to the
instability of the molecule in aqueous solution and
poor effectiveness of the delivery to the posterior pole.

Streptozotocin-induced DM was chosen because
it allows for experimental modeling diabetic catarac-
togenesis, neuro- and retinopathies, diabetic neovas-
cularization, and ophthalmic hypertension.

Melatonin prevented the development of lens
opacity, which is confirmed by the ophthalmoscopy
and pathomorphological findings. It also contributed
to a decrease in IOP, improved microcirculation
parameters, and prevented a decrease in a- and
b-waves of the electroretinogram. The conclusion
about the protective role of melatonin in DR is con-
sistent with the previously findings [18].

A new derivative of 3-arylidene-2-oxindole, the
compound K-165 exhibits a significant anti-cataract
effect on the lenses of laboratory animals with strepto-
zotocin-induced DM, surpassing melatonin in activity.

Simultaneously with the study of the lens, the
effect of the compound K-165 on changes in the struc-
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HbIE€ WCCJIEIOBAHUS BBIABUJIN €r0 IPHUCYTCTBHE B
BOKHEUIIINX CTPYKTypax IJ1a3a, TAKUX KaK CeTyaTKa,
pazy»kHast 060I04YKa, ITUIUAPHOE TEJI0, XPYCTATUK U
ce3Has Jkejesa [11—14].

MeJtaTOHUH UTPaeT KIIOYEBYIO POJIb B IO/IaBJIe-
HUM O0Opa3oBaHUs KaTapakKThl OJiarojiaps CBOUM
pa3HOO6GpPa3HBIM CBOHCTBAM. BBISBIIEHO 3HAUNTEITb-
HOe CHIDKeHHe 3a00J1eBaeMOCTH KaTapaKTOH ITOCyIe
JIeueHUs] MeJIAaTOHHHOM, CONPOBOXK/aroleecs GJia-
TONPUATHBIMU H3MEHEHHUSIMH MapKepOB OKHUC/IH-
TeJIbHOTO CTpecca W YCHJIEHHUEM aKTUBHOCTH aHTHU-
OKCUZAHTHBIX (pepMeHTOB [15]. B Mozmenn panHero
CHA2 y B3pOCABIX KpBIC >KUBOTHBIM IIOJIKOKHO
UMIUIAHTUPOBAIN TpaHyJIbl MeJjlaTOHMHA. Yepes
12 HeJT JIeYeHUsI MeJIATOHUH, He BJIMABIIUH HA MeTa-
60JIN3M TJIIOKO3bI Y KOHTPOJIBHBIX U A0 TUUECKIX
KDBIC, IPEIOTBPAIIAJ CHUKEHUE a-BOJIH 3JIEKTPOpe-
TUHOTPAMMBbI, b-BOJIH M aMIUTUTYABl KOJebaTesb-
HOTO IMOTEHIHaJa, a TaKXKe yBeJMYeHUe IepeKuc-
HOTO OKHCJIEHHSA JIUMHJIOB CETYATKH, aKTUBHOCTH
NOS, TNF-a, rinanbHOro GUOPH/LIAPHOTO KUCIIOTO
Oeska k1eTok Mriosiepa u dakTopa pocra SHAOTeE-
ausa cocynoB. Kpome Toro, MeysaTOHUH NpeOTBpA-
Iajg CHIKEHNEe aKTHMBHOCTU KAaTajla3bl CETUATKHU.
ITU Ppe3yJIbTAThl IOKA3bIBAIOT, YTO MeEJIATOHUH
3aIHIIAET CETYATKY OT U3MEHEHUN, HAOII0]aeMbIX
B DKCIEPUMEHTAJIIBHOU MO rabeTHIecKoi
perunonatuu (/IP), cBA3aHHOU C AMAGETOM 2-TO
tina [16]. Kpome Toro, skcriepuMeHTaIbHbIE TaH-
HbI€ CBUIETEJIBCTBYIOT O TOM, YTO SK30T€HHBIH MeJa-
TOHUH U ero a"ajaoru 3¢ deKTUBHO cHIKaT BTy
JKUBOTHBIX U TAIIUEHTOB C TIJIayKOMOU. [lelicTBue
MeJIAaTOHWHA B TIEPBYIO OYEPENb OCYIIECTBIIAETCS
yepe3 crenuduueckne penentopsl (MT1, MT2 u
npesiiosiaraeMbiii MT3), OOMJIBHO B3KCIIPeCcCUpyIo-
II[AeCs B KJIETKAX CETUATKU U MePIaTeIbHOM AIIUTe-
suu. CTUMYJIAIUA STUX PEleNnTOpOB, 0COOEHHO B
[WJINAPHOM TeJie, IPUBOJIUT K CHIKEHHIO CEKPEIINH
BOJSIHHCTOI BJIarW, TeM caMbIM cHuKas BIJT [17].
HecMoTpst Ha TO, UYTO MEJATOHUH SIBJIAETCS IIEp-
CIEKTUBHBIM B KauecTBe ITOTEHI[UAIBHOTO TepareB-
TUYECKOTO CPEJICTBA MPU Psfie IVIa3HBIX 3ab0seBa-
HUH, 0COOEHHO B KOHTEKCTE €r0 aHTUOKCUIAAHTHBIX,
IIPOTUBOBOCHATIUTENBHBIX M HEUPOIPOTEKTOPHBIX
CBOWICTB, €0 MeCTHOE MPUMeHEHNE B BU/IE TJIa3HBIX
KalleJib OCTaeTcs CJIOKHOU 3azjaueldl U3-3a HeCTa-
OMJIBHOCTH MOJIEKYJIBI B BOTHOM PAacTBOpPE M HU3KOU
3(pPeKTUBHOCTU JJOCTABKU K 33/THEMY IIOJIIOCY.

CTpenTo30TOIMH-UHAYIMPOBAHHBIN caxapHBIN
nrabet ObLT BEIOpAH, TAK KAK OH IIO3BOJISIET B DKCITE-
PUMEHTATBHBIX YCIOBUIX MOZETUPOBATH AHAOeTH-
YeCKUU KaTapaKToreHe3, HeHWpO- M PETUHOIIATHUH,
IabeTUIEeCKyl0 HEOBACKYJIAPU3AINI0, 0(pTaTIbMO-
THIIEPTEH3UIO.

ture and function of the retina in experimental DM
was investigated. The early cataract formation in dia-
betic animals and decreased transparency of ocular
media complicated direct ophthalmoscopy of the fun-
dus oculi. However, functional methods made it pos-
sible to analyze the effect of the compound K-165 and
the reference drug on the development of DR. Laser
Doppler as a part of the experiment study made it pos-
sible to reveal a positive effect of the compound K-165
on the level of perfusion of ischemic tissues in diabetic
animals: a significant increase in the level of ocular
microcirculation was observed in the group of animals
that received the compound K-165. Photoreceptor
neurodegeneration up to apoptosis is an integral com-
ponent of DR pathogenesis and is manifested by a
decrease in the amplitude of a-wave of the electroret-
inogram [19, 20]. With the correction of streptozoto-
cin-induced DM by the compound K-165, a tendency
to increase in the combined response of rods and
cones was observed compared to the group of animals
with streptozotocin-induced DM. Therefore, the com-
pound K-165, having a positive effect on functional
changes in hyperglycemia, demonstrated retinopro-
tective properties in uncontrolled diabetes mellitus.

CONCLUSION

The performed study allows us to draw the fol-
lowing conclusions:

1. A new derivative of 3-arylidene-2-oxindole, the
compound K-165 promotes the delayed opacity for-
mation in the chrystalline lens, surpassing the refer-
ence drug melatonin in activity, and reduces IOP by
24% (p < 0.05) compared to animals with DM from
the control group.

2. The compound K-165 decreases the severity of
morphological signs of lens pathology by 32%
(defragmentation and swelling of lens fibers, migra-
tion of the anterior epithelium to the poles and to the
posterior surface of the lens, and appearance of Mor-
gagni globules) compared to animals with DM from
the control group.

3. The compound K-165 promotes an increase in
the level of ocular blood microcirculation by 37.5%
(p < 0.05) and demonstrates a tendency to normaliza-
tion of the retinal bioelectrical activity compared to
laboratory animals with DM from the control group.
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MenaTOHUH MPENATCTBOBAJ PA3BUTHIO IIOMYyTHe-
HUA XPYCTQJINKOB, YTO IOATBEpXKJaeTcs JaHHBIMU
0(TATEMOCKOIIMYECKOTO KOHTPOJIA M maToMopdo-
JIOTHYECKOTO HCcCIeoBaHus. Takike OH CIIOCOOCTBO-
Bl cHmwkeHuro BIJl, yiaydlieHW0o I1apamMeTpoB
MHUKPOIUPKYJ/IAIUU U IIPEIOTBPAIlla] CHIKEHHUE a-
u b-BOJTH 371€KTPOpEeTUHOTPAMMBbI. BBIBOA O 3amuT-
HBIX QYHKIUAX MesaToHUHA ipu JIP corsacyercs ¢
3aKJIIOUeHUsMY, paHee OMyOJTUKOBAHHBIMU B JIUTE-
paTypHBIX HCTOUHUKAX [18].

HoBoe 1mpousBofHOE  3-apuinfieH-2-OKCHH-
Jona — coepuHenue K-165 nposBiAgeT BBIpAKEHHOE
aHTUKaTapaKTaJIbHOE JleHCTBHEe Ha XpyCTaJIUKU
J1abOPATOPHBIX JKUBOTHBIX CO CTPENTO30TOIHH-
uaAyIupoBaHHbIM C/I, TpeBOCX0/1s1 IO AKTUBHOCTH
MeJIATOHUH.

[TapannenbHO HCCIIEJOBAHUIO XPYCTaJIUKa U3Y-
Jasioch BAUsAHHUE coenuHeHusa K-165 HA U3MeHeHUs
CTPYKTYPBI U GYHKIIUU CETYATKU B YCJIOBUAX DKCIIEe-
puMeHTaspHOTO nuabera. PanHee pasBuTHe Karta-
paKkThl y nrabeTUYecKUX >KUBOTHBIX U CHIDKEHUE
MIPO3PAaYHOCTU ONTUYECKUX cpej] 3aTPYAHAIO Hello-
CPEICTBEHHBIH O(TAIBMOCKOITUYECKUNA KOHTPOJIh
3a COCTOSHHEM TJIazHoro AHa. OjiHaKo (QYHKIHMO-
HaJIbHbIE METOZbI HCC/Ie0BAaHUA IO3BOJIMJIN IIPO-
aHAJIU3UPOBaTh BIUAHUE coefnHeHuA K-165 u npe-
napara cpapHeHus Ha passurue IP. [IposenenHasn B
paMKax SKCIepUMEHTAJIbHOM JacTu Jia3zepHas JIOIl-
iepoBckasg (IOyMeTpus II03BOJIMJIA BBIABUTH
MIOJIOKUTEJIPHOE BIMAHUE coenuHeHus K-165 Ha
ypoBeHb Tiepdy3uU HUINEMU3NPOBAHHBIX TKAHEH Yy
JAuabeTUYeCcKuX >KUBOTHBIX: HaOJIIONATIOCh OCTO-
BEPHOE TOBBIIIIEHNE YPOBHA IVIa3HONH MUKPOIIUPKY-
JIALIAY B TPYIIIe }KUBOTHBIX, KOTOPBIM BBOJUJIU CO€-
nuHenne K-165. Heliposiereneparus ¢gotopenenTo-
POB BIUIOTH /IO allONTO3a ABJISAETCSA HEOTHEMIIEMBIM
KOMIIOHEHTOM natoreHesa /IP u mpossisgercsa cCHU-
JKeHMeM aMIUINTY[bl a-BOJIHBl 3JIEKTPOPETHUHO-
rpamMmsI [19, 20]. Ha ¢oHe KOppeKIuu CTPenTo30-
TOIMH-UHIYIIIPOBAHHOTO JAuabera COeUHEHHEM
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TOM 2 THIIA ¥ CHHAPOMOM JUabeTUYecKou CTOIbI //
ddbdextuBHas bdapmakorepanus. 2023;19(1):26-31.
DOI: 10.33978/2307-3586-2023-19-1-26-31.

K-165 Habsromanack TeHIEHITUS K YBEJTUYEHHUIO CMe-
IIAHHOTO OTBETAa MaJIOYeK M KOJIOOUEeK II0 CpaBHe-
HUIO C TPYIIOH KUBOTHBIX CO CTPENTO30TOIMH-
WHAYIUPOBAHHBIM auabetoM. CiemoBaTesbHO, coe-
nuHeHue K-165, MO3UTHUBHO BjWAS Ha (PYHKITUO-
HaJIbHbIE U3MEHEHUsA MPU TUIEPIJINKEMUH, IIPOJie-
MOHCTPUPOBaJIO HEHPOPETUHOIIPOTEKTUBHBIE CBOM-
CTBa [P HEKOMIIEHCUPOBAHHOM CaxapHOM /inabere.

3AK/IOYEHUE

IIpoBesieHHOE HCCIIeIOBAHME TIO3BOJISAET C/IEIaTh
CJIEYIOIIAE BBIBOJIBI:

1. HoBoe mpou3BOjHOE 3-apUIHEH-2-0OKCUH-
nona — coenuHenne K-165 crocoOCTBYeT 3azieprkke
00pa3oBaHUsA ITOMYTHEHUSI B XPYCTaJIUKaX, IIPEBOC-
XOJA TI0O aKTUBHOCTH TIperaparT CPaBHEHHUSA MeJIaTo-
HUH, U cHKaeT BI'/] Ha 24 % (p < 0.05) 10 cpaBHe-
HUIO C 3KMBOTHBIMH C T1aOETOM U3 TPYIIITHI KOHTPOJIS.

2. Coenunenue K-165 cHM>KaeT BBIPa’KEHHOCTh
MOP(OJIOTUUECKUX MMPU3HAKOB IMATOJIOTUN XpyCTa-
juka (Ha 32 % yMmeHbInaeT aedparMeHTaIdi0 U
HabyxaHue BOJIOKOH XPYCTaIMKA, MUTPAITUIO TIEpeT-
HETO 3MUTEUSA K T0JII0cCaM U Ha 3a{HIOI0 TTOBEpX-
HOCTb XpYCTaJIMKa, OOpa3oBaHHE MOPTraHUEBBIX
TeJIelr) 0 CPABHEHUIO C JKUBOTHBIMH C T1abeTOM U3
TPYIIIBI KOHTPOJIA.

3. Coenunenue K-165 crmocob6CTBOBYeET IOBBIIIIE-
HHUIO YPOBHSA TJIA3HOU T€MOMUKPOITUPKYJIAINU Ha
37.5 % (p < 0.05) U IeMOHCTPUPYET TEHIEHITHIO K
HOpMAaJIU3aluu  OHO3JIEKTPUUECKOH aKTUBHOCTH
CETYATKU 10 CPABHEHUIO C JIAOOPATOPHBIMU 3KUBOT-
HbIMH ¢ C/] 13 KOHTPOJIBHOM TPYIIIIHI.

®duHaHCUpOBaHMe. llccienoBaHUA BBINIOJ-
HeHbl Opu (GUHAHCOBOU MOzzep:KKe Poccuiickoro
Hay4HOTrOo (OH/Ia U aAMUHHCTpAUH Bosrorpazckoi
06J1aCTH, TPOEKT 22-15-20025.

KoH@uaukT mHTEpECOB. ABTOPHI 3a4BJIAIOT 00
OTCYTCTBUH KOH(INKTA HHTEPECOB.
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