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Visual organ injuries are still one of the main causes of blindness and occupational disability. Despite the good protection of
the eyeball by the bone walls of the orbit and adnexa oculi, its injuries are 5-10 % of the total number of all damages in peacetime
and about 20 % in wartime. Employees of the Department of Pharmaceutical Chemistry of Zaporizhzhia State Medical University
(ZSMU) together with the specialists of the SPA “Farmatron” under the supervision of professor |. A. Mazur synthesized a new
compound, called Angiolin.

The aim of the research is to study the anti-inflammatory, wound-healing, reparative activity of the Angiolin eye drops action during
a chemical burn of the cornea rabbits modeling.

Materials and methods. The pharmacological efficacy of the prepared Angiolin eye drops in concentrations: 0.5 %, 1.0 %, 1.5 %,
2.0 % and 2.5 % has been studied. All studies were carried out on 40 eyes of 20 Chinchilla breed rabbits of both sexes weighing
2.1-3.5kg. The chemical burn model was reproduced according to the Obenberger method using 10 % sodium hydroxide solution
(application of 8 mm blotting paper), exposure time 20 seconds, after preliminary installation anesthesia with 0.5 % Alcaine solution.

Results. Based on experimental data, it can be noted that Angiolin eye drops in concentrations: 1.0 %, 1.5 %, 2.0 %, 2.5 % show almost
the same pharmacological activity, and 1 % Angiolin eye drops were the most effective, that gives us the opportunity for further study.

Conclusions. Angiolin eye drops exhibit high anti-inflammatory, wound healing, reparative activity in the treatment of eye
burn. As a result of the study, it was found that 1 % of Angiolin eye drops turned out to be the most effective. The obtained
results are an experimental rationale for further study of 1 % Angiolin eye drops.

EkcnepuMeHTanbHe OLiHIOBaHHA cneuyudiuHoi aKTUBHOCTI HOBOI AiKapcbKoi ¢popMu
AHrioniH B ymoBax XimiuHoro oniky porisku

I. ®. BeneHiues, A. |. KyuepeHko, . A. Ma3yp, P. P. AkonsiH, 0. B. XpomuaboBa, . B. MaBatok

[OLKOMKEHHS OpraHy 30py 3anMLLIAOTLCA OOHIEID 3 OCHOBHWX MPWUYMH CRINOTK Ta NPOdeciiHoi iHBanigHoCTI. Hessaxatoun Ha
3axXMLLEHICTb O4HOTO AbMyKa KiICTKOBUMM CTiHKamm opbiTi Ta npuaatkamu oka, Aoro NOLUKOMKEHHS cTaHoBNsATL 5-10 % Big 3a-
ranbHoi KirbKoCTi BCiX TPaBM Y MUpHUIA vac i Maiike 20 % y BoeHHWIA. CriBpobiTHUKK kadeapu hapMaLeBTUYHOT XiMii 3anopisb-
KOro epxaBHOro meanyHoro yHisepcutety (30MY) cninbHo 3 daxiBusamu HBO «PapmatpoH» nig kepiBHULTBOM npodecopa
I. A. Ma3ypa cuHTe3yBanu HOBY CoryKy, LU0 OTpUMana Ha3sy AHFIOMiH.

MeTa poboTu — focnimKkeHHs NpoTM3ananbHoi, paHo3aroBarbHoI, penapaTuBHOI Aii 04HKX Kpanenb AHioNiH nig yac mogento-
BaHHS XiMi4YHOrO OniKy POriBKW O4el KPOMMKIB.

Marepianu Ta meTogu. Buunnu hapmakonoriyHy epekTUBHICTb NPUTOTOBaHUX O4HMX Kpanenb AHrioniH y koHueHTpauisx 0,5 %,
1%, 1,5%,2,0% 2,5 %. Yci nocnimkeHHst BukoHanu Ha 40 ovax 20 Kponwvkie nopoay WuHWuna 06ox cratei macoto 2,1-3,5 kr.
Mopenb ximiyHoro oniky BinTBopeHa 3a metofom ObeHbeprepa 3a gonomoroto 10 % po3ynHy HaTpito rigpokenay (annikaLlieto 8 Mm
kona hinkTpyBanbHoOro nanepy), Hac excnouwii — 20 cekyHz nicns nonepeaHbLOoi iHcTansAuinHoi aHecTesii 0,5 % po3unHoM arnkaiqa.

PesyniraTi. Brxoasum 3 ekcnepumerTanbHuX 4aHuX, 04Hi kpanni AHrioniH y koHueHTpauisx 1,0 %, 1,5 %, 2,0 %, 2,5 % sussnsiots
Maiixe ofHaKoBY hapMaKornorivyHy akTUBHICTb, @ HanbinbLL eekTBHUMU BUSIBUNUCS 1 % O4Hi Kpanmi AHFioniH, Lo 3yMOBIOE
NEepPCNeKTUBHICTb NPOAOBXKEHHS iX BUBYEHHS.

BucHoBku. OuHi kpanni AHrioniH BUSIBNSOTb BUCOKY NpOTM3anarbHy, paHo3arolBarbHy, penapaTyBHy akTUBHICTb nig Yac
nikyBaHHS OMIKiB 0Yel. Y pesynbrati JOCMIMKEHb BCTAHOBUMN, IO Hanbinbw edekTnBHUMK BusBunncs 1 % odHi kpanni
AHrioniH. Pesynstati € ekcnepuMeHTanbHUM 06r'pyHTYBaHHSAM 4arbLlioro BUBYEHHS 1 % OYHMX Kpanenb AHFioniH.

JkcnepuMeHTaAbHaA OLEeHKa cneuuMduueckon akTHBHOCTU HOBOM AeKapCTBEHHOW GOpMbI
AHIMOAMH B YCAOBUAX XMMUUECKOTO 0XKOra POroBuULibl

WN. ®. BeneHunues, A. U. Kyuepehnko, U. A. Masyp, P. P. AkonsH, O. B. XpombInéBa, U. B. MaBatok

[MoBpexaeHns opraHa 3peHnsi 0CTalTCs OAHON U3 OCHOBHBIX NPUYMH CNENOTbI 1 MPOGECCHOHANBHON MHBANWAHOCTY. HecmoTpst
Ha XOPOLLYHO 3aLLMLLEHHOCTb F11a3HOr0 S6M0Ka KOCTHBIMW CTEHKaMV OpOUTBI 1 NPUAATKaMU r1asa, ero NOBPEXAEHNS COCTaBNAT
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5-10 % oT 0bLLero konmyecTBa BCEX TPaBM B MUpHOE Bpemsi 1 okoro 20 % B BoeHHOe. COTpyAHWKM kadheapbl hapMaLeBTUHECKON
XvMUK 3anopOXKCKOro rocyaapCTBEHHOrO MeauLmHeKoro yHuBepcuteta (3MMY) coBmecTHo co cneupanuctamu HIO «dapmatpoHy
noa pykoBoACTBOM npocheccopa W. A. Masypa crHTe3npoBanu HoBOe COeAUHEHe, MOMyYMBLLEE HA3BaHWE AHIUOMMH.

Lenb paGOTbI — U3y4nTb NPOTUBOBOCNANNUTENBHOE, PaHO3aXMBNAKLEee, penapatupHoe [ENCTBME rMasHbIX Kanenb AHIMOMNUH
npu moAenupoBaHumM XMMNM4eCcKoro 0xora porosuLbl rnas KPosnKkoB.

Marepuanel n metoabl. M3yunnn dapmakonornyeckyto achekTMBHOCTb NPUrOTOBMEHHBIX MMa3HbIX kanefb AHMMOMUH B KOH-
ueHTpauwmsx 0,5 %, 1,0 %, 1,5 %, 2,0 % v 2,5 %. Bce uccnenosanus BeinonHeHs! Ha 40 rmasax 20 KponvKoB NOpoab! LUMHLLMAMA
obownx nonos maccon 2,1-3,5 k. Mogenb xummndyeckoro oxora BocrpoussedeHa no merogy ObeHbeprepa npu nomoww 10 %
pacTBopa HaTpusi ruapokcuaa (annnukauven 8 MM kpyra counsTpoBanbHoi Bymaru), Bpemst akcnosuummn — 20 cekyHz nocne
npeaBapuTENbHON MHCTaNNALMOHHO aHecTeaun 0,5 % pacTBOpoM ankauHa.

Pesynbrarhbl. Micxons 13 akcneprMeHTanbHbIX JaHHbIX, FMasHble kannnm AHrMonuH B koHueHTpauusx 1,0 %, 1,5 %, 2,0 %, 2,5 %
MPOSBNSHOT NPAKTUYECKM OAMHAKOBYO (hapMaKOMOrM4eckyto akTUBHOCTb, a Hambonee ahdekTBHbIMK oka3anich 1 % rnasHble
Kanmm AHIMOMNMH, Y4To 0BYCNOBNMBAET NEPCMEKTUBHOCTbL UX AANbHENLIENO U3YYeHUS.

BbiBogbl. [MasHble kannm AHMMOMNUH NPOSIBIISIOT BbICOKY!O NMPOTUBOBOCNANUTENbLHYI0, PAHO3AXMBISIOLLYIO, penapaTuBHYo
aKTUBHOCTb MpW NEYEHUM 0XXOTOB IMas. B pesynbrare nccnenoBaHuii yctaHoBMm, YTo Hanbonee achpekTMBHLIMI Oka3anuch
1 % rnasHble Kanmu AHMMonuH. PesynbtaTbl SBMSIOTCS 3KCNepUMeHTanbHbIM 060CHOBaHWEM AJ1S AanbHEALIEro U3y4YeHns

1 % rnasHbIX Kanenb AHTMOMUH.

Visual organ injuries are still one of the main causes of
blindness and occupational disability. Despite the good
protection of the eyeball by the bone walls of the orbit and
adnexa oculi, its injuries are 5-10 % of the total number of
alldamages in peacetime and about 20 % in wartime [4,6,7].

Nearly 20 % of the entire eye pathology is injuries;
they are the cause of unilateral blindness in 50 % of cases,
bilateral — 20 %. Eye injuries are observed mainly in people
of the most working age (84.6 % at 20-30 years old) and
often lead to restriction or total loss of working ability, and
the state suffers significant economic damage — in almost
half of cases, victims are released from work for at least
37 days. Visual organ injuries are divided into mechanical
(damages) and burns.

Injuries, inturn, are divided into contusions and wounds.
Contusions are inflicted by blunt objects (fist, snowball, clod
of earth, stone, etc.), and wounds — by sharp, prickly, or
cutting objects (knife, scissors, needle, nail, etc.). Contu-
sions predominantly cause damage to all parts of the visual
organs, but they are conventionally divided into adnexa
oculi contusions and eyeball contusions. Wounds are also
divided into adnexa oculi wounds and eyeball wounds.
Eyeball wounds, in turn, are divided into penetrating and
nonpenetrating. Penetrating eyeball wounds can be without
and with the intraocular foreign bodies [5].

Among all visual organ injuries, eye burns are one of
the most serious clinical and social problems and are se-
cond in severity after penetrating wounds in the structure
of visual organ injuries and are recorded in 20.0-42.2 % of
cases. The main component of the adult population with
this pathology (up to 70 %) is a person of working age,
at the age of 1945 years (63 %), mostly male (78 %). In
connection with the crime situation that has been crea-
ted, as well as the ATO in the South-East of the country,
the number of visual organ injuries has sharply increased,
among which contusion and burn injury came out on top
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and are noted in 50-64 % of cases. Chemical eye burns
are one of the most severe types of visual organ injuries,
both in the nature of changes in the tissues and in the out-
come. The pathological mechanism of burn disease and its
consequences is multifactorial. According to the literature
data, corneal epithelium membranes are destroyed by
chemical burns; its architectonics, chemical property, all
types of metabolism are disturbed; the systemic changes
also occur in the body (kidney failure, liver dysfunction,
dyspancreatism). In addition, burn injury creates favorable
conditions for the development of a secondary infection,
which increases intoxication and aggravates the burn [3].

For many years, the studies have been conducted on
the conservative treatment of hemorrhage in various parts
of the eye, searching for the most effective and safe drugs,
studying the methods and doses of their use, improving
the regimen of resolution therapy [5].

In the early 90s of the last century, free-radical links of
oxidative stress drew the attention of pharmacologists and
clinicians as a target of drug treatment of eye contusional
injuries. Hyperproduction of the reactive oxygen species
and NO neurochemical reactions (transmitter autocoido-
sis) and IL-1b-induced iNO Shyperexpression leads to
oxidative modification of receptor protein structures, ion
channels, cell membranes of the visual analyzer, impaired
photochemical reactions, suppression of nerve impulses
generation and conduction, reduced vision, and blindness.
As a rule, such disorders occur against the background
of deprivation of the expression of the antioxidant system
that control photochemical reactions in the retina. Thus,
a decrease in the expression of Se-GPR mRNA and its
activity was detected in patients with contusional lesions of
the eye membranes. At this time, emoxipin, mexidol, thiotri-
azoline, cysteine, succinic acid salts, etc., became widely
used as water-soluble antioxidants in ophthalmic practice.
However, the effectiveness of antioxidants does not always

Fig. 1. The structural formula of Angiolin
((S)-2,6-diaminohexanoic acid 3-methyl-1,2,4-
triazolyl-5-thioacetate).
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meet the requirements of ophthalmologists, because their
mechanism of action does not affect the initial and primary
stages of the molecular-biochemical cascade of damage to
the eye membranes during contusion [1,2].

In relation to revolutionary discoveries in neurobiology,
neurochemistry, and neurophysiology and the disclosure of
the role of glutamate excitotoxicity, neuroapoptosis trigger
mechanisms, molecular factors of endogenous neuroprotec-
tion, the question of including of neuroprotectors in the com-
plex therapy of contusional injuries of the eye was recently
discussed. The main direction of neuroprotection in case
of eye injury is the reduction of excitotoxicity (magnesium
ions and glycine), energy deficiency (succinic acid salts,
thiotriazoline), ROS/NO-dependent mechanisms of neu-
rodestruction (thiotriazoline, mexidol, ergotein, emoxipin,
glutathione, cysteine). The drugs that inhibit neuroapoptosis
(recombinant drugs of the anti-apoptic protein bcl-2) are
of some interest. In addition, the promising use of the fol-
lowing drugs is considered: modulators of endogenous
neuroprotection, in particular regulators of the expression
of the heat shock protein 70 kDa -HSP70 (selective modula-
tors of estrogen receptors, intermediates of the glutathione
system — selenase, glutaredoxin, glutathione, melatonin). In
this regard, special attention is attracted by the new original
drug — Angiolin [1,9].

The employees of the Department of Pharmaceutical
Chemistry of Zaporizhzhia State Medical University (ZSMU)
together with the specialists of the SPA “Farmatron” under
the supervision of professor I. A. Mazur synthesized a new
compound, called Angiolin.

Therefore, it is advisable to expand the range of do-
mestic medicines, namely, eye drops with wound healing,
reparative, anti-inflammatory, and local anesthetic actions,
in order to improve the therapeutic effect and cost-effec-
tiveness of treatment.

The aim

The aim of the research is to study the anti-inflammatory,
wound-healing, reparative activity of the Angiolin eye
drops action during a chemical burn of the cornea rabbits
modeling.

Materials and methods

In the course of work in the Drug Standardization and
Formulation Laboratory of the Department of Pharmaceu-
tical Chemistry, ZSMU, Angiolin eye drops were made in
the following concentrations: 0.5 %, 1.0 %, 1.5 %, 2.0 %
and 2.5 % (used series: Angiolin, experimental series 9,

Table 1. The clinical status of the rabbits’ eyes on the 14th day after the burn injury and treatment with Angiolin eye drops (in points)

Animal groups Photophobia Blepharospasm Corneal defect, mm
0 0 0 -

Intact (n = 5) 0
Burn (control) (n = 5) 3 3
Angiolin, 0,5 % (n = 5) 120+ 0.44 1
Angiolin, 1% (n = 5) 1 1
Angiolin, 1.5 % (n = 5) 1 1
Angiolin, 2.0 % (n = 5) 1 1
Angiolin, 2.5 % (n = 5) 1 1

Original research

produced by the State Enterprise “Chemical Reagents
Plant” of the Scientific and Technical Complex “Institute
of Single Crystals” of the National Academy of Sciences
of Ukraine) [8,9].

We have studied the pharmacological efficacy of
the prepared Angiolin eye drops in concentrations: 0.5 %,
1.0 %, 1.5 %, 2.0 % and 2.5 %.

All studies were carried out on 40 eyes of 20 Chin-
chilla breed rabbits of both sexes weighing 2.1-3.5 kg.
The chemical burn model was reproduced according to
the Obenberger method using 10 % sodium hydroxide
solution (application of 8 mm blotting paper), exposure
time 20 seconds, after preliminary installation anesthesia
with 0.5 % Alcaine solution. From the first day, rabbits have
administrated 0,1 ml of eye drops 3 times a day for 14
days into the conjunctiva. 0.5 %, 1.0 %, 1.5 %, 2.0 % and
2.5 % Angiolin drops were used. The rabbits of the control
group were administrated with the same volume of saline.
There were 5 rabbits in each group. From the first day of
the experiment, an ophthalmoscopic examination of animals
was made. We have also determined the signs of corneal
syndrome — (lacrimation, photophobia, pain during villus
irritation, blepharospasm), as well as chemosis, areas of
ischemia and superficial necrosis of the conjunctiva, dila-
tion of blood vessels and limb edema in points, which are
assigned depending on the severity of edema, hyperemia,
erosion: 0 points — the sign is absent, 1 point — the sign
is expressed slightly, 2 points — the sign is expressed
moderately, 3 points — the sign is expressed strongly. Cor-
neal defects were measured quantitatively (diameter using
caliper).

The study results were processed using the statistical
package of the licensed program Statistica® for Windows
6.0 (StatSoft Inc., No. AXXR712D833214FAN5), as well as
SPSS 16.0, and Microsoft Excel 2003. Separate statistical
procedures and algorithms are implemented as specially
written macros in the corresponding programs. For all types
of analysis, the differences were considered statistically
significant at P < 0.05.

Results

In groups of animals treated with Angiolin, on the 2nd day
of treatment, the cornea was available for inspection. The
reduction of the epithelium defect in the form of a circle
to 3.35 mm and 2.11 mm by the end of the 14th day was
determined. It is worth noting that in groups of animals that
received 1.0 %, 1.5 %, 2.0 % and 2.5 % Angiolin eye drops,
epithelization proceeded faster, with its full completion on
the 8-11 days.

3 3
1.80+£0.44 1.80 £ 0.44
1 1

1 1
1 1
1 1

0 points: no sign, 1 point: expressed slightly sign, 2 points: moderately expressed sign, 3 points: strongly expressed sign;*: P < 0.05 in relation to control.
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Ole r’MMHaAbHblEe UCCAEAOBAHNA

Thus, it can be noted that eye drops containing Angiolin
as an active ingredient exhibit a high anti-inflammatory,
wound-healing, reparative activity in the treatment of eye bums.

In addition, based on experimental data (Table 1), it can
be noted that Angiolin eye drops in concentrations: 1.0 %,
1.5%, 2.0 %, 2.5 % show almost the same pharmacological
activity, and the most effective were 1 % Angiolin eye drops,
that gives us the opportunity to conduct further study. The
mechanism of therapeutic action of Angiolin eye drops is
associated with its chemical structure. Thus, the L-lysine
residue is also metabolized into pipecolic acid, which
enhances the affinity of the GABA-benzodiazepin receptor
complex. This effect of lysine is especially important in con-
ditions of glutamate “excitotoxicity”, which occurs in hypoxia
and leads to an increase in intracellular Ca?* concentration,
activation of NO synthase, intensive formation of NO and
peroxynitrite (ONOO"), which is the immediate cause of
cell death. By enhancing the affinity of GABA receptors,
pipecolic acid reduces the hyperexcitability of glutamate
receptors, the release of exciting amino acids (glutamate
and aspartate) and, thereby, neutralizing manifestations of
glutamate “excitotoxicity” [10].

Another important effect of L-lysine is its ability to
replace arginine in nitric oxide synthesis reactions, which
also leads to a decrease in the manifestations of nitrosative
stress in the nervous tissue in hypoxia [11].

Discussion

The significant antioxidant activity of Angiolin is due to
the presence of a thiol group in its structure. Thereby
the drug has pronounced reparative properties and the abili-
ty to receive electrons from various reactive oxygen species.
In this case, sulfur in the thiol groups passes from bi- to
the tetravalent state. Proceeding from the above, Angiolin
can be attributed to the group of antioxidants, which are
the “traps” of free radicals. This group of medicines converts
oxygen free radicals to an inactive state, promotes reacti-
vation of antioxidant enzymes, and contributes to more ef-
ficient use of the non-enzymatic tocopherol antioxidant [12].

During course administration, Angiolin is known to in-
crease the concentration of HSP, protein in damaged nerve
tissue [13], which may be a key mechanism of its protective
action in corneal burns. HSP proteins are induced in the cells
of all living organisms in response to the action of numerous
stressors, such as heat shock, hypoxia, ischemia, metabolic
disorders, viral infection and pharmacological agents’ influ-
ence [10]. The genes of these proteins are activated not only
under stress, but also during the main processes of cellular
activity, proliferation, differentiation, and apoptosis. HSPs
take part in all vital processes of tissues and organs [14,15].

Thus, the creation of eye drops based on the original
drug Angiolin, which exhibits antioxidant, neuroprotective,
mitoprotective properties and is able to regulate HSP, ex-
pression, can optimize approaches to the complex treatment
of corneal chemical burn.

Conclusions

1. Angiolin eye drops exhibit high anti-inflammatory,
wound healing, reparative activity in the treatment of eye
burns.

2. As aresult of the study, it was found that 1 % of Angio-
lin eye drops turned out to be the most effective.

3. The obtained results are an experimental rationale
for further study of 1 % Angiolin eye drops.
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