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Eye injuries are a serious medical and social problem, the relevance of which is significantly increasing in conditions of
military conflicts. Damage to the visual organs can cause temporary or permanent vision loss, significantly affecting the quality of
life of those affected and their ability to work. In peacetime, the main causes are domestic, industrial, and sporting incidents. At
the same time, in military conditions, up to 16 % of all combat injuries occur to the organs of vision, of which about 80 % are
associated with the effects of blast waves. Biochemical markers are an important aspect of understanding the mechanisms of such
damage. In particular, the enzyme neuron-specific enolase and the S100 protein are indicators of nerve tissue damage. neuron-
specific enolase, an intracellular enzyme, indicates damage to neuronal membranes, while increased levels of S100 protein indicate
an inflammatory reaction in glial tissue, active division of neuroglial cells, and neuroapoptosis. The presence of these markers in
the blood allows us to assess the severity of damage and the effectiveness of therapeutic measures. The relevance of neuroprotection
in the treatment of eye injuries is due to the need to protect and restore the nervous structures of the eye, particularly the retina and
optic nerve. The study found that therapy with Angiolin eye drops significantly reduced the markers of neurodestruction in the
serum of rabbits with ocular contusion. Namely, neuron-specific enolase decreased by 87.2 % and S100 by 89.9 %. The results of
the study confirm the pronounced neuroretinoprotective effect of the drug Angiolin.
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JTAHAMIKA 3MIH BLIKY S-100 TA HEUPOH-CIIEHU®IYHOI EHOJIA3HU Y KPOJIIB
IIPH KOHTY3IMHIA TPABMI OKA TA Ii KOPEKIIA L-JIIBUHOM — (S)-2,6-
JIAMIHOI'EKCAHOBOI KUCJIOTHU 3-METUJI-1,2,4-TPIA30JILJI-S-TIOAIIETATOM

OuHi TpaBMH € CEpHO3HOI0 MEIUYHOI0 Ta COLIAIBHOI0 HPOOJIEMOI0, aKTyalbHICTh OCOOIMBO 3pOCTAaE B yMOBax
BIICHKOBHX KOH(MIIIKTIB. YIIKO/PKCHHS 30POBHX OPraHiB MOXYTh CIPHUYMHATH TUMYACOBY a00 CTiHKy BTpaty 30py, IO CYTTEBO
BIUIMBAE Ha AKICTh XKUTTS MOCTPAXKIAINX T iXHIO IpaLe3aTHICTb. Y MUPHHUI 4ac OCHOBHUMH IIPUYHUHAMH € OOy TOBi, BUPOOHHYI
Ta CIOPTHBHI IHIMACHTH, TOAI SK Y BiiiCbKOBHX yMOBax 10 16 % Bcix OOHOBHMX YIIKOMKEHb HPHIIAJAE HA OPraHU 30Dy, 3 AKHX
6mm3pKo 80 % moB'A3aHi 3 Ai€r0 BUOyXOBHX XBUIIb. BaskIIMBUM acIieKTOM y po3yMiHHI MEXaHi3MiB TaKUX yIIKO/KEHb € 010XiMiuH1
Mapkepu. 30kpema, hepMmeHT HelipoH-cnenudiuna eHonaza (NSE) ta 6inok S100 € moka3HUKaMH yITKOHKEHHS HEPBOBOI TKAHHHH.
NSE, mo € BHYTpPIMIHBOKIITHHHAM (pepPMEHTOM, CBIAUHUTH MPO MOIIKOHKCHHS MeMOpaH HEHpPOHIB, TOMI SIK MiABUINCHHS PIBHS
6inka S100 Bka3ye Ha 3amanbHy peaxiiio B ITiaNbHIA TKaHWHI, aKTUBHUH IOJUT KIITHH HeHporii Ta HelipoanonTo3. HasBHicTh
IIUX MapKepiB y KpPOBi J03BOJISIE OLIHUTH TSDKKICTh YIIKO/DKCHb Ta €(EKTUBHICTh TEPAIleBTUYHHMX 3aXOHMiB. AKTyalbHICTH
HEeWPOINpOTeKLii B TiIKyBaHHI OYHUX TpaBM 00yMOBIICHA HEOOXiIHICTIO 3aXMCTY Ta BiTHOBJIEHHSI HEPBOBUX CTPYKTYp OKa, 30KpeMa
CITKIBKM Ta 30poBoro Hepsa. IIpoBeseHe NOCIIIPKEHHS BUSBUIIO, IO TEpalisi OYHUMHU KPAILIAMH AHTIOJIH CIIPHsIA 3HAYHOMY
3HIDKCHHIO PIBHIB MapKepiB HefponecTpyKiii B CUPOBATII KPOBi KPOJTHKIB 3 KOHTY31HHOIO TPaBMOIO OKa, a came: NSE 3MeHImBCst
Ha 87,2 %, a S100 — Ha 89,9 %. Pe3ynpraTn miaTBepKYIOTh BUPAKEHY HEHPOPETHHONPOTEKTHBHY JIiI0 MIpemapary AHTIOMIH.

KurouoBi cjoBa: koHTy3iiiHa TpaBMa OKa, 30pOBUII HEpB, CiTKiBKa HeHpoH-crenudiyna enonasza, Oimoxk S100,
HEWPOINIPOTEKIIis.

The work is a fragment of the research project “Optimization of pharmacotherapy for the pathology of internal organs
by assessing the benefits and risks of using drugs”, state registration No. 0125U000803.

Eye trauma remains one of the most pressing problems of modern medicine, as its consequences
often lead to a significant deterioration in the quality of life, reduced working capacity, and social isolation
of victims. It is one of the leading causes of unilateral blindness worldwide, and its incidence is a concern:
approximately 55 million cases of eye injuries are recorded each year, resulting in 19 million cases of low
vision or complete loss of vision [10].

Eye injuries become a particularly significant problem during hostilities, which, unfortunately,
further emphasizes its relevance for Ukraine. Since the full-scale invasion began, there has been a
significant increase in the number of people with visual impairments. According to the National Health
Service of Ukraine (NHSU), in 2021, 17,478 individuals were registered, and by 2022, the number had
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increased to 19,551. In the first seven months of 2023 alone, doctors reported more than 19,000 new cases,
surpassing the number from the previous year [3, 10]. About 16 % of all military injuries are eye injuries,
with about 80 % of them caused by blast waves. With minor eye injuries caused by a blast wave (BW),
there may be no initial decrease in visual function. However, microstructural damage resulting from trauma
can eventually lead to visual system dysfunction, manifesting itself weeks, months, and even years after
the traumatic event [2, 4, 10]. During an eye contusion, after a short-term mechanical impact on the eyeball,
a complex chain of pathophysiological processes occurs, which causes damage to various eye structures.
The retina and optic nerve are particularly affected, which, depending on the severity of the injury, leads
to impaired visual functions, from minor temporary changes to a persistent decrease in visual acuity and,
in some cases, to blindness [4]. Experimental studies of traumatic optic nerve and retinal injuries aim to
explore new approaches that may improve treatment outcomes for this complex condition. Particular
attention is paid to neuroprotection, axon regeneration, and the use of neurotrophic factors. The release of
neuron-specific enolase (NSE) and S100 protein into the bloodstream is an indicator of nerve tissue
damage. NSE, an intracellular enzyme, indicates damage to neuronal membranes when its level increases.
The S100 protein, which is specific to astrocytic glia, demonstrates an inflammatory reaction in glial tissue,
and an increase in its concentration indicates active division of neuroglial cells and increased neuronal
apoptosis activity [5, 7]. Neuroprotection involves using drugs that reduce neuronal apoptosis and limit
secondary damage after injury, making it one of the primary methods of treating this condition. Based on
the conducted studies, the compound L-lysine — (S)-2,6-diaminohexanoic acid 3-methyl-1,2,4-triazolyl-5-
thioacetate (Angiolin) with the most pronounced neuroprotective effect in conditions of traumatic brain
injury was identified. It also significantly reduces neuronal death in ischemic and hemorrhagic strokes,
normalizes the functioning of the compensatory GABA shunt, and increases the level of ATP in brain
tissues [7, 8]. These properties of Angiolin potentially justify its use as an effective neuroretinoprotector in
contusion injury of the eye.

The purpose of the study was to investigate the effect of Angiolin and the reference drug
(citicoline, OMK-1 eye drops) on the levels of markers of neurodestruction (neuron-specific enolase and
S-100 protein) using enzyme-linked immunosorbent assay as a potential mechanism of their
neuroretinoprotective action.

Materials and methods. The experiments were performed on 20 rabbits of both sexes weighing
3.0-3.5 kg, Californian rabbit breed, obtained from a farm in Zaporizhia district. Before the start of the
study, animals that met the inclusion criteria for the experiment were divided into groups using the
randomization method. When working with laboratory animals, we followed the methodological
recommendations of the "State Expert Center of the Ministry of Health of Ukraine" and the requirements
of bioethics by the national "General Ethical Principles of Animal Experiments" (2001), which comply
with the provisions of the "European Convention for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes."

Experimental ocular contusion in rabbits, caused by the action of a flow of carbon dioxide gas
under pressure, was modeled using a self-developed method using a gas cylinder pneumatic pistol of the
Baikal MR-654K brand with a mass of liquefied CO2 of 12 g under pressure (Crosman, USA, serial number
456739). Immediately after the contusion injury, 0.2 ml of the test drug was instilled into the affected eye
3 times a day — Angiolin-1 % eye drops (made extemporally at the Department of Pharmaceutical, Organic
and Bioorganic Chemistry of the ZSMFU from a substance obtained from the Scientific and Technological
Complex "Institute of Single Crystals" of the National Academy of Sciences), as well as a reference drug
— OMK-1 eye drops (Citicoline — 2 %) (Omicron Italy S. R. L., Viale Bruno Buozzi, Rome, Italy). On the
10th day, in rabbits with ocular contusion (OC), 1 hour after the last instillation of the studied eye drops
under anesthesia (propofol, 40 mg/kg, Fresenius Kabi, Austria), blood was taken from the superior
ophthalmic vein for enzyme-linked immunosorbent assay (0.5 ml). The main criteria for assessing the
neuroprotective effect of the studied drugs in the acute post-concussion period were the levels of neuron-
specific enolase (NSE) and S100 protein in the blood serum of rabbits. NSE activity (ng/ml) and S100
content (ng/ml) were determined by solid-phase enzyme immunoassay using NSE ELISA KIT #
MBS2024030 (MyBioSource.Inc, USA) and S-100 ELISA KIT # LS-F25201 (LifeSpan Biosciences.Inc,
USA). Statistical processing of the obtained results was performed using standard methods using the
program "Statistica SPSS 10.0 for Windows" (license number 305147890). The results obtained were
presented as M+m. The Shapiro-Wilk test was used to test the normality of the distribution. The
significance of the difference in mean values was assessed using the Student's t-test (for normal
distribution) and the Mann-Whitney U-test (if the distribution deviates from normal). Differences were
considered statistically significant at p<0.05.
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Results of the study and their discussion. When we assess the severity of an injury, including a
craniocerebral injury, primary clinical manifestations in the form of contusion, hemorrhage, and edema are
mandatory. Speaking of the visual analyzer, this is no exception, and the strength of the impact of the
traumatic agent and the speed of assisting in the early stages will play a massive role in restoring the
function of the damaged organ. In areas of tissue adjacent to the zone of action of the traumatic factor,
damage and subsequent cell death occur.

Even though, in parallel with the damage and death of cells, including nerve cells, neurotrophic
endogenous factors are also produced, which indirectly affect the cell genome, their activity in the event of
significant damage is insufficient to stop the processes of neurodestruction and cell functions continue to
be impaired.

To determine the fact of neuronal death and assess the effectiveness of neuroprotective therapy,
the activity of such neuro markers as neuron-specific enolase and S 100 protein is determined, the level of
which, in turn, may indicate the depth and severity of neurodestructive processes in the cells of the nervous
tissue [3].

As shown in the data presented in Table 1, when a blank shot from an air pistol was fired close to
the center of the cornea of the rabbit eye 10 days after pathology modeling, the activity of the membrane
integrity marker of neurons NSE in the control pathology group significantly increased by 36.8 times
compared to intact values, which indicates the development of significant destruction of neurons and the
prevalence of the necrotic type of their death. On the 10th day of the experiment, the level of another
marker, protein S 100, which reflects the activity of astrocytic glia, the change which is a natural response
of nervous tissue to necrotic and necrobiotic processes, increased by 11.5 times compared to intact values.
The results indicate significant primary damage to the neuronal array and intensification of

neuroglioproliferative processes on the 10th day after injury.
Table 1
Concentration of markers of neurodestruction — neuron-specific enolase and S-100 protein in the blood
of rabbits after ocular contusion and 10-day experimental therapy

Experimental groups NSE, ng/mL S-100, ng/mL
Intact 0.266+0.025 0.082+0.007
OC (control) 9.5740.16! 0.92+40.013!
OC + OMK-1 drops (Citicoline) 5.92+0.18%! 0.5840.023*!
OC + Angiolin drops 1.2240.22%12 0.093+0.010%*2

Note: * — p <0.05 relative to the control group, ! —p <0.05 relative to the intact group, > — p <0.05 relative to the OMK-1 group.

An endothelioprotective effect is predicted for thiotriazoline and L-lysine aescinate. The drug
“Angiolin” combines thiotriazoline and L-lysine aescinate molecules in its structure. “Angiolin” has
endothelioprotective properties due to its ability to regulate NO formation, reduce peroxynitrite and
homocysteine production, increase the activity of superoxide dismutase and NO synthase, and increase the
preservation of reduced thiol groups and L-arginine [9]. The drug increases the bioavailability of NO,
improves its transport to brain and myocardium cells, increases the density of endothelial cells of the
capillary network of the cerebral cortex and the vascular wall of the brain vessels, the content of RNA in
the nuclei of endothelial cells, the density of proliferating endothelial cells in these vessels, against the
background of an increase in the concentration of vascular endothelial growth factor (VEGF), activates the
glutathione link of the thiol-disulfide system and increases the activity of glutathione peroxidase and
glutathione transferase, and reduces the accumulation of markers of oxidative and nitrosative stress [9].
Based on these properties of the drug, we used “Angiolin” eye drops to study the neuroretinoprotective
effect in contusion eye injury.

Course therapy with Angiolin eye drops contributed to a significant reduction in the levels of
neurodestruction markers in rabbits' blood serum with OC: NSE decreased by 87.2 % and S-100 by 89.9 %.
Regarding effectiveness in reducing these indicators, Angiolin eye drops significantly outperformed the
reference drug OMK-1. Angiolin eye drops exhibit a significant neuroretinoprotective effect in OC,
reducing damage to retinal neurons. Regarding the strength of the neuroretinoprotective effect, Angiolin
eye drops significantly outperform the reference drug OMK-1 eye drops.

Analyzing eye trauma resulting from blast injuries, the following types of injuries can be
distinguished: primary (level I) blast injuries develop when explosive shock waves cause a pressure
difference with the subsequent implosion effect in the eyeball. The maximum IOP during the explosion
can reach a peak of 0.29 MPa (2175 mmHg) in 1.63 ms, which is twice the physiological IOP in healthy
eyes [10]. Crushing the eye with blunt force can lead to contusion with subsequent eyeball rupture when
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its pressure is exceeded. Secondary (Level II) blast injuries develop when explosive fragments or
exogenous fragments ejected by the explosion rupture the cornea or sclera (OGI rupture, including IOFB,
penetration, and perforation), cut the surface and wall of the eyeball (lamellar rupture or superficial foreign
body, CGI types), or cause blunt trauma or laceration. As for the time of action, the speed of the primary
blast wave was much higher and could reach the eyeball before the fragments moved along it. Thus, level
II blast injuries are secondary to level I in mechanism, order, or both [10]. Based on the above-described
types of blast trauma in our study, it is possible to assume that eye trauma was classified as the first type
of blast injury, which led to contusion damage to the eye. Therefore, Angiolin eye drops have demonstrated
their effectiveness in treating this contusion eye injury, as confirmed by a decrease in the neuromarkers
neuron-specific enolase and S-100 protein.

Conclusion

The study's results confirm the pronounced neuroretinoprotective effect of the drug Angiolin.
OMK-1 eye drops also demonstrated a neuroretinoprotective effect in OC, reducing NSE levels by 38.1 %
and S-100 by 36.9 %, but were significantly less effective than Angiolin eye drops. Therapeutic use of all
studied drugs led to a decrease in the level of markers of neurodestruction. However, Angiolin proved to
be the most effective, inhibiting damaging processes within 10 days after contusion. This creates a scientific
basis for the potential use of the drug in ophthalmology to treat injuries to the visual analyzer.
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