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ASSOCIATION OF NEURORETINA DESTRUCTION MARKERS
WITH RETINAL LEVEL OF HYDROGEN SULFIDE IN TRAUMATIC INJURY
OF THE VISUAL ANALYZER

Introduction. Glutamate exitotoxicity plays a leading role in damaging of the visual analyzer of traumatic gene-
sis. As it was shown recently, hydrogen sulfide (H,S) system is involved in the regulation of neurotransmission,
ophthalmotonus and retinal injury, but its role in the pathogenesis of post-traumatic injury of the visual analyzer has
not been clarified.

The aim of the study — to evaluate the association of neuroretinal destruction markers with retinal level of
hydrogen sulfide in experimental traumatic injury of the visual analyzer.

Research Methods. Experiments were carried out on 24 male rabbits weighing 3.0-3.9 kg. Traumatic injury of
visual analyzer in rabbits was caused by the action of carbon dioxide stream under pressure on the cornea of the
eye. The levels of H,S, glutamate, cytometric markers of apoptosis in the retina, and the levels of neuron specific
enolase (NSE) and S100 protein in the blood serum were determined.

Results and Discussion. Traumatic injury of the visual analyzer in the rabbits was characterized by increase
levels of NSE neuronal markers and S100 protein in serum, and increase in glutamate level and the number of cells
in the SUB-GOG1 phase (apoptotic marker) in the retina during 24 hours, followed by the escalation of
neuroretinodestruction signs in 7 days. After 24 hours after the injury, increase of H,S level (2-times) was observed
in retina, but in 7 days its level was significantly decreased (4-times). Formation of H,S deficiency in retina was

associated with aggravation of glutamate excitotoxicity and neuroretinal destruction signs.
Conclusions. Thus, H,S system is involved in the mechanisms of retina injury in case of contusive eye trauma.
H,S level correction in the retina may be a promising strategy in traumatic injury to the visual analyzer and this direc-

tion is appropriate for further study.
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INTRODUCTION. Various injury of the visual
analyzer is a significant medical and social problem
due to the increasing prevalence and complexity of
treatment [1]. In particular, in the United States an-
nually, about 2.5 million people receive traumatic
eye injury with subsequent blindness [2]. Trau-
matic injury of the visual analyzer is accompanied
by the development of retina ganglion cells destruc-
tion, which is the main cause of visual impairment.
Among the molecular mechanisms of retinal injury
the following can be distinguished: glutamate exi-
totoxicity, inflammation, oxidative and nitrosative
stress, apoptosis and endoplasmic reticulum stress
[3, 4]. It has been shown recently that hydrogen
sulfide system (H,S) is involved in the regulation of
neurotransmission, ophthalmotonus and retinal
injury [5]. In the retina production of H,S from
L-cysteine occurs involving cystationine B-synthase,
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cystationione y-lyase, and 3-mercaptopyruvate
sulfurtransferase [5, 6]. The role of H,S system in
visual analyzer injury pathogenesis is still contro-
versial. Thus, in vivo experiments, in the ischemic
injury of retina there was increase in H,S production
and of cystathionine-f3-synthase expression [7], and
in glaucoma there was decrease in H,S level and
H,S-synthesizing enzymes expression, respectively
[6]. Neuroretinoprotective effect of H,S donor
(NaHS) in glaucoma has been experimentally
confirmed [6]. Therefore, the study of the role of
H,S system in traumatic injury to the visual analyzer
is expedient.

The aim of the study — to evaluate the asso-
ciation of neuroretinal destruction markers with
retinal level of hydrogen sulfide in experimental
traumatic injury of the visual analyzer.

RESEARCH METHODS. Experiments were
carried out on 24 Chinchilla male rabbits weighing
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3.0-3.9 kg. The animals were kept in the standard
conditions of vivarium of VNMU, water and food
was received ad libitum, and were divided into
groups of 6 animals in each. During the work with
the animals, bioethical norms were observed in
accordance with the First National Congress of
Bioethics of Ukraine (Kyiv, 2001), the provisions of
the “European Convention on the Protection of
Vertebrate Animals” (Strasbourg, 1986), the Law of
Ukraine No. 3447-1V dated February 21, 2006 “On
the Protection of Animals from ill-treatment” as
certified by VNMU Bioethics Commission (protocol
No. 8 dated 09.10.2016). All traumatic manipula-
tions and euthanasia of animals were performed
under propofol anesthesia (60 mg/kg intraperi-
toneally).

Contusion of the eye in rabbits was caused by
the action of carbon dioxide under pressure, which
was created by a single blank shot of a pneumatic
pistol close to the center of the cornea of the eye
[8]. After 24 hours and 7 days after the pathology
modeling, enucleation was performed, the eyeballs
were washed with 1.15 % KCI (4-8 °C) cooled solu-
tion, conjunctiva and muscles were eliminated, the
anterior part of the eye and the lens were removed,
the rest was screwed in, so that the eye bottom can
be seen and the parts of the retina were removed.
To determine H,S content, the retina was perfused
with a cold 1.15 % KCI solution, homogenized for
1-2 min. in a cooled medium of 0.01 M NaOH in
the ratio of 1:5 (mass / volume) at 3000 rpm (Teflon-
glass). To 1 ml of homogenate 250 pl of 50 %
CCI,COOH was added, centrifuged at 3000 rpm for
15 min, supernatant was taken. Content of H,S was
determined by reaction with N, N-dimethyl-p-phe-
nylenediamine sulfate [9]. Content of glutamate was
determined by thin-layer chromatography [10].
Protein content in retinal homogenates was deter-

mined by the microbiuretic method [11]. DNA con-
tent in reticulum cells nuclei of rabbits was deter-
mined by flow cytometry using the multifunctional
“Partec PAS” cytometer (Partec, Germany). Retinal
cell nucleus suspensions were obtained using kits
for nuclear DNA analysis CyStain DNA Step 1 and
CyStain DNA Step 2 (Partec, Germany). The activi-
ty of apoptosis was estimated by the number of
cells in SUB-G0OG1 phase (with signs of DNA frag-
mentation). In the blood serum, the content of
neuron specific enolase (NSE, EC 4.2.1.11) was
determined by “NSE ELISA KIT” (DAI, USA) and
S100 protein by “S100 ELISAKIT” (Fujirebio Diag-
nostics Inc., Sweden).

Statistical analysis was carried out using sta-
tistical software MS Excel, SPSS22 for Windows,
“STATISTICA 6.0". The Student’s t-test and the
Mann-Whitney U criterion were used to detect dif-
ferences between groups. A value of p<0.05 was
considered to indicate a statistically significantly
difference.

RESULTS AND DISCUSSION. Direct external
injury of the eyeball caused by high-speed impact
is usually accompanied by violations of hemody-
namics and hydrodynamics of eye, hemorrhages,
massive alteration and necrobiotic changes in eye
tissues, development of neuroretinopathy in post-
traumatic period. The study of biochemical markers
of neuroretinodestruction — levels of NSE and
protein S100 in animals with traumatic injury to the
visual analyzer showed their significant increase in
the acute and subacute post-contusion period
(Fig. 1). 24 hours after eye contusion in experimen-
tal rabbits, NSE level (marker of membrane integ-
rity of neurons) was significantly 43.4 times higher
than in intact animals (p<0.001). In acute post-
contusion period, similar increase in NSE level in-
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Fig. 1. Level of neuronspecific enolase and S100 protein in rabbits’ serum with model eye contusion (n=8, M+m). The reli-
ability of the differences relatively to the group of intact rabbits — * (p<0.001); relatively to the group with eye contusion

24 hours — # (p<0.05).
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dicates the development of significant degeneration
of neurons in ganglionic layers of retina (neurone-
crosis). On the 7th day after the eye injury, NSE
level was 42.3 times higher than in intact animals
(p<0.001), which may indicate persistence of in-
tense necrobiotic processes in neuronal cellular
elements of retina and optic nerve. Traumatic in-
jury to the visual analyzer was characterized by a
significant increase of S100 protein level in the blood
serum in the acute period (20.5 times), with subse-
quent significant increase on the 7th day of the
post-contusion period — 38.8 times relatively to the
intact animals and 1,92 times relatively the state on
the first day. Such dynamics of S100 protein indi-
cates the activation of neuroglial cells initially in
response to irreversible primary alteration with
further progression of proliferative processes in
retina against the backdrop of secondary alteration,
hemodynamic and hydrodynamic disturbances.
Pathobiochemical basis of neuronal cells death,
including ones in retina, is the phenomenon of
glutamate exitotoxicity. Glutamate is a primary
retinal neurotransmitter which extracellular accu-
mulation causes hyperactivation of ionotropic gluta-
mate receptors (AMPA and NMDA) with subsequent
uncontrolled Ca?* arrival in post-synaptic neurons
and initiation of apoptotic cell death. Traumatic injury
to the visual analyzer is associated with a significant
initial alteration of cellular and subcellular structures,
which leads to an increase of extracellular glutamate
levels with the development of glutamate exitotoxicity.
The results of our studies have shown (Fig. 2) that
in acute period (24 hours after contusion), glutamate
content in retina of the animal eye increased
2,02 times relatively to intact rabbits (p<0.001).
7 days after eye contusion, there was more signi-

ficantincrease in the content of glutamate in retina —
2.42 times in relation to intact animals and 1.2 times
in relation to the state 24 hours after the injury.

In traumatic injury of the visual analyzer, death
of cellular elements of retina in acute period is
mainly realized by necrosis. At the same time, re-
lease of proinflammatory and proapoptic mediators
from the dead cells induces apoptotic processes in
the remained cellular elements. The ratio of necro-
sis/apoptosis processes is a significant determinant
of the traumatic injury of the visual analyzer during
the post-contusion period. Cytometric evaluation of
apoptotic activity in retina of the eye in rabbits with
a model contusion of the eye revealed a significant
increase of the pool of cells that were in SUB-GOG1
phase at different times of the experiment (Fig. 3).
This rate of DNA fragmentation in experimental
animals 24 hours later exceeded that in the intact
animals 14.6 times, and on the 7th day — 10 times
(p<0.01). On the 7" day, the percentage of retinal
cells in SUB-GOG1 phase was lower than on the
1%t day after eye contusion, but these differences
did not reach the limit of reliability.

The level of H,S in retina of intact rabbits was
3.31 (95 % CI 2.63—4.28) nmol/mg protein. Signifi-
cant primary injury of retinal neurons was accom-
panied by increase in H,S levelinretinain 1.88 times
24 hours after the contusive eye injury (Fig. 4).
However, on the 7th day, H,S content decreased
in 4.03 times compared to 24 hours state (p<0.01).
In addition, on the 7th day, H,S level was 2.14 times
lower than in the control. H,S level in retina in-
versely correlated with the parameters of neuro-
retinodestruction — levels of NSE, S100 protein in
the blood and the level of glutamate in retina
(r=-0.65; -0.68; -0.72; p<0.05).

Eye contusion (7 days)

Eye contusion (24 hours)

Control (Intact rabbits)

Glutamate, nmol/mg protein

Fig. 2. Level of glutamate in retina of rabbits with model eye contusion (n=6-8, M+m). The reliability of the differences
relatively to the group of intact rabbits — * (p<0.001); relatively to the group with eye contusion 24 hours — # (p<0.05).
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Fig. 3. Relative number of retinal cells in SUB-GOG1 phase in rabbits with model eye contusion (n=5, M+m). The reliability

of the differences relatively to intact rabbits — * (p<0.01).
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Fig. 4. H_S level in retina of rabbits with model eye contusion (n=6-8, M+m). The reliability of the differences relatively the
group of intact rabbits — * (p<0.01); relatively to the group of eye contusion 24 hours — # (p<0.05).

Thus, H,S system is involved in the mecha-
nisms of neuroretina destruction in the case of a
contusive eye injury. Obviously, increase in H,S
level 24 hours after the eye injury may have a com-
pensatory effect, while progression of post-contu-
sion retinal destruction is associated with the forma-
tion of H,S deficiency. As it is known, in physiologi-
cal concentrations H,S has cytoprotective, anti-in-
flammatory and anti-apoptotic effect, while at high
concentrations it produces the opposite effect [12,
13]. H,S is capable of modulating NMDA receptors
activity by S-sulfhydration / desulfhydration [12, 14].
In glutamate-induced exitotoxicity, H,S neuroprotec-
tive effect is mostly associated with cystine-gluta-
mate transporter activation, cysteine concentration
increase and glutathione synthesis activation in
neurons and astrocytes [14]. Correcting of H,S
level in retina may prove to be a promising strategy

in traumatic injury to the visual analyzer and this
direction is appropriate for further research.

CONCLUSIONS. 1. The injury of the visual
analyzer of traumatic genesis in rabbits is character-
ized by a significant increase of NSE and S100
protein levels in serum, and in retina of the eye —an
increase of glutamate level and the number of cells
in SUB-GOGL1 phase (apoptotic marker) during the
first day with the subsequent escalation of neuro-
retina destruction signs in 7 days.

2. Traumatic injury to the visual analyzer was
characterized by an increase of H,S level in retina
24 hours after contusion with further decrease of
its level (2 times) in 7 days. Formation of H,S
deficiency in retina was significantly associated with
aggravation of glutamate excitotoxicity and post-
traumatic eye injury.
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B. /1. MoBX, H. B. 3aiuko, A. B. MenbHuK, O. A. XogaKiBCbKuiA
BIHHVLUBKN HALIOHA/IbHUV MEANYHWW YHIBEPCUTET IMEHI M. I. [MTIPOIOBA

3B’130K MAPKEPIB HEMPOPETUHO/IECTPYKIIIi 3 PIBHEM I'l/IPOTEH
CY/Ib®IAY B CITKIBLI ITP1 TPABMATNYHOMY YPAJKEHHI 30POBOI'O

AHAJII3ATOPA

Pestome

Bcmyn. iymamamHa ekcalimomokcu4Hicmb gidiepae MposioHy posib B YPAXEHHI 30p0B020 aHasizamopa
mpasMamuyHo20 2eHe3y. HeuwjodasHo 6y/10 3acsiouyeHo, Wo 00 peaysayii HelipompaHcMicil, oghmasibMOMOHyCy
ma HelipopemuHodecmpykyii 3aslydeHa cucmema 2idpozeH cynbidy (H,S), odHak ii posib y namozeHesi
rnocmmpasmamuy4Ho20 YWKOOXKEHHS 30p0B020 aHaslizamopa He 3'iC0BaHo.

Mema docnidxeHHs1 — OYiHUMU 3B8’5130K Mapkepis HelipopemuHooecmpykuyii 3 pisBHeM 2idpo2eH cy/ibghidy 8
CimKiBYi npu mpasMamuyHOMY YpaxeHHI 30p0B8020 aHaslizamopa y Kposis.

Memoou docnidxeHHS1. [Joc/1iou IposedeHo Ha 24 Kposisix-camMysix Macoro 3,0—-3,9 k2. TpasMamuyHe ypaxeHHs!

30p0B0O20 aHaslizamopa y mBapuH BUK/IUKa/IU OiEr0 MOMOKY BY2/1€KUC/I020 2a3y I1i0 MUCKOM Ha po2iBKy oka. Y
Cimkigyi oka susHauasu piseHb H,S, anymamamy, yumomMempuyHi MapKepu arnornmosy, 8 cuposamyi Kposi — piseHb
HelpoHcneyugpiyHoi eHonasu (NSE) ma 6inka S100.

Pe3ynibmamu Ui 062080peHHs1. TpasMamuyHe ypaxXeHHs 30p0B020 aHa/li3amopa y Kposiis Xapakmepusysasioch
nioBUWEeHHsIM y cuposamuyji Kposi pisHs1 Mapkepis Helipodecmpykyii NSE ma 6irika S100, a 8 cimkigyi oka — 36i/lb-
WEeHHSIM piBHs1 271ymamMamy ma Kijibkocmi KaimuH 'y ¢gpaly SUB-GOG1 (Mapkepa arornmo3sy) srpooosx 24 200 i3
rnooasibLWo eckasnayieto 03Hak HelipopemuHooecmpykuii Yepes 7 0i6. Yepe3 24 200 ric/1 mpasMyBaHHs 8 Cim-
KiByi crrocmepiza/iu 3pocmanHsi pisHsi H,S (y 2 pasu), a 4epe3s 7 9i6 yel rnokasHuk 00CmosipHO 3HU3UBCS (8 4 pasu).
PopmysaHHsi dechiyumy H,S y cimkisyi acoyitosasocs i3 no2iubneHHsIM 03HakK 2/1ymamamHoi ekcalmomoKcu4HOC-
mi ma HelipopemuHooecmpyKuyii.

BucHosku. Cucmema H,S 3asyqeHa 8 MExaHiaMu yUWKOOXKEeHHS CIMKIBKU 3a YMOB KOHMY3IliHOI mpasmu oKa.
Kopekyisi pisHsi H,S y cimkisyi MOxe BUSIBUMUCH MEPCNeKmMUBHOK cmpameaieto 3a mpasmMamu4H020 yWKOOKEHHs!
30p0B020 aHasi3amopa, i yel HarpsIMoOK € 00Yi/IbHUM 07151 100a/1bW020 BUBHEHHS.

K/TIOYOBI C/IOBA: 30poBuii aHasli3aTop; KOHTY3iN; rigporeH cynbig; HelipopeTUHOAECTPYKLiS.
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B. /1. MoBx, H. B. 3anuko, A. B. MenbHuK, A. A. XO00aKoBCKUIA
BUHHUWLIKWA HALIMOHA/IbHBIVA MEAVNLIMHCKWA YHUBEPCUTET UMEHW H. . MAPOIOBA

CBSI3b MAPKEPOB HEMPOPETUHOJIECTPYKIIY C YPOBHEM I'I/IPOTEH
CY/IIb®UJA B CETYATKE ITPU TPABMATUYECKOM ITOPAXKEHUWUA 3PUTE/IBHOT'O

AHAJIN3ATOPA
Pestlome

BcmynsieHue. [7iymamamHasi 3kcallmomoKCU4YHOCMb ugpaem Bedywyro po/ib 8 MOPaXeHUU 3pUme/ibHO20
aHaziusamopa mpasmMamu4yecko20 2eHe3a. HedasHo 6bl/io 10Ka3aHo, Ymo 8 peaysisyuu HelipompaHCMUccuu,
oghmasibMomoHyca U HelipopemuHoOecmpyKyuu MpuHUMaem ydacmue cucmema aupozeH cynbguda (H,S), oo-
HaKo ee po/ib 8 namoaeHese MocmmpasmamuyecKo20 NMospexXo0eHUs 3pUme/IbHO20 aHaIu3amopa He BbISICHEHA.

Lenb uccnedosaHusi — OUeHUMb CBSI3b MapKepos HellpopemuHoOecmpyKyuU C ypoBHEM 2UOpO2eH Cy/ibghu-
da 8 cemyamke rpu mpasMmamuyecKoM MopakeHuU 3pume/ibHo20 aHalu3amopa y KpoJIuKOs.

MemoOdsI ucciedosaHust. Onbimbl POBeAeHbI Ha 24 Kposiukax-camyax maccol 3,0—3,9 k2. Tpasmamuyeckoe
ropaxeHuUe 3pUMe/IbHO20 aHa/Iu3amopa y XUBOMHbIX Bbi3biBa/iu delicmBueM omoka y2/1eKuc/1020 2asa rnoo
das/ieHueM Ha poeosuyy efasa. B cemuamke enasa onpede/isi/iu yposeHb H,S, anymamvama, yumomempudeckue
MapKepbl arnonmo3sa, 8 CbIBOPOMKE KPOBU — ypoBeHb HelpoHcneyuguyeckol aHonasbl (NSE) u 6eska S100.

Pe3ysibmambi u 06cyxo0eHue. TpasMamu4yecKoe MopaxeHue 3pume/ibHo20 aHaiu3amopa y Kpo/IUKOB Xa-
pakmepu308a/10Chb MOBbILIEHUEM B CbIBOPOMKE KPOBU YPOBHSI Mapkepos Helpodecmpykyuu NSE u 6eska S100,
a B cemyamke e/1a3a — yse/iudeHUeM YpOoBHS 2/lymamMama U Kosiudecmsa kK/iemok 8 gpaze SUB-GOG1 (mapkepa
arnonmosa) 8 meyeHue 24 4 ¢ da/ibHeliwel ackaiayuel Npu3Hakos HelipopemuHOOecmpyKyuu 4epes 7 Cymox.
Uepes 24 4 noc/sie mpasMuposaHus 8 cemyamke Hab/iodasu sospacmaHue yposHsi H,S (8 2 pasa), a uepes 7 cy-
MOK 3mom rokasame/ib A0OCMOBEPHO CHU3U/ICS (B 4 pa3a). PopmuposaHue deguyuma H,S 8 cemyamke acco-
{4UUPOBA/IOCh C yCU/IEHUEM MPU3HAaKo8 2/lymamMamHol aKkcalimomoKcu4HOCMU U HelipopemuHOoO0ecmpyKyuu.

Bb1800bI. Cucmema H,S sos/ieyeHa 8 MexaHU3MbI MOBPEXOEHUS Cemyamku 8 YC/I08USIX KOHMY3UOHHOL
mpasMbl 2/1a3a. Koppekyusi yposHs H,S 8 cemuyamke Moxem okasambCsl nepcriekmusHoli cmpameauell npu
mpasmMamu4ecKoM 0BPeX0eHUU 3pUMme/IbHO20 aHasu3amopa, U amo Harpas/ieHue yenecoobpasHo 07151 0asib-
Heliweao usyyeHusl.

K/TIOUEBBIE C/TOBA: 3puTeibHbIl aHanIn3aTop; KOHTY3US; TMAPoreH cynbgus; HelipopeTUHOAECTPYK-
L.
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