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EFFECT OF ENDOILLUMINATION DURING VITRECTOMY ON OXIDATIVE PROCESSES IN RABBIT BLOOD
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Investigation of the mechanisms underlying retinal photodamage occurring during vitreoretinal interventions is a topical issue of ophtalmology. The study aimed to
assess the effect of endoillumination of varying intensity and duration on alteration of oxidative processes in rabbit blood. The experiment involved 16 rabbits, with
their retinas exposed to endoillumination of different duration (30 and 60 min) and intensity (8 and 16 cd/m?). Blood samples were collected from the rabbits’ ear
vein before and after light exposure. Whole blood and serum biochemiluminescence was measured in order to assess oxidative processes. The data were analyzed
using the Mann-Whitney U-test, and the results were considered significant at p < 0.05. A 30-minute light exposure resulted in a significant increase in whole
blood biochemiluminescence: 1.5-fold at the intensity of 8 cd/m? and 2.5-fold at the intensity of 16 cd/m? relative to control values (p < 0.05), indicating enhanced
reactive oxygen species generation by blood cells. In contrast, a significant decrease in serum biochemiluminescence was revealed: 1.2-fold at the intensity of
8 cd/m? and 2-fold at the intensity of 16 cd/m? compared to control (p < 0.05) , which likely indicates a compensatory increase in antioxidant activity in response
to hyperactivation of free radical processes. With the 60-minute exposure, the changes in biochemiluminescence were more pronounced: 3- and 7-fold increase in
whole blood biochemiluminescence and 2- and 3-fold decrease in serum biochemiluminescence, respectively. Thus, intense light exposure resulted in the oxidative
process alterations determined by the intensity and duration of exposure.
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BNMUAHUE 3HOOBUTPEANIbHOW ITMIOMUHALIMM HA OKCUOATUBHbIE MPOLIECCHI B KPOBU KPOJIMKOB
P. P. AmrytamHos'? B T, P. Myxamagees', P. P. Axmvagees’, K. C. Moyanos!

" BalUKMPCKWiA rocyAapCTBEHHbI MEOULIMHCKII yHMBEpCUTET, Ydha, Poccus
2 fopoackas knHnydeckas 6onbHMLa Ne 8, Ycba, Poccust

AKTyanbHoM Npobnemon oTanbMoNorMn SBAETCA UCCNEA0BaHNE MEXaHN3MOB (DOTOMOBPEXKAEHUIA CETHATKM, MPOVCXOAALLMX BO BPEMSA BUTPEOPETUHABHbBIX
BMeLLaTensCTB. Lienb necnefosaHns — OLEeHUTb BIUSHVE SHAOWIIIOMUHALMN Pa3INYHOM UHTEHCVMBHOCTY V1 MPOLOSKUTENBHOCTY Ha U3MEHEHME OKCUAATUBHBIX
NPOLIECCOB B KPOBW KPONMKOB. DKCMEPUMEHT NMPOBOAMIN Ha 16 Kponvkax, CeT4aTKy KOTOPbIX MoABeprany BO3AENCTBUIO IHAOWIIIOMUHALMN Pa3HOM
npofomkMTeNnsHoCTY (30 1 60 MUH) 1 MHTEHCKMBHOCTY (8 1 16 ka/M?). OBpasLibl KPOBW 13 YLLIHOW BeHbl Kponka 3abupani 4o 1 NMocie CBETOBOrO BO3LENCTBYS.
[N oLeHKV OKCUAATUBHBIX MPOLIECCOB U3MEPSIN B1OXEMUMIOMUHECLIEHLIIO B LIEIbHON KPOBU 11 CbIBOPOTKE KPOBW. [laHHble aHanMsvpoBai C UCTONb30BaHNEM
U-Tecta MaHHa-YWTHW, a pesynstaTbl CHUTanmM AOCTOBEPHbIMU NMpn p < 0,05. Mpr 30-MUHYTHO CBETOBOW 3KCMO3ULMM B LIEMbHON KPOBK BbIN0 3athKCpoBaHO
CTaTUCTUYECKIN 3HAYMMOE YBENMYEHVE BUOXEMUIIOMUHECLIEHL: B 1,5 pa3a Npu MHTEHCUBHOCTY 8 KI/M? 11 B 2,5 pasa Mpu MHTEHCUBHOCTM 16 K/M? MO CPaBHEHIO
C KOHTPOSbHbIMM MokasaTenamn (p < 0,05), Y4TO OTpaxKaeT yCuneHve reHepaLim akTBHbIX (DOPM K1CAopoda KneTkamm KposK. B CbIBOPOTKe, HAaNPOTUB, BbISBIEHO
[OCTOBEPHOE CHKEHME YPOBHEV O1OXEMUIIOMMHECLIEHLMM: B 1,2 pasa Npu MHTEHCMBHOCTK 8 KO/M? 1 B 2 pasa MpW MHTEHCMBHOCTU 16 KO/M? OTHOCUTENbHO
KOHTpons (p < 0,05), 4TO, O4EBUAHO, MOXKET CBUAETENBCTBOBATEL O KOMMEHCATOPHOM YBENMHEHV aHTUOKVCIUTENBHON aKTVBHOCTU B OTBET Ha rinepakTuBaLmio
cBO6OAHOPaANKANBHbLIX MPOLIECCOB. [Mpy B0-MVHYTHOW SKCMO3WLMN N3MEHEHNSI BUOXEMUMTIOMVHECLIEHLIMN MMEN 60Nee BbIPaXKEHHbI XapakTep: ycuneHme B
LielbHOM KPOoBW B 3 11 7 pas, U CHWKEHME B CbIBOPOTKE KPOBM B 2 1 3 pa3a COOTBETCTBEHHO. TakM 06pa3oM, NPy MHTEHCVBHOM CBETOBOM BO3AENCTBUN OTMEHEHO
N3MEHEeHNe OKCUAATUBHBIX MPOLIECCOB, OrnpefensieMoe BpeMeHeM ¥ AINTENbHOCTBIO BO3AENCTBIS.
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Adequate intraoperative visualization of intraocular structures
accomplished using external light sources for intraocular illumination

The following major parameters affecting phototoxicity of
the sources of endovitreal illumination are distinguished: light

is an important prerequisite for conducting vitreoretinal surgery
[1-3]. The development of new light sources for endaillumination (El)
is also associated with the transition to minor surgical approaches
(25 G, 27 G, 29 G), however, the luminous flux enhancement
accompanying such transition inevitably increases the risk of
phototoxic damage to the retina and pigment epithelium [4, 5].

source type, aphakic hazard indicator, brightness, numerical
aperture of a fiber (light cone), light exposure duration, working
distance (between endoilluminator and the retina), and the
retinal zone affected by the luminous flux [2, 3].

Thanks decades of experimental research, the key
components of pathogenesis of photodamage to the eye
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structures and tissues have been uncovered. Destructive
photochemical reactions can occur as a result of oxidative process
enhancement due to high concentrations of photosensitizers in
photoreceptors, high partial pressure of oxygen in the retina and
high polyunsaturated fatty acid levels [6-12]. It has been shown
that the retinal pigment epithelial cells contain lipofuscin granules
comprising bisretinoid fluorophores that begin to produce
reactive oxygen species when exposed to light, which leads
eventually to the formation of oxidized products [13].

First of all, photosensitizers, such as retinal and its
metabolites, are potentially dangerous in terms of phototoxicity.
These can generate singlet oxygen and superoxide radicals
when exposed to light [14]. Other pathogenetic factors include
high oxygen tension reaching 100 mmHg at the level of the
apices of the outer photoreceptor segments. Finally, it should
be noted that oxidative destruction of melanosomes can
result in formation of toxic aldehydes and ketones, as well as
in protein modification [15].

Thus, according to the published data, all the potentially
dangerous conditions for photodamage to the eye structures
and tissues, especially the photoreceptor—pigment epithelium
complex, arise during vitreoretinal interventions.

The study aimed to assess the effect of endoillumination of
varying intensity and duration on oxidative process alteration in
rabbit blood.

METHODS

The study involving 16 rabbits (males) aged 6-9 months
with the body weight of 2-3 kg was conducted at the Chair
of Ophtalmology and the Central Research Laboratory of the
Bashkir State Medical University. The animals were bought
from specialized breeding nursery (SP Tulupov; Russia).
Rabbits were kept in the controlled environment ensuring
optimal temperature, humidity, and illumination; these were
given a balanced diet including specialized foods and fresh
water. The animals were administered 2% xylazine solution
(Alfasan International B.V.; Netherlands) intramuscularly in a
dose of 1 mg per 1 kg of body weight half an hour before
surgery in order to ensure a pronounced sedative effect. Zoletil
100 (Virbac; France) in a dose of 7.5 mg per 1 kg of rabbit’s
body weight was used intramuscularly for general anesthesia.
The Mydrimax drops (Sentiss Pharma; India) were instilled
into the conjunctival sac 15-20 min before the procedure to
dilate pupils. Local anesthesia was achieved using the 0.5%
proxymetacaine hydrochloride solution.

The test samples were represented by blood collected from
the rabbits’ ear vein (EV). Such an approach was used due
to the fact that we collected samples from the central retinal
vein (CRV) using the 27-40 G MedOne cannula earlier, at the
pilot stage of the study. However, in our experiments, blood
collection directly from the CRV had serious methodological
limits, since the procedure is associated with further alteration
of intraocular media. The analysis of biochemiluminescence
(BCL) parameters involving samples collected from the rabbits’
CRV and EV revealed no significant differences, which allowed
us to use blood from EV as test samples.

A 25 G port installed in the projection of the pars plana
part of the ciliary body was used to model endovitreal
exposure. A xenon light source integrated into the Optimed
Profi ophtalmological miscrosurgical system (Optimedservice;
Russia) was used as an illuminator. The endoilluminator was
introduced via the port, and its tip was placed at a distance
of 8 mm (light cone 30°) from the retina in the direction of the
macular zone.
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The experimental animals were divided into two groups.

Group 1: exposure to light with the intensity of 8 cd/m? (50%)
for 30 min (4 rabbits, 4 eyes) and 60 min (4 rabbits, 4 eyes).

Group 2: exposure to light with the intensity of 16 cd/m? (100%)
for 30 min (4 rabbits, 4 eyes) and 60 min (4 rabbits, 4 eyes).

The follow-up collection of blood from the ear vein was
performed after the end of the light exposure.

The BHL recording method was used to assess the effects
of endoillumination during vitrectomy on oxidative processes.
The use of BCL in vitreoretinal surgery for estimation of
photodamage to the eye tissues is based on the fact that
biochemiluminescence reflects light emission from the
electronically excited atoms and molecules emerging during
chemical reactions. Furthermore, free radical processes are the
only biochemiluminescence sources [16].

We recorded blood BCL with the HLM-003 system (Ufa
State Aviation Technical University; Russia) measuring the light
sum S and maximum slow-flash amplitude Imax in quanta
per second for 3 min [17]. The whole blood BCL was used
as an indicator of the oxidative processes of reactive oxygen
species generation by blood cells, primarily neutrophils. We
used luminol (10-4 M) in the dimethyl sulfoxide (DMSO) solution
to record luminol-dependent chemiluminescence (LDBCL). A
total of 0.1 mL of blood were mixed with 2 mL of luminol
solution, then the mixture was put in the chamber of the unit
at 37 °C. In addition to LDBCL, we assessed iron-induced
biochemiluminescence (IIBCL) of blood serum in order to
determine the levels of oxidative processes of lipid peroxidation
(LPO). Blood was centrifuged to obtain serum, and serum was
diluted with phosphate buffer. Luminescence was indiced
by adding the FeSO,x7H,O solution, the intensity of which
reflected the LPO level.

The data were analyzed using the nonparametric Mann—=Whitney
U-test. The results were considered significant at p < 0.05 and
presented as median (Me) and interquartile range (IQR).

RESULTS

A significant increase in biochemiluminescence with luminol
was observed after the 30-min exposure to light with the 50%
intensity (8 cd/m?; group 1). During the experiment LDBCL
increased from the baseline level of 26.4 x 10° quanta/s to
38.2 x 10° quanta/s. This increase corresponds to the almost
50% intensity growth, which suggests a significant effect of
moderately intense radiation on this indicator. There was a
rather more pronounced increase in LDBCL (up to 62.2 x 10°
quanta/s) under exposure to radiation with greater intensity
100% (16 cd/m?; group 2). Such an increase is equivalent
to the almost 2.5-fold intensity growth relative to baseline.
The data obtained show that the more intense radiation has
a stronger effect on LDBCL. This confirms the fact that the
effect depends on the intensity of radiation used. We also
conducted appropriate measurement of LDBCL for the 60-min
exposure in order to assess the longer El. The data are provided
in Table 1.

According to the table, El leads to the LDBCL enchancement,
which reflects the increased generation of free radicals by blood
cells. The exposure time increase results in the LDBCL parameter
enchancement, which suggests intensification of oxidative
processes in blood.

The LDBCL value increased 3-fold after the 60-min exposure:
the control value was 26.4 x 10° quanta/s, and the value after
the exposure was 79.1 x 10° quanta/s. There was an almost
7-fold increase in LDBCL, when the intensity increased to
100% (16 cd/m?).
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Table 1. LDBCL parameters (Me (IQR)) before and after the 30-min and 60-min exposure to aphakic light of varying intensity, 10° quanta/s

30 min 60 min
Studied parameter Before
50% El intensity 100% El intensity 50% El intensity 100% El intensity
s 26.4 38.2 62.2 791 179.5
(21.4-29.2) (36.5-39.0) (61.4-64.7) (78.8-79.6)" (179.5-180.6)*
12.7 171 25.06 53.3
Imax 7.6(7.4-8.8) (11.2-14.3)" (16.1-17.9)" (24.9-25.5)" (52.5-53.5)"

Note: * — the difference from control is significant at p < 0.05.

Table 2. IIBCL parameters (Me (IQR)) before and after the 30-min and 60-min exposure to aphakic light of varying intensity, 10° quanta/s

30 min 60 min
Studied parameter Before
50% El intensity 100% El intensity 50% El intensity 100% El intensity
333.5 206.0 204.0 1371
S 408.2 (379.2-416.6) (327.2-335.8)" (188.7-220.8)" (197.9-209.8)" (136.4-138.7)"
170.9 127.5 102.1 68.1
Imax 2053 (197.9-213.7) (169.3-172.1)* (117.3-135.2)* (102.0-112.20) (66.8-74.2)*

Note *— the difference from control is significant at p < 0.05.

The following patterns were revealed when recording IIBCL
of the samples exposed to El: the 30-min El source exposure
resulted in the significantly decreased IIBCL parameters:
1.2-fold in the first group relative to control. The intensity
increase to the full value of 100% (16 cd/m?; group 2) resulted
in the 2-fold decrease in luminosity parameters. Control —
408.2 x 10° quanta/s, after the exposure — 206.1 x 10° quanta/s.

When the exposure duration increased to 60 min, the
decrease in IBCL parameters became more noticeable. At 50%
intensity (8 cd/m?; group 1) IIBCL decreased to 204.0 x 10°
quanta/s, which was 2 times lower. At 100% intensity (16 cd/m?;
group 2) IIBCL dropped to 137.1x10° quanta/s, which was
3 times lower. These findings demonstrate that the illumination
duration and intensity have a significant effect on blood serum
biochemiluminescence (Table 2).

DISCUSSION

Our findings show that alterations of oxidative processes in
blood are clearly of dose-dependent nature associated with
the endoillumination intensity and duration. With increasing
El intensity and duration, enhancement of LDBCL of the test
samples has been reported, which suggests enhancement of
oxidative processes in blood cells. It is clear that at first the
oxygen-dependent cellular mechanisms ensuring realization of
reactive oxygen species generation are activated.

The findings are in line with the general conclusions that
oxidative processes yielding the oxidative degradation products
are triggered in molecular structures of the eye under exposure
to light [13, 18].

The low IIBCL values revealed reflect the antioxidant activity
increase and lipid peroxidation decrease. This may be due
to the fact the enhancement of oxidative processes causes
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