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Dynamics of Ocular Surface Temperature
in Rabbits During Transpalpebral Cooling (10°C)

Pedrepat: Y poboti BMBYEHO AMHaMiKy TemnepaTtypu MOBEpPXHi Oka 340pOBMX Kpomnukie (nopoga wuvHwWuMna, Bik 10 micsuis)
B MpOEKLUIii LmniapHoro Tina npy WTYy4YHOMY TpaHcnansnebpansHomy oxonomkerHi (10°C). [JocnigkeHHs npoBeaunu Ha 24 kponukax
(48 oueit). Ana TepmoMeTpii MOBEpPXHi Oka Ta MOro OXONOMPKEHHSI BMKOPWUCTOBYBanu po3pobrieHi opuriHanbHi TepPMOENEeKTPUYHI
npunagu. MNepen No4aTKOM OXOMNOMKEHHSI BUMIpIOBanu BUXiAHY enibynbGapHy TemnepaTtypy KOHTAKTHUM METOAOM Y MpoeKUii umniap-
Horo Tina. OXonomxeHHst oka BiabyBarnocb KOHTAKTHO Yepe3 3akpuTi NOBikM 3 NOCTiIMHOW TemnepaTypoto (10°C) oxonomxysarbHOI no-
BepxHi. JlokanbHy enibynbbapHy TemnepaTtypy BumiptoBanu B npoueci 30-XBUNMUMHHOTO OXOMOPKEHHS!, @ TAKOX MICNs NPUMNMHEHHS XO-
nogosoro BnnvBy nNpotsaroM 40 xB Yepe3 KoxHi 10 xB. 3HMKEHHA TemnepaTypy MOBEPXHi O4Yer KPOnuKiB B MPOEKLIii LmniapHoro Tina
npotsrom nepwux 10 xB8 cknano 4,6°C, a npotsrom HactynHux 20 x8 — nuwe 0,7°C. LUBuake BioHoBNeHHs enibynsbapHoi Temnepa-
Typu Ha 3,9°C cnoctepiranocb npotarom nepwmx 10 XB NiCAs NPUNUHEHHS XONOQOBOro BMAMBY 3 MOAANbLUMM YMOBINbHEHUM Bifir-
piBoM noBepxHi oka nuwe Ha 0,6°C npotarom HacTynHux 30 xB. TpaHcnanbnebpanbHe KOHTAKTHE KEPOBAHE OXOMOMKEHHS! OKa 3 TEM-
nepatypoto 10°C f03BONMNO JOCAITU MOTEHLINHO TEPaNEBTUYHOIO PiBHS riNOTEPMIi CTPYKTYpP NEpPEAHbOro BiAAiNy oka, Lo obyMOoBMnoe
NepcnekTUBHICTb BUKOPUCTAHHSI KOPUCHMX BNACTUBOCTEN LUTYYHOI oKanbHOI rinoTepmii B odTanbmMonorii.

KnrouoBi cnoBa: odtanbMonoris, Kponuku, uuniapHe Tino, TeMnepaTtypa NoBepXHi 0Ka, OXONMOAXEHHS, rinoTepmis, yBeiT.

Abstract: The study was aimed at evaluating the dynamics of the ocular surface temperature of healthy rabbits (chinchilla
breed, 10 months’ age) in the ciliary body projection during artificial transpalpebral cooling (10°C). The study was conducted in 24
rabbits (48 eyes). Developed original thermoelectric devices were used for thermometry of the ocular surface and its cooling. The initial
epibulbar temperature was measured by the contact method in the ciliary body projection prior to cooling. The eye was cooled by
contact through closed eyelids with a constant temperature of the cooling surface of 10°C. Local epibulbar temperature was measured
during 30 minutes of cooling every 10 minutes, as well as after stopping the cold exposure for 40 minutes. The decrease in the
ocular surface temperature of rabbits in the ciliary body projection during the first 10 minutes was 4.6°C and for the next 20 minutes
it was only 0.7°C. A rapid recovery of epibulbar temperature by 3.9°C was observed within the first 10 minutes after cessation
of cold exposure, followed by delayed warming of the ocular surface by only 0.6°C for the next 30 minutes. Transpalpebral contact
controlled ocular cooling at 10°C enabled to achieve a potentially therapeutic level of hypothermia of the structures of the ocular
anterior segment, which led to the prospect of using the beneficial properties of artificial local hypothermia in ophthalmology.

Key words: ophthalmology, rabbits, ciliary body, ocular surface temperature, cooling, hypothermia, uveitis.

B ocranHi ngecATWITTS 3HaYyHa yBara MpHIi-
JIIETHCSI BUBYCHHIO TEPMOPETYIIALIi OpraHi3My JIFO-
JIUHHA, a TAaKO)K BUKOPHUCTAHHIO 3 TEPAIEBTUYHOIO
METOI0 KOPHUCHUX €(EeKTiB TimoTepmii, MOB’I3aHUX
i3 KepOBaHMM OXOJIO[DKCHHSM Tida a00 OKpeMux
BHyTpimmHIX oprauiB [15, 16, 20, 24]. Tak, mTy4uHe
3HIDKCHHS TEMITepaTypu Tijda (TepameBTHYHA Tilto-
TepMisl) TUISIXOM IPUMYCOBOTO KOHTPOJIHLOBAHOTO
BiIBEIEHHS TEIUIa BiJ HOTO TMOBEPXHI Yy IAIIEHTIB
MpU  JIEeIKNX HEBIOKIATHUX CcTaHaxX (iHCYNBT, de-
pPEITHO-MO3KOBa TpaBMa Ta iH.) PO3IVISTAETBCS SK
HalOMbII MEepCHeKTUBHUN (I3MYHMHA MeTox 3a-
XUCTy TKaHWH TOJIOBHOTO MO3KY BiJ iIIeMiuHO-
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In recent decades, considerable attention has been
paid to the study of thermoregulation of human body,
as well as the therapeutic use of the beneficial effects
of hypothermia associated with controlled cooling of
the body or individual internal organs [15, 16, 20, 24].
For example, artificial decrease in body temperature
(therapeutic hypothermia) by forcing controlled heat
removal from the body surface in the patients with
certain emergency conditions (stroke, craniocerebral
injury, efc.) is considered the most promising
physical method of protecting brain tissue from
ischemia-reperfusion injury [5, 28]. The mechanisms
of hypothermia effects on some parts of the inflam-
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penepdysiitHoro momxkomxeHus [5, 8, 28]. IIpogos-
KYIOTbCS aKTUBHI HayKOBi1 JOCIHIIKCHHS MEXaHi3-
MiB BIUIMBY TiNOTepMii Ha JesiKi JIaHKH 3amajibHO-
ro Mporecy: 3MEHIICHHS 1H(UIBTpallil 3analbHUMU
KimitTnHamu [6, 21, 23], 3HIWKEHHS aKTHBAIlil MIKpO-
rii [6, 23], 3MCHIICHHS BWBUIBHEHS MEIIaTopiB
3amajieHHsd B HEPBOBIM TKaHWHI (OKCHI a30Ty, 3a-
MajgpHI IMUTOKIHM 1 cymepokcum) [7, 11, 13, 21],
a TaKOXK 3HIDKCHHS TPaHCIIOKaImii 1 3B’sA3yBajbHOL
aKTHBHOCTI HykJeapHoro ¢akropa-kB (NFkB) [31],
3MEHIIEeHHs sABUI anonTosy [11, 21], ymkomkeHHs
reMaroodTansmiuHoro Oap’epa [10]. Bimomo, mio
rimotrepMisi 3Ha4HO iHTiOye 3amajbHy peaxiiro, 3HU-
xyroun yTBopeHHS NO Ta eKcrpecito iHmayIuoenb-
HO1 cuHTa3M okeuay azoty (iNOS) y mikpormii [ 11, 12],
3MEHIITYE EKCTPEecito 3amaabHuX muToKiHiB, (IL-1,
IL-6, IL-8, MCP-1, COX-2) [7, 11, 21], npurHiuye
ekcripecito monekynu aaresii (ICAM-1) [6] Ta ak-
THBHICTh MaTPHUKCHOI MeTajomnpoTeinasu [21], 1o
MOXKE TPHUBOIUTH A0 3HIDKCHHS «PEKPyTYBaHH»
JIEHKOHTIB. Pe3ympTarn 3a3HA4eHHX IOCHIKEHBb
JEMOHCTPYIOTh TIEpPCIIEKTHUBHICTh BUKOPUCTaHHS TPO-
TU3alajibHUX BJIACTHBOCTEH TimoTepMmii B Pi3HHX
cdepax MeTUIMHY, 30KpeMa B 0pTaIbMOoNorii.
Binomo, 1o rinotepmist BHy TPilIHBOOYHHUX CTPYK-
Typ Moxe OyTH 3a0e3ledeHa HIISIXOM KepyBaHHS
TEMIIEepaTypol0 ipUramiiHoi piAWHU Wi Yac Mpo-
BEIICHHS BITPEOPETHHAILHOI XIpyprii Ta cympo-
BOIDKYETHCSI BaXJIMBHUMU KOPUCHUMH €(EeKTaMH.
Tak, pe3ynsraTd BUKOPHCTaHHS B EKCIIEPHMEHTI
JIOKAJIHFHOTO 1HTPAOTICPAIlIHHOTO OXOJIOMKEHHS OKa
MMOKa3ajld PETHHOMPOTEKTOPHI MOMKJIUBOCTI TiIlo-
TepMii BHYTPITHEOOUHUX CTpyKTYp [1-4, 25, 30].
N.M. Jabbour Ta cmiBaBT. [14] B €KCIIEpUMEHTI
CTHOCTepiraid 3MEHIICHHS iHTpaonepamiifHuX re-
MOpariyHuX YCKJIQJAHEHb B YMOBaX BHKOPHCTaHHS
OXOJIOMXEHUX ipuraniiHux po3unHis. M.R. Romano
Ta cmiBaBT. [26] ¢izuko-MaTeMaTHYHO OOIPYHTY-
Baly MOXIIMBICTh MAaHIMYJIIOBaHHS PEOJOTTYHUMHU
BJIACTUBOCTSIMH PEYOBWH, SKi BHKOPHUCTOBYIOThH-
Ci UIA TaMIIOHAAW BITPEAThbHOI IMOPOXKHWHH BiT-
PEOPETHHANILHOTO XIpYypridHOTO BTPYYaHHS, ITUISA-
XOM 3MIiHH BHYTPIIITHROOYHOTO THCKY Ta TEMIIe-
parypu. K. Tamai ta cmiBaBT. [29] B eKCIIepUMEHTI
Ha ITiJICTaBl OIIHKM KOHIIGHTpaIlii Oinka y BOJ031
NepefHboi KaMepu OKa IOKa3ald, L0 iHTpaore-
pauiiiHe OXOJIOI)KEHHS OKa MOXKE CYNpPOBOIKYBa-
TUCh 3MCHIIEHHAM MiCISONEepPaIiifHOro 3amajeHHs.
TakuM 4MHOM, BpaxOBYIOUHM KOPHCHiI e(peKTH iHTpa-
ornepamiiiHoi rimorepmii BHYTPIIIHBOOYHUX TKAaHUH,
30KpeMa nportm3ananbHuii edekr [17, 29], 3’sB-
JISETHCS IHTEpPEC 0 BUKOPHCTAHHS JAHOTO METOIY
3 TEpareBTUYHOI0 METOI0 MPU OYHHUX 3aXBOPIOBAH-
HSIX 3aIMajbHOTO XapakTepy. llepcrnekTHBHICTD mTyd-
HOI JIOKaJBHOI TIMOTEpMii OKa 3 METOI0 BIUIMBY
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matory process are still under active scientific in-
vestigation, including the reduction of infiltration by
inflammatory cells [6, 21, 23], activation of microglia
[6, 23], release of inflammatory mediators in nervous
tissue (nitric oxide, inflammatory cytokines and
superoxide) [7, 11, 13, 21]; as well as a decrease in
translocation and binding activity of nuclear factor-
kB (NF«B) [31], reduction of apoptosis [11, 21], and
damage of blood-brain barrier [10]. It is known that
hypothermia significantly inhibits the inflammatory
response by reducing NO formation and the
expression of inducible nitric oxide synthase (iNOS)
in microglia [11, 12], decreases the expression of
inflammatory cytokines, (IL-1p, IL-6, IL-8, MCP-
1, COX-2) [7, 11, 21], inhibits the expression of the
adhesion molecule (ICAM-1) [6] and the activity of
matrix metalloproteinase [21], resulting in a decrease
in leukocyte ‘recruitment’. The results of these
studies demonstrate the prospect of using the anti-
inflammatory properties of hypothermia in various
fields of medicine, including ophthalmology.

It is known that hypothermia of intraocular
structures can be achieved by controlling the
temperature of the irrigation fluid during vitreoretinal
surgery and is accompanied by important beneficial
effects. Thus, the results of local intraoperative
cooling of the eye in the experiment showed
the retinoprotective potential of hypothermia of
intraocular structures [1-4, 25, 30]. N.M. Jabbour
et al. [14] observed a decrease in intraoperative
hemorrhagic complications in the experiment when
using cooled irrigation solutions. M.R. Romano
et al.[26] physically and mathematically substan-
tiated the possibility of manipulating the rheo-
logical properties of substances used for vitreous
cavity tamponade during vitreoretinal surgery by
changing intraocular pressure and temperature. K.
Tamai et al. [29] in the experiment based on the
assessment of protein concentration in the aqueous
humor in anterior chamber showed that intraope-
rative cooling of the eye can be accompanied by
a decrease in postoperative inflammation. Thus,
taking into account the beneficial effects of intra-
operative hypothermia of intraocular tissues, in
particular the anti-inflammatory one [17, 29], there
is an interest in using this method for therapeutic
purposes in ocular inflammatory diseases. The
prospect of artificial local hypothermia of the eye to
affect the pathogenetic links in the development of
intraocular inflammation stipulates that of effective
and safe methods of controlled cooling of the
eye structures. In this case, the way of cooling the eye
through closed eyelids [18] is obviously the safest
and easiest to implement, but at present, the optimal
conditions for temperature reduction, the duration
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Ha TMATOrCHETHYHI JIAHKK PO3BUTKY BHYTPIIIHBO-
OYHOTO 3alaJICHHsS OOYMOBIIOE HEOOXiTHICTH PO3-
poOKM ehEeKTUBHUX Ta OE3MEYHHX METOJIB KepOBa-
HOTO OXOJIOMKEHHS CTPYKTYp oka. [Ipu mipomMy moisix
OXOJIOJDKEHHSI OKa 4epe3 3akpuTi mosiku [18], oue-
BHJIHO, € HAHOUIBIN OE3MTEIHINM Ta IIPOCTHM B pealli-
3almii, ajie Ha JaHWK 4Jac 3aJMIIalOThCS HEJO0CTaTHLO
BHBYCHHMHU ONTHMAaJbHI YMOBH 3HIDKEHHS TeMIIe-
parypy, TPUBAJIOCTI BIUIMBY HHU3BKHX TEMIIEpaTyp,
LIBUIKOCTI BiJirpiBy TKaHUH.

s oOrpyHTYBaHHSI BHUKOPUCTAHHS JIOKaTbHOI
rinoTepMmii 3 TEPareBTUYHOK METOK NpU yBeiTax
IUITXOM TPaHCHATBIICOPATEHOTO OXOJOMKCHHS OKa
Ha MepIIOMY eTarli B eKCIIEPUMEHTI JOLIBHO BU3HA-
YUTH 0COONMBOCTI 3MiH TEMIEPaTypH CTPYKTYP 3110-
POBOTO OKa K B IPOIIECI OXOJIOKEHHS, TaK 1 6e310-
CepeHbO ICIISl XOJIOAOBOTO BILIHBY.

Mera pobOTH — HOOCHIANTH AWHAMIKY TEMIIe-
paTypu TOBEpXHI OKa B IMPOEKIN NMUIiapHOTO Tija
B TpoIieci mTydHoro 30-XBUIMHHOTO TPaHCTIAIBITEO-
pPaNTbHOTO KOHTAaKTHOTO OXOJIOMKEHHS OuYei 310po-
BHUX KPOJIUKIB MIPH JIOKAJTHHOMY XOJOAOBOMY BILTUBI
3a 10°C.

Marepiajau Ta MeTOIH

Y poboti Oyno MNPOBENCHO OCIHIIHPKCHHS Ha
24 xponukax (48 oueil) Bikom 10 micauis, mopoau
Iwammna macoro 2,5-3 kr. JlocmipKeHHs TTpoBeIe-
HO Ha 0a3i BiBapiro Y «lHCTHTYT 04HUX XBOpOO i
TkaHuHHOI Tepamnii iM. B.I1. ®inatoBa HAMH VYkpai-
HI». 3a 2 TIOKHI TIepe]T TOYaTKOM eKCIIEPHUMEHTY Kpo-
JUKA YTPUMYBAJIWCS HA KapaHTHHI. TBapuHH YTpH-
MyBaJIHCSl Y CTaHAAPTHUX YMOBaX BIBapil0 Ta IIe-
peOyBanyu Ha CTaHAApPTHOMY palioHI XapuyBaHHS
Ta BOAHOMY pexumi. Temmeparypa npuMillieHHsI CTa-
HoBwia Bix 18 no 25°C.

[IpoBenenns mocmimkeHHs Oylio cxBalieHO Oio-
eTnuHUM KoMiTeToM JY «lHCTUTYT OYHHX XBOPOO
i TkanuHHOI Tepamii iM. B.JI. ®imarosa HAMH
VYkpainu. ExcriepuMeHT NpOoBOAWIM 3 BHUKOHAHHSIM
STHYHUX HOPM, TIepea0adeHnX MiKHAPOIHUME TIPHH-
nuramMu €Bporneichkoi kouBeHiii «IIpo 3axuct xpe-
OCTHHUX TBAapWH, SIKi BUKOPHUCTOBYIOTHCS JJIS €KCIIE-
PUMEHTAIBHUX Ta IHIMUX HayKoBHX Iiei» (Ctpac-
oypr, 1985), HOpM OiOMETMIHOI €THKH, CXBaJCHUX
[epmmm HanionansHuM KoHrpecoM YKpaiHu 3 0io-
etuku (2001) ta 3akonom Ykpainu Ne3447-1V «lIpo
3aXUCT TBApPHH BiJl )KOPCTOKOTO MOBOKeHH» (KuiB,
2006).

ITepen mouaTkoM OXOJOIPKEHHS BO BCIX BUMAJ-
Kax BUMIPIOBAJIM TIOYATKOBY TEMIIEPATypy MOBEPXHi
OKa B TPOEKIIl MIJIIApHOTO Tija 3a paHille OmHca-
HOIO MeTomukoro [3, 9]. s TepMomeTpii BUKOpHC-
TOBYBAJIM TEPMOENEKTPUYHUHA Tpuiax, po3podie-
Hud B lHcTHTYTI TepMoenekTpukun HAH i MOH
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of exposure to low temperatures, and the rate of
tissue warming remain insufficiently studied.

To substantiate the use of local hypothermia for
therapeutic purposes in uveitis by transpalpebral
cooling of the eye, it is advisable to determine
the peculiarities of changes in the temperature of
healthy eye structures both during cooling and
immediately after cold exposure at the first stage of
the experiment.

The research aim was to investigate the dynamics
of the ocular surface temperature in the ciliary body
projection under artificial 30-minute transpalpebral
contact cooling of the eyes of healthy rabbits during
local cold exposure at 10°C.

Materials and methods

The study was conducted in 24 Chinchilla rabbits
(48 eyes) of 10 months age, weighing 2.5-3 kg.
The study was performed on the basis of the vi-
varium of the State Institution ‘The Filatov Institute
of Eye Diseases and Tissue Therapy of the National
Academy of Medical Sciences of Ukraine’. The rabbits
were quarantined 2 weeks before the experiment.
The animals were housed under standard vivarium
conditions and were fed and watered conventi-
onally. The room temperature ranged from 18 to
25°C.

The study was approved by the Bioethics Com-
mittee of State Institution ‘The Filatov Institute of
Eye Diseases and Tissue Therapy of the National Aca-
demy of Medical Sciences of Ukraine’. The experi-
ment was performed in compliance with the ethical
standards stipulated by the international principles
of the European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasbourg, 1985), the
norms of biomedical ethics approved by the First
National Congress of Ukraine on Bioethics (2001)
and the Law of Ukraine N3447-IV ‘On Protection
of Animals Against Cruel Treatment’ (Kyiv, 2006).

Prior to cooling, in all cases, the initial tempe-
rature of the eye surface in the ciliary body projection
was measured according to the previously described
method [3, 9]. There was used for thermometry
a thermoelectric device developed within the
framework of the partnership agreement between the
Institute of Thermoelectricity of the National Aca-
demy of Sciences of Ukraine and the Ministry
of Education and Science of Ukraine and Filatov
Institute of Eye Diseases and Tissue Therapy of
the National Academy of Medical Sciences of
Ukraine. The device consists of a microprocessor-
based temperature recording module and thermo-
couple measuring microprobes placed in a 0.7 mm
polytetrafluoroethylene cannula body (Fig. 1). The
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VkpaiHu B pamKax [IOTOBOPY MpO CIIiBOpAaIio 3
Y «IHCTUTYT OYHHMX XBOpPOO 1 TKaHMHHOI Tepamii
iM. B.I1. @inatroBa HAMH Vkpainwy». [punaz cxia-
JAETBCS 3 MIKPOIPOIIECOPHOTO MOIYIS peecTpa-
mii TeMIeparypu Ta TEPMOTAPHUX BUMIPIOBAIEHUX
MIKPO30H/IIB, PO3MIMIEHUX y KOPITyCl KaHIOII 3 TI0-
miterpadTopeTmwieny miamerpoMm 0,7 mm (puc. 1).
[Ipunam nmns TepMoMeTpii O3BOJIIE TPOBOIUTH
BHMIpPIOBaHHS B Jiama3zoHi Temrieparyp Big —10 mo
160°C 3 moxubkoro BumiptoBanHus £ 0,08°C.

VY Bcix TBapuH uepe3 15 XB micas emiOyib-
OapHOi aHecTe3ii PO3YMHOM MpPOKCIMETaKaiHy Tif-
poxnopuny 0,5%-M BuMipioBaiH TeMIeparypy IO-
BEpXHI 000X oO4yel HUBIXOM Oe3MoCepeJHHOr0 KOH-
TaKTy HAaKOHEYHHKa BUMIPIOBAJIBLHOTO 30HAA 3 KO-
H’ IOHKTHBOIO B TEMIIOPAJILHOMY 1 HA3aJIbHOMY CEK-
TOpax B MPOEKIIiT IITOCKOI YaCTHHH ITHIIapPHOTO Tijia
Ha BiactaHi 2-3 MM Big jim0Oa (puc. 1). Temmepa-
Typy pEECTpyBaIM B pPEXKHUMI pEaJbHOTO dYacy
gepe3 KokHI 4 C. Y KOKHOMY CEKTOpi BUKOHYBaJH
HE MCHIIIE TPhOX BUMIpIB.

[ KOHTPOJIBOBAHOTO JIOKAJILHOTO KOHTaKTHO-
TO BiJIBEJICHHS TeIUIa Biff TKAaHWH OKa B [HCTUTYTI
tepmoenektpukn HAH ta MOH Vipainu cninbHO
3 Y «lHCTHTYT OYHMX XBOpOO Ta TKAHMHHOI Tepa-
mii iMm. B.I1. ®inaroBa HAMH Vkpainu» B paMkax
JIOTOBOPY TIPO CIIBPOOITHUIITBO OYyJIO PO3pOOICHO
TEPMOENEKTPUYHNAN TPHUIaa TSl OXOJOMKEHHS OKa
Yy BUIVISIAI MOHOKYJISIpHOT OB’ s13KH (puc. 2) [1].

Ilpunag nns OXONMOMKEHHS OKa CKIIAJA€ThCs
3 JIBOX OCHOBHHMX (YHKI[IOHAJIBHHX BY3JIB: OXO-
JOPKYBAJIBHOT TUTACTUHH Ta TEPMOEJIEKTPHYHOTO
CJIEKTPOHHOTO OJIOKa OXOJIOJDKEHHS, OJOKa IKHB-

thermometry device allows measurements within
the temperature range from —10 to 160°C with
a measurement error of + 0.08°C.

In all animals, the surface temperature of both
eyes was measured 15 minutes after epibulbar
anesthesia with proxymethacaine hydrochloride
0.5% by direct contact of the tip of the measuring
probe with the conjunctiva in the temporal and
nasal sectors in the projection of the flat part of the
ciliary body at a distance of 2-3 mm from the limbus
(Fig. 1). The temperature was recorded in real
time every 4 s. At least three measurements were
taken in each sector.

For controlled local contact heat removal from
the eye tissues, there was developed a thermo-
electric device for cooling the eye in a monocular
patch within the framework of the partnership ag-
reement between the Institute of Thermoelectricity
of the National Academy of Sciences of Ukraine
and the Ministry of Education and Science of
Ukraine and Filatov Institute of Eye Diseases and
Tissue Therapy of the National Academy of Me-
dical Sciences of Ukraine (Fig. 2) [1].

The eye cooling device consists of two main
functional units: a cooling plate and a thermoelectric
electronic cooling unit, a power supply unit and
a control unit based on a programmable thermostat
of the RE-202 type (temperature controller). The
cooling plate is a liquid heat exchanger made of
highly thermally conductive copper. The thermo-
electric cooling unit contains a Peltier thermoelectric
module, liquid heat exchangers and a circulation
pump. The Peltier thermoelectric module is used

Puc. 1. TepmoenekTpuyHuii npunag Anst TEPMOMETpii oka: A — 30BHIWHIN BUIMSA MIKpONPOLECOPHOro Moaynsi
peectpauii Temnepatypu; B — TepmonapHuin BuMIipto-BanbHUin 30HA; C — po3TallyBaHHS BUMIpIOBarbHOMoO
30HAa B Npoueci peecTpauii TemMnepatypu B NPOEKLii LuniapHOro Tina (30Ha KOHTaKTy HaKOHEYHWKa BUMIPIOBanbHOIO
30HAa 3 NOBEPXHEID OKa BKA3aHO CTPINKOH).

Fig. 1. Thermoelectric device for eye thermometry: A — appearance of the microprocessor-based temperature
recording module; B — thermocouple measuring probe; C — location of the measuring probe during temperature re-
cording in the ciliary body projection (the area of contact of the measuring probe tip with the ocular surface is indicated
by the arrow).
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Puc. 2. 30BHIWHIA BUMSAL TePMOENEKTPUYHOro npunagy And KOHTAKTHOIO OXOMOMXEHHSI OKa: 3MniBa — OXOMNOAXY-
BasibHa MracTuHa, cnpaBa — TEPMOENEKTPUYHNIA €NEKTPOHHMI BIIOK OXONOMXKEHHS, KEPYBAHHS Ta XKMUBMNEHHS.

Fig. 2. Exterior view of thermoelectric device for contact cooling of eye:

electronic cooling, control and power supply unit.

JeHHs Ta OJ0Ka KepyBaHHS Ha OCHOBI mporpa-
MoOBaHOTO TepMmoperymaropa Tumy RE-202 (Buwmi-
proBad-perynsaTop temmneparypH). OXonomKyBaibHa
IUIACTHHA € PIAMHHUM TEIUIOOOMIHHMKOM, BHTOTOB-
JICHUM 3 BHCOKOTEIUIONPOBITHOTO Marepiary —
Migi. TepMoenaeKTpuyHHA OJO0K OXOJIOKEHHS Mic-
THTHh TEPMOEJICKTPUIHUNA MOIYNb IlensThe, pimuHHI
TEIUIOOOMIHHUKHA Ta MHPKYIAMiHHENA Hacoc. Tep-
MOENEKTPUYHUI Moaynb llenbThe mNpU3HAUCHUI
JUIL OXOJIOIKEHHS a0 HarpiBaHHA LHMPKYIIOI0YO01
Yy 30BHIIIHBOMY KOHTYpl piguHu. OXONOIKEHHS
raps4oi CTOPOHM LBOTO TEPMOEJEKTPUYHOTO MO-
Iynsl 3AIMCHIOETBCS BHYTPIIIHIM PIAMHHUM KOH-
TYypoM, IO MiAKIIOYAETHCS O BOAONPOBIOHOI Me-
pexi. Lupkynsauiiinuii Hacoc 3abe3mnedye LUPKY-
JUILI0  PIAMHHOTO TEIUIOHOCISA Y  30BHIIIHBOMY
KOHTypi. IIporpaMHO MiATPUMYETHCS CTAIUH TEM-
MEepaTypHU PEKUM, sKHi OOMpPalOTh Ha MaHEeNl
MpUIay.

Y HamoMmy eKCriepUMEHTI OXOJIOKYBaJIbHY IlTac-
THHY (IKCyBalM y CTaJIoOMy IIOJIOKEHHI IOBEpPX
3aKpUTUX TIOBIK KpOJHMKa 0€3 3HAaYHOTO THUCKY
(puc. 3). Temmeparypy OXONOAKYBajbHOI IJIaCTH-
HU BcraHoBmroBanu Ha piBHI 10°C. TpuBamicTs
BigBenenusa temia cxiamana 30 xB. Koxni 10 xB
peecTpyBanM JIOKaJbHY TeMIeparypy O4YHOro sio-
JyKa B TPOEKLii LUIIApHOTO Tijla 32 OMHCAHOIO
BUIIE METOAWKOI. JIIS 1BOTO OXOJOMKYBAILHY
TUTACTHHY 3HIMAllM, PO3KPHBAIM TOBIKA TBapHHHU,
BHMIPIOBAJIM TEMIIEpaTypy Ha ITOBEPXHI OKa, MOTIM
IUIACTHHY 3HOB (hiKCYBaJIH IMOBEPX 3aKPUTHX IOBIK.

[Micnss TpUNMHEHHST OXOJIO/PKEHHST  OXOJOMXKY-
BaJBbHY IUIACTHHY 3HIMaIM 1 TPOJOBKYBAIU BH-
MIpIOBaTH JIOKaJbHY TeMIleparypy oka koxHi 10 xB

npo6nemu Kpiobionorii i KpiomeanUMHN
problems of cryobiology and cryomedicine

Tom/volume 34, N%/issue 3, 2024

left — cooling plate, right — thermoelectric

for cooling or heating the liquid circulating in
the external circuit. The hot side of this thermo-
electric module is cooled by an internal liquid
circuit connected to the water supply network. The
circulation pump circulates the liquid coolant in the
external circuit. The program maintains a constant
temperature, which can be selected on the control
panel.

In our experiment, the cooling plate was fixed
in a constant position over the rabbit’s closed

?
Puc. 3. TpaHcnanbnebpanbHe WTYy4YHE KOHTAKTHEe OXOMoA-
XEHHS oKa B ekcriepumeHTi. OXonomxyBarnbHa nnacTvHa
TEepMOEeneKTPMYHOro Npunagy posTalloBaHa Ha 3aKpUTUX
NoBiKax oKa Kposmka.

Fig. 3. Transpalpebral artificial contact cooling of eye in the
experiment. The cooling plate of the thermoelectric device
is located over the closed eyelids of rabbit eye.
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nporsirom 40 xB. OKo KposMka Ha AaHOMY eTari
Oyno BigkputuM. JlJis BUSBICHHS MOXIUBUX TIO-
O0iuHuX e(eKTiB OXOJIOJDKEHHS Ta 3aCTOCOBAHMX
MIPUITAIIB B KiHIN JOCIiIKEHHS 3MIHCHIOBATN OTJIS
MIePEIHBOTO BIIUTY OKa Ta 3aTHBOTO TIOIIOCY 3 BHU-
KOPHUCTAaHHSM TOBIKOpO3ImHuproBada. KoHTponpHUi
OTJISiZ] BUKOHYBAJIM TaKOX HACTYITHOTO JHS.

ExcriepuMeHT MpoOBOAMIM B MPHUMIIICHHI 31 CTa-
OTPHUMH TIOKa3HWKaMH HAaBKOJIMIIHBOTO  Cepe-
JIOBHIIA, KOHTPOJIEM TEMIIEPATyPH MOBITPS B MIPHMi-
menHi (Big 18 go 25°C), miaTpuMaHHAM YMOB
3 MiHIMaJbHOI HIBUJAKICTIO pyxy mnoBitps. [lepen
MPOBEACHHSM JOCTIDKCHHS TBapUHU TPOXOIUIN
15-XBUIMHHY aJanTaIiio 10 TeMIICPaTyph HpHUMi-
LICHHSI.

CTaTUCTUYHHN aHaIi3 OTPUMAaHUX JaHHUX IMPOBE-
JIEHO 3 BHUKOPWCTAaHHAM Tporpamm «Statistica 8.0»
(StatSoft, CIIIA). Jlns OIiHKM KiTBKICHHX ITOKa3-
HUKIB pO3paxoByBalid cepemHi 3HadeHHa (M) Ta
craagaptae BiaxwieHHs (SD). Tect Illamipo-Bin-
Ka OyJI0 BUKOPHUCTAHO IS TICPEBIPKH HA HOPMAJIh-
HICTb pO3MOAUTY KUIBKICHUX IIOKa3HMKIB. Bin-
MIHHOCTI TIOKa3HUKIB TeMIlepaTypd MOBEPXHI OKa
B TIpOLIECi OXOJNOMKEHHS Ta BiJHOBJICHHS TeMIIe-
paryp TOpPIBHSHO 3 IMOYaTKOBHMH JaHWMHU OIIiHIO-
BaJM 3 BUKOPUCTAHHSM TapHOTo t-Kputepito CThbio-
JeHTa. BinMmiHHICTE TOPIBHIOBaHMX CepenHiX 3Ha-
YeHb BBaYKAIM 3HATyImmM 1ipu p < 0,05.

Pe3yabTaTi Ta 06roBOopeHHs

TeMrieparypa HaBKOIWIIHBOTO CEpPENOBHUINA IIif
gac TOCHIIDKEHHS B cepenabroMy ckinana 23,1°C, (SD =
0,7), a Temrieparypa Tina €KIIEpUMEHTAIHLHUX TBa-
pua — 38,2°C (SD = 0,7). [TouaTkoBa Temmneparypa
MOBEPXHI OKa KPOJMKa B MPOEKILI] HUITIapHOTO Tina
B cepenaboMy cknana 34,2°C (SD = 0,43).

BciM pochimkyBaHuM TBapuHaM BIAJIOCh BCTa-
HOBHTH OXOJIOKYBAJIbHY IUIACTHHY Ha 3aKPUTE OKO.
[Ipotsarom po0OOTH TEPMOETNEKTPHUYHOTO MpHUIIaLy
JUTS OXOJIOMKEHHSI OKa MICISI 3HIDKEHHS TeMITepary-
pU OXOJOKYBAJIBHOI TUIACTHHHA 1O BCTAHOBIEHUX
TeMrepatypaux 3HadeHb (10°C) Oy0 OXOJIOMKEHO
04l BCIX EKCIICPUMEHTAIBHUX TBApHH. Y HAIIOMY
JOCITIDKEHH]  VIIKOKEHb 30BHINIHBOI TIOBEPXHI
POTIBKM Ta IHIIMX CTPYKTYpP OKa TBApWH ITICIA
MPOBEJCHHS MPOLEIYPH OXOJOMKCHHS BHSBICHO
He Oyo.

Ha 10-# XBuiMHI OXOIOMKEHHS TeMIlepaTypa
MOBEPXHI OKa B MPOEKLii IMUIIapHOTO Tijla 3HU3M-
mace 10 29,6°C (SD = 0,74) npu minimymi 27,9°C
Tta MakcumyMi 30,9°C. 3HmKeHHS TeMmIreparypu Ha
4,6°C Oymo CTaTHCTUYHO 3HAUYYIIC Y TOPIBHIHHI
3 MOKa3HUKaMH Tiepen mporeaypoio (p < 0,01).

Ha 20-if xBuamHI Temmeparypa IPOIOBXKHMIA
3HIKYBaTUCh 1 ckiana 29,4°C (SD = 0,72) mpu

218

eyelids without significant pressure (Fig. 3). The
temperature of the cooling plate was set at 10°C.
The duration of heat removal was 30 min. The
local temperature of the eyeball in the ciliary body
projection was recorded according to the described
above method every 10 minutes. To do this, the
cooling plate was removed, the eyelids of the animal
were opened, the ocular surface temperature was
measured, and then the plate was fixed again over
the closed eyelids.

When cooling was stopped, the cooling plate
was removed and the eye local temperature was
measured every 10 min for 40 min. The rabbit’s
eye was open at this stage. To detect possible side
effects of cooling and the devices used, at the end
of the study, the anterior part of the eye and the
posterior pole were examined using an eyelid dilator.
A control examination was also performed the next
day.

The experiment was carried out in a room
with stable environmental parameters, with the
control of room air temperature (from 18 to 25°C),
and maintenance of conditions with minimal air
movement speed. Before the study, the animals
underwent a 15-min adaptation to room tempe-
rature.

Statistical analysis of the obtained data was
performed using Statistica 8.0 (StatSoft, USA).
To assess quantitative indices, mean values (M)
and standard deviation (SD) were calculated. The
Shapiro-Wilk test was used to verify the normality
of distribution of quantitative indices. Differences
of indices in ocular surface temperature during
cooling and temperature recovery compared to the
initial data were evaluated using paired Student’s
t-test. The difference of the compared mean values
was considered significant at p < 0.05.

Results and discussion

The ambient temperature during the study
averaged 23.1°C (SD =0.7), and the body temperature
of the experimental animals made 38.2°C (SD =0.7).
The initial temperature of the rabbit ocular surface
in the ciliary body projection averaged 34.2°C
(SD =0.43).

The cooling plate could be placed over the closed
eye in all animals. During cooling the eye with
thermoelectric device, after temperature reduction
of the cooling plate to the set temperature values
(10°C), the eyes of all experimental animals were
cooled. In our study, no damage to the outer surface
of the cornea and other structures of the animal
eye was detected after the cooling.

At the minute 10 of cooling, the ocular sur-
face temperature in the ciliary body projection re-
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MmiHiMymi 28,1°C ta makcumymi 30,5°C. 3HmxeH-
HSl TEMIIEpaTypy MOBEPXHI OKa 3ajHIIaoCh 3HAYy-
mmM (p < 0,01) MOpiBHAHO 3 MOYATKOBOIO TEMIIE-
paTyporo, aje 3Hadylle HE BiAPI3HAIOCH Bix TIO-
ka3HuKiB Ha 10-i xBruHI oxonomkeHHs (p = 0,13).

Ha 30-#fi xBWIHMHI OXOJOKCHHS TEMIIepaTypa
MTOBEPXHI OKa B TMPOEKIIi ITHITAPHOTO Tijla JOmar-
koBo 3uM3mIack Ha 0,5°C (p < 0,01) 1 ckmana 28,9°C
(SD = 0,48) mpu mirimymi 28,1°C Ta MakcumMymi
29,9°C. 3aranbHe 3HIKEHHA Temieparypu Ha 5,3°C
Oyno 3HauymuM (p < 0,01) y mopiBHSHHI 3 Mmoyar-
KOBOIO TEMIIEPaTypoIo.

UYepes 30 XB OXONOMKEHHS OKa Oya0 MpUIIHHE-
HO, OXOJIOJKYBaJbHY IUIACTUHY 3HATO, 1 TOYaBCA
npoliec BiAHOBICHHS TeMIleparypH oka. IIpu npomy
npotsaroM reprmmx 10 XB MICHSI IPUITMHEHHAS BiTBE-
JeHHS Tella TeMIleparypa MOBEpXHI OKa 3HadyIle
I IBUIIAJIACH TIOPIBHAHO 3 TONEPEIHIM 3HAYCHHSIM
Ha 3,9°C (SD = 1,26; p < 0,01), xo4a mie He mocsria
rogatkoBoro piBHs Ha 1,4°C (p < 0,01).

Ha 20-#i XxBwiInHI ITiCIIA TPUITMHCHHS OXOJIOI-
KEHHS TeMIlepaTypa MOBEPXHi OKa IIe 3HadyIIe ITi/-
Hstack Ha 0,7°C i cknama 33,5°C (SD = 1,04; p <
0,01), mpu bOMY MOYATKOBUI PiBEHb TEMIIEPATypH
He Oyno mocsirHyTo Ta 30epiranace pizHuug B 0,7°C
(»<0,01).

Ha 30-if xBuinHI micias MpUITUHEHHS XOJIOA0BO-
TO BIUIMBY ITiJIBUIIICHHS TEMIEPaTypy MOBEPXHI OKa
MPUITMHUIOCH 1 BiIOYJI0Ch He3Hauylle il 3HUKEHHS
1o 33,3°C (SD =1,09; p =0,2).

Ha 40-#i xBunmHI Temreparypa 3HOB ITiBUIITH-
nack Ha 0,1°C, ane meznaaymie no 33,4°C (SD =0,9;
p = 0,50). IIpu mmpomy 30epiraiach 3HadyIIa pi3HU-
IS 3 MOYaTKOBOIO TEMIIEPATYPOIO JO OXOJIOIKECHHS
0,8°C (p <0,01).

JluHaMmiKy TeMIlepaTypy MOBEpPXHI OKa KpPOJIMKa
B IPOEKLIT UIIiapHOTo TijNa BigoOpaskeHo Ha puc. 4.

JlokanpHa WTYy4YHa TiNOTEpMis OKa Ha BigMIHY
BiJl 3arajbHOI TilOTEpMii OpraHisMy HE IpPH3BO-
IUTH O PO3BUTKY BaKKHUX YCKJIaIHEHb 3 OOKYy BHY-
TPIIIHIX OpPraHiB 1 JOBOJI MPOCTO MOXe OyTH J10-
CATHYTa PI3HUMH TNUISIXaMH, TOMY ii BUKOPHCTAHHS
€ TIEPCIIEKTHBHUM. Tak, y mporieci mpoBeACHHS BiT-
PEOPETHHANILHOTO XIpypriYHOTO BTPYYaHHS 3a pa-
XYHOK KEPYBaHHS TEMIIEPaTypoOIO ipuTaIliftHoi piTu-
HU, SKa HAJIXOJUTh B OKO, MOXKHA 3HH3UTH TEMIICpa-
TYpy BMICTY BiTpeaJbHOI MOPOKHUHU JI0 I1IHOBOTO
piBHS Ta 3a0€3MEUUTH OXOJIOJPKEHHS BHYTPIIIHBO-
OYHUX CTPYKTYp [2, 27]. BHyTpimiHBOOYHI CTpYK-
TypH MOXHa OXOJIOIKYBaTu uepe3 3aKpHUTi MOBIKH,
YHHKaloud Oe3MocepeqHbOro KOHTAKTy 3 MOBEPX-
HEI0 OKa, IO IMABHIIYE OS3MEeKy peai3allii JIOKab-
HOI TimoTepmii, HalpHUKIIAMl, Y XBOPHX HA YBEITH 3
MPOTH3AMAIIFHOI0 METOI0, a TaKOXK Y XBOPHX MiCIs
MIEPEHECEHNX O(TATBLMOJIOTIYHNX XIPYPTidHUX BTPY-
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duced down to 29.6°C (SD = 0.74) with a minimum
of 27.9°C and a maximum of 30.9°C. The tem-
perature decrease by 4.6°C was significant compared
to the pre-procedure values (p < 0.01).

After 20 minutes, the temperature continued
to decrease and made 29.4°C (SD = 0.72) with a
minimum of 28.1°C and a maximum of 30.5°C. The
reduction of ocular surface temperature remained
significant (p < 0.01) compared to the initial tem-
perature, but did not differ significantly from the
values at the 10th minute of cooling (p = 0.13).

At the 30th minute of cooling, the ocular surface
temperature in the ciliary body projection addi-
tionally decreased by 0.5°C (p < 0.01) and was
28.9°C (SD = 0.48) with a minimum of 28.1°C
and a maximum of 29.9°C. The general reduction
of temperature by 5.3°C was significant (p < 0.01)
compared to the initial one.

After 30 minutes, the cooling of the eye was
stopped, the cooling plate was removed, and recovery
of the eye temperature began. During the first
10 minutes after the cessation of heat removal,
the ocular surface temperature significantly increased
by 3.9°C (SD = 1.26; p < 0.01) compared to the
previous value, although it did not yet achieve
the initial level by 1.4°C (p < 0.01).

At minute 20 after the cessation of cooling, the
ocular surface temperature increased significantly
by 0.7°C and made 33.5°C (SD = 1.04; p < 0.01),

T T 1

A B
36
* * * *
35 E=
($) L
O
8 g
=2
8 ®© 32
[0
O 5 31 ==
S e
o 30 — —
© =
29
DD o Median
28 = = [ 25%-75%
* * * I Non-Outlier Range
27

0 10 20 30 10 20 30 40

Ekcnosuuisa, xs
Exposure, min

Puc. 4. [luHamika TemnepaTypu noBepxHi oka B ekcrepu-
MeHTI. A — eTan oxonog)xeHHs oka; B — etan BigHoOBMNEH-
HA TemnepaTtypu. * — CTaTUCTUYHO 3HAYyLLE 3HVDKEHHS
TemnepaTtypu NOBEPXHi OKa Y MOPIBHSIHHI 3 MO4aTKOBOIO
Temnepartypoto (p < 0,01). BepTukanbHoo niHielo nosHa-
YEeHO TOYKY MPUMUHEHHSI eTany OXONMOMKEHHs Ta MnoyaTok
eTany BigHOBMNeHHs enibynbGapHoi TemnepaTtypu.

Fig. 4. Dynamics of the ocular surface temperature in
the experiment. A — stage of eye cooling; B — stage of
temperature recovery. * — statistically significant decrease
in the ocular surface temperature compared to the initial
temperature (p < 0.01). The vertical line marks the point
of cooling termination and the beginning of epibulbar
temperature recovery.
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YaHb 3 METOIO 3HIKECHHS PU3UKIB PO3BUTKY B HicCIs-
ornepaniiiHoMy mepioni 3amajeHHs 1 reMoparidyHux
YCKJIaHEHB.

st BuOOpy c1moco0y OXONOMKEHHS MU 3BEPHYIIH
yBary Ha poboty J.M. Katsimpris ta cmiBabT. [18],
B SKIH IPOAEMOHCTPOBAHO C(HEKTUBHICTh 3HUKCH-
HA TEMIIEpaTypH BHYTPIITHHOOYHUX CTPYKTYp Oe3
0e31mocepeTHHOT0 KOHTAKTy 3 POriBKOI0. B ekcriepu-
MEHTI OyJI0 TOCIIKEHO BIUIUB JIOKAJTLHOTO KOHTAKT-
HOTO OXOJIOJDKEHHS OKa Ha AWHAMIKY TeMIeparypH
B MepeHii KaMmepi Ta ckiononionomy Timi. Jlokans-
HE OXOJIOJPKEHHA o4el KposukiB mpotsrom 10 xB
3 temnepaTtyporo —20°C mpoBogwiIn B ABOX Ipymax:
B ONHIA uepe3 3aKpHUTi MOBiKW, B ApYrii — 0Oe3-
nocepeqHpo yepe3 poriBky. CepenHe 3HUKEHHS
TeMIIepaTypHy BITHOCHO TeMIIepaTypH Tila y Iepen-
Hi KaMepi Ta BiTpealbHId MOPOKHUHI OKa y TPyTi
3 OXOJIOIDKEHHSIM depe3 TmoBiku ckmano 10 Ta 4,2°C
BIJIMTOBIZTHO, a Y TPYTIi 3 OXOJIOKCHHSIM Oe31mocepe]I-
HbO poriBku — 20 i1 8,5°C BimmoBigHO. Pe3ynsraTtu
JOCTIPKEHHS TTOKa3ajiH, IO 3aCTOCYBAaHHS JIOKaJb-
HOTO OXOJIOJKCHHS, HaBiTh 0e3 0e3IocepeIHboro
KOHTaKTy 3 PpOTiBKOIO, MOXE ICTOTHO 3HWKYBaTH
TEMIIEPaTypy B NEpEHil Kamepi OKa Ta CepeaHii
YaCcTUHI CKJIONOAIOHOTO TiNa y KPOJIMKIB. ABTOpH
MPOMNOHYIOTh BUKOPHUCTOBYBaTW LIEH METON OXO-
JIOMKEHHST OKa Jyisi OOpOTHOM 3 BHYTPIIIHBOOYHHUM
3amaseHHsM. Hammi manHi B TeBHIM Mipi CIIBBiIHO-
CATHCSA 3 pe3yibTaTraMu Ii€i podoTH, X094 MH 1 HE
MIPOBOIIIA BUMIPIOBAHHS TEMIIEPATypH 1HTPAOKY-
nsspHO. Ilicist BUKOpUCTAHHS B HAMIOMY JIOCIIKCH-
Hi TPaHCIAJIBIICOPAIIEHOTO MMIXOMAY Ta IMO3UTHUBHOI
TeMIepaTypu oxonomkyBaiapbHoi 1wractuan (10°C)
Ha 10-fi XBWIMHI OXOJIOIKCHHS OYJIO JOCATHYTO
3HMW)KEHHsI TeMIepaTypH 30BHIIIHBOI MOBEPXHi OKa
eKCTIEpUMEHTAJIbHUX TBapWUH B MPOEKIii 100pe Ba-
CKYJISIpU30BaHOTO IEUTiapHOTO Tina 3 34,2 no 29,6°C,
a Ha 30-i xBumHI — 1o 28,9°C. Ha namy nymky,
el eeKT NOBUHEH TAaKOX CYINPOBOIKYBaTUCH 3HU-
KCHHAM TEMIIepaTypyd BOJIOTH TIEPEIHbOI Kamepu
OKa, aJic MCHIIIOI0 MipOI0, Hi’K B IMONIEPETHIX TOCTi-
KCHHAX 13 BUKOPHUCTAHHSAM IJIsi OXOJO/DKEHHS He-
TaTUBHUX TEMIEPaTyp.

YV HamoMy I0CHipKeHHI poTsaroM nepmux 10 XB
OXOJIOIDKEHHS CTPYKTYp NEPEeTHBOTO BIIIUTY OKa
BiIOYBAJIOCh HAWOUTBIN INBHIKO. 3HIKCHHS TEM-
neparypu MoBepxHi oka ckiano 4,6°C mopiBHAHO
3 BUXiIHUMH 3HaueHHAMH. Hactynni 20 XB Takox
CTHIOCTEPIraioch 3HIKEHHS TEMIEpaTypu IOBEpX-
Hi OKa, ajie MIBUIKICTh OXOJOMXEHHS 3MEHIIUIIACD.
Tak, pi3HULS MK TEMIIEpaTypol0 MOBEPXHI OKa Ha
10- ta 30-it xBumuHiI cxnama 0,7°C (p < 0,01). Ta-
KUM YHHOM, ITiJ{ 9ac IITYYHOTO KOHTakTHOTO 30-
XBWJIMHHOTO OXOJIOJPKEHHSI OKa dYepe3 3aKpHTi Io-
BIKM Ta TPU MOCTIHHIN TeMIeparypi MOBEPXHI 0XO-

220

while the initial temperature level was not reached
and the difference remained at 0.7°C (p < 0.01).

At the 30" minute after the cold exposure ces-
sation, the increase in the ocular surface temperature
stopped and there was a slight decrease down to
33.3°C(SD =1.09; p=0.2).

At the 40th minute, the temperature increased
again by 0.1°C, but insignificantly to 33.4°C (SD =
0.9; p = 0.50). At the same time, there was a strong
difference with the initial temperature before cooling
0f 0.8°C (p < 0.01).

The dynamics of the ocular surface temperature
of the rabbit in the ciliary body projection is shown
in Fig. 4.

Local artificial hypothermia of the eye, unlike
general hypothermia of the body, does not lead
to the development of severe complications of
internal organs and can be achieved quite easily in
different ways, so its use is promising. For example,
during vitreoretinal surgery, due to controlling the
temperature of the irrigation fluid entering the eye,
it is possible to reduce the temperature of the vit-
reous cavity to the target level and provide cooling
of intraocular structures [2, 27]. Intraocular struc-
tures can be cooled through closed eyelids, avoi-
ding direct contact with the surface of the eye,
which increases the safety of local hypothermia,
for example, in patients with uveitis for anti-
inflammatory purposes, as well as in patients after
ophthalmic surgery to reduce the risk of inflam-
mation and hemorrhagic complications in the pos-
toperative period.

To choose a cooling method, we have paid an
attention to the paper of J.M. Katsimpris et al. [18],
which demonstrated the effectiveness of tempe-
rature reduction of intraocular structures without
direct contact with the cornea. The experiment
investigated the effect of local contact cooling
of the eye on the temperature dynamics in the an-
terior chamber and vitreous body. The local
cooling of the rabbit eyes for 10 minutes at —20°C
was performed in two groups: in one group it
was performed through the closed eyelids and
in the other group — directly through the cornea.
The average temperature decrease relative to body
temperature in the anterior chamber and vitreous
cavity of the eye in the group with cooling through
the eyelids was 10 and 4.2°C, respectively, and
in the group with cooling directly through the cornea
it was 20 and 8.5°C, respectively. The results of
the study showed that the use of local cooling,
even without direct contact with the cornea, can
significantly reduce the temperature in the anterior
chamber of the eye and the middle part of the
vitreous body in rabbits. The authors propose to
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no/pkyBaibHOT TwiactTuau B 10°C Oyno JOCATHYTO
3HIDKCHHS TeMIIeparypu CTPYKTYp MEPEIHBOTO Bij-
iy oka moHaa 5°C, He3BaKaroyW Ha KOMIICHCYFO-
YU BIUIMB KPOBOOOIry B IOBIKaX Ta MHJIIaPHOMY
T1JTI HA TETUTOBI TIPOIIECH B TIOBEPXHEBUX CTPYKTYpax
oka. Ci1iJi 3a3Ha4UTH, 110 MBUIKICTh 3HUKEHHS TEM-
neparypu TOBEPXHEBUX CTPYKTyp oka Oyla Hepis-
HOMIPHOIO, a caMme: HalOupIoro — B meprmi 10 XB
XOJIOJJOBOTO BIUIMBY 3 ii MOCTYHNOBUM 3HUKEHHSIM
y HactynHi 20 xB. JlaHi cnocTepe:keHHS CBiT4aTh
PO 3aJICKHICTh MIXK EKCIIO3UIIEI0 OXOJIOMKCHHS
Ta TTUOWHOIO TIMOTEpMii CTPYKTYp MEPEAHBOTO Bij-
Iy OKa.

Binomo, 1110 KOTMBaHHS TEMIIEPATYPH B TYKE BY3b-
KOMY JIialla30Hi MOXKe 3a0e3MEUNTH TepareBTHY-
Hy AiI0 TimoTepMii, ajie i MpU3BECTH A0 YIITKOMKEH-
HA TKaHWH BHACHIIOK Timeprepmii. Tak, mis oTpu-
MaHHS HEHPONPOTEKTOPHOro e¢eKTy TrimoTepmii
JOCTaTHBO JOCATTH 3HIDKEHHS TEeMIlepaTypu Tijia
mume Ha 1-2°C. 30kpeMa, y mopociux 0Oe3 CBi-
JIOMOCTI, SIKI TEPeKIIN TO3aJiKapHIHY 3YIHHKY
Ceplsi, 3HWKCHHS TeMIepaTypu Tiia Juiie Ha 1—
2°C (uinpoBa Temmeparypa Tina 36°C) Oyno Tak
camo e()eKTUBHO 3 TOYKU 30py HEBPOJOTIYHUX HAC-
JAKIB 1 CMEPTHOCTI MOPIBHSHO 3 TPaIuLiiHOIO
«M’SIKOIO» TINOTEPMI€r0, SKa TIONSITAaE B 3HUKCH-
Hi Temneparypu Tina go 32-34 °C [22]. HaBnakwy,
i IBUIIIEHHS TeMIieparypu Tiia Ha 1°C y moCTTinok-
CUYHUM IMEeMIYHMA TIepion Yy HOBOHAPOMKESHUX
TIOB’S13aHE 13 PU3MKOM BUHUKHCHHSI HEBPOJIOTIYHHX
ycknangaens [19]. Otxe, BHKOPUCTaHHS IS OXO-
JOJDKEHHSI CTPYKTYp TMEpeqHbOi KaMepHh OKa HH3b-
KHX TO3UTHBHHUX TEMIIEparyp IpH TpaHCHAIbIeo-
pPaNBHOMY MIiAXOMi BUDNISJAE IIJIKOM BHIIPABIAHO.
3anpornoHoBaHUl HAMU PEKUM OXOJIOJKCHHS 3 BH-
KOPUCTAHHSM TPaHCHAJBIEOPATBHOTO MiAXOMY J03-
BOJIUB JIOCSTTH 3HIDKCHHS TEMIIEPATypPH IMOBEPXHE-
BHX CTPYKTYp OKa, sIKE IMOTEHIIHO € OCTATHIM IS
3a0e3MeUYeHHS TePaeBTUIHOTO €(EeKTy rimoTepMii.

Ilicns mpunWHEHHS OXOJOMKCHHS BigOyBaIOCH
IIBUIKE BiTHOBJICHHS TEMITEpaTypH ITOBEPXHI OKa.
Crnig 3a3HauWTH, 100 HAKOIIBIITY IIBHIAKICTH BiJli-
IPiBy IOBEPXHEBUX CTPYKTYp OKa (piKCyBajM Ipo-
TaroM nepmux 10 XB MICISI 3yTUHKA OXOJIOMKEHHS
(Temmeparypa 3pocia Ha 3,9°C 3a 10 xB) 3 mocTyTIO-
BUM OiIbII TOBUIAHUM BiJHOBJICHHSM TEMIICpa-
Typu mpotsrom HactymHux 30 XB (Temmeparypa
3pocna jume Ha 0,6°C 3a 30 xB). IIpu mpomy 3a
40 XB micns TPUMUHEHHS XOJIOMOBOTO BIUIMBY HE
BiIOYJI0CHh ITOBHOTO BiJTHOBJICHHS TEMIIEpaTypH IIO-
BEPXHI OKa JI0 PiBHS MOYATKOBOI. TakuM 4YHHOM,
BiTHOBJICHHSI TEMIIEpATypy TOBEPXHEBUX CTPYKTYP
oka micisa 30-XBHJIMHHOIO TpPaHCHANbIIeOpaaIbHOIo
OXOJIOJKCHHS TAaKOX BiIOYBa€ThCS HEPIBHOMIPHO, a
came: meprm 10 xB Temrieparypa HaWOIIBIT IIBHI-
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use this method for cooling the eye to fight an intra-
ocular inflammation. Our data correlate to some
extent with the results of this research, although
we did not measure the temperature intraocularly.
After the use of the transpalpebral approach in
our study and a positive temperature of the cooling
plate (10°C), the temperature of the ocular outer
surface of the experimental animals in the projection
of a well-vascularized ciliary body was reduced
from 34.2 to 29.6°C at the 10™ minute of cooling
and to 28.9°C at the 30th minute. We believe
this effect should also be accompanied by a tem-
perature reduction in the aqueous humor in the
ocular anterior chamber, but to a lesser extent than
in previous studies using negative temperatures for
cooling.

In our study, during the first 10 minutes, the
cooling of the structures of the ocular anterior part
was the most rapid. The decrease in ocular surface
temperature was 4.6°C compared to the initial
values. The next 20 minutes also showed a re-
duction of the ocular surface temperature, but the
cooling rate decreased. Thus, the difference between
the ocular surface temperature at 10 and 30 mi-
nutes was 0.7°C (p < 0.01). So, during the artificial
contact cooling of the eye for 30 minutes through
closed eyelids and at a constant surface temperature
of the cooling plate of 10°C, a decrease of more
than 5°C in the temperature of the eye anterior
part structures was achieved, despite the compen-
sating effect of blood circulation in the eyelids
and ciliary body on thermal processes in the ocular
surface structures. It should be noted that the rate
of decrease in the temperature of the ocular surface
structures was uneven, in particular, it was the
highest in the first 10 minutes of cold exposure with
its gradual decrease in the next 20 minutes. These
observations testify to a dependence between the
cooling exposure and the depth of hypothermia
of the anterior eye structures.

It is known that temperature fluctuations within
a very narrow range can provide a therapeutic effect
of hypothermia, but can also lead to tissue damage
due to hyperthermia. Thus, to obtain the neuropro-
tective effect of hypothermia, it is sufficient to achieve
a decrease in body temperature of only 1-2°C. In
particular, in unconscious adults who survived out-
of-hospital cardiac arrest, a decrease in body tem-
perature of only 1-2°C (target body temperature
36°C) was just as effective in terms of neurological
outcomes and mortality as traditional ‘mild’
hypothermia, which consists in body temperature re-
duction to 32-34°C [22]. On the contrary, a 1°C
increase in body temperature during the posthypoxic
ischemic period in newborns is associated with
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KO BiJHOBJIIOETHCS, 110 CTBOPIOE YMOBH BHHHKHEH-
Hs HeOaXaHWX CYyAMHHUX PEakKIliii, sKi MOTEHIIIHO
MOXYTh TPU3BOJUTH 10 YCKIAJHEHb, HAIPUKIAL,
remMopariyHux. Jljis YHUKHEHHS MOOIYHUX e(EeKTIiB
MIBUIKOTO BITITPIBY CTPYKTYP OKa IMPH MPAKTHIHO-
My BUKOPHCTaHHI JIOIIJIFHO 3MEHIIUTH IIBHIKICTH
BiJTHOBJICHHSI TEMIIEPaTypH, IO MOXIIUBO JIOCSTTH
MICIIsl MPUIMHEHHS 0XOJI0/XKYBAILHOTO BILIMBY LIS~
XOM TIOCTYITOBOTO IIiIBHINCHHS TEMIIEPaTypH piIu-
HU, SKa UPKYITIOE y 30BHIIIHBOMY KOHTYPI MpHiaLy
TUISL OXOJOIKEHHS.

VY HamoMy AOCHTIKEHHI B MOCTTIOTEPMIYHOMY
nepiogi MM He crocTepiraiu Oyab-sIKMX MOLIKOJI-
XKEHb MOBIK, KOH IOHKTHBH, POTIBKM Ta BHYTpill-
HBOOYHHX CTPYKTYP, 8 TAKOX 1HIINX MOOIYHUX eeK-
TiB BIUIMBY OXOJIOJUKEHHS Ha TKaHWHHM oka. OTxe,
pe3yabTati ampoolariii  po3poOJIEHOTO TepMOETIEK-
TPUYHOTO TIPUIIAAY JJISI KOHTPOJIHOBAHOTO KOHTAKT-
HOTO TPaHCHAIBIIEOPATEHOTO OXOJIOPKEHHSI CTPYK-
Typ OKa B €KCIIEPUMEHTI MPOJEMOHCTPYBAIN MPOC-
TOTy Ta Oe3meKy Horo BHKOpHCTaHHSA. KepoBaHiCTh
MPOIIECYy OXOJNOKEHHSI CTPYKTYP OKa TaKOX MOXKe
OyTH IOCSTHYTa BUKOPHCTAHHSIM HE JIMIIE KOHTAKT-
HUX METOJIB BHMIpIOBAaHHS emiOynp0apHOi Temrie-
parypH, SK B JAHOMY JOCHiDKEHHi, aje 1 Oe3koH-
TakTHUM METOJIOM iH(pauepBoHOi Tepmorpadii,
IO JTOJaTKOBO 3MCHIIUTH PU3UKU MOOIYHUX edek-
TiB 32 PaxXyHOK BHUKIIOYCHHS OYIb-SKOTO KOHTAKTY
3 MIOBEPXHEIO OKa B MPOIIECI OXONIOMmKeHHs [32].

IIpoBeneni AOCHIDKCHHS JUHAMIKH —€miOyiIh-
OapHOi TemmepaTypu B Tporieci mTydHoro 30-XBu-
nuHaHOTO oXxoomkeHHs (10°C) ouelt 3MOpOBUX KPO-
JUKIB TIOKa3aJl MOXIIMBICTh JOCSTHEHHS TIOTEH-
UiAHO TepamneBTUYHOTO PiBHS TiMOTEepMii CTPYyK-
Typ OKa MpH BUKOPUCTAHHI HaHOLIbII OE3MeYHOro
TpaHcnaneneOpaigpHOro minxomy. /[ns BU3HaUeH-
HSl ONTHUMAJBbHOTO PEKUMY IUITYYHOTO TpaHCHAIb-
neOpaJbHOTO OXOJOMKEHHS OKa Ta BiJHOBICHHSA
TEeMIepaTypu WOro CTPYKTyp MOTpiOHI moxambi
EKCIICPUMEHTANIBbHI TOCTI/DKEHHS JWHAMIKA TEIUIO-
o6MiHy oka. ITomayemm JOCTIHKEHHS, B TOMY YHCII
Ha EKCIICPUMCHTAIBbHIA MOZAET BHYTPIIITHHOOUYHOTO
3aMaJieHHs, JO3BOJISTh OOTPYHTYBAaTH JOIUIGHICTH BHU-
KOPHUCTaHHS JIOKATHHOI TIMOTEPMii, TOCATHYTOI IIIIs-
XOM TITYYHOTO JIOKQJIBHOTO TpaHCHIANbIeOpalb-
HOTO OXOJIOPKEHHS OKa, 3 TEPaleBTUYHOI0 METOIO
B oranbpMororii.

BucHoBku

1. llItyuyne konTakTHEe 30-XBUIMHHE OXOJIOKCH-
HSI OKa KPOJIMKA 3 MOCTiiiHO0 TeMmeparypoto B 10°C
gepe3 3aKpUTi IMOBIKH CYIPOBOIKYETHCS 3HIDKCH-
HAM TEMITepaTypH MOBEPXHI OKa B MPOEKITIT ITHTiap-
HOro Tina Ha moHan 5°C 3 HEPIBHOMIPHOIO IIBHI-
KicTro. Tak, 3HIKEHHS emOynp0apHOoi TemMrepaTypu
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a risk of neurological complications [19]. In this
way, the use of low positive temperatures for
cooling the structures of the ocular anterior chamber
with the transpalpebral approach seems to be quite
justified. Our proposed cooling regimen using the
transpalpebral approach allowed us to achieve a
decrease in the temperature of the ocular surface
structures, which is potentially sufficient to ensure
the therapeutic effect of hypothermia.

After the cooling stopped, the ocular surface
temperature rapidly recovered. It should be noted
that the highest rate of warming of the ocular surface
structures was recorded during the first 10 minutes
after the cessation of cooling (temperature increa-
sed by 3.9°C in 10 minutes) with a gradual slower
recovery of temperature over the next 30 minutes
(temperature increased by only 0.6°C in 30 minutes).
At the same time, 40 minutes after the cessation
of cold exposure, the ocular surface temperature
did not fully recover to the level of the initial one.
Like so, the recovery of the temperature of the
ocular surface structures after 30 minutes of trans-
palpebral cooling is also uneven, in particular, the
temperature recovers most rapidly in the first 10 mi-
nutes, which creates conditions for the occurrence
of undesirable vascular reactions that can poten-
tially lead to complications, such as hemorrhage.
To avoid side effects of rapid warming of the ocular
structures in practical use, it is advisable to reduce the
rate of temperature recovery, which can be achieved
after the cooling effect is stopped by gradually
increasing the temperature of the liquid circulating
in the external circuit of the cooling device.

In our study, we did not observe any damage
to the eyelids, conjunctiva, cornea, and intraocular
structures in the posthypothermic period, as well as
other side effects of cooling on eye tissues. Thus,
the results of testing the developed thermoelectric
device for controlled contact transpalpebral cooling
of eye structures in the experiment demonstrated
the simplicity and safety of its use. The controlla-
bility of the cooling of eye structures can also be
achieved by using not only contact methods of
measuring epibulbar temperature, as in this study,
but also by non-contact infrared thermography,
which will further reduce the risks of side effects
by eliminating any contact with the ocular surface
during the cooling [32].

The studies of the dynamics of epibulbar tem-
perature during artificial 30-minute cooling (10°C)
of the eyes of healthy rabbits showed the possibility
of achieving a potentially therapeutic level of
hypothermia of the ocular structures using the safest
transpalpebral approach. To determine the optimal
regimen of artificial transpalpebral cooling of the
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npotsiroM nepmmx 10 xB cknano 4,6°C, a mpoTarom
HacTynHuX 20 xB — sume 0,7 °C.

2. BimHoBneHHS emiOyas0apHOi TeMIIeparypH Iic-
71 TYy9HOTO 30-XBUJIMHHOTO TpaHCHaIbIIeOpaIbHO-
TO OXOJIOJDKEHHS OKa KPOJHKA 3 MOCTIHHOIO TeMIIe-
paryporo B 10°C BimOyBaeThcs HepiBHOMIpHO. Tak,
npotsaroM mepmux 10 XB MCII TPUITMHEHHAS XOJI0-
JIOBOTO BILTMBY BiOYBa€THCS IIBUAKE BiJTHOBICHHS
TeMIIepaTypH MOBEPXHI OKa B MPOEKIII MUITiapHOTO
Tina Ha 3,9°C 3 mojanbmIuM YIOBIIBHEHUM BiJIir-
piBoM moBepxHi oka jume Ha 0,6°C mpotsirom Ha-
ctynHux 30 XB.

3. TpancmanbneOpalibHe KOHTaKTHE KEpPOBaHE
OXOJIOJKCHHS OKa € TIPOCTHM Ta OE3MEYHHM CITOCO-
O0OM 3HIDKEHHSI TEMIEpPaTypu CTPYKTYp MEPESITHBOTO
BIUTUTY OKa, JTO3BOJISIE AOCSTTH TOTEHITIHO TepareB-
THYHOTO PIBHS 1X OXOJIO/PKEHHS, MO OOyMOBIIIOE Tiepc-
MEKTUBHICTh BHUKOPHCTaHHSA KOPUCHHX BIIACTHBOCTEH
MITYYHO JIOKaJIBHOI TirmoTepMii B 0 TaIbMOJIOT].

Jocniosicenns UKOHAHO 8 PAMKAX HAYKOBO-00-
cnionoi pobomu JIV «Ilncmumym ounux xeopob i mka-
nHunHoi mepanii im. B.I1. @inamosa HAMH Yxpainuy
(Homep oepoicpeecmpayii 0122U001492).

Aemopu niomeepoicyioms, W0 6OHU He Maromb
NOMEHYIUHUX KOHPIIKMie iHmepecis.
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eye and restore the temperature of its structures,
further experimental studies of the dynamics of
heat exchange in the eye are required. Future
studies, including those in an experimental model
of intraocular inflammation, will allow to sub-
stantiate the feasibility of using local hypothermia
achieved by artificial local transpalpebral cooling
of the eye for therapeutic purposes in ophthalmo-

logy.

Conclusions

1. Artificial contact cooling of the rabbit eye for
30 minutes with a constant temperature of 10°C
through closed eyelids is accompanied by a decrease
in the ocular surface temperature in the ciliary body
projection by more than 5°C at an uneven rate. Thus,
the reduction of epibulbar temperature during the
first 10 minutes was 4.6°C, and over the next 20 mi-
nutes it was only 0.7°C.

2. The recovery of epibulbar temperature after
artificial 30-minute transpalpebral cooling of the
rabbit eye with a constant temperature of 10°C is
uneven. Thus, during the first 10 minutes after the
cessation of cold exposure, there is a rapid recovery
of the ocular surface temperature in the ciliary body
projection by 3.9°C, followed by a slow warming
of the ocular surface by only 0.6°C over the next
30 minutes.

3. Transpalpebral contact controlled cooling of
the eye is a simple and safe way to reduce the tem-
perature of the ocular anterior segment structures,
allows the achieving of a potentially therapeutic
level of cooling, which leads to the prospect of
using the beneficial properties of artificial local
hypothermia in ophthalmology.

The study was performed as part of the research
studies of State Institution ‘The Filatov Institute of
Eye Diseases and Tissue Therapy of the National
Academy of Medical Sciences of Ukraine’ (State
Registration Number 0122U001492).
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