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Abstract: This report reviews studies on the use of H, in the ophthalmological field. In retinal diseases, particu-
larly in a retinal ischemia-reperfusion injury, effects of H, are remarkable in reducing retinal tissue damage. H,
treatment of corneal damage caused by alkali or UVB suppressed scar formation. The most unique application
of H, in the ophthalmological field appears to be its use in phacoemulsification cataract surgery. Ultrasound os-
cillation produces -OH through the cavitation phenomenon in the anterior chamber of the eye, which induces
oxidative insults in the corneal endothelium. Phacoemulsification using H, dissolved in the irrigation solution

significantly suppressed the corneal endothelial damage. The effect of H, was direct and clear, as H, instantly
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scavenges ‘OH produced by ultrasound oscillation in the anterior chamber, thereby suppressing oxidative in-
sults during the phacoemulsification procedure.

Keywords: Ophthalmology, retinal ischemia-reperfusion injury, retinal disease, corneal injury, phacoemulsification, corneal endothelium, ca-
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1. INTRODUCTION

The effect of H, as a free radical scavenger was first reported
in 2007 [1]. Since then, its usefulness has been reported in various
studies, as shown in the other articles published in this special is-
sue. In addition, the use of H, in the field of ophthalmology is
thought to be a reasonable application if oxidative stress or reactive
oxygen species (ROS) are involved in the pathology of the condi-
tion. In this mini-review, recent studies that have evaluated this ap-
plication in relation to the ophthalmological field are discussed.

2. RETINA AND UVEA

We used an animal model to investigate the effects of H, in reti-
nal ischemia-reperfusion (I/R) injury [2]. This is the first study that
has revealed the usefulness of H, within the ophthalmology field.
Central retinal artery occlusion (CRAO) is one of the most serious
eye diseases that often result in a loss of vision. Similar to myocar-
dial infarction, the retinal tissue is first damaged by ischemia and
then by reperfusion injury, which is caused by free radicals. Previ-
ous studies have shown that antioxidants can reduce retinal damage
however, as providing antioxidants into the vitreous body by topi-
cal administration is not easy, they need to be injected into the eye.
Therefore, antioxidative reagents without any substantial side ef-
fects are strongly desirable. Based on this background, we investi-
gated the usefulness of H, in CRAO. Retinal ischemia was induced
in rats by increasing the intraocular pressure (IOP) for 60 minutes.
H,-loaded solutions were made by dissolving H, gas into saline un-
til reaching saturated levels and then continuously administering it
on the ocular surface during the ischemia and reperfusion periods.
There was an instant increase in the H, concentration in the vitre-
ous body. Although the sources and mechanisms of ROS genera-
tion that occur during I/R with the transiently raised IOP are not
clearly identified, ROS damages neurons in the ganglion cell layer,
inner nuclear layer, and outer nuclear layer of the retina primarily
by apoptosis. H, solutions dramatically decreased 4- hydroxynone-
nal (HNE), 8- hydroxy-2-deoxyguanosine (OHdG), and TUNEL
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positive cells, which suggested that H, protected lipids from peroxi-
dation and DNA from oxidation, thus reducing subsequent retinal
cell death after I/R injury, and therefore preventing retinal thinn-
ing. The results of this study indicated that H, solutions can be a
useful neuroprotective and antioxidative therapeutic treatment for
acute retinal I/R injury.

Since our initial report, several studies have demonstrated the
effects of H, in conjunction with retinal damage related to oxida-
tive stress-caused issues, such as light-induced retinal damage [3,
4], glutamate-induced excitotoxic retinal injury [5], neurovascular
dysfunction in diabetic retinopathy [6], traumatic optic neuropathy
[7], photoreceptor degeneration [8], age-related macular degenera-
tion (AMD) [9], and branch retinal vein occlusion [10]. Among th-
ese studies, AMD research [9] is thought to be important, as this
disease is one of the most common causes of vision loss in devel-
oped countries throughout the world. The effects of intragastric ad-
ministration of H,-rich water have been investigated using AMD
animal models. These studies have shown that the retinal damage
in these AMD models was related to apoptosis pathways, while H,-
rich water effectively reversed the effects that the apoptosis in-
duced. H,-rich water produces its anti-apoptotic effect by increas-
ing Sirt]l expression, which has been reported to have anti-apoptot-
ic and anti-oxidative stress effects [4]. Thus, these study results
suggested that H, administration could be a promising treatment
for AMD therapy.

In addition, oxidative stress appears to play a critical role in the
pathogenesis of uveitis. A further study examined the intraperi-
toneal injection of H,-rich saline in an endotoxin-induced uveitis
animal model. Although H, treatment was not obviously able to
mitigate the uveitis, it was able to inhibit the elevation of aqueous
humor protein, which suggests there is some anti-inflammatory ef-
fect caused by H, in uveitis cases [11].

3. CORNEA AND OCULAR SURFACE

In corneal alkali injury that can potentially result in serious vi-
sual impairment due to the corneal opacity associated with patho-
logical angiogenesis, there is enhanced ROS production in the
cornea. As it was shown that immediate irrigation of the cornea
with H, solution significantly decreased angiogenesis and prevent-
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ed the loss of transparency of the cornea, this suggested its poten-
tial use as a new treatment for corneal alkali burn [12, 13]. UVB ir-
radiation of the cornea also results in oxidative stress and can cause
scar formation and neovascularization. By using H, treatment, the
oxidative damage was suppressed and the cornea healed with a res-
toration of transparency, which additionally suggested that H,
could be a novel prophylactic approach for corneal photodamage
[14]. Dry eye is one of the most ubiquitous ocular surface disorders
in the world. In subjects with dry eye conditions, not only the tear
volume but also the tear film stability is important, as the proper
stability of the tear film is essential for visual functions. In a
unique study by Kawashima et al., they demonstrated the useful-
ness of H,-producing milk in preventing reductions in tear stability
in subjects using visual display terminals [15]. After ingesting H,-
producing milk that was prepared by adding the active ingredients
for producing H, in the intestine to a milk solution, there was a sig-
nificantly better tear film stability as compared to normal milk. The
authors speculated that H, produced by intestinal bacteria reached
the lacrimal tissue and decreased these oxidative stresses.

4. PHACOEMULSIFICATION CATARACT SURGERY

Of the various fields that have used H, for therapeutic interven-
tions, the use of H, in phacoemulsification cataract surgery appears
to be the most simple and reasonable application. Today, most ca-
taract surgeries are performed by phacoemulsification, which em-
ploys high-intensity ultrasound energy for fragmentation and emul-
sification of the lens. With the development of surgical devices and
techniques, the safety and efficacy of phacoemulsification have sig-
nificantly improved. However, since phacoemulsification use has
been expanded to include mature cataracts with a hard lens nu-
cleus, a greater ultrasound energy is needed for the emulsification.
As a result, this can lead to a greater risk of corneal endothelial da-
mage. Furthermore, excessive corneal endothelial damage causes
corneal edema, which results in bullous keratopathy (BK). Since
human corneal endothelial cells lack the ability to regenerate in
vivo, corneal transplantation is the only effective cure. A recent na-
tional survey of BK in Japan concluded that cataract surgery was
the most common cause of penetrating keratoplasty [16]. In addi-
tion, recent studies in both the UK and USA showed that cataract
surgery positioned second following Fuchs’ endothelial dystrophy
in the indications for endothelial keratoplasty [17, 18]. Thus, the
prevention of corneal endothelial damage during phacoemulsifica-
tion is still an important matter for cataract surgeons.

Intraoperative factors recognized to cause corneal endothelial
damage include the collision of the lens nucleus fragments with the
corneal endothelium, a localized rise in temperature, air bubbles, or
an excessive amount of ultrasound energy. In addition to these fac-
tors, free radicals have been shown to play an important role in
corneal endothelial damage. High-intensity ultrasound oscillation
induces cavitation in the aqueous solution, which leads to the pro-
duction of free radicals through a phenomenon called sonolysis
(H,0 — -OH +-H) [19]. We demonstrated the hydroxyl radical (-O-
H) production in the anterior chamber of a model eye under clini-
cal conditions of phacoemulsification by employing electron-spin
resonance (ESR) analysis [20]. In addition, we proved that free radi-
cals associated with phacoemulsification did indeed cause oxida-
tive damage in the corneal endothelium in animal eyes using the
oxidative stress marker, 8-OHdG [21]. One of the standard proce-
dures in phacoemulsification is the injection of the ophthalmic vis-
cosurgical device (OVD) into the anterior chamber before applying
the ultrasound energy. The major ingredient of OVD is sodium
hyaluronate, which is a free radical scavenger. In a previous eye
model study, we showed the scavenging effect of OVD against the
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OH caused by ESR [20]. However, the effect of the material de-
pends on its retention in the anterior chamber during phacoemulsifi-
cation. Since H, was reported to selectively scavenge -OH in vitro
and showed a therapeutic antioxidant activity in vivo [1], we have
proposed a new method that uses H, to provide continuous protec-
tion from oxidative insults during surgery. We investigated the ef-
fect of H, dissolved in the irrigation solution during ultrasound os-
cillation both in vitro and in an animal model [22]. ESR analysis in
vitro clearly demonstrated the effect of H, in decreasing -OH pro-
duction, while the animal study showed its significant effect in pro-
tecting the corneal endothelium from oxidative insults.

Control

Hydrogen

Fig. (1). A typical clinical course for the slit-lamp and specular mi-
croscopy seen in a patient on Day 1 after phacoemulsification.
Compared to the eye with the control solution, corneal edema is ap-
parently milder in the eye with the H, solution. Also, specular mi-
croscopy (x 300) revealed markedly milder damage in corneal en-
dothelial cells in the eye with the H, solution compared to the eye
with the control solution. (4 higher resolution / colour version of
this figure is available in the electronic copy of the article).

After assessing these results, the next step was to move on to a
clinical trial [23]. A single-center, prospective, randomized, dou-
ble-masked clinical trial was designed in which phacoemulsifica-
tion was performed using a H, solution in one eye, while a conven-
tional solution was used in the contralateral eye in 32 patients who
had cataracts of similar nucleus hardness in both eyes. The main
outcome measures were the corneal endothelial cell density at the
center of the cornea, which was measured using noncontact specu-
lar microscopy. H, in the irrigation solution exhibited a significant
effect in reducing corneal endothelial damage caused by phacoe-
mulsification. Fig. (1) shows a typical case in which the effect of
H, was clearly shown in both the slit-lamp and the specular micros-
copy photographs. Since it is not uncommon to see an edematous
cornea on the day following surgery, the effect of H, was surpris-
ing. In addition, these results suggest that a substantial portion of
the corneal endothelial damage with phacoemulsification was
caused by oxidative stress. Since H, has been reported to have cyto-
protective effects in many pathological conditions [24], such indi-
rect effects are to be expected. However, during phacoemulsifica-
tion, the effect of H, was direct and clear. H, immediately scav-
enged the -OH that was produced by the ultrasound power and
consequently suppressed the oxidative insults with phacoemulsifica-
tion.
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CONCLUSION

Even though the usefulness of H, has been clearly demonstrat-
ed in some studies on I/R retinal injury, corneal alkali injury, or
phacoemulsification cataract surgery, its application in the field of
ophthalmology has yet to be fully evaluated. Since sufficient con-
centrations can be obtained within the ocular tissue after administra-
tions on the ocular surface, application over a wider range of oph-
thalmic fields is expected.
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AHHOTAIUA:

B nanHom nokiaje npeactaBieH 0030p HUCCleqoBaHui Mo mpuMeHeHuto H2
(MonexyInbl Bogopoaa) B opranemonoruu. [lpu 3a0oneBanusix ceryaTku, 0COOEHHO
pU UIIeMHUH-penep(y3noOHHOM (OrpaHUYCHHE KPOBOCHAOXKEHUS U €TO
BO300HOBIICHHUE - TIPUM.) TOBPEXKICHUU CeTYaTKHU ( BHYTPEHHSIsSI 000JI0UKa 171a3a,
SBIISIOIIASICS TIepU(EePUUIECKUM OTAETIOM 3pUTENBHOTO aHATU3aTopa;

CONEPKUT (HOTOPELENTOPHBIE KIETKH, 00ECIeUMBAIOIINE BOCIIPUSITUE U
peoOpa3oBaHUE IEKTPOMATHUTHOTO U3ITYyUEHUS BUANMOMN

YaCTH CIEKTPa B HEPBHBIE UMITYJIbCHI, @ TAKXKE 00ECIIEUNBAECT UX IEPBUYHYIO
00paboTky) , addextsr H2 3ameuarenbHbl B yMEHBIICHUH TTOBPEXKACHUS TKaHEH
ceryaTtku. Jleuenne H2 noBpexaeHn pOroBULbl, BEI3BAHHBIX IIEIOYbI0 WIH YD-
Jy4aMu, IOJIABIISI0 00pa3oBaHue pyOloB (pyOllbl yXyAIIAlOT 3pEHHUE, MOTYT
nepenTu B 6eapMo - puM. ). Hanbomnbias yHukanbHoCTh npuMeHneHus H2 B

0 TanbMOIOTUYECKOIN 00IACTH MPEACTABIAETCS €r0 UCIOIb30BAHUEM B
(axko3MyIbCUPUKALMOHHON XUPYPIrUU KaTapaKkThl (MUKPOXUPYPTHUS -IIPUM. ).
VYnbTpa3BykoBas ocuuuIsALMs (KojebaHue BOJIH - PUM. ) ipousBoauT -OH
(TMAPOKCUIIBHBIN paguKal -IIPUM.) Yepe3 sBJICHUE KaBUTaluu ( 00pa3oBaHus
y3bIPHKOB/IYCTOT B )KMJKHUX Cpeax, C MOCIEIYIOIINM UX CXJIONBIBAHUEM U
BBICBOOOXKICHHEM OOJIBIIOTO KOJIMYECTBA SHEPTUH, KOTOPOE COMPOBOKIAETCS
IIYMOM U TUJPABIMYECKUMU ylapaMu- IIPUM.) B IEpEeHEN Kamepe 1ia3a, 4yTo
BBI3BIBAET OKUCIIUTENIbHbIE HAPYLIEHUS B SHAOTEINN POTOBULIBI (SHIOTEINI
POTOBHIIBI YIPABIISIET TPAHCIIOPTOM JKUJKOCTH M PACTBOPEHHBIX BEIIECTB O
3aJIHEW MOBEPXHOCTH POTOBUIIBI U MTOIEPKUBAET POTOBUILY B CJIETKA
00€3BOKEHHOM COCTOSIHUM, HEOOXOAMMOM JIsl ONITUYECKOM MPO3PAauHOCTH -
npum). DakosMyabcupUKaLus ¢ Ucnoyib3oBanueM H2, pactBopeHHOr0 B
UPPUTALITMOHHOM PacTBOpE (MCIOJIB3YEeTCs B ITIa3HOM XUPYPTUU AJI BHIMbIBAaHUS
XPYCTaJIMKOBBIX MacC MPH SKCTPAKIIMK KaTapaKThbl, IPU MPOMBIBAHUU MEepeaHEN
KaMepbl U 17151 3aUThI OKPY>KAIOLIUX TKaHEH MpU APYTUX ONEPaTUBHBIX
BMEIIATENIbCTBAX, 3AMEILIEHUN BJIarv MepeaHEl KaMephl B XO/€ ONepaliuu - MpUM. )
3HAYUTENBHO TOJIABIIsIa MIOBPEXKACHUE dHIOTENUs poroBuUIlbl. D¢ ekt H2 Obut
MPSIMBIM M OY€BUIHBIM, TOCKOJIbKY H2 MrHoBeHHO cxuraet -OH, oOpazytomuiics
IIPU YJIBTPa3ByKOBBIX KOJIEOAHUSX B MEPEAHEN KaMepe, TeM CaMbIM MOJABIIssS
OKHUCJIUTENIbHBIE TOBPEKIEHUS (ITPOLIECC MOBPEXKIACHUS KIETKH B

pe3yabpTare OKUCIEHHUSA- TPUM.) BO BpeMs POLEeaypbl (aKodIMYJIbCU(PUKALINH.

1. BBE/JIEHHE

Bnepgsie o netictBun H2 kak moriotutesisi CBOOOAHBIX PaIuKaioB ObLIO
coobmiero B 2007 roxay [1]. C Tex mop 0 ero moib3e coo0Ianoch B pa3InyHbIX
HCCIIEIOBAHUAX, KaK TTOKAa3aHO B APYTHX CTAThsIX, OMYOJIUKOBAHHBIX B 3TOM
crienaibHOM BhImycke. Kpome Toro, ncnons3zoBanue H2 B odranbmonoruu



CUMTAETCH 11eJ1IeCO00pa3HbIM, €CJIH B NaTOJIOTMU 3a00JI€BAHUS YUYaCTBYET
OKHUCJIUTENIbHBIN CTPECC WM peakTUBHbIE BU bl Kuciaopona (ROS). B atom munu-
0030pe 00CyKIat0TCsl HETaBHUE UCCIIEOBAHNUS, B KOTOPBIX OLIEHUBAJIOCh 3TO
pUMEHEHHE B 0(PTaTbMOIOTUYECKON 00IacTH.

2. MBI HCIOIB30BANIM JKUBOTHYEO MOJIEIIb [l M3yuyeHus nericteus H2 npu
umemuu-penepdysuu (I/R) ceruarku [2]. ITo mepBoe uccienoBanmue, KOTOpoe
nokasaso noje3Hoctb H2 B opransMonorun. OKKITI03uUs EHTPaAIbHON apTepun
cetuatku (CRAOQO) (HapylieHre npoxXoUMOCTH IIEHTPAIbHON BEHbI, TOUCYHBIC
KPOBOUBIHUSHUS - IPUM.) - OJTHO M3 CaMBIX CEpbE3HBIX IMIA3HBIX 3a00JICBaHU,
KOTOPO€ 4acTO MPUBOIUT K moTepe 3peHusd. [1ono6Ho undapkry Mmuokapa, TKaHb
CETUaTKX MOBPEXKAAETCs CHaYala uieMuen (CHIKEHNE KPOBOCHAOKEHUS ), a 3aTEM
penepdy3nOHHBIM MTOBPEXKICHUEM (B PE3yJbTaTe BOCCTAHOBIICHUS
KpPOBOOOpAIIEHUS- IPUM. ), KOTOPOE BBI3bIBAETCS CBOOOAHBIMU PaJUKATAMU.
[Ipenpiayinue uccienoBaHus MOKa3ald, YTO aHTUOKCUIAHTHI MOTYT YMEHBIIUTh
IOBPEXKJICHNE CETYATKH, OJHAKO, TOCKOJIBKY JOCTABUTh aHTHOKCUIAHTHI B
CTEKJIOBUAHOE TEJO (TeJIeo00H0e MPO3payHOe BEUIECTBO, 3aN0JHSIOIICE
IPOCTPAHCTBOMEXK/Y XPYCTAJIMKOM M CETYATKOM B IV1a3y, 3aHUMAET OKOJIO 2/3
00bEMa IT1a3HOTO 010K, SBJIETCS €r0 MOCTOSHHOM CTPYKTYpOH, HE
pEreHepupyeT U 3aMelaeTcs pu NOTePE BHYTPUIIIA3HON KUIAKOCTH- IPUM. )
IIyTEM MECTHOTO BBEJEHUS HEMPOCTO, X HEOOXOAMMO BBOIUTH B 1ma3. [loaTomy
KpaliHe *keJlaTelbHbl aHTUOKCUJAHTHBIE PEAareHThl 0€3 CYIIECTBEHHBIX TOOOUHBIX
s dexroB. Ucxoas uz atoro, Mel uccienoBanu nojaezHocts H2 B CRAO. Umemuro
CETYATKH BBI3BIBAIM Y KPBIC IyTEM MOBBIIICHUS BHYTpHUIIa3Horo aasienus (BI/)
B TeueHne 60 muHyT. H2-Harpy:KeHHbIE pacTBOPBI NU3TOTaBIMBAJINCH ITyTEM
pactBopeHus raza H2 B ¢pusnonornyeckoM pactBope A0 JOCTUKEHHUS
HACBIIEHHOTO YPOBHS, a 3aT€M HENPEPHIBHO BBOJIMJIMCH HA MIA3HYIO MIOBEPXHOCTH
B MIEpUO/IbI HlIeMUU U penepdy3un. Habmonanoch MTHOBEHHOE yBEJIMUEHUE
KOHIIeHTpauuu H2 B cTekitoBUHOM Tese. XOTS HCTOUHUKU U MEXaHU3MBbI
renepaunu ROS, npoucxonsieii Bo Bpemst /P ¢ TpaH3UTOPHO MOBBILIEHHBIM
BI'/I, TouHo He ycraHoBieHbI, ROS noBpexaaeT HEHPOHBI B CJIOE TAHITIMO3HBIX
KJIETOK (HEpBHBIE KJIETKHM CETUATKH IJ1a3a - IPUM.), BHYTPEHHEM SJEPHOM CJIO€ U
HapYXHOM SIJIEPHOM CJIO€ CETYAaTKH B OCHOBHOM IyTEM aronTo3a (rubenb KIEeTKH -
npum.). PactBopsr H2 pe3ko cHmxkanu ypoBenb 4-runpokcuHonenans (HNE), 8-
ruapokcu-2-ae3okcuryanosnta (OHdG) u TUNEL nonoXuTenbHbIX KIETOK, YTO
MO3BOJIMJIO MPEANONIOKNTH, YTO H2 3amumniaer aunuasl OT NEPEKUCHOTO
okucnenus u JJHK ot okucienus, TeM cambiM yMeHbIas OCIEAYIOLIYIO THOEIH
KJIETOK ceTdarku nocJje I/R TpaBmsl U, clienoBaTeabHO, MpeIoTBpaIias
VCTOHUYEHHUE CETYATKU. Pe3ynpTaThl 3TOr0 UCCIIEI0BAaHUS [TOKA3aJIN, YTO PACTBOPHI
H2 moryT ObITh NOJE3HBIM HEHPONIPOTEKTOPHBIM (3aIUTA HEPBHBIX KIETOK-
MPUM.) U aHTUOKCUAAHTHBIM (TOPMO3AT OKUCIIEHUE- TIPUM.) TEPANeBTUUYECKUM
CPEIICTBOM JIJIs JICUEHHUS OCTPOTO MOBPEXKACHHS ceTdarku npu U/P.



[Tocne Hamero nepBOHA4YaIbHOTO OTYETA HECKOJIBKO MCCIIEN0BAHUN
MPOJIEMOHCTPUPOBAIU JiekicTBUE H2 pu MOBpeKACHUAX CETUATKH, CBSI3AHHBIX C
OKHUCIIUTEIIbHBIM CTPECCOM, TAKUX KaK CBETOMHIYLIMPOBAHHOE MTOBPEKICHUE
ceTyaTku [3, 4], UHIYIIUPOBAHHOE TITyTaMaTOM SKCAUTOTOKCUUYECKOE MOBPEKICHHUE
ceT4arku [S], HeiipococynucTast TUCPYHKIUS IpU TUa0ETHUECKON PETUHONATUN
[6], TpaBMaTHYeCKasg HEHpoNaTUs 3pUTEIbHOTO HEpBa [7], AereHepanus
dotopernientopoB [8], Bo3pacTHast MakyisipHas nereHepanus (BM/I) [9] u
OKKII03Usl BeTBel BeH cetuarku [ 10]. Cpeau 3TUX MCCiienoBaHUM UCCIEI0BAaHNE
BM/I [9] cunTaeTcs BaxKHBIM, TOCKOJIBKY 3TO 3a00J1€BaHUE SBJISCTCS OTHOU U3
HanOoJIee pacpOCTPAaHEHHBIX TPUYHH MTOTEPH 3PCHUS B Pa3BUTHIX CTPaHAX MUPA.
O} dexThl BHYTPHUIKEITYIOUHOTO BBEJICHUS BOJIbI, 0OoramieHHo H2, 6butu
UCCIIEIOBaHbI Ha )KMBOTHBIX Mojessix BM/I. Otu uccienoBanus mokazaiu, 4To
MOBPEXJICHUE CeTYaTKu B ATUX Mozaesssx BM/I Ob110 CBsI3aHO C armonTo3oMm, a
ooraras H2 Boga appextuBHO oT™MEHs1a 3D (PEKTHI, BBI3BAHHBIE AlTOITO30M.
boraras H2 Bona oka3bIBaeT aHTHAIONTOTUYECKHM d(PPEKT 3a cCUET yBETUUCHUS
skcripeccuu Sirtl, KOTOPHIH, Kak cOO0IIaN0Ch, 00JaaeT AHTHAMONITOTUYECKUM U
AHTUOKUCIUTENBHBIM eicTBUEM [4]. Takum o0pa3zom, pe3yabTaThbl 3TOTO
MCCIIEAOBAHUS MTO3BOJIWIIN MPEANOJIOKUTE, UTO TpueM H2 MOXeT cTaTh
MEPCIIEKTUBHBIM METOJIOM JieueHust BM/I.

Kpome Toro, OKUCIUTENBHBIN CTPECC, NTO-BUIUMOMY, UTPAET BaXKHYIO POJIb B
MaToreHe3e yBeuta (pa3BUTHE BOCTIAJICHUS YBEAJIbHOTO TPaKTa COCYUCTON
000J104KH T1a3a- TpuM.). B Apyrom ucciienoBaHuM U3y4alioch BHYTPUOPIOIITUHHOE
BBeieHUE oboramenHoro H2 duspactBopa B ®KUBOTHON MOJIENIM YBEUTA,
BBI3BAHHOT'O YHJOTOKCHHOM. XOTd jeueHue H2, oueBuHO, HE CMOIJIO CMATYHUTD
TEUCHHE YBEUTA, OHO CMOIJIO MOJAaBUTh MOBBIIICHUE YPOBHS O€JIKa BOJTHOTO
ryMOpa, 4TO MO3BOJISIET MPEANOI0KUTH HATMYUE HEKOTOPOTO
MPOTUBOBOCTIAIUTENILHOTO d(pdekTa, BrizbiBaeMoro H2 B ciyuasx yBeuta [11].

3. POI'OBULIA U ITTABHAS ITOBEPXHOCTD

[Tpu menouHo# TpaBMe POTOBUIII (OTIUYAOTCS OONBIION TTyOUHON TTOpaKEHUS -
MIPUM. ), KOTOpasi TOTEHIIMAIbHO MOXKET MPUBECTU K CEPHE3HBIM HAPYILICHUSIM
3pEeHUs U3-3a IOMYTHEHUS POTOBUIIBI, CBSI3aHHOTO C MTATOJIOTUYECKUM
AHTUOTEHE30M, B POTOBUIIE MMPOUCXOIUT yCUJIeHHAas BhIpaboTka ROS (akTUBHBIX
dbopm kuciopoaa- nmpum.). [lockosbky ObLIO MOKa3aHO, YTO HEMEIJICHHOE
OpOUIEHHE POTOBUILIBI pacTBOPOM H2 3HAUNTENBHO CHMKAET aHTHOTeHEe3 ( IPOLIecC
00pa3oBaHUsI HOBBIX KPOBEHOCHBIX COCYJIOB B OpraHe WJIM TKaHH, B X0 KOTOPOTO
MIPOUCXOJIUT PEOPraHKU3alIMsl IEPBUYHON KaIWIIJISIPHOM CETH, KOTOpas
COKparmaercs 10 60see mMpoCcToi U YETKOM CUCTEMBI KalluJUISIPOB, apTEPUi U BEH.
B HOpME B Opranu3Me nporecchbl aHTMOT€He3a MPOTEKAIOT C YMEPEHHOU
MHTEHCUBHOCTBIO U aKTUBU3UPYIOTCS TOJIBKO MPU PEreHEPAUU MOBPEKIEHHBIX
TKaHeH, KaHAJIU3aluu TPOMOOB, JTUKBUAAIIMN O4aroB BOCIIAJICHHUS,



o0pa3oBaHUHU pyOLa U TOMY MOTOOHBIX IIPOLECCAX BOCCTAHOBIICHHUS, a TAKXKE MIPU
pPOCTE U pa3BUTUU OPraHU3Ma - IPUM.) U IPEJOTBPALLAET NOTEPIO MPO3PAYHOCTH
POTOBUIIBL, 3TO ITO3BOJIMIIO MIPEANIOIOKUTH BO3SMOKHOCTB €0 UCIIOJIb30BaHHUs B
Ka4eCTBE HOBOTO METO/Ia JICUCHHUS IIEJIOYHOTO Oxora poroBuilsl [12, 13]. Y-
oOJIy4eHHEe POrOBUIIbI TAK)KE IPUBOIUT K OKUCIUTEIBHOMY CTPECCY U MOXKET
BbI3BaTh 00pa3oBaHue pyOILlOB U HEOBACKYISIPU3ALINIO ( TATOJIOTUYECKOE
pa3pacTaHue COCy/JI0B POTOBUIIbI, BBI3BIBAIOIIEE YXYALICHHE 3peHus. [Ipoucxoaut
BCJIEJICTBUE TIOPAKEHUS POrOBUIIBL. 3a00JI€BaHUSI POTOBULIBI SBIISIOTCS TPETHEN O
pacmipoCTpaHEHHOCTH MMPUYMUHOM CIENOTHI BO BCEM MUPE, U B OOJIBIITMHCTBE
Clly4aeB HaOJIOAAeTCsl HEOBACKY I pU3aLys pOroBullbl- npum.) . [Ipu
ucnoiab3oBanuu H2, okuciauTenbHOE NOBpEXIeHUE ObLIO MOAABIEHO, U POTOBUIIA
3aKWJIa C BOCCTAHOBIIEHUEM IPO3PAYHOCTH, YTO JOMOIHUTENBHO MO3BOJIMIO
IPEANONI0KUTh, YTO H2 MOkeT ObITh HOBBIM NPOQPHUIAKTUYECKUM MOIXO0M K
(bOTONOBPEXKIEHUIO (OT BO3AEUCTBUS y(h-TTyuel - mpum.) porosuiisl [14]. Cyxoi
7123 - OJHO U3 CaMBbIX PACIpPOCTPAHEHHBIX 3a00JI€BaHU INIa3HOM MMOBEPXHOCTH B
mupe. Y Jtoiei ¢ COCTOSTHUEM CyXOT0 Ila3a BaKE€H HE TOJIBKO 00BEM ClIe3bl, HO U
CTaOMIJIBHOCTD CII€3HOM IJIEHKH, TOCKOJIbKY HaJUIeKalasi CTa0MIbHOCTD CJIE3HOM
IUIEHKH HE0OX0IMMa J1JIsl 3pUTENbHBIX (YHKIMNA. B yHUKanbHOM HccnenoBaHUM
Kapammma u 1p. mpogeMoHCTpUpOBaIM Nose3HocTs H2-npoaynupyromniero
MOJIOKa JUIsl PEAOTBPALIEHUSI CHUKEHUS CTAOMIIBHOCTHU CIIE3HOM TUICHKH Y JIIOZIEH,
UCHOJIb3YIOIINX BU3yalbHbIE AUCILIEHHbIe TepMuHadsl [15]. [Tocne ynorpebnenus
H2-nponyuupyroiiero Moioka, KoTopoe ObUTO MPUTOTOBIEHO IyTEM JTI00ABICHHUS
aKTUBHBIX MHTPEIUEHTOB Ul Ppou3BoACcTBa H2 B KMIIIEUHUKE B MOJIOYHBIN
pacTBOp, HaOJIOAANIACh 3HAUUTENBHO JIyUIllasi CTAOUIBHOCTD CJE3HOM MJIEHKU 1O
CPABHEHUIO ¢ OOBIYHBIM MOJIOKOM. ABTOPBI IPEATONIOKMUIN, 4To H2,
BbIpa0aTbIBa€Mblii KUIIIEUHBIMH OaKTEPUSIMHU, JOCTUTAII CIIE3HOM TKaHU U CHHUKAJ
OKHUCJIUTEIbHBIA CTPECC.

4. OAKOSMVIIb.CUOUKAIIMOHHA A X1PYPI'MA KATAPAKTDI

N3 paznuunbix obnacTeil, B KoTopbix H2 ucnosnb3yercs st TepaneBTUYeCKUX
BMeEIIATeNIbCTB, MpuMeHeHne H2 B hakosmybcudukaimoHHON XUPypruu
KaTapaKThl MPEJCTABIICTCS HauOoIee MPOCThIM U pasyMHbIM. CerogaHs
OOJIBIIMHCTBO OIEpalnii MO yIaJeHUIO KaTapaKThl MPOBOJAUTCS METOIOM
bhakodImMynbcUPUKAIINU, TP KOTOPOM UCTIONH3YETCS] BRICOKOMHTCHCHUBHAS
VABTPa3BYKOBast SHEPTHUs JJIs1 (PparMeHTaIlMU U AIMYJIbIUpoBaHus xpycrtaiuka. C
Pa3BUTHEM XUPYPTHUECCKUX YCTPOMCTB M METOAMK O€30MacHOCTh U

b HEeKTUBHOCTH (HaKoIMYITbCU(PUKAIIMK 3HAYUTEIHHO MOBBICHIHNCH. OJTHAKO C TEX
nop, kak paxkodmMynbcuPUKaLUs cTajga IPUMEHATHCS TP 3PEIIbIX KaTapakTax C
TBEPABIM SIPOM XPYCTATHMKA, IJIs1 SMYIbCUDUKAIINK TPpeOyeTCcs: OObIas IHEPTUs
yABTpa3Byka. B pesynbrare 3To MOXKET MPUBECTH K OOJIBIIIEMY PHUCKY



MOBPEXJICHUS SHI0TENUs POroBUIlbl. bosee Toro, upesMepHoe NOBPEKICHUE
OHIOTEJHS POTOBHUIIBI BHI3BIBAET OTEK POTOBUIIBI, YTO MPUBOAMT K OyJIe3HOM
keparonatuu (bK) (cHuxeHue ocTpoThl 3peHusi, 00JIeBOM CUHIPOMOM, OUTYIIIEHHE
MHOPOJHOTO Tela B Tasy, PoTodoOus, MOBbIMICHHAS CII€30TOYMBOCTb- IPHUM.) .
[TockonbKy SHAOTEINATbHBIEC KIIETKH POTOBHUIIBI UeTIOBEKa HE 001a/1at0T
CIIOCOOHOCTBIO K pereHepaliu in vivo (BHyTPH KMBOTO OpraHMW3Ma UM BHYTPH
KJICTKH- TIPUM. ), SIUHCTBEHHBIM 3((EKTUBHBIM METOIOM JICUCHUS SBIISETCS
nepecajka porosuilbl. HenaBuee nanmonanbHoe uccieaoanre bK B Anonun
MOKa3aJio, YTO XUPYPTHsI KaTapakThl OblJIa HAanbosIee paclpoCTPaHECHHON
NPUYMHON IPOHUKaroUIe keparomiactuku [16]. Kpome toro, HenaBHue
uccienoBanus B Bemukoopuranuu u CIIA nokaszanu, 4To XUPyprus KaTapakThl
3aHHMAaeT BTOPOE MECTO MOCIIe AHAO0TeNnaIbHOU aucTpodun dykca B moKazaHHUIX
K SHJ0TeNnuanbHoM keparoriactuke [17, 18]. Takum oOpazom, npoduiakTuka
MOBPEXJICHUS SHOTEIUS POTOBUIIBI BO BpeMsl (haKoAIMYIbCU(UKALIMA OCTAETCA
BaYKHBIM BOIIPOCOM JUJIsl KaTapaKTadbHBIX XHUPYPTOB.

HNuTpaonepannoHHbIe PaKTOPbI, CHOCOOHBIE BbI3BATh MOBPEKICHUE SHIOTEIHS
POTOBHIIBI, BKIIOUAIOT CTOJIKHOBEHUE (hparMEHTOB Apa JIMH3bI C YHIOTEIUEM
POTOBUIIBL, JJOKAIBHOE ITOBBILIEHUE TEMIIEPATYPBI, Ty3bIPbKHA BO3yXa UIH
YpE3MEPHOE KOJMYECTBO YIABTPa3ByKOBOM dHEPrun. B 1ononHeHne Kk 3Tum
(akTopam ObUIO MOKA3aHO, YTO CBOOOAHBIE paJKabl UTPAIOT BAKHYIO POJIb B
MOBPEXJICHUN SHAOTEIUS POrOBHIIbI. BEBICOKOMHTEHCHUBHBIE YIBTPa3BYKOBBIE
KOJIeOaHUs BBI3bIBAIOT KABUTALMIO B BOAHOM PacTBOPE, YTO MPUBOAUT K
00pa30BaHNIO CBOOOAHBIX PAJIUKAJIOB B PE3yJbTaTe SIBJICHUS, HA3bIBAEMOTO
cononuzoMm (H20 — -OH +-H) [19]. MBI npogeMOHCTpUPOBaJIA TPOU3BOICTBO
I'UJIpOKCUIIBbHBIX paaukanoB (-OH) B nmepenHeit kamepe MOAENBHOTO IJ1a3a B
KIIMHUYECKUX YCIOBUSIX (PAaKoAIMYIbCU(UKAIIMYI C TOMOIIBIO aHAIN3a JIEKTPOHHO-
cniuHoBoro pe3onanca (JOCP) [20]. Kpome Toro, Mbl JoKa3aiau, 4TO CBOOOIHbBIC
pasuKanel, CBA3aHHbIE ¢ (PakodIMyNbCcu(UKaLUEn, 1eHCTBUTEIBHO BbI3bIBAIOT
OKHUCJIUTENIbHOE MOBPEXKICHNUE SHAOTEIUS POTOBUIIbI B I71a3aX )KMBOTHBIX C
UCITIOJIb30BaHUEM Mapkepa okucinutenbHoro crpecca 8-OHAG [21]. Oxgnoit u3
CTaHJIapPTHBIX MPOLEAYP NpHU HaKOIMYIbCUPUKALIUH SIBISIETCSA BBEICHUE

0 TanbMOJIOTUYECKOTO BUCKOXUPYpruyeckoro ycrpoiictsa (OVD) B nepenHio0
KaMmepy Iepes IPUMEHEHHEM YIIBTPa3ByKOBOM sHEPrur. OCHOBHBIM UHIPEANEHTOM
OVD siBnsieTcs ruanypoHar HaTpHsl, KOTOPBIH SIBJISIETCS OMJIOTUTENIEM CBOOOTHBIX
paaukanoB. B npenplnyiiem rcciieqoBaHUM Ha MOJENH [J1a3a Mbl
npoieMOHCTpUpoBaid 3 dekt paznokerHuss OVD B OTHOIIEHUH CBOOOIHBIX
paaukanos. [lociie olleHKH 3TUX PE3yJIbTaTOB CIAEAYIOIIUM IIAaroM ObLI Mepexos K
KIIMHAYECKOMY uccaenoBanuto [23]. beuio pazpaboTano oqHOLIEHTPOBOE
(MpoBeZEHHOE B OAHOM HCCIIEA0BATEIHCKOM LIEHTPE-IPUM. ), IPOCTIEKTUBHOE
(uccienoBaHue, B KOTOPOM rpyIina, chOpMUpPOBaHHAS B HACTOSIIEE BPEMSI,
IPOCIEKUBAETCA B OyIyILlIEM- IPUM.), PAaHIOMU3UPOBaHHOE ( ciTydaiiHOe



pacnpeneneHue CyObeKTOB B JIBE WM OOJIEEe TPYIIIb, C Pa3IMYHBIM OTHOIICHHEM K
HUM, @ 3aTEM CPABHEHUE UX PE3YJBTATOB-IIPUM.) KIMHUYECKOE UCCIEA0BAHUE C
JIBOMHOW MacKoH (ciernoe ¢ mianedo- MpuM.), B KOTOpoM (pakosMyiibCuUKaIUs
MMPOBOAMIACH C UCITOIB30BaHUEM pacTBopa H2 B omHOM T71a3y, a B
MPOTUBOIIOJIOKHOM TJ1a3y UCIIOIB30BAJICSH OOBIUHBIN pacTBOP Y 32 MalMEHTOB C
KaTapakTou ¢ OIMHAKOBOM TBEPIOCTHIO sijipa B 000ux miazax. OCHOBHBIM
MoKazareseM Oblia INIOTHOCTh 3HI0TEINAIbHBIX KIIETOK POTOBHIIBI B LIEHTPE
POTOBHUIIBI, KOTOpasi U3MEPSIIACh C MOMOIIbIO OECKOHTAKTHOM CIIEKYIISIPHON
MHKpOCKonnu. H2 B UppUTraiinOHHOM pacTBOPE MPOIEMOHCTPUPOBAI
3HAYUTENbHBIN A((EKT B CHIDKCHUN TTOBPEKICHUSI SHIOTEIINS POTOBHITHI,
BbI3BaHHOTO (hakosmyinbcudukamueil. Ha puc. (1) nokazan THNUYHBINA cioy4aid, B
kotopoM 3¢ ekt H2 01T 4eTKO BhIpaXKeH Kak B IIEJIEBOH JIaMIie, TaK 1 Ha
¢dororpadusx, caeIaHHBIX C IOMOUIbIO CIEKYISIPHON MUKpOcKonuu. [TockonbKy
HEPENIKO MOYKHO YBHJIETh OTEYHYIO POTOBHILY Ha CJEIYIOLIUH AEHb MOCIIE
onepauuu, 3pdexr H2 okazanca HeoxxunanHbIM. KpoMe TOro, 3TH pe3ysabTarhbl
MO3BOJISIIOT HPEINOI0KUTh, YTO 3HAYUTENbHAS YACTh MOBPEXKICHUN SHIOTEIUS
pPOroBUIBI PU (HAKOAIMYIbCU(PUKALINK OblIIa BEI3BaHA OKHCIUTEIBHBIM CTPECCOM.
[Tockonbky coobmmanocs, yto H2 oka3biBaeT HUTONPOTEKTOPHOE AEUCTBHE
(cTI0COOHOCTH MOBBIIATE 3aUIUTHBIE BO3MOKHOCTHU CIU3UCTON 000JI0UKH, B
YaCTHOCTH, CTUMYJIUPYS CUHTE3 NPOCTATIaHANHOB U MUIEPMAIIBHOTO (haKTopa
poCTa-IprM.) MPU MHOTHX MATOJIOTHYECKUX COCTOSIHUSX [24], clenyeT 0KuaaTh
TaKUX KOCBEHHBIX 3(pdekToB. OnHako BO BpeMs Ppako3MysibcUuPUKALUU ACHCTBUE
H2 6b110 nipsimbim 1 siBHBIM. H2 HemenmenHo ynamnsut -OH, oOpa3zoBaBimiicst moa
JEWCTBUEM YIIBTpa3ByKa, U, CIEA0BATENbHO, MOAABISI OKUCIUTEIbHBIE
HapyLIeHUs: Tpu PaKkodMyJIbCUPUKALIUU.

3AKJIIOYEHUE

Hecmotps Ha TO, 9TO Mone3HocTh H2 Obli1a 4eTKo MpoAeMOHCTPUPOBaHA B
HEKOTOPBIX UCCIIEIOBAHUIX, MOCBAIIEHHBIX [/R TpaBmMe ceTuaTku, 1miea09HON
TpaBM€E POTOBHIILI HIIH (paKOAIMYIbCU(PUKAIINKI KaTapaKThl, €r0 IPUMCHEHHUE B

0o TaTbMOJIOTHUH €IIIe MPEIACTOUT MOJHOCTHIO OIIEHUTH. [I0CKOIBKY J10CTaTOYHbBIC
KOHIIEHTPAILIMX MOTYT OBITh MOMY4YE€HBI BHYTPHU INIa3HOM TKAHU MOCJIC BBEJACHUS HA
IJ1a3HYI0 TTOBEPXHOCTh, OKUJIACTCS IPUMEHEHHE B 00JIee IITMPOKOM JHana3oHe

o TanbMOIOTUYECKUX 00TIacTEN.
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