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Influence of Some B-Blockers on Erythrocyte Hypotonic Hemolysis

HccrenoBany BIMSsIHAE HEKOTOPBIX B-0JI0KAaTOPOB Ha THIIOTOHMYECKHI F€MOITH3 Y)PUTPOLIMTOB YenoBeka. [loka3aHo, 9To G110KaTops!
IIPY yBEIWYECHHH UX KOHIEHTPALUH B THIIOTOHHYECKOH Cpesie B MCCIIEA0BAHHOM JIHaNa30He KOHICHTPAUH YMEHBIIANN CTEICHb 1
CKOPOCTB TeMONn3a. DPUTPOLHTHL, IPEABAPUTEIHLHO 00paboTaHHbIe OI0KaTOpaMy, HA000POT CTAHOBHIIMCH O0JIee UyBCTBUTEIBHBIMU
K TUIIOTOHNYECKOH cpejie ¥ yTpauyHBaIH CIOCOOHOCTH OJIOKMPOBATHLCS B TEX JKE YCIOBHAX. AHAIN3 MOKA3bIBACT, UTO JAaHHBIH 3 ekt
HE MOKET OBITh 00BSICHEH yBEINICHHEM IIOBEPXHOCTHO-00EMHOTO OTHOIICHUS KJICTOK, TPOHUI[AEMOCTH MEMOPaHBI IJIs1 KATHOHOB U
HU3MeHeHneM ee TeKydecTH. [Ipenmonaraercs, 4To GJIOKHPOBAaHHIE OCYIIECTBIICTCS 3a CIET CTUMYJISIIUH perapanuy (GIyKTyHpyIOIIX
MeMOpaHHBIX ITOP, 00pa3yIONINXCs Ha paHHeH (ha3e THIIOTOHNYECKOTO TeMOIIU3a.

Kniouegvie cnoea: 3puTpOLUTEL, THIOTOHWYECKHH FeéMOJIN3, TeMOIUTHYECKHE OB, PEIapariys, aHTUITIay KOMHBIE peTIapaThl.

JlociiKyBav BIUTHB J€AKHX [-OJOKATOpiB HA TilIOTOHIYHMI IeMOJIi3 epUTPOIMTIB JIHOAUHH. [ToKa3aHo, 10 OJIOKATOPH TIpH
30UIBIICHHI iX KOHIICHTpAIIIi B FIIOTOHIYHOMY CEPEeIOBHUIII B JOCITIKCHOMY Jiara30Hi KOHLICHTPAIii 3SMEHIITYBaJI! CTYIIiHb 1 IIBUIKICTh
remouizy. EputponnTn, monepeaHso o6pobiieHi O1okaropamMu, HaBIIAKU CTaBaIX OLTBII Yy TIIMBUMH 0 TIIIOTOHIYHOTO CepeIOBHIIA i
BTpavalli 34aTHICTh OJIOKYBATHCS B THX )K€ YMOBax. AHaJli3 [OKa3ye, 110 JaHnil epeKT He MOXKHA TOSICHUTH 301JIbIICHHSM TOBEPXHEBO-
00’€MHOTO BiTHOMICHHS KJIITHH, 301JIbIIIEHHSIM MPOHUKHOCTI MEMOpaHU [T KaTiOHIB Ta 3MiHOIO ii TekydocTi. [lependagaerscs, mo
OJIOKYBaHHSA 3[IICHIOETBHCS 38 PaXyHOK CTUMYIIALIT penapamii (IyKTyIounx MeMOpaHHHUX IOp, IO YTBOPIOIOTHCS Ha paHHiN dasi
TIIOTOHIYHOTO TEMOITi3Y.

Knrouogi cnoea: eputponyTy, TIMOTOHIYHUN TEMOJTi3, TEMOJITUYHI IOPH, penapallis, aHTUIIIay KOMHI IIPeTapaThl.

Influence of some B-blockers on human erythrocyte hypotonic hemolysis was investigated. Hemolysis extent and rate were
shown to be inhibited as blockers concentrations increased in hypotonic medium within the concentration range studied. By contrast
red blood cells pretreated with blockers became more sensitive to hypotonicity and less sensitive to blockers under the same
conditions. The analysis shows that this effect cannot be explained by increased surface-volume ratio of cells, increased cation
permeability of membranes or changes in membrane fluidity. It is assumed that blocking effect is attributed to stimulated repair of

fluctuating membrane pores, which are formed at an earlier stage of hypotonic hemolysis.
Key words: erythrocytes, hypotonic hemolysis, hemolytic pores, repair, antiglaucoma medicines.

SIBneHune THIOTOHNYECKOTO TEMOIN3a SPUTPOLIUTOB
HCTIONIB30BAaHO B KPHOOHOIIOTHYECKUX NCCIIEJOBAHUAX
B KauyeCTBE MOJENH MOBPEXKICHUS KICTOYHBIX
MeMOpaH, PUBOAALIETO K THOETH KIETKU. DTO sIBJIe-
HUE, XOTS ¥ He B YHCTOM BHJIE, pean3yeTcs Ha dTare
OTOTrpeBa 3aMOPOKEHHBIX KJIETOYHBIX CYCHEH3HH,
0CcOOEHHO B MPHUCYTCTBUU MPOHUKAIOIINX KPHOMPO-
TEeKTOpOB. PacmmdpoBka MexaHu3Ma TUIIOTOHUYEC-
KOTO TeMOJIN3a MOXKET CTII0COOCTBOBATH pa3paboOTKe
HOBBIX, 3((PEKTUBHBIX KPUOMPOTEKTOPHBIX Cpel,
KOTOpPBIE, KPOME KPHOTIPOTEKTOPOB COAEPKaT U JIpy-
rue KOMIOHEHTHI, CIOCOOCTBYIOIINE pemnapauuu
MeMOpaHHBIX Ne(peKTOB, BOSHUKAIOUIUX B LUKIE
3aMOpaXxuBaHHEe-0TOrpeB. M3BeCTHO, UTO MHOTHE
ampuduILHBIE COSANHEHHS PA3TMYHON XUMUYECKON
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The phenomenon of erythrocyte hypotonic hemo-
lysis is used in cryobiology as a model of cell mem-
brane injuries leading to cell death. This phenomenon,
though not per se, occurs when frozen cell suspensi-
ons are thawed, especially in the presence of penetrat-
ing cryoprotectants. Clarification of hypotonic hemo-
lysis mechanism can promote elaboration of novel effi-
cient cryoprotective media, which complementary to
cryoprotectants contain other components contribut-
ing to repair of membrane defects, which emerge in a
freeze-thawing cycle. Many amphiphilic substances of
different chemical nature are known to interupt hypo-
tonic hemolysis, however mechanisms of this phenom-
enon are still unclear. Earlier we found [3] that some
ophthalmological drugs being exogenous agents incor-
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MIPUPOJIBI OKA3BIBAIOT MPOTEKTUPYIOIICE BIMSHUE HA
TUTIOTOHUYECKUI TeMOJIN3, OHAKO MEXaHU3M 3TOTO
SIBJICHUSI BO MHOTOM OCTaeTCsi HEsICHBIM. PaHee Mbl
YCTaHOBHJIH [3], 4TO HEKOTOphIe O()TaTEMOIOTHYEC-
KHE Mpenaparbl, KaKk 3K30I€HHbIE areHThl, BCTpau-
BalOTCS B MEMOpaHy 3PUTPOILMTOB M U3MEHSIOT HX
(hopMy, TO3TOMY MOXKHO MOJIaraTh, YTO OHU TAKKE
BJIMAIOT HA XapaKTEPUCTUKU TUIIOTOHUYECKOTO I'eMO-
u3a.

Iens paboThI — MCCIIeIOBAHNE BIUSHUS Ha TUIIOTO-
HUYECKHI TeMOJIn3 psijia Hecrienuduueckux B-0moka-
TOPOB, aHAJIOTOB MPOCTATIAHANHOB M KAaTHOHHOTO
JeTeprenTa, OEH3aIKOHUH XJIOPH/I, KOTOPbIE UCTIONb-
3YIOTCSl B MEIUIIMHE IS JICUSHUS TIIAyKOMBI M KaTa-
pPaKTHI I71a3a.

Martepnaabl 1 meToAbI

Paboty mpoBonuan Ha CBEXHUX SPUTPOLHUTAX
YeNI0BeKa, KOTOpble OTMBIBAJM CHadasia B (PU3UONIO-
ruyeckoM pactBope 6e3 Oydepa (150 MM NaCl), a
3areM B uM30TOHMYeckoM pactBope HBS (150 MM
NaCl, 5 MM HEPES, pH 7.4). [Tlony4yenHslii ocaiok
Pa3BOJIMIIH, JO KOHEYHOTO 00beMa | MJ M UCTIONB30-
BaJIM KaK CTOK-CyCHeH3HI0. [ n3y4eHus JMHAMUKH
TUIIOTOHUYECKOTO TeMOJN3a KIIETOK HCIIOJIb30BaJH
IByXKaHaJIbHBIA (opmomeTp-arperomerp PA-01.
Usmepenus, kanubpoBky npubopa u ob6paboTky
uHOPMALMK TPOBOAMIN, KK ONUCAHO B [4].

B pabote ucnons3oBanu cieayiomue opTaabMo-
noruueckue npemnaparsl: “Timolol” (akTuBHOE BeecT-
Bo Timolol 5 mr/mu, “®apmak”, Ykpauna), “Timohe-
xal” (akTuBHOE BemecTBo Timolol 2,5 mr/mi, “Hexal
AG”, I'epmanus), “Xalacom” (akTHBHOE BEIIECTBO
Timolol 5 mr/mi, naranonpoct 50 Mxr/mi, “Pfizer”,
Benbrus), “Travatan” (akTHBHOE BEIIECTBO TPaBO-
npoct 40 mxr/mi, “Alcon-Couvreur”, benbrus).
[MockonbKy mpernapaTsl CoepKar B Ka4ecTBe KOHCep-
BaHTa benzalkonium chloride (BzA) B koHIIEHTpaiuu
0,1-0,2 Mr/mi1, MBI 1J151 CPABHEHHS TAK)KE TPUMEHSLITN
pactBop manHoro pearenta (‘“Fluka”, I'epmanus) c
KoHUeHTpanuei 0,4 Mr/M; CBIBOPOTOUYHBIH anbOyMUH
4eNioBeKa U 001ue OeNKy IIa3Mbl ¢ KOHIIGHTpaLuei
50 r/n (3AO “/lnakon-AC”, Poccus). [lpu cratuctu-
yeckoi 00paboTKe TaHHBIX UCIIOIb30BaIIH t-KPUTEPHI
CroprofeHTa.

Pe3yAbTatbl M 00Cy)xaeHue

H3BecTHO, 9TO B cpefiax C MOHMKEHHOW OCMOJISP-
HOCTBIO SPUTPOIIUTHI ITOABEPTAIOTCS OCMOTHICCKOMY
TeMOJTN3Y, Korna ux 00BhEeM JOCTHTAET KPUTHUIECKOTO
reMonuTudeckoro oorema [16, 19]. Ha puc. 1 moka-
3aHa 3aBUCUMOCTH onrtndeckoi mioTHoctH (OI1) cyc-
MIEH3UU SPUTPOIUTOB 0T KoHIeHTpanuu NaCl B cpene
MHKyOanuu. JTa 3aBUCUMOCTh UMEET CUTMOUIHBIN
BH/I U XapaKTEPHU3yeTCsI MOHOTOHHBIM YMEHBIICHUEM
OIl B nuanazone 150-120 MM u nocnenyromum
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porated in erythrocyte membranes and changed their
shape, that is why one can presume that they also in-
fluence hypotonic hemolysis characteristics.

The aim of the work is studying the influence of
some non-specific -blockers, analogues of prostaglan-
dins and the cationic detergent benzalkonium chloride,
which are applied in medicine for glaucoma and cata-
ract treatment, on hypotonic hemolysis.

Materials and methods

The experiments were carried out in human eryth-
rocytes, which firstly were washed with physiological
solution without buffer (150 mM NaCl) and then with
isotonic solution HBS (150 mM NaCl, 5 mM HEPES,
pH 7.4). The obtained pellet was diluted to the final
volume of 1 ml and used as stock suspension. A dual-
channel shapemeter-aggregometer FA-01 was used for
studying hypotonic hemolysis dynamics. Calibration of
the device, measurements and processing the infor-
mation were performed according to [4].

In the work the following ophthalmological drugs
were used: Timolol (active substance Timolol, 5 mg/ml,
Farmak, Ukraine), Timohexal (active substance
Timolol, 2.5 mg/ml, Hexal AG, Germany), Xalacom
(active substances Timolol, 5 mg/ml, Latanoprost
50mg/ml, Pfizer, Belgium), Travatan (active substance
Travoprost, 40 mg/ml, Alcon-Couvreur, Belgium). Since
the drugs contain benzalkonium chloride (BzA) as a
preservative at the concentration of 0.1-0.2 mg/ml we
used solutions of this agent (Fluka, Germany) at the
concentration of 0.4 mg/ml, human serum albumin and
plasma total proteins (CJSC Diakon-DS, Russia) at the
concentration of 50 g/l for comparison.

The data were statistically processed by the Stu-
dent t-test.

Results and discussion

It is known that in media with lowered osmolarity
red blood cells undergo osmotic hemolysis, when their
volume reaches maximal hemolytic volume [16, 19].
Dependence of erythrocyte suspension absorbance on
NaCl concentration in incubation medium is presented
in Fig. 1. The dependence is sigmoid and character-
ised by monotonous decrease in absorbance within the
range of 150—120 mM and then up to zero. Since the
absorbance is in proportion to erythrocyte concentra-
tion in suspension, its decrease in the sigmoid part re-
flects erythrocyte hemolysis. The right linear part is
likely to be associated with cells swelling due to their
transfer to medium with osmolarity less than intracel-
lular one, but its value is still insufficient to cause
hemolysis. One can assume that cells swelling reduces
absorbance by 10%, consequently, if the initial absorb-
ance is 0.3, the absorbance value, at which hemolysis
starts, is 0.26—0.27. As one can see from the graph
this corresponds to the start of the sigmoid part of the
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Puc. 1. 3aBucumocts Ol cycnieH3uu 3pUTPOLUTOB OT KOH-
nenTtparn NaCl B cpenie nHKyOaruy. DKCepUMEeHTaTbHbIC
BEJINYMHEI, ITOJYYCHHBIC HAa KPOBU PAa3IMYHBIX IOHOPOB:
O — gonop 1; O~ monop 2. CryionHas TMHUS IPOBECHA
Yepe3 CPCAHUC 3HAYCHUA UBMCPCHHBIX BEJIMYUH.

Fig. 1. Dependence of erythrocyte suspension absorbance
on NaCl concentration in incubation medium. Experimental
values determined for different donors' blood: O —donor 1;
O — donor 2. The solid line is drawn via the average values.

pe3kuM nagenuem 1o Hyis. [ockonsky OIT nponop-
LMOHAJIbHA KOHIIEHTPALIH SPUTPOLIUTOB B CYCIICH3HH,
€€ YMEHBIIIEHNE Ha CUTMOMIHOM y4acTKe OTpa)kaeT
reMoJu3 3pUTPoIUTOB. [IpaBelii IMHENHHBINA y4acTOK,
MO-BUAMMOMY, CBSI3aH C Ha0yXaHHEM KIIETOK, BCIIe -
CTBHE MX IEepeHOoca B CPEAy C OCMOJSIPHOCTBHIO
MEHbIIIE BHYTPUKJIETOUYHON, HO BEIWYHWHA €€ eIle
HEJI0OCTaTOYHa, YTOOBI BBI3BATH TeMOIU3. MOKHO
nojararb, 4To HabyxaHue kietok ymenbmiaet OIT Ha
10%, cnemoBarenbHO, 3HaueHue Oll, ¢ KOTOpOTrO HAYH-
HaeTcst coocTBeHHO remonu3 mnpu OII pasnoii 0,3,
cocraBisieT npubau3uTensHo 0,26—0,27. Kak BugaHO
U3 rpaduka 3T0 COOTBETCTBYET HAa4yaly CUTMOUHOTO
ydacTka KpuBou. Ilo ycpenHeHHONW KpUBOW MOXHO
OLIEHUTH, 4T0 50%-i reMosn3 COOTBETCTBYET KOH-
nentpanuu 87 MM NaCl, yTo 6JM3KO K M3BECTHBIM
nanabM (0,4-0,55%) [5]. s u3ydeHus BIUSHUA
areHTOB Ha TMIIOTOHWYECKHUI T€MOJIU3 SPUTPOIUTHI
nmoMeland B BHIOPAaHHYIO HaMH CTaHAAPTHYIO
runoronnueckyto cpeny (75 mM NaCl, 2,5 MM
HEPES), xoTtopast B HOpMe BBI3BIBAET TEMOIH3 OKOJIO
90% KJIeTOK M AOTOJIHUTENHHO CONEPKHUT Pa3HbIe
KOHIIEHTpAIUH UCCIIENYyEMbIX areHToB. ONITHYECKYIO
IJIOTHOCTH M3MepAnu depe3 150 ¢ mocne BBeneHUs
SPUTPOLIUTOB B COOTBETCTBYIOIIYIO CPELY.
JluHaMu4eckue KpuBble TUIIOTOHUYECKOTO JIM3UCa
nokasaHbl Ha puc. 2. HeoOxoanmo oOpaTtuts BHUMaHue
Ha CJIeIyIoLIe OCOOCHHOCTH BIMSHUS IPETIAapaToB Ha
3TOT Mpo1ecc. YBETNUEHUE NX KOHIIEHTPAINH B CPE/Ie
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curve. From the average curve one can evaluate that
50% hemolysis corresponds to NaCl concentration of
87 mM, which is close to the published data (0.4—
0.55%) [5]. To study the drugs’ influence on hypot-
onic hemolysis we placed erythrocytes in the selected
by us standard hypotonic medium (75 mM NacCl, 2.5
mM HEPES), which causes normally 90% hemolysis
of cells and additionally contains different concentra-
tions of the drugs investigated. Absorbance was regis-
tered 150 sec after incorporation of red blood cells into
the appropriate medium.

The dynamic curves of hypotonic lysis are presented
in Fig. 2. The following peculiarities of the drugs’ in-
fluence on this process should be mentioned. Increas-
ing in the drugs concentrations in medium results in a
decline in the absolute value of absorbance changes,
which attests to a reduction in hemolysis level. The
curves of hypotonic hemolysis with the different drugs
differ, and these can be divided into two groups: the
first one includes the preparations BzA, Timolol and
Xalacom, which decrease hemolysis rate, but do not
prevent it within the experimental period; the second
group includes Timoxenal and Travatan, which are able
to inhibit hemolysis completely after a while. In both
cases the hemolysis kinetics becomes biphasis one con-
sisting of the first fast phase and the second slower
one. This curve profile conforms with the mechanism,
according to which the drugs affect hemolytic pore
repair after a pore emerges in membrane, which de-
termines dynamics of the second phase. The first phase
is attributed to the development of initial hypotonic
hemolysis, which proceeds in the control. It is confir-
med by the fact that a similar curve profile may be
achieved by adding the drug just after incorporation of
cells to medium (data are not presented). Increase in
NaCl concentration in hypotonic medium reduces hemo-
lysis; in this case, however, kinetic curves are not of
conspicuous biphasis pattern, which is typical for the
drugs. This attests to the fact that salts do not block
hemolysis, but enhance medium tonicity only and de-
crease swelling and injuries in the cell population, which
hemolyzes in the control. In this case hemolysis kinet-
ics maintains uniphase profile. Thus, the drugs are un-
likely to affect the emergence of elementary hemolytic
pores.

The quantitative parameter, which can be used for
evaluation of the drugs inhibiting activities, is inhibition
coefficient K, . It is determined by the formula

A — Awmr (1)
4,4

inh
contr

where 4 is final absorbance in the presence of an in-
hibitor; 4 is absorbance after termination of hypo-
tonic hemolysis for control cells in medium without in-

problems
of cryobiology

Vol. 20, 2010, Ne1



MIPUBOJUT K YMEHBIIEHNUIO aOCONMIOTHONW BEIMYHHBI
n3menenus Oll, 9To CBUAETEIHCTBYET O CHUIKEHHUU
CTEINIEHH TeMOJIN3a KIIETOK. XapaKTep KPUBBIX THIIOTO-
HUYECKOTI0 FeMOJIN3a OTIIMYAETCs AJIs pa3HbIX Ipena-
parToB, UX MOYKHO Pa3JeNINTh Ha JIBE TPYIIIBL: B IEPBYIO
BXoAT mpenaparel BzA, “Timolol” u “Xalacom”,
KOTOpBIE CYIIECTBEHHO YMEHBIIAIOT CKOPOCTH
reMOJIN3a, HO IOJTHOCTBIO €0 HE MPENOTBPALAIOT Ha
BPEMEHHOM OTpE3KE IKCIIEPUMEHTa, BO BTOPYIO —
”Timohexal” u “Travatan”, KOTOpbIe CIIOCOOHBI MOJI-
HOCTBIO TOPMO3HTH T'€MOJIU3 YEPe3 OIMpPEAeICHHOE
Bpems. B ToM u 1pyrom ciydae KHHETHKA FeMOJIN3a
CTaHOBUTCS OM(Da3HOMU, COCTOSIMIEH U3 OBICTPOU Tep-
BoH a3pl u Oosee MeIeHHOW BTOpoi. Takoil BUI
KpPHUBOW OTBEYAET MEXAHU3MY, COITIACHO KOTOPOMY
Ipenaparsl OKa3blBAlOT BJIHUSHUE HAa pernapalnuio
TreMOJINTHYECKUX TIOp B MEMOpaHe mocie ux oopaso-
BaHUs, YTO M ONpEAessieT JUHAMUKY BTOPOH (hazbl.
[lepBas dasza oOyciioBieHa pa3sBUTHEM HAYaIbHOTO
TUIIOTOHUYECKOTO TeMOJIN3a, KOTOPBIN pa3BUBAeTCs U
B KOHTpOJIE. TO MOATBEPKAAETCSA TEM, UTO CXOTHBIN
XapakTep KPUBBIX MOXKHO MOyYUTh IPH J00aBICHUN
Mperapara cpasy ke Mociie BBeIeHHUS KIIETOK B CPEAY
(maHHBIE HE TPUBEIEHBI). YBEIHMUCHIE KOHIIEHTPALINU
NaCl B THITOTOHHYECKOW CpeJie YMEHBIIaeT reMOITu3,
OJTHaKO KMHETHYECKHE KPHUBBIE B 3TOM CiIydae He
HMEIOT BBIPaKEHHOT0 01 (a3HOro BUIA, XapaKTEpPHOTO
JUIsL TIperaparoB. OTO CBUAETEIBCTBYET O TOM, UTO
COJIM HE OJIOKUPYIOT F€MOJIN3, a JIUIIb YBEITHIHBAIOT
TOHUYHOCTbH CPEJbl, U YMEHBILAIOT CTENICHb Ha0yXa-
HUS U OBPEXKICHUS TON MOMYJIALNHN KJIETOK, KOTOpas
reMOJIM3UpYeET B KOHTpose. Kunetnka remonusa npu
3TOM coxpansieT onHodasublii Bua. Takum oOpaszom,
MaJio BEpPOSATHO, YTO areHThI OKA3hIBAIOT BIMSIHHE HA
MIPOLIECC 3aPOXKACHUS MEPBUYHBIX TEMOJIUTHIECKIX
Top.

KosnuecTBeHHBIM TapaMETPOM, KOTOPBIA MOXKHO
WCIIOJIL30BATh JIJIsl OLICHKH HHTHOUPYIOIIETO BITHSHUSI
MpenaparoB, sSBIsAETCS KOAPPHUIUEHT UHTHOUPOBaHUSI

K. ., KOTOpBI onpenensercs no Gopmyie
A—-A
— contr 1
Kinh A — A ( )

0 contr

rne A — xoneynoe 3Hadenne OII B mpucyrTcTBuun
unruduropa; A, —3Hadenue Ol mocne 3aBepiieHus
THITOTOHUYECKOTO TEMOJIH3a [T KOHTPOJIBHBIX KJIETOK
B CpEJIE, HE coziepKaIleld HHrMONUTOpa; A, — Hadaib-
Hoe 3HaueHne Oll, KoTopoe KIeTKH NMEIOT B Hayalb-
HBI MOMEHT HEeTIOCPEACTBEHHO Iepe]] reMou3oM. 13
Gopmyaer (1) cnenyer, ecnmud=A_ ,TO HHTHOUTOP
HE OKa3bIBACT BIMAHKS HA IPOLECC U K, | paBEH HYIIIO.
Ecnu e HHrHOMTOp MOMHOCTBIO MOAABIISIET TEMOJIH3
ud=A4,r10K,  pasen | uin 100%. Ha puc. 3 npuse-
JICHbI 3aBUCUMOCTU K| | OT KOHIIEHTPALMK TIPEIapaToB,

npo6ne|v|b|
proﬁwonorvm
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Puc. 2. XapakTepHble KHHETHYECKHE KPUBBIE THITOTOHUYEC-
KOTO TEMOJIH3a dpUTPOIUTOB (3aBUcUMOCTh OIT oT BpeMeHm)
B 3aBHCUMOCTH OT 00beMa rpernapaToB uik 2 M pacTBopa
NaCl, noGaBieHHBIX B 2 MJI TUIIOTOHHYECKOH cpefibl. OObeMBbI
npenaparoB, MKI: [t BzA, “Travatan”, “Xalacom”, tpek 1 —
1; Tpex 2 —2; Tpek 3 — 5; Tpek 4 — 10. dns “Timolol”, “Timo-
hexal” Tpex 1 — 2, Tpex 2 — 5, pek 3 — 10, Tpek 4 — 20, s
NaCl tpek 1 — 5; tpek 2 — 10; tpek 3 — 20; tpek 4 — 40.
Kaxnpiii pek coctapmnsier 150 c. Kpusast 1 Ha Tpeke 1 BBepxy
COOTBETCTBYET KOHTPOJIBHOMY IeMOJIM3y B Cpeje, He
cojieprKalled mpenaparsl.

Fig. 2. Typical kinetic curves of erythrocyte hypotonic
hemolysis (time dependence of absorbance) depending on
the volumes of drugs or 2 M NaCl solution added in 2 ml of
hypotonic medium. The drugs volumes, pl: BzA, Travatan,
Xalacom, track 1 — 1, track 2 — 2, track 3 — 5, track 4 — 10;
Timolol, Timohexal, track 1 —2, track 2— 5, track 3 — 10, track
4-20; NaCl, track 1 -5, track 2 — 10, track 3 — 20, track 4 —40.
Each track is 150 sec. Curve 1 in track 1 for absorbance 1
corresponds to the control hemolysis in medium without drugs.

hibitors; A4 is initial absorbance, by which cells are
characterized immediately before hemolysis. It results
from the formula (1) thatif 4 =A4_  the inhibitor ex-
erts no influence on the process ‘and K, , = 0. If the
mhlbltor arrests hemolysis completely and A= A, then

K, , = 1or100%. K, , dependences on the drugs con-
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Puc. 3. BausiHue npenaparoB Ha MHTHOMpPOBAaHME THIIOTOHMYECKOTO I'€MOJIM3a SPUTPOIUTOB ABYX JOHOPOB.
HesamTpuxoBaHHbIE CHMBOJIBI COOTBETCTBYIOT IOHOPY 1, 3amTprxoBannsie — qoHopy 2: a) O —BzA; 0 —“Travatan”; A —
“Xalacom”; 6) O — “Timolol”; 0 —“Timohexal”; A —“Oftan-Timolol”.

Fig. 3. The drugs effects on inhibition of hypotonic hemolysis of erythrocytes from two donors: open symbols to donor 1,
close symbols to donor 2; a)O — BzA; [0 —“Travatan; A — Xalacom; b) O — Timolol; 0 — Timohexal; A — Oftan-Timolol.

KOTOpBIE CTPYIITUPOBAHBI B COOTBETCTBUH C XapaKTe-
poM 3To#l 3aBucuMocTH. s mpenapatoB BzA,
“Travatan” u “Xalacom® (puc. 3, a) OHM UMEIOT TUIIEP-
Oonuyeckuil BUJ ¢ TEHIECHIMEH K HACHIILECHUIO, a TS
“Timolol”, “Timohexal” u “Oftan-Timolol” — muHeHHbIH
(puc. 3, 6). U3 npencraBieHHBIX JaHHBIX BUIHO, YTO
CTeTeHb OJIOKUPOBAHUS TSI PA3HBIX JOHOPOB MOXKET
HECKOJIBKO OTIIMYATHCS IO BEIMUYUHE, HO COOTHOILICHUE
MeX Ty 2P GHEKTOM pa3IMIHBIX IPETapaToB Ha HATHON-
PYIOIYI0 aKTHBHOCTh M XapakTep €€ 3aBUCUMOCTH
OT KOHIICHTPAIIUU MpenapaToB JJisi Pa3HbIX JOHOPOB
coxpansiercsi. CreioBaTeibHO, 3PUTPOLIUTHI PA3HBIX
JIOHOPOB MOTYT OTJIMYATKLCS 110 YYBCTBUTEILHOCTH K
HHTHOHMPYIOLIEMY BIUSHUIO UCCIIEAYEMBIX ar€HTOB.
Haubonee 3¢ pexTuBHBIMU HHTHOUTOpPAMH Clie-
ayet cautarh “Travatan” u “Timohexal”, koTopsie pu
MaKCHMaJbHBIX HCIOJb3YEMBIX KOHIEHTPAaLHUIX
OJIOKHPYIOT THIIOTOHUYECKHH remonu3 10 75%. 1o
MOATBEPKAAETCS KHHETUYECKUMH JaHHBIMH, (CM.
pHC. 2), TOKa3bIBAIOLIIMH ITOJTHYIO OCTAaHOBKY Pa3BH-
THUS] TEMOJIMTHYECKOTO MpoIlecca STUMH areHTaMu, B
OTJIIMYHE OT APYTHUX MpernaparoB, KOTOPhIC 3HAYH-
TEJIEHO YMEHBIIAIOT CKOPOCTh TeMOJIH3a, HO MOJTHOC-
TBIO €r0 He MpeJoTBpamiatoT. s oObscHeHus BO3-
MO’KHOT'O MeXaHu3Ma OJIOKHUPOBAHHUSI, MBI TIOCTPOUIIH
rpauk 3aBUCUMOCTH K | OT YBEIMYEHHUS KOHIIEHTPA-
uun NaCl B crangapTHON THIOTOHUYECKOH cpeze. DTo
HW3MEHEHHE MOKHO pacCMaTpHUBaTh KaK HHTMOWPOBa-
HUeE, [10 aHAJIOTUH C J0OaBIEHHEM MPenapaToB, XOTA
MOHATHO, YTO OMOPHU3NUECKHE MEXaHU3MBI, JI)KaILUe
B UX OCHOBE MOTYT OTJIMYAThCS IO CBOEH MPHUPOJIE.
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centrations, which are classified according to the pat-
tern of a dependence, are presented in Fig. 3. They
are hyperbolic with a tendency towards saturation
(Fig. 3, a) for BzA and Xalacom and linear (Fig. 3, b)
for Timolol, Timohexal and Oftan-Timolol. From the
data presented one can see that though for different
donors the extent of arrest can vary, the relation be-
tween effects of the different drugs on inhibiting activ-
ity and the character of inhibiting activity dependence
on the drugs concentrations maintains. Consequently,
different donors' erythrocytes can vary by their sensi-
tivity to the inhibiting impacts of the agents studied.

The most efficient inhibitors are Travatan and Timo-
hexal, which at the maximal concentrations arrest hy-
potonic hemolysis by 75%. This is also confirmed by
the kinetic data (Fig. 2). Unlike other drugs, which de-
crease hemolysis rate, but do not prevent it, these prepa-
rations arrest the proceeding hemolytic process com-
pletely. To ascertain a possible arrest mechanism we
plotted a graph of K, = dependence on the rise in NaCl
concentration in the standard hypotonic medium. These
changes can be considered as inhibition by analogy with
adding the drugs, though it is obvious that biophysical
mechanisms lying in their basis can differ by their na-
ture.

With reference to Fig. 4 it can be seen that 20 mM
NaCl blocks hemolysis by 70-80%, that corresponds
to the arrest caused by the maximal concentrations of
some agents, i. e. perhaps there is an osmotic equiva-
lent of arrest, when the same hemolysis level in the
presence of a blocker is achieved just by increasing
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Puc. 4. Bnusne NaCl Ha tHTHOMpOBaHKUE THIIOTOHUYECKOTO
reMOJIN3a SPUTPOLUTOB TOHOPOB: 1 — noHOp 1; 2 — noHOp 2.

Fig. 4. Influence of NaCl on inhibition of hypotonic hemo-
lysis of erythrocytes from the donors: 1 —donor 1; 2 —donor 2.

Kak Bunno (puc. 4), nobasnenue 20 MM NaCl Ha
70-80% OJIOKHpYET reMOJIM3, YTO COOTBETCTBYET OJ10-
KHUPOBKE, BBI3BIBAEMON MaKCHMaJbHBIMU KOHLICH-
TpaLUUSIMU HEKOTOPBIX areHTOB, T. €. MO-BUJIUMOMY
CYIIECTBYET OCMOTHYECKHI SKBUBAJICHT OJIOKHPOBa-
HUS, KOTZIa TOT )K€ YPOBEHB IeMOJIN3a B IPUCYTCTBUHU
0JIoKaTopa MOCTHTAETCS IIPOCTHIM MTOBEHIIICHHEM OC-
MOJISIPHOCTH TUITOTOHWYECKOH cpenbl. OmMHAKO 3aBU-
CUMOCTh Km , OT KOHIICHTpaluu NaCl umeer curmoui-
HBII BUT, HATTOMUHAIOIINH aHAJIOTHYHY0 3aBUCUMOCTh
OII (cwm. puc. 1), koTopast OTINYAETCS OT 3aBUCUMOC-
i K, KOHIEHTpanMed areHTOB-HHTUOUTOPOB C
TUHEIHON MO0 Tunepbonmueckon opmoii (puc. 3).
OTO 3HAYUT, UTO MEXAHU3M UX NEUCTBUS HE COBIA-
JAeT C OCMOTHUYECKHM MexaHu3MoM nericTBust NaCl.

Jl11s yTouHeH!s: BO3MOXKHOTO MeXaHH3Ma OJIOKHPO-
BaHUS T€MOJIM3a KOHLIEHTPUPOBAHHYIO CYCIEH3UIO
APUTPOIUTOB 0OpabdaTeiBasii BZA B M30TOHHYECKOM
Cpelie ¢ TaKUM PacdeToM, YTOOBI OHU CBS3AIH IPH-
OJIM3UTENIEHO TaKOE K€ KOJIMYECTBO areHTa, Kak W B
pa3baBiieHHOH cycnieH3un. Bo3MoxHO 00paboTaHHbIC
KJIeTKH OymayT 00anarh MOBBIMICHHOW YCTOWYH-
BOCTBIO K TUITOTOHUYECKOMY JIM3UCY U3-32 YBEIHUCH-
HOMH IJIOIA 1 IOBEPXHOCTH B PE3YJIBTATE BHEAPEHUS
rccaeayeMoro npenapara. JlaHHble TaKUX SKCIIEpU-
MEHTOB IIOKa3aHbI Ha PUC. 5, U3 KOTOPOTO BUIHO, YTO
KJIETKH, 00paboTanHble BzZA B MeHbIIeH KOHLIEHTpa-
uuu, He OyIyT yCcTOHYHBee, a HA00OPOT UMEIOT TeH-
JICHIIMIO K CIIBUTY TI0 OCH TOHUYHOCTH BIIpaBo. Kietku,
obpabotanubie BZA Oonblneii KOHIIEHTPAIMH, CTAHO-
BSITCSI HAMHOTO YYBCTBHUTEIbHEE K THIOTOHUH IO
CpaBHEHHIO ¢ KOHTposieM. Kpome Toro, Mbl ycTaHo-
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osmolarity of hypotonic medium. Nevertheless K,
dependence on NaCl concentration is sigmoid like the
analogous absorbance dependence (see Fig. 1), which
differs from linear or hyperbolic K, , dependences by
the inhibitors concentrations (Fig. 3). This means that
mechanisms of their action are not the same as os-
motic mechanism of NaCl action.

To clarify a possible mechanism of hemolysis ar-
rest we treated concentrated erythrocyte suspension
with BzA in isotonic medium in order to allow red blood
cells to bind approximately the same quantity of the
agent as that in diluted suspension. Maybe the treated
cells will be more tolerant to isotonic lysis because of
increased surface area as a result of incorporating the
drug. The data of these experiments are presented in
Fig. 5, in which one can see that the cells treated with
lower concentrations of BzA are not more tolerant,
vice versa, they tend to shift to the right on the tonicity
axis. The cells treated with higher concentrations of
BzA become much more sensitive to hypotonicity than
the control ones. Besides, we established that all the
drugs lose capacity for inhibiting hemolysis of the
treated cells even when the drugs are present in hypo-
tonic medium and block conspicuously hemolysis of
untreated cells (see Fig. 2, 3). The data obtained con-
tradict the model, according to which reduced hemolysis
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Puc. 5. 3aBucumocts OIl cycniensun 3putrpountos (1,6X
10° xi/mi), o6paboranssix BzA (157 MeM -0, AA; 314 MM —
M, A) B Teuenue 15 mun, ot konuenrpauuun NaCl B cpene
unky6anuu: O, W, — nonop 1; &, A — nonop 2. CrutomHas
KpHBasi JUIsi KOHTPOJIbHBIX SPUTPOIMTOB MPHUBEJCHA IS
CpaBHEHHUSI.

Fig. 5. Dependence of erythrocyte suspension (1.6X
10° cells/ml) absorbance after 15-minute BzA treatment
(157 uM -0, A; 314 uM — M, A) on NaCl concentration in
incubation medium: OO, M, — donor 1; &, A —donor 2. Solid
line for control erythrocytes data is given for comparison.
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BUJIM, YTO BCE MPENaparhl yTPauuBaOT CIIOCOOHOCTD
WHTUOMPOBATH FeMOJIH3 00pabOTaHHBIX KIIETOK Jaxe
TOT/Ia, KOT/Ia IIpenaparkl MPUCYTCTBYIOT B THIIOTOHH-
YEeCKOH Cpefe M BBI3BIBAIOT BHIPAKEHHOE OIOKUPO-
BaHHWE reMOoJIn3a He0OpaOOTaHHBIX KIIETOK (puc. 2, 3).
[lony4yenHsle naHHBIE NPOTHBOpPEYAT MOJEIH, CO-
[J1aCHO KOTOPOH YMEHBILIEHHE TeMON3a 00yCIOBICHO
yBeJTUYEHHEM [TOBEPXHOCTH MeMOpaHsl. [lo-Buaumo-
MY, MEXaHU3M UMEET APYTYIO IPUPOY, KOTOpas IMOKa
HE HCCIIe0BaHa.

JlOTIOTHUTENBHBIM MTOATBEPIKACHHEM TOTO, YTO
B3aMMOJICHCTBUE TIpernapaToB ¢ MeMOpaHoil ( Ha
npuMepe BzA) mpuBOIHT K CyIIeCTBEHHOMY HapyIe-
HUIO UX CBOMCTB, MOTYT CIIYXKHTb H CJIeIyroIue Ha0-
JIIONIEHMSL.

1. Knetku, o6paboranubie BZA B KOHIIEHTpUPO-
BAaHHOH CYCII€H3MH, HE TEMOIM3UPYIOT B 9TOH cpene
B T€UEHHUE MPOJODKUTEIFHOTO BPEMEHH (4achl) pH
KOMHAaTHOW TeMIlepaTrype, OJHAKO OHU HAYWHAIOT
CIIOHTAaHHO T€MOJIM3UPOBATh MpPHU UX MEpeHOoCce B
kroBeTy. CTeneHb U CKOPOCTh T€MOJIN3a BO3PACTAIOT
[0 MEpe YBETUYEHHS BPEMEHH WHKYOAIH SPUTPO-
mToB ¢ BZA n xoHnienTpanuu BzA. TIpu 3ToM remoi3
pa3BUBaeTCs C JIATOM M IMEeT AByX(pa3HbIH Xapakrep
(puc. 6, A u B). Bo3M0XHO, 3TOT pOIIeCC TOTCHITH-
pyercs CABUTOBBIMU Jle(hopMaIisiMi, KOTOPBIE KIIET-
KM IIPETEPNEBAIOT IPU UX IIEPEMEILINBAHUH B KIOBETE.

2. YKa3aHHBIN CIOHTaHHBIN FeMOJIN3 aKTUBUPYETCS
anbOyYMHHOM M OOIMIMMH O€NKaMHu IUIa3MBbl, IPUYEM
aKTUBALMA 3HAYUTEIBHO CHIIBHEE, €CIIU ATH PEareHTh
n00aBIATh Yepe3 HEKOTOPOE BpeMsl MOCie KIETOK
(puc. 6, B, C). Kak Bugno u3 puc. 6, WP akTUBHpYIOT
reMoJIn3 cuibHee, ueM Al.

3. Ecnu kieTku mocie o0paboTKH HU3KUMH KOH-
HeHTpanusMu BzA mpu nepeHoce B KIOBETY. OJIM3KHU K
IUCKOMAHBIM, TO Al 1 WP yMmeHbIIaT ero, 4to
yKa3bIBaeT Ha chepyIsiuio KIETOK (JaHHBIC HE TIPHBE-
JICHBI).

4. Oputpouutsl, 00paboTanHbie BZA B KOHIIEHTpU-
POBaHHOI CYCIIEH3UH U JIBAXKIbI OTMBITBIC B (PU3HOJIO-
THYECKOM pacTBOpE, B 3HAUYUTENBFHONH Mepe yTpadu-
BalOT COCOOHOCTh MHI'MOUPOBATHCS IPOTHUB THUIIOTO-
HUYECKOTO FeMOIIN3a B Cpelie, CoAeprKallei nccuemye-
MBbI€ IIpenapatel. TakuM ke CBOWCTBOM 001aJat0T U
SPUTPOLUTHI, HE OTMBITHIE OT BZA (puc. 6, A, Tpek 2).

OHUM U3 MEXaHHU3MOB 00eCTICUeHUSI MPOTEKINH
MIPOTUB THIOTOHHYECKOTO T'eéMOJIN3a MOXET OBITh
HWHIYIMPOBaHHOE OJI0KaTOpaMH MOBBIIIICHHE TIPOHU-
[IaeMOCTH MEeMOpaHbI ISl HOHOB Kallud. YCTaHOB-
JICHO, YTO MMPOTEKTUPYIOIIH 3(PPEKT pa3THIHbIX COe-
OUHEHHUI KOpPPEeNHupyeT C YBEIWYCHHEM KaJIueBOU
nponuuaemoctu [9, 12, 18], a ananoruunsiid 3pdexr
JU30JULETHHA, COMPOBOXKAACETCSI YMEHbBIICHUEM
MPOHULAEMOCTH MeMOpaH ISl Kajiusi B TMIIOTOHU-
yeckux ycnoBusix [10]. MHbIMU cliOBaMH, IPOTEKTHU-
pyrouuii 3 QeKT He Bcerga CBsA3aH C MOBBIIICHUEM
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is attributed to an increase in membrane surface. Per-
haps the mechanisms are of different nature, which
has not revealed yet.

The following observations can serve as an additio-
nal confirmation of the fact that the interaction between
the drugs (as exemplified by BzA) and membrane re-
sults in significant distortions of their properties:

1. The cells treated with BzA in concentrated sus-
pension do not hemolyze in this medium for a long pe-
riod of time (hours) at room temperature, however they
start hemolyzing spontaneously after their transfer to
a cuvette. Hemolysis level and rate rise as the dura-
tion of erythrocyte incubation with BzA and BzA con-
centration grow. In this case hemolysis proceeds with
lag and is of biphasis pattern (Fig. 6, A and B). Per-
haps this process is attributed to shear deformation,
which cells undergo while being stirred in a cuvette.

2. The spontaneous hemolysis above-mentioned is
activated by albumin and plasma total proteins, notably
the activation is much stronger if these reagents are
added after cells after a while. In Fig. 6 one can see
that WP activate hemolysis more that Al (Fig. 6, B, C).

3. If cells are discoid-like after treatment with low
concentrations of BzA and transfer to a cuvette, Al
and WP reduce it, that indicates to cell spherulation
(data are not presented).

4. The erythrocytes treated with BzA in concen-
trated suspension and washed twice with physiologi-
cal solution mostly lose the capacity for being inhibited
against hypotonic hemolysis in medium containing the
drugs studied. The red blood cells, which were not
washed from BzA, have the same feature (Fig. 6, A,
track 2).

One of the mechanisms providing protection against
hypotonic hemolysis may be a blocker-induced en-
hancement in membrane potassium permeability. Pro-
tective effects of different compounds were discov-
ered to correlate with potassium permeability [9, 12,
18], and an analogous effect of lysolethitin is accom-
panied by a decline in membrane potassium perme-
ability under hypotonic conditions [ 10]. In other words
protective effect is not always associated with en-
hanced permeability of membranes. Additionally it was
shown that in order to become more tolerant under
hypotonic conditions the erythrocytes had to lose a con-
siderable quantity of potassium, that is why the protec-
tive activities of the substances studied by us are un-
likely to be due to their influence on membrane perme-
ability [2, 7]. There is another explanation of protec-
tive activity: blockers boost membrane rigidity (lessen
its fluidity), that allows it to sustain larger osmotic stress.
There is a correlation between membrane fluidity and
hypotonic hemolysis curve at pH 6.0, butnot at pH 7.4
[2, 10]. Membrane fluidity depends on osmotic fragil-
ity of ATP-depleted erythrocytes [27]. The data that
the detergent C9E20 boosts fluidity, but has no protec-
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MpoHHUIIaeMocTH MeMOpaHbl. Kpome Toro0, ycTaHOB-
JIEHO, YTO JIJI TIOBBIIIEHHS yCTONYMBOCTH SPUTPOLITOB
B TMIIOTOHHYECKUX YCIOBUAX KIETKH JOJDKHBI MOTE-
PATH 3HAUUTEIBHOE KOJIMYECTBO KalHs, TOITOMY Majio
BEPOSITHO, YTO MPOTEKTUPYIOUIHH 3P PEKT HccaeJ0BaH-
HBIX HaMU BEIIECTB OOYCJIOBJIEH WX BIMSHHEM Ha
MpOHHULIaeMOCTh MeMOpaHnsl [2, 7]. CymiecTByeT npy-
roe o0ObsICHEHHE MPOTEKTUpYIoLIero 3(exTa BemecT-
Ba: OJIOKATOPHI YCHIIMBAIOT PUTHAHOCTH MEMOpPaHEI
(YMEeHBIIAIOT €€ TEKy4eCTh), YTO MO3BOJIAET €i BBI-
JepKUBATh OOJBIINE OCMOTHYECKHE HAarpy3ku. CBs3b
MEXIY TEeKYy4eCThI0 MEMOpaHBI 1 KPUBOM THIIOTOHH-
YeCcKOro reMonm3a ycranonieHa npu pH 6.0, Ho He
npu pH 7.4 [2, 10]. TekydecTs MEMOpaHbl 3aBUCHT
OT OCMOTHYECKOH XPYTIKOCTH SPUTPOLIUTOB, UCTOLIEH-
HbIX 10 AT® [27]. TlonTBepx)aeHUEM KOCBEHHOH
CBSI3U MEXIY TEKy4eCTbI0 MEMOpPaHBI U THIIOTOHH-
YECKUM IE€MOJIU30M CIIyXKaT JaHHBIE, YTO AETEPTEeHT
C9E20 yBeaumuyuBaeT TEKy4eCTb, HO HE ABIAETCS
nporekTopoM, Toraa kak C9E9 anamoruuHo BiusieT
Ha TeKy4eCTh U O10kupyeT remonus [ 14]. biokupyto-
i 3QQexT uccieayeMbpIX MpenapaToB Takke He
MOXXET OBITh OOBSICHEH MX BIMSHHEM Ha TEKY4eCTb
MeMOpaHbI, IOCKOJIbKY KJIETKH, 00paboTanHbie BZzA,
CTaHOBATCA 00Jiee UyBCTBUTEIBHBIMH K THIIOTOHUH,
YTO TMpeAIojaraeT yBeJInUYeHHE TeKy4eCTH MEM-
OpaHbl 10 aHAJIOTHHU C IEHCTBHEM A0IeLIICYIb(dara
HaTpus [25]. AHAJOTHUYHBIA OIOKUPYIOMIHHA 3P PEeKT
XapaKTepeH Al MHOYKECTBA XMMHMUYECKUX COEIUHE-
HUI: FHTHOMTOPOB KaJbMoxynuHa [6, 7, 20], >KUpHBIX
KHUCIOT [7, 8, 24], pa3nu4HbIX AeTepreHToB [§, 12, 14,
18,24, 28, 29], nuzonunuaos [9-11, 21], aMUHOKHUCIIOT
[21, 22], 610KaTOPOB KaIBIMEBLIX KaHAJIOB, (pocdo-
nmmas [22], dmrorutpasemnamos [15] u pmroopecteHt-
HEBIX Kpacureneit [13]. ABropsl pabotsl [17] mpummiu
K 3aKJII0YEHHUIO, YTO HE CYIIECTBYET MPUINHHOMN CBSI3U
MeXy ONokupyromuM 3pderroM amPpuduios u nx
CIOCOOHOCTBIO M3MEHATh (POPMY IPUTPOLIUTOB HIIH
BBI3BIBATh BE3UKYIALUIO MEMOpPaH, a TaKKe MEXIY
MOJICKYJISIDHOU CTPYKTYpPOW 3THX BEHIECTB U UX
3apsaoM. [ MIIOTOHMYECKUI TeMOoIN3 3PUTPOLIUTOB
o0ycioBiieH (OpMUPOBAHHEM B X MEMOpaHaX reMo-
JUTHYECKUX TIOP CO CIOXKHOM MOJIEKYJIIPHOH CTPYyK-
TYPOH, B COCTaB KOTOPBIX, IPEATIONOKUTEITBHO, BXOIHUT
aHuoHHbIM kaHan AE1 [25, 26], nosTomy Hecnelu-
(¢udeckoe BIHMSHNE MHOTHX OJIOKATOPOB MOXKET
OOBSCHATHCS X B3aUMOJICHCTBHEM C OCITKOBBIMH HJTH
JIUTIHTHBIMA KOMIIOHEHTaMH ITOPBL. YCTaHOBJICHO, YTO
BSI3KOTACTUYHOCTH MEMOPAHBI CYIIIECTBEHHO BIIUSET
Ha rporiecc popmuposanus mop [1, 23]. C 1ot Touku
3peHHs], HAIIU JaHHbIE MOXHO MHTEPIPETHPOBATH
TaKUM 00pazoM, 4T0 OPTaTEMOIIOTHYECKUE Iperapa-
ThI OJIOKUPYIOT Mpoiiecc GOPMUPOBAHUS U POCT ITHX
[IOp Ha HAYaJIbHOM CTaIMU TUIIOTOHHYECKOTO TeMOJIH3a
HaTUBHBIX KiIeTOK. OJHAaKO MpeaBapuTelbHas oOpa-
00TKa KJIETOK IperapaTaMy IPUBOAUT K U3MEHEHHUIO
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Puc. 6. Biusinue 06paboTku sputportoB BzA Ha xapakrep-
HBIC KHHETUYCCKUE KPUBBIC THIIOTOHIMYECKOTO TEMOJIA3a H
cnonranHoro remoymsa B HBS. Crok -pacTBop apuTpoLuToB
oOpabarsiBanu BzA B koH1eHTparun 314 MM, nocie yero
4yepe3 pa3Hoe BpeMsi IEPEHOCHITH B THTIOTOHIHYECKYIO CpeLy
(A, tpeku 1, 2) mwmu HBS (A, tpek 3; B, C). Crpenkamu
yKa3aHbl MOMCHTHI fI00aBIeHHs atbOyMuHa (Al) wiu 6ekoB
ta3mel (WP). st kpuBsix 1, 2, 3 3KCIIEpUMEHTEHI IIPOBO-
JTAITH TIOCTIEIOBATEIBHO Yepe3 15 MUH [T OJJTHOTO U TOTO JKE
obpasma o6paboTanHON KpoBU. KoHeuHass KOHIIEHTpaIus
AL u WP cocraBmia 1,25 mr/mir.

Fig. 6. Influence of BzA-treatment of erythrocytes on typi-
cal kinetic curves of hypotonic hemolysis and spontaneous
hemolysis in HBS. Erythrocyte stock solution treated with
BzA at the concentration of 314 mM and then transferred to
hypotonic medium after various periods of time (A, tracks 1,
2) orto HBS (A, track 3; B, C). The arrows mean moments of
adding albumin (Al) or plasma proteins (WP). Curves 1, 2,
3 —experiments were carried out successively every 15 min
for the same sample of treated blood. The final Al and WP
concentrations were 1.25 mg/ml.

tive activity, while C9E9 influences fluidity in the same
way and inhibits hemolysis, confirm an indirect con-
nection between membrane fluidity and hypotonic
hemolysis [ 14]. The inhibiting effects of the drugs stud-
ied cannot be explained by their impact on membrane
fluidity either, since the cells treated with BzA become
more sensitive to hypotonicity, which implies an increase
in membrane fluidity by analogy with sodium dodecyl
sulphate action [25]. An analogous inhibiting effect is
intrinsic to many chemical compounds: calmodulin in-
hibitors [6, 7, 20], fat acids [7, 8, 24], different deter-
gents [8, 12, 14, 18, 24, 28, 29], lysolipids [9-11, 21],
amino acids [21, 22], calcium channel blockers, phos-
pholipases [22], flounitrazepams [15] and fluorescent
dyes [13]. The authors [17] concluded that there was
no casual relation between amphiphils’ inhibiting ef-
fects and their ability to change erythrocyte shape or
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(bU3UKO-XUMHUYECKON CTPYKTYypbl MeMOpaHBI H,
BEPOSITHO, U3MEHSIET U CAMY CTPYKTYPY FreMOJIUTHIEC-
KuX 1op. B mone3y 3Toro cBuaeTenscTByeT GakT, 4To
00paboTKa 3pUTPOLIUTOB TPUIICHHOM MJIM HEWPaMHUHH-
J1a30i HE U3MEHSAET KPUBYIO OCMOTHYECKOH XpyIKOC-
TH, HO YMEHBLIAET CIOCOOHOCTH XJIOPOMa3uHa
ONOKUpPOBATh TeMONN3 Takux KieTok [7]. CorracHo
TEOPETUYECKUM OLIeHKaM [ 1] 1 HEKOTOPBIM SKCIIEpH-
MEHTAJIbHBIM JaHHBIM [26] reMonuTHYecKas mopa
MpeICTaBIsIeT coO0H (IYKTYUPYIOULYIO TIOpPY, KOTOpast
MTOCTOSTHHO pacmmupsaercs u '"3amednBaeTcs." DTOT
MPOIIECC TAKXKE COMPOBOXKIAETCS (DIYyKTyallusIMH
o0Bpema kieTkH [16]. Bo3MoxHO, MPOTEKTUPYIOMIN
3¢ ekt OI0KATOPOB peaau3yeTcs TOraa, Korua mopa
HaXOIUTCS UMEHHO B 3TOM (PITyKTyallMOHHOM PEXHME.
U3MmeHeHne CTPYKTYpBHI MOPHI 32 CUET HAPYLICHUS
OENKOBBIX W JUNUIHBIX B3aUMOACHCTBUU moOcie
00paboOTKH >PUTPOLUTOB Pa3HBIMH MpemnapaTaMu,
BKJTIOYAIOIIUMH ¥ BZA, MOTYT HapyIIUTh 3TOT PEKUM
(YHKIIMOHUPOBAHUS TIOPBI U CHU3UTH 3 (HEKTUBHOCTD
NnelcTBUSL OJIOKATOPOB MPAKTHYECKU IO HYJSI, YTO
YCTAaHOBJICHO W HalUMH HaOmronaeHusmu. Crenyer
OTMETHUTH, MMOCKOIBKY 3(PPEKT OIOKHPOBAHUS TEMO-
JU3a pean3yeTcs, B OCHOBHOM, IIPU KHHETHYECKOM
peXHMe, KOTZla U3MEHSIETCSI OCMOJISIPHOCTD CPEIbl,
MpUMEHEHHE OJIOKATOPOB MPH 3aMOPaKUBAHUH KIle-
TOYHBIX CYCIEH3UH, Ha HAIl B3I, MaJOIpo-
IOYKTHBHO, TaK Kak BBEJCHHE IIperapaTa Ha oIpe-
JIeTICHHOM 3Tale pa3orpeBa CyCIIEH3UU TEeXHUYECKH
CJIOKHO.

BbiBOABI

YcraHOBJI€HO, 9TO O TATEMOJIOTHYECKHE MpeTapa-
THI B HEOOJIBIINX KOHIICHTPAIIAAX 00JIa1al0T CII0CO0-
HOCTBIO 6HOKI/IpOBaTL TUIIOTOHUYECKUI TeMOJIN3
spuTpounutoB. OqHAKO TIpeIBapUTEIbHAS 00padoTKa
KJIETOK MpenapaTtamu (Ha mpumepe BzA) npuBoaut x
MOBBIIICHUIO UX YYBCTBUTCIIBHOCTU K T'MIIOTOHUU U
yTpaTe UMHU CIIOCOOHOCTH OJIOKMPOBAThLCS IpernapaTa-
MU B T€X K€ IKCIEPUMEHTAIBHBIX YCIOBUSAX.
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to cause membrane vesiculation as well as between
molecular structure of these substances and their char-
ges. Erythrocyte hypotonic hemolysis is attributed to
hemolytic pores with complicated molecular structure
in erythrocyte membranes. The pores, presumably, com-
prise anionic channel AE1 [25, 26], that is why non-
specific influence of many blockers can be explained
by their interactions with protein or lipid components
of the pores. Membrane viscoelasticity was found to
affect greatly the process of pore formation [1, 23]. From
this point of view our data can be interpreted in the fol-
lowing way: the ophthalmological drugs arrest forma-
tion and growth of the pores at the initial stage of na-
tive cell hypotonic hemolysis. Nevertheless pre-treat-
ment of cells with the drugs results in changes of phy-
sico-chemical structure of membranes and, possibly,
changes the hemolytic pore structure itself. In favour
of'this the following fact attests: trypsin- or neuramini-
dase-treatment does not change the osmotic fragility
curve, but lessens the ability of chlorpromazine to inhi-
bit hemolysis of such cells [7]. According to the theore-
tical assessment [1] and some experimental data [26]
a hemolytic pore is a fluctuating pore, which widens
continuously and "is healed". This process is also ac-
companied by cell volume fluctuations [16]. Probably
the blockers’ inhibiting effects are implemented when
the pore is in this fluctuating mode. The pore structure
changes owing to abnormalities of protein and lipid in-
teractions after treatment of erythrocytes with the dif-
ferent drugs including BzA can impair this mode of the
pore functioning and lessen the blockers efficiency up
to zero, which was also established in our research. It
should be noted that since hemolysis-inhibiting effect
is implemented mainly under the kinetic mode, when
medium osmolarity changes, application of blockers for
cell suspension freezing, in our opinion, is inefficient,
as the drug administration is technically intricate.

Conclusions

The ophthalmological drugs at low concentrations
are able to inhibit hypotonic hemolysis of red blood cells.
Nevertheless the pre-treatment of cells with the drugs
(as exemplified by BzA) makes them more sensitive
to hypotonicity and lose their capacity for being inhib-
ited by the drugs under the same experimental condi-
tions.
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