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O1neHKa CTA0OMIBHOCTH OMOJIOTHYECKHX MEMOpaH
METOJOM XE€MWIIOMHHECIIEHIIUH

JI. J1. TIOTIOBA, C. A. CTELIEHHKO
Xapwurosciull eocydapcmseHHblil MedULUHCKLLL YyHUBEpPCUImem

Estimation of the Stability of Biological Membranes
by Chemiluminescence Method

L. P. POPOVA, S. A. STETSENKO
Kharkouv State Medical University

Hayueno sansnue noausruienrangoned (HIT) u npoussonnwix nosmabensonos (HB) v dochoanimansii coctas 5puTpounTos i
renaAToUMTOR, npotisiaesocts MemOpan ann K- w uurencusiocts Onoxemuniomunecuequpms ( BXJ1) mhaneit 1 Omonormuecknx MIKOCTEH.
O6uapyxensl nossiuenie coaepxanua Juaopocdommunos 8 MemOPaHaX TENaToNMTOR M 3PHTPOLIMTOR, NOBBIICIHE NPOHHLAEMOCTH
BPHTPOUMTAPHEX MesOpan aaa wonos K, sospactamme wimedcusiocTd BXJI Teaned w GHONOrHICCKMX AHIKOCTEH Y KUBOTHRHIX,
MOABEPTHYTHIX BOAIEHCTEHID HCCASTOBAHHBIY wcenofuworukon, [lokazaHa 3aBHCHMOCTH MERAY HIVUEHHLIMH MOEKAMKTCAAMH, 4TO JacT
BOAMOKHOCT paceMatpusats BXJI kak Guerpuiit w adwhestuanmit meton ouecHkr crabuasioctd Gronornyecknx membOpan.

Bureweno snaur nonierinenrnikoned (TTED) ra noxianux noninGensonie (HB) na doconinianmi cxnan epuUrpoiMris i rénaTtouuTia,
nponukiicts Membpat ana K™ 1a invencusnicts Gloxemimominecuenmii (BXJ1) veanun i Giosoridwux plaws. Bussaeto ABHICHHA
pMicTy nisotocdoainigie y MemOpaHax renaTolWTIe Ta CPUTPOLMTIE, NPOHAKHOCTI CPATPOUMTAPHUX MemOpan ans jonie K, apocranus
inrencupnocTi BXJl Txanun | OionorivHKX PUIMH y TBapHH, Ha AKI BILTHBAOTL JOoCHpKYBani keenobiomuku, TTokaszana sanesiicTe Mix
BUMBYCHHMH NOKa3HMKaMH, 100 Jae amory poarasaar BXJT sk mesani 1a edextuanmid Meron owingn crabinenocti Glonoriuimx membpan.

The influence of polyglycols and nonylbenzole derivatives on hepatocyte and erythrocyte phospholipid composition membrane
permeability to K and intensity of biochemiluminescence of tissues and biological liquids was studied. The increase of lysolipid
concentration in hepatocyte and erythrocyte membranes, enhancing erytrocyte membrane permeability to K7, increasing intensity of
biochemiluminescence of tissues an:r

biological liquids were found. Correlation between investigated parameters is the base to consider

biochemiluminescence as rapid and effective method of membrane stability indication,

Takune nosepxHocTHO-aKTHBHbIe BenjecTsa (ITAB),
kak nipouasogusle Hb u I139T, wrmpoko npuMensores
B PasiMYHLIX OTpPaciAfX NMPOMBILLICHHOCTH (MamuHO-
CTPOMTEbHON, pagHoTexHHYecKoi, dapMmalesTHYeC-
KOH, XuMHYeckoil, apnanmonnoil u ap.), a [13T Taxe
B MEIMIMHE KaK TPOJOHIaTOPEl JE€KapPCTBEHHBIX
CpeiCcTB, NPH HH3KOTEMNEPATYPHOM KOHCEpPBHPOBa-
HHHM KOCTHOO MO3ra, KPOBH, AKMAKHMX cpel rna3a, amMb-
PHOH-TIAIIEHTAPHEIX TKaweil (KIeTkKH sMOpHOHAIL-
HOM mnedeHd, naanesTa, smOpHOHANTBHAA HepBHAA
TKaHb) H ApYrHX 6uonoruuecknx obbextos. Beenenue
BMecTe ¢ OMOMaTepHanoM KpHOIIPOTEKTOPOB OMpese-
JIAIET aKTYAJIbHOCTh MCCeN0BaHWil TOHKMX OHOXMMM-
YeCKHX MEXaHW3MOB BIHAHHA 3THX BEUIECTB Ha opra-
HH3M TEH.I'IUI{P{}BHHJ{ JKMBOTHBRIX W uenoseka. B CHITY
ocobeHHocTel XMMHYECKOro CTpoeHus, (PH3MKo-Xu-
Mi4ecKuX cBoiicTe H GHoTpancdopMaliii B OPraHu3-
ME JaHHABIE KCEHODMOTHKM MOTYT OKA3kIBaTh KAK
npAMBLIE, TAK M onocpeaoBaHHeie MemOpaHOTPONHEIE
apdextni. OnocpenoBaHHoe BIHAHHE H3YYAEMBIX
IIAB na Guonorudeckue MembOpaHm peanuayerca
4epe3 aKTHBAIIMIO CBOOOHOPAIMKAIBHOTO OKHCIEHHSA
W mepexucHOro okucaenna nunugos (I1OJI). O6 atom
CBHAETEJABCTBYIOT MOJVYCHHBIE HaMH JaHHBIE O Ha-
KOILJIEHHH IHEHOBBIX KOHBIOTATOB H MAJIOHOBOIO JiMa-
JABJAEIH/IA B NEYEHH H CBIBODOTKE KPpOBH, CHHXCHHH

[IpoGnems! xpuobuonoruu, 2001, No 4

Such surficially active substances (SAS) as nonyl-
benzene derivatives and PEG are widely applied in
different fields of industry (machine building, ra-
diotechnical, pharmaceutical ones), and PEGs are also
used in medicine as prolongators for therapeutic
means at low-temperature preservation of bone mar-
row, blood, liquid media of eye, embryo-placental tis-
sues (embryonic liver cells, placenta, embryonic
neuronal tissue) and other biological tissues. Intro-
duction of cryoprotectants together with biomaterial
determines an actuality of investigations of fine bio-
chemical mechanisms of these substances effect on an
organism of homoiothermal animals and a human
being. Due to peculiarities of chemical structure,
physical and chemical properties and biotransforma-
tion in an organism given xenobiotics may manifest
both direct and indirect membrane-tropic effects. In-
direct effect of studied SAS on biological membranes
is realized through the activation of free-radical oxi-
dation and lipid peroxidation (LPO). Obtained by us
data on the accumulation of diene conjugates and
malone dialdehyde in liver and blood serum, on the
decrease of recovered glutathione, on the change of
enzyme activity of antioxidative protection in rats,
subjected to SAS effect, testify to this fact [2, 6].

Problems of cryobioclogy, 2001, Ne 4



BOCCTAHOBJIEHHOrO [JYTAaTHOHA, W3MEHEHWH aKTMB-
HOCTH (hePMEHTOB AHTHOKCHAAHTHOMH 3a0INTH ¥ KPBIC,
noapepruyTeix so3aeiictenio [IAB [2, 6].

Hene paboter — nayuenne pausanna HB u 1191 na
cocToAHHe Guomorudecknx MemOpaH M onpegeneHiue
POJIM XEMHJIOMHHECLEHTHBIX METONOB B OHEHKE MX
crabunbHocTH. Bblto HMccnenoBaHO BAMAHHME AaHHBIX
BellecTe Ha dochoaunuaubii coctas MemOpaH 3puT-
POIMTOB M TeNaTOLUMTOR, NMPOHMIAEMOCTE MeMOpaH
aputpountos s K, a Takxe nayyena BXJI Traweit
i HHONIOTHYCCKUX AMAKOCTEIN.

Pa6ota BrinosiHesa Ha Kpricax auuHuH Bucrap mac-
coit 150-180 r, KOTOpEIM NEPOPANBHO 30HIOM eXxe-
auepto ssoauan HB (DOM-9, neononsr POM 9-4,
DOM 9-12, DOM 9-20) u II2T (J1-202, JI-402,
JI-502, JI-503, J1a-703, J1-1502) 8 nose 1/100 [Lls,.
JautensHocTs BBeaeHua semectB — 10 30 cyt. O6-
pasusbt seutects npeacrasaensl HIIO “Cunres I1AB”
(r. lllebexnno, benropoackas obn., Poccus).

IKCTPAKLIHIO JIMIIMAOB TPOBOAMAM 110 METOLY
Keitrca [4]. as pasaenenns muaMBuayaisunix goce-
honunugos Ha (PPaKUHH MCIIONBIOBAIH ABYXMEDPHYIO
TOHKOCIOHHYI0 XxpomaTorpadmio [9]. Koanyecrsennoe
coaepxanue obUMX ¥ MHAUBHAYANBHEIX docdonnm-
JOB B JHIIWAHBIX 9KCTPaKTax OLEHHBAJIH N0 KoJaWye-
CTBY HeopraHMdeckoro cpochopa, KOTOPBIH ONpeLens i
¢ NOMOIIBI0 MOAKOIEHOBOrO PEaKTHBA C MNOCHEXYIO-
UM KosopuMeTpHpoanieM. CootHowmernue docdo-
JIMTIHAHGIX (PPAKIHH pacCYMTRIBATH B NpoleHTax doc-
dopa docdhorunuaos kaxaol @pakuuu K cymme
docdopa scex nunuaos, npuHATHIX 3a 100%.

[TpouunaeMocTs SPUTPOHNTAPHEX MemOpan s
nonos K uamepsmi o 2 nokasaTenam: CKOPOCTH CaMo-
HpoMasoJibioro suxona noros K' B Gecxanuesyio cpey
¥ CKOPOCTH HHIYIHPOBAHHOTO cneludWyeckuM HOHO-
thopoM (BaMHOMMIMHOM) BeIXoma wouor K. Muren-
cuHocTe BXJIL, munyunposannoi 0,5%-M pacrsopoM
NEePeKUcH BOAOPOA, W3MEPSIM HAa XEeMWTIOMHHOMETDE
XJIM-111-01 [1]. PesyasraTsl OLEHHBATH 110 HHTEHCHE-
HOCTH W KHHETHKE MNPOTeKaHHsA DeaklMy CBe'leHHA
nocne aodaBneHMA HHAVICHTA.

Jlannsie akcnepumentos (tabu. 1 u 2) cBuaereib-
cTBYIOT 0 Oonee cymecTseHHoM Banaunn 13T ua
thochoaunuAHBIH COCTAB 3PUTPOLIMTOR M I'ENATOINTOR
no cpasierduio ¢ HbB. Tak, B renatorurax 1191 npo-
nenTHoe cofepxanme dooharnanaxonnna (DOX) #
kapauoannuia (KJI) noewimaioT, cCHHMKAA conepma-
uue docharuanmiroautonos (D) u chunromumenn-
HoB (CM). CoornHowenne drocdatnannstano/laMMHOB
(D) u dpocharuanacepuros (PC) ocraerca Hes us-
MeHeHnH. CTaTHCTHYECKH JI0CTOBEPHO BO3PACTAI0 CO-
nep:kanne ausopopm dochatuaunxonusos (JIOX) u
docharuanoranos (JIDIA).

[Tponasomunie HB namenamm mpouenTHoe coaepxa-
Hue Toneko CM u JIDX, nanparneHHOCTs 3THX Hame-
HeHHi Obina Takoil e, Kak W npu Boaaelicteun 19T,

Bmusname I191 ra nponentnoe coorHomenue CM
u OC B renaTouutax ¥ 3PHUTPOIMTAX CYHIECTBEHHO
otinyanocek. Tak, B apurpounTax [121 cawxanm npo-

[Ipofinemur kpuobuonorus, 2001, Ne 4

The aim of given work was to investigate the NB
and PEG effect on the state of biological membranes
and determine the role of chemiluminescent methods
in the estimation of their stability. The effect of given
substances on phospholipid composition of erythro-
cytes and hepatocytes membranes, erythrocytes mem-
brane permeability for K7, as well as BCL of tissues
and biological fluids has been investigated.

The work was carried-out on 150-180 g Wistar
rats, which every day were per-orally injected with
NB (MPB 9, neonols MPB 9-4, MPB 9-12, MPB 9-20)
and PEG (L-202, L-402, L-502, L-503, L1d-703,
L.-1502) in 1/100 DLsg. Duration of the preparations
injection is up to 30 days.

Lipid extraction was done according to Keits'
method [4]. To divide single phospholipids into frac-
tions the two-dimensional thin layer chromatography
was used [9). Quantitative content of total and single
phospholipids in lipid extracts was estimated on the
quantity of non-organic phosphorus, being evaluated
by means of molybdenum reagent with further colo-
rimetry. Ratio of phospholipid fractions was calcu-
lated in percentage of phosphorus phospholipids to
total number of phosphorus of all lipids, which were
assumed as 100%,

Permeability of erythrocyte membranes for K* ions
was measured according to two indices: rate of spon-
taneous release of K ions into potassium free medium
and the rate of induced with specific ionophore (vali-
nomycin) output of K* ions. BCL intensity, induced
by 0.5% hydrogen peroxide solution was measured by
means of CLM-11[-01 chemiluminometer [1]. Results
were estimated on the intensity and kinetics of the
luminescence reaction after an inducent addition.

Data of experiments (Tables 1, 2) testify to more
significant PEG effect on a phospholipid content of
erythrocytes and hepatocytes comparing to NB. In
hepatocytes PEG increase the phosphatidinecholine
(PC) and cardiolipin (CL) content, decreasing phos-
phatidilinositols (P1) and sphingomyelins (SM). Per-
centage ratio of phosphatidylethanolamines (PEA)
and phosphatidylserines (PS) remains unchangeable.
Content of PC PEA lisophorms manifested statisti-
cally true increase.

NB derivatives changed the percentage of just SM
and PCL, and direction of these changes was the same
as under the PEG effect.

PEG effect on the percentage ratio of SM and PS
in hepatocytes and erythrocytes significantly differed.
In erythrocytes PEG decreased the percentage of PS,
and SM under the effect of these substances in eryth-
rocytes considerably augmented. These differences,
probably, are related to a special role of liver in a lipid
and phospholipid exchange. Biosynthesis of phos-
pholipids in liver is essential not just for providing
renewal and adaptation of structural phospholipids in
membranes of liver itself, but also for phosphalipid
formation, which are transported by blood lipoprote-
ins to other tissues |3].
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Tabanna 1

Bomaaue [1AB (1/100 [1J1,,) na dochommmnusii coctas apurponuTos

Effect of SAS (1/100 DL.,) on a phospholipid content

of erythrocytes

=

R

Table 1

Mpaxiuu dhocdhoaunuyon, %

Bemecrsa . p proadleid f ot
S L & | hlmp olipid frac Elmf.:,% |
| @3AI/PE | @X/PC | CM/SM | ©C/PS | JIOX/PCL
Kourposs / Control 216+1,7 i 439+1.2 i 11,9+0,7 124+0,8 ' 3,506
J1-202 / L-202 22,116 | 486x0,7 17,8 =0,9 8,1+0,4" 7405
J1-402 / L-402 226+1.3 48,2+ 0,9 154+1,0° 8,8+0,5" 76+04"
J1-1502 / L-1502 216+1.7 46,9+ 0,6 16.9+0,7 9,1+0,3" 65%03"
Kourpoas / Control 225115 485+1.9 12,6 0,9 11,2109 38109
DOMY / MPBY 20513 ; 474+1,6 175t14" 89127 6,8+06
Heonon @OM 9-4 / Neonol MPB 9-4 21,6+1.8 : 478+15 168+1,7 g9+15 7.3+07
Heowon MOM 9-20 / Neonol MPB 9-20 240422 | 47538 174+1,6° | 11,2+24 | 62208
Mpumesanne. * — pasTHuMA ¢ KOHTPOIEM CTATHCTHMYECKH HOCTOBEDHLL
Note. * — differences with the control are statistically true
TaGauna 2 Table 2
Bamsaue IAB (1/100 JI)1,,) sa docosmnuansiii coctan renatounTon
Effect of SAS (1/100 DL, ;) on a phospholipid content of hepatocytes
Mpaxunu octhoaunuaos, %
Bewecrsa Phospholipid fractions, % -
Substances 3 DX CM @oC | AddA | aox | ou | K
PE PC SM . 'S PEAL PCL | Pl | KL

Kourpoas / Control 236+16 |384+21/|158+1,1| 98+07 | 1,5+04 | 1,6+05 & 7.6+0,1 | 0,600,089
J1-202 / 1.-202 21,2+1,6 |436+1,3°(11,1£0,7" | 104+08 | 42£0,7 | 50£0,7 3.8 +0,3" |0,81 0,03
J1-402 / L-402 | 20,0415 (426+09°|11,0£07"| 104+1,3 | 65+1,2" | 46208 | 4,5+04" |0,78+0,02°
Kowrposs / Control | 233+2.1 |393+3,1|160+09 | 9,0+1,2 1,3+0,6 1,004 7.7£04 05+0,1
GOMY /MPBY 224+13 |418+35|108+1,2"| 106+09 | 46+05 | 49+03" | 33+06" |0,B80+0,25
Heonan ®OM 9-4 / Neonol MPB9-4| 21,5+1,8 | 396+28[11,3409"| 11412 | 62+0,7" | 52+06" | 4407 | 0,6+0.2

Ipumenanane. * — PasuMA ¢ KOHTPOJEM CTATMCTHHMECKM HOCTOBEPHBL

Note. * — differences with the control are statistically true.

neutHoe cogepsxanue OC, a CM noa BausHHeM aTHX
BEUIECTB B I3PUTPOIMTAX AOCTOBEPHO NOBLIMAIOCH.
ITH OTIMYMSA, BO3MOMXKHO, CBA3aHbl ¢ 0cobol posbio
nedeHy B obMeHe Kak JMNHIOB, Tak U docdoaunuios.
Buocuutes dochoaunuaor B nedenn HeobxoauM He
TOABKO Ans obecneuenus obHoBIeHHA W npHcnocob-
JeHHs CTPYKTYpHLIX docdomunuaos B membpaHax
caMoi nevenu, Ho M ans obpasosanusa docdomunu-
JIOB, KOTOPBIE TPAHCMHOPTHPYIOTCA JHNONPOTEHHAMH

KPOBM K APYTHM TKaHaM [5].

Tak kak KJI aBasioTca OCHOBHBIMM JIMITHAHBIMH
KOMITOHEHTaMH MeMOpaH MWTOXOHADHH, HM3MeHeHHe
MX KOHLEHTPallMM, a BCIAEICTBHE 3TOr0 M JIMITKIHOrO
OKpPYAEHHA (PEPMEHTOB MHTOXOHAPHATbHBIX MeMbpan
MOXeT OBITh OTHON M3 NPUYHH HAPYNIEHUA NPOLECCOB
EIH'DEHEPFETHHH, 0 YEM CBHIAETC/ILCTBYIOT NOJIVYEHHbBIC
HAMH Pe3yIbTaThl O CHHXKEHHH AKTHBHOCTH CYKIIMHAT-
nerwaporenassl U ATMaswl B nevennu [7].

[Iponapoauwe HB B rematoumrax nmoBeIIANH co-
JEPAAHHE JIH pM M cHMXamH cogepxanue CM.
Chenyer OTMETHTD, YTO MTOBbILIEHHE COAEDPMKAHHA JIH-
sotopmM B dochonunuHbx HpakiiMAX renaTolMToB U
apuTpouuTos noa sauaanem HB u 3T Gwuno npak-
THYECKH OfIMHAKOBLIM,

Hamenenna B dochormnuasoM cocTaBe 3pHTPOLIH-
TOB M renatoiMroB (B8 YactHocTH, Hakomaenue JIDX u
JIPIA) CBHAETENBCTBYIOT O CHUAKEHHH CTabHM/IBHOCTH
Guonorudeckux Membpas Mo BIMAHUEM JAHHBIX KCEHO-
6uornkoB. [logTBepAeHHEM HAPYIIEHMA IPOHMIAE-

[Ipobnemsr xpuobuonoriu, 2001, No 4

As CL are the main lipid components of mitochon-
dria membrane, the change in their concentration, and
therefore a lipid environment of mitochondrial mem-
brane enzymes, can be one of the causes of the impair-
ment of bioenergetics processes, obtained by us results
testify to a decrease in succinate dehydrogenase and
ATPhase activity in liver [7].

NB derivatives in hepatocytes increased lysophorm
content and decreased the content of SM. It should
be noted that an increase of lysophorm content in
phospholipid fractions of hepatocytes and erythro-
cytes under the effect of NB and PEG was practically
the same.

Changes in phospholipid content of erythrocytes
and hepatocytes (in particular, PCL and PEAL) tes-
tify to a decrease of biological membranes stability
under the effect of xenobiotics. The results of experi-
ments on the investigation of the effect of SAS on the
rate of K" ions releasing out of erythrocytes are the
confirmation of the injury of membrane permeability
under the effect of SAS.

All the studied PEG significantly (by
12-15 times) increased free K™ releasing out of eryth-
rocytes and by 40-86% the ones induced by valinomy-
cin (Table 3). Antibiotic valinomycin is ionophore,
binding K+ ions in a specific way, promoting to its
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mMocTH MmembOpaH mnon BoanzeicrBueM I[IAB ciyxkart pe-
3yNIBTAThl IKCTICPHMEHTOB 110 M3YUEHHIO HX BIMSHMS
Ha ckopocTb Beixona moHos K* ua apurpoumros.

Bee wnccneposannwie II3T  cymecrsenso (B
12-15 pa3a) noswimanu ceoboaumit u Ha 40-86% —
WHAYLUHPOBaHHBI BaidHOMMIMHOM Brixond K™ n3
aputpoiuntoB (tabn. 3). AHTHOMOTHK BaNMHOMMIIHH
aBaAeTCcs HOHODOPOM, criellnHUIeCKH CBA3LIBAIONIMM
uonsl K7, TeM cambiM crnocofCTBYS €ro TpaHcnopry
yepea Onosornyeckie MeMOpaHBl, @ 3TO CBA3AHO C €ro
aunogpunsHoi npupogoii. Mamenenma B docdhomm-
NMUAHOM cOocTaBe MeMOpaH SpHUTPOIMTOB, OYEBWIHO,
of/er4anT ponb BATMHOMMIUHHA KAk IepeHOCYHKa
uoHos K™.

Tabauwupa 3

Bansawe [130 (1/100 ll,.TIm] HA NPOHMIIAEMOCTE MEeM-
Dpan 3pMTPOUMTOR LN K’ . MEMOJIL /MMRA- 108 IPUTPOTIM-
TOB

1 = ) ' Buix
% 3 - o K+,
Bewecrea I i ﬁmr;gw ML MHJLY I POBAH BT
| . BE..'IHIII.'}ILTHI.I.HIIDH e
KosTpons | 0,100 = 0,008 ! 6,15 = 0,26
JI-402 1,53 + 0,04 10,47 +0,35"
JI-502 | 1,44 £ 0,03 | 11,15+0,37°
J-1502 | 1,260£0,025" | 9,72 +0,43"
JI-503 | 1,400+ 0,018 B,15+0,30° _
Mpumesamse. * — painWMA ¢ KOHTPONEM CTATHCTHHECKH I0CTO-
BEDHRL

[MoBrnuente NPOUEHTHOrO COAECPKAHHA JHIOhODPM
docthponunuaos, Hapymenne npoHHUAeMOCTH MembpaH,
OYEBMIHO, ABAAIOTCA cieacTeueM aktusanum 110OJ1 [2
6]. Dro noxreepruaerca U pesyiavratamu BXJI Tkaneii
H Ouonornueckux xuaxocteit, BXJI 6uocyberpatos M
OHONOTHYECKUX KHIKOCTEH XapaKTepH3yeT WHTEeHCHB-
HOCTB CEDﬁGﬂHDPEﬂHRﬂ.‘IhH{]I‘ﬂ OKHCNTEeHHA TEKaHEeBhIX
JIHIWJI0B H C.lT_'fJKHT OCHOBHBIM TECTOM B HﬂMI[.ﬂEKCH{]ﬁ
IMArHocTHKe cBoDOIHOpAIMKAILHONH naTosorkmi [3).

Kak BuaHO M3 Tabn. 4 u 5, oba kiacca Mcc/ieayeMbIx
[TAB nossimamn wutencusiocts BXJI npubauaurens-
HO B 2 pasa. Peayawtathi BXJ] xopowo koppenuposamm
¢ MHTeHCHBHOCTBIO [10OJI, MaMeHeHMsAMHM B CTPYKTYDE
MeMOpaH H MX ITPOHMIIAEMOCTH. JTa e 3aKOHOMEDPHOCTh
otMmeuanach B [8]. Beino obnapyxkeno, wTo y KpeIC
BBICOKOH CYI0POXHON rOTOBHOCTLIO MOBLILIEHO 0Dpaszo-
BaHWe aKTHBHBIX (hopM KHC/IOPO/ia — HHMIIMATOPOB CBO-
boaHOpasMKanbHEIX npolieccos. [Ipu aToM Hakonenus
npoaykTtoR [10J] ve Bmspneno. Tonbko B nedeHu Ha-
Omonanock NOBBIIEHWE KOHUEHTPALHH MAJIOHOBOIO
avanbaervaa. Docdonunuanslil cocTas CHHANTOCOM
rOJIOBHOTO M03Ta, MeMOpaH renaToUHTOB ¥ 3PHTPOIH-
TOB M3MEHAJICH HEIHAYMTENBHO, ITH JlaHHbIE XOPOLIO

Tabauna 4

MaTescuerocTs BXJl opramor W CHIBOPOTEM KPOEW
beawix Kpeic npu BosgeicTeun 121 (1,/100 LI )

transport through biological membranes, and this is
related to its lipophylic nature. Changes in a phos-
pholipid content of the erythrocytes membranes, ob-
viously, makes easier the role of valinomycin as a
transporter of K™ ions.

Table 3

PEG effect (1/100 DL..) on permealuluty of erythro-
cytes’ membranes for li umol- 108 erythrocytes

.

1 | K’ releasing out
Substances Free K™ releasing out |
|

induced by
| _ valinomycin
Control | 0.100 + 0.008 6,15+ 0.26
L-402 1.53 + 0.04" 1047 £0.35
L-502 1.44 +0.03" 1115+ 037"
L-1502 1.260 + 0.025" 972+043
. L-503 . 1400+0018° B.154030"
Note. * — differences with the control are statistically true.

Augmentation of the percentage of phospholipid
lysophorms, injury of membrane permeability is, obvi-
ously, the consequence of LPO activation [2, 6]. This
is also confirmed by the results of BCL of tissues and
biological fluids, BCL of biosubstrates and biological
fluids characterizes intensity of tissue lipids and is the
main test in a complex diagnostics of free-radical pa-
thology [3].

As the Tables 4 and 5 showed, both classes of
studied SAS increased BCL intensity about twice.
The results on BCL correlated with LPO intensity,
changes in the membrane structure and their perme-
ability. The same regularity was observed as reported
in the paper [8]. We revealed that in rats with a high
spasmodic readiness the formation of active oxygen
forms, initiators of free-radical processes, was in-
creased. Thereat no accumulation of LPO products
was revealed. Just in the liver an increase of MDA
concentration was observed. Phospholipid content of
brain synaptosomes, hepatocyte membranes and
erythrocytes slightly changed. These data are con-
firmed by the resuits of BCL. Thus, just in the liver
an increase of Fe**-induced BCL was noted, in brain
luminol-dependent BCL, depending on the presence
of hydroxilic radical and superoxide anion (i.e. initia-
tors of free-radical processes) was increased. In the
blood serum of animals with a high spasmodic readi-
ness an intensity of BCL did not increase.

Table 4

BCL intensity of organs and blood serum of white rats
under PEG effect (1/100 DLW}

t’unnpn'ma | I | Tonosmnoii I-Ia,unmemm— Blood | Liii Brain il el
Beuecrra KPOBH ]_ | moor _!__ Cokn Substances | serum -
Hurencueiocts BXJ, nmn/c HIIL mt&nmw. impfa

Kowrpoms | 280420 | 820£30 | 370223 | 400+20 Control | 280+20 | B20+30 | 370423 | 400%20
Ja-703 | 638+ 12° | 1860+44" | 680+18" | 128+25 LD-703 | 638%12 I' 1860+44"  680:18" | 128+2%
JI-503 582+23° | 1223455 | 620+51° | 8054117 L-303 582+23" | 1223+55" | 620+51° | 805+11
JI-402 560+21° | 1120+£26" | 530+26" | 1060+19 L-402 | 560+21"  1120+26" | 530+26" | 1060+19°
JI-1502 f08+43 |1123+19° | 615+33" | 780+15° L-1502 | 60B+43 |1 123+19" | 615133 | 780+15°

Mpumesanne. * — pasnMuMA ¢ KOETPOJIEM CTATHCTHYECKH J0CTO- Note. * — differences with the control are statistically true.

ITpobnemsr kpuodbmonorum, 2001, Ne 4
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Tadauna 5 Biochemiluminescence is used as an

Marencussocts BXJ1 chmoporis kposs m Mous Geanrx xpuic mpu moz- integral index of the intensity of free-

Aeiicreun npoussoannx HE (1/100 U1, )

radical and LPO processes. Chemilumi-

Hutencuerocts bXJ, umn/c, B resenne (cyT)

—— nograms are the transporters of informa-

tion about a total power of the system
- of antioxidative protection. Comparison
30 _ of the obtained data on the state of com-

BemecTra B CHBOPOTKA KPOBK - Mosa
H 30 | 15
KouTpoas : 9764 + 285 102032406 | 7508207 . 830,9t184
DOM 9 18093+£58,7"12150,8+793°(1379,6+57,27 | 1656,3+592 .

Heonon OM 9-4

17306+54,8"(1890,8+31,4°|12068+354"|1380,4+503"

ponents of antioxidative system (en-
zymic and non-enzymic), accumulation

Heonoa DOM 9-12 |1 700,21+ 624 °1720,5+46,3"|1166,2+30,8 | 14206 +338° ©f initial and secondary LPO metabo-

lMpumesanue. * — pasmrays ¢ KOETPONEM CTATHCTHHECKH N0CTOBEPHBL

cornacyworcea ¢ peayastatamMmi bXJL Tak,
TOJNBKD B INEYEHH ﬁﬁHHp}’}KEHD MOBBILIEHHE

lites, change of the membrane perme-

Table 5

BCL intencity of blood serum and urine of white rats under effect

Fe?*-unmyunposanuoit BXJI, B TONOBHOM of NB derivatives (1/100 DL, )

MO3TE  TIOBBIIIEHA  JIOMHHOJBABHCHMAR oo - .

BXJI, KoTopas HHAYUHPOBANACK OT MPUCYT- = BCL intencity, imp/s, during, days

CTBUA MMIPOKCUIIBHOIO PajMKaia M cyrep- Substances " Blood serum | Uring

OKCHAHOTO aHuoHa (T.e. MHMIMATOPOB | 5 1T a3 T 15 30

ceoboaHopaanKanibHbiX npoueccos). B cwi- P RS BOOL, .| SO, i - e

BUF{}T[{_E KPGEH HMHBOTHEIX C Bblcﬂ]iﬂﬁ E}Fﬂﬂ' Cﬂﬂtrﬂl 9764+ 285 3 1020.3 i"lﬂﬁ- ™08t %ﬂ? < 8309 i_l.q 3
MPBE Y 1B09.3x587 21508793 |1379.6+57.2 |1656.3£59.2

POXKHOH rOTOBHOCTBIO HHTEHCHBHOCTE BXJL
HE YBEJIMYHBAJIACH.

Neonol MPB9-4 17306548 18908+314"|12068+354"| 13804 £50.3°
Neonol MPB9-12/1 7002624 " |17205+46.3° 116624 30.8°| 1420.6 + 338

BuoxeMuaoMuiecieH1Ma HCMOVIb3YETCA

HOCTH NPOTEKAHHA EEDEID.EI.HUPEHHHEUIBHI:]K

npoueccoe W I10JI. XeMumoMHHOrpaMMBEI HecyT
TaKke MHPOPMALMIO 0 CYMMapHOH MOWHOCTH CHCTe-
Mbl AHTHOKCHIAHTHOH 3autnTel. Conocrasienue noay-
HCHHBIX HaMH JdHHBIX O COCTOAHHH EKOMITIOHEHTOR

AHTHOKCHIAHTHOH cHcTeMbl ((bepMEHTATHBHBIX K He-
¢epMEeHTaTHBHEIX), HAKOILIEHHH NEPBHYHBIX M BTO-
puutblx Metabonuros [1OJI, naMeHeHMH npoHMiae-
moctH MemOpan u ux dochoaunugHoro cocrasa c
PE3y/IbTATAMM CNIOHTAHHOI M WHAYUMpoBaHHOH BXJI
naet ocHoBanne paceMatpusath BXJI kak GwicTphiil 1
addexTuBHBIH MeTOL oueHKH cTabiisHocTr Guonoru-
yeckux memOpan, [Tpu aToM BaKHO cOYETAHHE PA3HEIX

uuaynentos (Fe?', moMunona, nepekucH Boaopoaa),
A TAKKE NOAHAA paclindpoBKa XeMUITIOMHHOTPaMM.
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ability and their phospholipid content with the results
of spontaneous and induced BCL gives us the grounds
to consider chemiluminescence as a rapid and efficient
method for the estimation of the stability of biological
membranes. Thereat combination of various inducents
(first of all, Fe?*, luminol, hydrogen peroxide), as well
as a complete decoding of chemilumonograms are im-
portant.
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Biausinue nmepdTopaHa HA IOJABHKHOCTH H IEPEKHBAEMOCTD
CIIEpPMHEB Y€JIOBEKA IIPH IHIIOTEPMHH

B. U. TPUMILIEHKO, U. B. YEPKAIIIMHA, Y. H. KYYKOB, A. A. TATIOH,
10. E. MUKYJIMHCKHUH, I. . KPYEHKO

Hucmumym npobaem kpuobuonoeuu u kpuomeduuyunst HAH Ykpaunst, 2. Xapskos

Perftoran Effect on Some Functional Characteristics
of Human Spermatozoa under Hypothermia

V. I. GRISCHENKQO, I. V. CHERKASHINA, 1. N. KUCHKOV, A. A. GAPON,
Yu. E. MIKULINSKY, G. G. YURCHENKO

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences
of Ukraine, Kharkov

HecnegoBano BAMAHKE ra3oTpaHcnopTHore kpopeaamenutena “[lepdropan” (IId) Ha nogmorEOCTs COepMMER NP HOPMOCTTE PMIH
B YCOOBMAX rumoTepsirdeckoro xpanesmua npu 10 °C. [lokazanso, yro saubonee adppextunnoit wougenrpammen [1d apnnerca 40% no
ofbemy. CpasHMBAIOTCA KMHETHUYECKHME XaPaKTepHCTHEH CEepMHEs B CIEPMANBLHOA naasme U pacTeope Xenrca, cogepssaupe [1d,
MNoxkazaso, vro gobasaeane [ k cnepmuAM B pacTeope XeHKCA NOIBOAAET NPOLTHTL NEREXMBASMOCTE KNETOK NPH MNOTEPMMH A0
102 w PaccMaTpMBaOTCA BOIMOMHEEIE MeXaHuaMel Boanna [1d ma cnepmist 4enoBeKa NpH TUNOTe pPMIGL

JocmeR0 BILIME fa3oTpaHenopTHon Kpososaminamuga “[lepdropan” (I1d) Ha pyxamBicTs cnepMiiB NpH HOPMOCTIEPMi] B YMOBAaX
rinorepsiuroro sbepemenna npyu 10 °C. [Morazano, wo saifiosm edexrisrow rounerrpaick [T € 40% 3a ob'emon. [TopisuwoTsen
KIMETHYHI XaPaKTePHCTHKM CNEepMiIB ¥ COepMansHii nuasmi | poawmi Xenwxca, wo smictats [1d. Moxkasawo, mo mogansa T1d go
cIepMiiB y poaumH]l XeHKca Q03BONAE NMPONOBMCHTH TPHMBANICTL MMTTA KMTHH npu rimotepmil no 102 ron. Poaraamaiomsca MoscTHBI
mexamiavy BnaMey [P wa cnepmil mogMiEM npu rinoTepail.

The effect of gas-transport blood substitute “Perftoran” (PF) on spermatozoa motility under normospermia under conditions of
hypothermic storage at 10°C was studied. It has been shown, that the most efficient concentration of PF is 40% v/v. Kinetic
characteristics of spermatozoa in sperm plasm and Henks solution, containing PF, are under comparison It has been demonstrated,
that PF adding to spermatozoa in Henks solution enables to prolong the survival of cells under hypotherrmia up to 102 hrs. Possible

mechanisms of PF effect on human spermatozoa under hypothermia are considered.

Hapany ¢ KpWOKOHCEPBHPOBAHHOH CIIEPMOil BO
BCTIOMOTAaTE/ILHBIX  PENPOAYKTHBHLIX  TEXHOMOrUAX
HYACTO HMCIIOJNLAVHOT KNETKH, XpaHHBUIHECA NPH THIOO-
TEPMHMH. ITO CBSA3AHO ¢ HEODXOAUMOCTHIO TIOBTOPHOH
HHCEMHHALINK CIIePMOH, peHHCEMHHALIMH AHIEKIETOK
HJIH ﬂTE]}{}'-IHI‘]ﬂ HHCEMHMHAILIHH HX Noche Mo3peRaHHA.
Kpome Toro, npy HCNoAb30BaHUK THIOTEPMMHE MOMKHO
136eKaTL KPHONOBPEAJIEHHA CHCPMHEB B npolecce
3dMODaAHBAHHA-OTOIPEBA H COXPAHHTb dKpOCOMY
kietox. Masectro [1], yto cymecrsyoume cnocobul
KPHOKOHCEPBUPOBAHNA W MHIOTEPMHYECKOIO XPaHCHHA
CIIEDMHCB YeJIOBCKA HE NO3BOJIHIOT NMOCAE JIEKOHCEDPBH -
POBaHWA NOJIYYaTh KJIETKM C BOCCTAHOBJIEHHBIMH B
NnoJHoH Mepe MopodYHKIHMOHAIBHEIMY XapaKTePUC-
THKAMM. B ¢BA3W ¢ 3THM Bee HonbILYIO aKTYaNbHOCTD
npuobpetaloT cnocobkl NOBBILEHHA (YHKIIMOHATh-
HOH aKTHBHOCTH oTorpernix Kietok. Hakonneno npo-
CTATOYHO {I}EHTD‘E, CBHAETEIBCTBYOIIHX O MOJTOMH-
TeJIbHOM [IE€MCTBHH Pa3NH4HBIX (PHIHKO-XMMHYECKHX
thakTopoB Ha crepMuu 4denopeka. [lo ganuwm [6-9]
BEEIEHHE B COCTAB (PM3IHOJOrHYECKHX cpejl OHOJIori-
YeCKH AKTHBHRX BeNeCTB NO3BOJIAET 3HAYHMTENLHO
YBCJIHYHTL OILTOLO0TBODANOIIYIO cnocobHOCTh oTorpe-
TOH CYCNEeH3HH KIETOK.

HMcnons3osanue B OMOMOrHM M MeAMIUHHE raso-
TPAHCTIOPTHRIX CPEA Ha OCHOBE IepTOPYIIePOIHEIX

[Tpobnems: kpuobuonorum, 2001, No 4

Along with cryopreserved sperm in auxiliary repro-
ductive technologies the cells, stored under hypothermia,
are frequently used. This is related to the necessity of
repeated insemination by sperm, re-insemination of oo-
cytes or postponing their insemination after getting ma-
ture. In addition, when using hypothermia one can avoid
cryodamage of spermatozoa in the process of freeze-
thawing and preserve cell acrosome. It is known [1], that
existing ways of cryopreservation and hypothermic stor-
age of human spermatozoa do not allow after freeze-
thawing to receive the cells with completely recovered
morphofunctional characteristics. In this connection the
ways of increasing functional activity of thawed cells
gain more actuality. Quite sufficient amount of facts,
testifying to a positive effect of various physical and
chemical factors on human spermatozoa has been accu-
mulated. According to data [6-9] the introduction into
the composition of physiological media of bioclogically
active substances permits to significantly enhance ferti-
lising ability of thawed cell suspension.

The usage of gas-transport media on the base of
perfluor-carbonic emulsions in biology and medicine is
stipulated by the possibility of stimulation of respiration
process as a main source of energy and integral index of
cell viability. Gas-transport perfluor-carbonic blood
substitute PF is the most widely distributed [2-4].
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amyascuil 06yCa0BIeHO BOIMOKHOCTBIO CTHMYJISIIHH
npolecca AbIXaHHA Kak OCHOBHOTO MCTOYHHKA 3Hep-
MK M MHTErpaJbHOTO NOKasaTess xusHecnocobHocTy
knerok. HanbGonee mupokoe pacnpocrpaHenMe nojay-
YHJ rajoTPaHCNOPTHRI Kposeaamenutens [1M [2-4].

Ilenpo Hameit paGoThl ABAANOCH H3YHEHHE BJIHA-
s [T na pyHKUMOHANBHBIE XaPAKTEPHCTHKY Criep-
MHEB HENOBCKA IIPpH THIOTEPMHYCCKOM XpaHEHHH.
MaTepnanoM MCCAEIOBaHMA CAYAMIN 3AKYJIATH OT
NOHOPOB € HOpMOCHEepPMHEeH, XpaHusliHeca npu 37
(koutpons) 1 10 °C. MccnepoBanua npoBoiInsiv ¢ no-
moinbio Mukpockona MBH-10 ¢ yeennmuennem x400.
KauyecTBo criepMbl 10 H NOCAE THIIOTEPMHH OTIpeaes-
Ju no xapaxrepy apuxkenusa 100 wknerok B Kammou
npobe U BLIPaXKaiH B TPOLEHTAX NOABHAHBIX CTIEPMM-
€B, JABHKVUIMXCA NPAMOJAHHENHO nNOCTYNaTenbHo.
JKcnepumenThl ObLH pasnenensl Ha 2 cepun. B nep-
BOi cepuu 6uin caenan noadop sdpexruBHbIX paGo-
yux wxouuentpaumnit [1M. Bauanwe npenapara Ha
KAETKH ONPEAETATH N0 MAaKCHMATBHOI NOBUXKHOCTH
CNEePMHEB NPH BapbHPOBAHHH €ro COMEP/HKAHNA B CVC-
neH3un. Yceranosneno, uyto 1D B mnanasone KoHileHT-
paudit or 0 mo 125% (c warom 2.5) OpuBOIMI K
JAOCTOBEPHOMY YBEJIHHEHHIO TOABUAKHOCTH CrIepMHEB
MpH €ro coAepxaHuM B cpeae MHKyOaumu 2 u 10%
(puc. 1). Oanako adpdert vabmonancs s Tedenue 1 u.
[Ipn yRenuuenunm Bpemenu MHKyOauMum A0 5 4 no-
ABMAKHOCTEL KJIETOK Oblia NMPAKTHYECKH OAHHAKOBOIL
BO BCEX MCCAEAyEMBIX FPYNNax KJAeTOK,

CMemense KoHIeHTpanuornoro auanasona 1M B
obnacts ot 10 go 50% (¢ mwarom 5) npuBesno K AocTo-
BEPHO BLICOKOMY YPOBHIO TOABMKHOCTH CIEPMHEB B
reqenne 30 4 mukybaumn (puc. 2). Takum obGpasom,
NOJIYYEHHBIC HdMH J4aHHbLIE NOGBOJAAKT CAEJIATh
BEIBOA, 4TO adwhexTHBHOI paGouell KoHUEHTpaunei
[1® B cycnensnu cnepMues caeayer cuutath 40% no
obbemy.

Bo BTopoif cepun IKCNEPUMEHTOB H3VHATOCh BJIH-
anue 11D Ha NOABMKHOCTH CIEPMHER NMOCJAE THIOTED-
Muveckoro xpanenusa. Habnonenue 3a xapakrepoMm u
NpPpOAOIAHTEILHOCTRED ABHAKEHHA KIETOK NO3BOJIHIO
YCTaHOBMTh, YTO 4epe3 24 4 B KOHTPOJIE BCC KIAETKM
ObLTH HenmoaBMXHEL B cycneHanm, Kotopas comepxa-
na TID B BeibpanHOil KOHUEHTpAIMH, OTMEYATHCH
e/AMHHYHbIE MOABHXKHbIE criepMHH Ha done Goabuioro
YHC/TA MECTHO Kadamouuxcs wretok (puc. 3). [ns ax-

& 80

* g0 - 1
40 4
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¥ Ll I L L 1

Kowtpons 2 4 6 8 10

Control ne s
PF

Pue. 1. Bananmwe pasowanbix koHucHTpaumi 10 na noasmmnocTs
cliepMues senoseka: 1 — 14, 2 — Hu.

Fig. 1. Effect of various concentrations of PF on the motility of
human spermatozoa: 1 — 1 hour; 2 — 5 hrs.
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The aim of our work was the investigation of PF
effect on functional characteristics of human sperma-
tozoa under hypothermic storage. Ejaculates of do-
nor’s with normospermia, stored at 37 (control) and
10 °C served as the material for research. The inves-
tigations were carried-out by means of MBI-10 micro-
scope with x400 magnification. The sperm quality
before and after hypothermia was examined on the
character of movement of 100 cells in each sample and
were expressed in percentage of progressively and for-
wardly moving motile spermatozoa. Experiments were
divided into two series. In the first series of experi-
ments we selected effective working concentrations of
PF. The effect of the preparation on cells was deter-
mined on maximum motility when varying its content
in suspension. It has been shown, that PF within the
concentration range from 0 to 12.5% (with the step
2.3) resulted in a statistical true increase in the mo-
tility of spermatozoa at its content in the incubation
medium 2 and 10% (Fig. 1). However the effect was
observed during 1 hr. When increasing the incubation
time up to 5 hrs, the motility of cells was practically
similar for all studied groups of cells.

The shifting of PF concentration range to the region
from 10 to 50% (with the step 5) resulted in statistically
high level of motility of spermatozoa within 30 hrs of
incubation (Fig. 2). Thus the obtained by us data enable
to conclude, that 40% v/v concentration should be con-
sidered as an efficient working concentration of PF in
spermatozoa Suspension.

In the second series of experiments we studied the
effect of PF on the motility of spermatozoa after hy-
pothermic storage. Observation of the character and
duration of cell movement allowed to establish, that
in 24 hrs in the control all cells were immotile. In
suspension with PF under selected concentration,
single motile spermatozoa at the background of big
number of locally swinging cells (Fig. 3) were noted.
For the activation of stopped cells we used pentoxi-
fylline, applied for auxiliary reproductive technologies
at the stage of sperm preparing to artificial insemina-
tion [7, 10]. Adding of 3.5 mM pentoxifylline into the

100 -

80 - 1H % _;} %

NogaMKHOCTL, %
Motility, %
& 2

L 1
KouTtpons 30 a5 40 45
Control ne e
PF
Purc. 2. Bwsive pasaiannx xorientpaumi 119 na noaBuRHOCTD
RaTHBHRIX cnepuuen: T — 1 w2 —5w; 3 — 24 v; 4 — 30,

Fig. 2. Effect of various concentrations of PF on the motility of na-
tive spermatozoa: 1 — 1 hour; 2 — 5 hrs; 3 — 24 hrs; 4 — 30 hrs,
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THBAUMH OCTAHOBHMBIUMXCH KIETOK MCNOJb30RAIH
NeHTOKCHAULINY, NPUMeHAeMblll BO BCHOMOTATeNb-
HLIX PEeNpPOIYKTHBHLIX TEXHOJOTHAX HA 3TaNax Nnoiro-
TOBKH CHEPMbl K WCKycCTBeHHOH nucemumauuu [7,
10]. [lob6asaenune B cpeay 3,5 MM nenTokcuHIIHHA
NPUBOAMIO K AKTHBALMM NOABHAKHOCTH CIEPMHER
TONBKO B 3AKynATax, coaepxaumx I1D. Knerkn B
KOHTPOJBHOH CYCHEH3MH MPH 3TOM Ke BO3ACHCTBHH
OCTAaBAIHCh HenoABMXHBMH., Cnepmuu, axTHBMPO-
BaHHbIE € TMOMOLIbK) TMEHTOKCHMIIMHA, COXPaHAIH
BbICOKYIO MOABHMKHOCTL B Tewenue 6 4. J1o npoaiuno
obutee Bpema uukybaumy 10 48 4. CreayeT oT™METHTD,
4TO CTIEPMHM HAXOAWJIHCH B CEMEHHON NJaaMe, 103TO-
MY, KaK MBI nojaaraem, nocie 24 4 rHnoTepMHYCCKOTO
Xpatenus ee OydepHas eMKOCTh CHH3WIACE, 4TO 1IpH-
BEJID K 3aKHUIEHHKD CPEIb H HDEHE}IHH}mEﬂ OCTAHOBKLD
KJIETOK.

Jlna TpOBEPKH aHHOTO NPeANnOAOKEHWA HaMM
Obl1a NOCTaBAEHA CePHA IKCNEPUMEHTOB, B KOTOPBIX
CeMEeHHASA [1LTa3Ma ﬁbIJIE JdMCHEHAd PpacTBOPOM KE['iH'EEI,
4TO NO3BOJHIO VREJHYHTh NEPEXKUBAEMOCTh KIETOK B
Kourpoae no 48 4 (puc. 4). B pacrsope Xenkca, co-
nepxamenM 40% TIM, cnepMud cOXpaHsnH NOABMK-
HOCTb B TedeHue 77 4. Buecenne B cpeay nocae 77 u
uakyDaimun 3,5 MM nenrokcuduinivbea, Kak B
NpeabiAyuled CEpHH 3KCNEPUMEHTOB, HE NPHBEIO K
AKTHBAlMHM KIeToK B KoHTposie. Onnako B cofgepxa-
wei TP cycnensun wieTkd yBEIMYUIM CBOK TO-
ABHAHOCTE 10 HAYAJABHOMD HCXOAHOIO YPOBHA, 49TO
MO3BOJIHAC 3aPHKCHPOBATE MOJHYIO OCTAHOBKY cliep-
Mues Toabko nocae 102 y unkybaummn.

Cneayer orMetutb, 410 no aaHueiM Joel Ch, a
takxe [6] cnepMa in vitro MpU KOMHaTHOH TeMrnepa-
TYPE MOMKET COXDAHATE CBOKD IMTOABHAHOCTE B TEUEHHE
12-24 4, a npu runorepMHieckom xpaHeduy (8-10°C)
MopdodyHKIUHOHAIBHBIE CBONCTBA KIETOK MPH HOP-
MOCNEPMHH coXpaHsAioTca B Teyenne 48 y [5]. Pac-
CMOTPEHHBIE IKCTIEPUMEHTANTBHBIE TAHHBIEC VKa3blBAWOT
Ha To, 4To Boameiictaue [NM na noapmwxnoeTh cnep-
MHEB 4EJ0BEKA 3HAYUTE/IBHO YBEJHYHBACT [IEpPeKHBa-
EMOCTE KJAETOK B CYCNEH3HH NpH runotepMuu. Oue-
BHAHO, 4TO HICI} OK43bIBa€T CBOE BJAHAHWE Ha EKIICTEH
uepe3s CnocobGHOCTh PACTBOPATE B cebe KHCIOpPOI, AB-

3,9 MM newroxchgmLINKa
3.5 mM pentoxyfylline

iL
Wl

1x?ﬁl?'ﬂ

)
1 5 24 0 30 48 53 T2 77 96
MMnoTepsmMA, 4
Hypothermia, hrs

Puc 3. Bavanwe 11D wa noasmmniocts ciepMues 4e10BeKa 1oce
THIIOTCPMHMECKOND XpaHeHu: T — koHTpoas, 2 - 40% [Td.

Fig. 3. Effect of PF on the motility of human spermatozoa after hy-
pothermic storage: 1 — control; 2 — 40% PF,
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medium resulted in the activation of sperm motility
only in PF-containing ejaculates. Cells in the control
suspension at the same effect remained immotile.
Spermatozoa, activated with PF, preserved a high mo-
tility during 6 hrs. This prolonged a total incubation
time up to 48 hrs. It should be noted, that spermato-
zoa were in semen plasm, so as we suppose after 24 hrs
of hypothermic storage its buffer capacity reduced,
that resulted in the oxidation of medium and follow-
ing cell stopping.

To check this supposition we have set the series of
experiments, where semen plasm was substituted
Henks solution, that enabled to increase cell survival
in the control up to 48 hrs (Fig. 4). In Henks solution,
containing 40% PF, spermatozoa preserved motility
within 77 hrs. Introduction into the medium of
3.5 mM pentoxifylline after 77 hrs’ incubation as well
as in previous series of experiments did not result in
the activation of cells in the control. However in the
suspension, containing PF, the cells enhanced their
motility up to initial level, that enabled to fix a com-
plete stop of spermatozoa only after 102 hrs of incu-
bation.

It should be noted, that according to literature
data [6], as well as Joel Ch., in vifro sperm at room
temperature can preserve its motility within
12-24 hrs and under hypothermic storage (8-10°C)
morphological properties of cells at normospermia are
preserved during 48 hrs [5]. Considered experimental
data point to the fact that PF effect on the motility
of human spermatozoa significantly increases the cell
survival in a suspension under hypothermia. Some
characteristic peculiarities of this effect should be
noted. It is obvious that PF affects the cells via the
ability to dissolve oxygen in it, being the gas-transport
perfluor-carbonic blood substitute. It is known, also
[1], that fructolysis in human spermatozoa is the main
energetic process, providing ATP synthesis in these
cells. Therefore we suppose that introduction of PF
into medium results in non-specific activation of res-

70 3,5 MM newToxcudmnnnna
3.5 mM pentaxyfylline

T r T + , T
24 30 48 53 72 77 0O 96 102
MMnoTepMMA, 4
Hypothermia, hrs
Pue. 4. Banauwe [10 na nofsusHOCTy CTIEPMHEB YEJ0BEKa NOCAE
FHITOTEPMUYECKOTO XpaHeiiMa B cpelie Nenxca: 7 — xoutpoas; 2 —
A0% 1,

Fig. 4. Effect of PF on the motility of human spermatozoa after hy-
pothermic storage in Henks medivm: 7 — control; 2 — 40% PF.
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JIASCh Ta30TPAaHCIOPTHLIM NepTOPyI/iepOAHbLIM KpPo-
pesaMenuteneM. MasectHo taicke 1], yro dpykronus
B CIIEPMMAX Y€JIOBEKA — OCHOBHOH 3HEpPreTH4ecKuit
npouecc, obecneyuBatomnit cuures ATO B atux kner-
kax. CregopaTenbHo, KaK Mbl ToJaraeM, BHECEHHE B
cpeay 11 npusoanT x HecnelHIecKoii aKTHBalLKH
Mpollecca AbLIXaHHA, a yseauuenHe yposus nAMQ s
CHEPMMAX € NOMOIBIO NEHTOKCHMUUTHHA NOBLILAET
cnoco0HOCTh  KJIETOK yCBauMBaTh PACTBOPEHHBIH B
cpeje kuciaopoi. [larnHbie TeopeTHYECKHe paccysie-
HHA TPeOyIOT nanbHeRnuX IKCIePHMeHTaNbHBIX 060-
CHOBaHMIl,
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piration process and an increase of cAMPh level in
spermatozoa with pentoxifylline increases the cell
ability to assimilate the dissolved in the medium oxy-
gen. These theoretical considerations require further
experimental substantiation.
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Bausuaue nepdropana
HAa OCMOTHYECKYIO XPYIIKOCTh 3PHTPOIIHTOB Y€JI0OBEKA

B. U. TPULIIEHKO, O. 1. TOPIIMEHRO, E. 1. TOHYAFYK
Huemumym npobaem kpuobuonoeuu u xpuomeduyunst HAH Ykpaunst, 2. Xapskos

Perftoran Effect on Osmotic Fragility
of Human Erythrocytes

V. [. GRISCHENKO, O. I. GORDIENKO. E. I. GONCHARUK

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences
of Ukraine, Kharkouv

HMayueno anmsme nepdropada Ha OCMOTHYECKYH) XPYIIKOCTE M ILIOTHOCTE BEPOATHOCTH pPAcTpEfeneHus SPMTPOLMTOB DO MHIEKCY
cheprHOCTH npu TeMmepaTypax 37, 16 u 3 °C. Tloxazano, 4T0 OpK CIIOKEHMM TEMIEDATYPH BOJDACTAET YALILHLI BEC KASTOR € MEHLIIM
mraexcoM ctheprrunoene Jobaaneme nepdTopasa He MpMBOIMT K JOCTOREPHOMY MAMEHEHIO MCCIEN0BAHHBIX XaPaKTepiCTHE

BuBsueno BILIMB NepdTopany HA OCMOTHYHY KPHXKICTE | I{ITBRICT IMOBIPHOCT] POSNOILIY ePHTDOLMTIS 3a IRNeKcoM chepuaHOCT
npst Temnepatypax 37, 16 1 3°C, [Mokasaro, mo NpH 2GKeHE] TEMIEpaTYpH IPOCTAE NMTOMA Bara KJUTHMH 3 MeHIOMM iHISKCOM
cdpepuanoctl. Jonapanusa nepdTopaHy He NPHBOAMTL A0 IOCTORIPHOL 3MIEM JOCHAMYBIHMX XaDaKTEPHUCTHE.

Perftoran effect on osmotic fragility and density of probability of erythrocyte distribution by sphericity index under the
temperatures of 7, 16 and 3 °C was studied. It was demonstrated, that at a decrease in the temperature there was the augmentation
of cell density with less index of sphericity. Perfloran adding does not result in a statistically true change in the studied

characteristics.

MMepdrropan — cyOMHUKPOHHAR IMYNBCHA HAa OCHOBE
nepdrropopraniyeckux coenmuennil. Kpome adpdex-
THBHOCTH [IPH KPOBONOTEPAX, HAPYLUEHMUSAX MO3[0BOTD
KPOBOOOPAIEHNS, WHTOKCHKAIMAX, PacCTPOHCTBAX
MHKPOUHPKYAALKH [ 5], OH OKa3bIBaeT CTaONINANPYIO-
uee AelicTBUe Ha MeMOpaHbl 3PHTPOLHTOB W TenarTo-
IHMTOB B YCIOBHAX oCTpoit runokcuu (9], npu orpas-
nernAx M weToKcuKauusax [2]. Hepdropyraepommw,
HACTHYHO pacTBOpAAck B MemOpaHaxX spUTPOIIHMTOB,
aenawnT ux Honee ANacTHYHBIMMN, YTO NPOTHBOAEHCT-
BYET NOBpeXIaioiiumM (hakropaMm, YBeIHYHBAA BpeMs
“AMM3HK" APUTPOUMTOB B KposeHocHoM pycae [10].
[Tp UMPKYAALUNH B KPOBEHOCHOM DVCJIE HEKOTODaAsA
4acTh NepdTOPYIAEpOaos NOCTENEHHO PACTBOPAETCA B
MemOpaHax KapAMOMMOLMTOB, YTO MOBHIIIACT MX YC-
TOWYHBOCTb K HileMHH [4].

Crabumuanpyiomee neitfcteue nepdropata Ha Kie-
TOYHbie MeMOPaHBI, €r0 NMOJOKHTEIBHOE BAMAHNE Ha
PEONOrKYecKHe CBOHCTBA KPOBH H MMKPOLHPKY IALIHIO
AaiH  OCHOBaHME MPEANONOKHTb, 4TO mnepdTopan
MOJKET OKa3aTbCs 10JieaHoll 106aBKOM NPH KPHOKOH-
CePBUPOBAHMM. YYHUTLIBAA, UTO OCMOTHYECKHH dak-
TOP ABJAAETCA OJHHM W3 BasXKHEHNIMX Ha BCEX aTanax
KPHOKOHCEPBHPOBAHUA, Mbl MCCAEN0BA/IM BIMAHHE
nepd)TopaHa Ha OCMOTHYECKYIO XPYNIKOCTh SPHUTPOIH-
TOB B AuanasoHe temnepatyp 3-37 °C. Jxcnepumen-
TATBHOE M3IYYEHHE ITOTO IMOKA3ATENH OCYILECTB/IAAN
MEeTOJ0M Manoyriaosoro pacceanus |6]. dus namepe-
HHA B sveliky npubopa [7], conepxkamyo 3 ma pac-
TBOpa XJOpHAa HaTpus B auanasoe ot 0,15 no
0,05 M, nomeiany apuTPOUMTS! (nopsaaKa 3 MKI) M
Mo MHTEHCHBHOCTH MX PAcCesHHA ONpelnesand 3aBH-
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Perftoran is a submicron emulsion at the base of
perfluor organic compounds. In addition to the effi-
ciency at hemorrhages, disorders of brain blood circu-
lation, intoxications, microcirculation disorders [5] it
has a stabilising effect on erythrocyte and hepatocyte
membranes under acute hypoxia conditions [9], at
poisonings and intoxications [2]. Perfluorcarbons,
being partially dissolved in erythrocyte membranes,
make them more elastic, that opposes to damaging
factors, by augmenting the “life” time of erythrocytes
in blood channel [10). When circulating in blood
channel, a certain part of perfluorcarbons is gradually
solved in the membranes of cardiomyocytes, that in-
creases their resistance to ischemia.

Perftoran stabilising effect to cellular membranes,
its positive effect on blood rheological properties and
microcirculation gave the reason to suppose, that per-
froran could be useful additive during cryopreserva-
tion. Taking into account, that osmotic factor is one
of the important ones at all stages of cryopreservation,
we studied perftoran effect on erythrocyte osmotic
fragility within the temperature range of 3-37 °C. Ex-
perimental study of this index was carried-out using
the method of small-angle scattering [6]. For measur-
ing the erythrocytes (about 3 ul) were placed into the
device cell [7], containing 3 ml of sodium chloride
solution within the range from 0.15 to 0.05 M and
according to the intensity of their scattering one de-
termined the dependence of relative quantity of non-
hemolysed ervthrocytes on the solution tonicity
within the mentioned range. In contrast to the routine
method [3], our method allows to avoid the errors,
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CHMOCThL OTHOCHTEJIBHOIO KOJIHYeCTBa HEreMOIH3HPO-
BaHHBIX IPUTPOLIMTOB OT TOHHYHOCTH PACTBOPA B YKa-
3aHHOM auanasoHe. B otnuume ot obwivsoro merona
[3] ram MeToa nossonser uabexaTs OmHOOK, BHOCH-
MBIX 33 CYET AOTMOJHMTENLHOI0 MEXaHHYECKOTro BO3-
AelicTBHA Ha WieTku npu ucHrpudyruposanuu, a
TAKIKEe YCKODPHTE TIPOLEIYPY Olpeae/eHHs OCMOTHYeC-
koit xpynkoctu. B [6] namu Guino nokasano, 4ro oc-
MOTHYECKAR XPYIKOCTh SPUTPOLMTOR JIOCTATOYHO
CHJILHO BAPBUPYET JUIS PA3HBIX JOHOPOB, YT0 CBA3AHO
C MX COCTOSAHHEM M ABIAETCA OTPANKEHHEM JHHAMH-
YECKOT0 PABHOBECHA MERJY KOMHYECTBOM PETHKYJIO-
LIMTOB, KOTOpbie BHOpachiBaTca B nepHdeprnyecKyo
KPOBb M3 KOCTHOMO MO3Ta, ¥ KOJHYECTBOM CTaphixX
IPUTPOLKTOB, KOTOPLIE PAIPYUIAIOTCA B CENeICHKE
[11]. Boabuoi pasfpoc ykasaHHOro noKasaTess IUis
pasHLIX AOHOPOB 3ATPYAHAET H3VYCHHE BANAHUA IDY-
rux (paKTOpOB Ha 3TY XaPaKTePHCTHKY.

YcpeaHeHHsle 1o MATH AOHOPAM WHTErpaibHEE
KPHBBIE OCMOTHYECKOI XPYTIKOCTH B TPEX TOYKAX TeM-
NepaTypHOro AManasoHa npeacTasieHsl Ha puc. 1. Ha
MPHBEAEHHLIX JKCMEPHMEHTANLHBIX KPHBBIX BH/HO,
4TO OCMOTHYECKas XPYNKOCTb 3PUTPOLIMTOB BO3pacTa-
eT npyd cHuxenHun Temnepatypel. duddeperumans-
HbIE KPHEBLIE B KOOPAMHATAX TUIOTHOCTH Dacnpejiene-
HMSA KJIeToKk Mo uHaexcy chepuunocts (puc. 2)
MOKa3blIBAIOT, YTO YAEJLHEIH BeC KICTOK C MEHbUIIMM
MHAEKCOM CEepHYHOCTH BO3PACTAET NPH CHHAEHHH
tremnepatypel a0 16 °C. Ha xpusuix, kpome obuaHoro
MakcHuMyMa ¢ Hugexcom cepuynoctu 1,48, kotopriit
HabmofaeTca Ha KpHBLIX npu TeMneparype 37 °C, no-
ABNAAETCA MaKCMMYM € HHAekcom cepudnocTy 1,28.
Ilpy pansHefimiem cHuxenwu temneparypsl jgo 3 °C
yIeNbHEIH BEC KIETOK ¢ HHAeKcoM cdepHunocTy 1,28
BO3PACTAET, 4TO OTPAKACTCHA HA KPHBOH INOTHOCTH
BEPOATHOCTH pacnpe/le/eHns KIeToK o HHAeKCY cde-
PUYHOCTH POCTOM BTOPOIO MaKCHMYyMa.
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Puc. 1. OCMOTHYECKEA XPYIIKOCTH APUTPOLIATOR YeJI0BEKA 1IPH TeM-
nepatype, °C: & — 37, O — 16,0 — 3. N - orHocHTeasioe koamie-
CTBO COXPAHHBUIHXCH KTETOK B DACTROPE, T — OTHOCHTE/ILHAR OCMO-
NAPHOCTE PacTBOP.

Fig. 1. Osmaotic fragility of human erythrocytes at the te