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The gender-related differences of some biophysieshmeters of rat erythrocyte ghosts
are investigated by spectrophotometric method utiegfluorescent probes ANS and pyrene.
Data obtained show that the ghosts of male raheosgytes are more negative charged than fe-
males’ and the straight of the bounding of periphgroteins with lipid bilayer for female
erythrocytes is less then for males’. The viscosityemale erythrocyte ghosts is more, but the
compactness of the packing of phospholipids indlipilayer is less then in males’, while the
microviscosity of male erythrocyte ghosts is mdrert females’. These results testified that, in
all probability, there are structural and functibgander-related differences in membrane level
and these sex-related structural specificitieseadf membranes can underlie the gender-related
differences in pharmacokinetics and pharmacodinsumic

Gender-related differences — erythrocyte ghosembrane structure
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VccnemoBats! onpe/iesieHHbIe 610(U3IIeCcKe TapaMeTPhl SPUTPOIUTAPHBIX TeHel y KPBIC
MY>XCKOTO M >X€HCKOTO II0JIa CIeKTPO(IIOOPOMETPUYECKUM METOOM C IIOMOIIBI0 (rroopec-
nenTHsIX 30H10B AHC-a u nmupena. ITokasaHo, 4To OTpHUILaTe/IbHBIH 3apsAs, TeHei SPUTPOLIUTOB y
ocobeif MyXCKOTO IIOJIa MeHee BBIDOKEH, 4eM Y ocobeii >xeHckoro mosa. Cuaa cBasu
neprudepryeckux GeNKOB C JHMIUAHBIM OHCIOEM Yy TeHeil SPUTPOIUTOB CAMOK ciabee, 4eM y
camiioB. Mem6paHa SpHTPOIHTOB CaMOK 0ojiee BA3Kad, YeM y CAMIIOB, HO IIPH 3TOM YIAKOBKA
JIMIIMZOB B GHC/IOe y HUX MeHee KOMIIAKTHA. MMKpOBA3KOCTh MeMOpaH y CaMI[OB BEIIIE, YeM y
camok. [lomyueH-Hble pe3ysbTaThl HAIOT OCHOBaHME IIOJIAraTh, YTO KMEIOTCS CylIECTBEHHBIE
OTINYUA B CTPYKTYPHO-(GYHKIIMOHAIBHOM COCTOSHMM MeMOpaH CaMIOB M CaMOK, KOTOpEIe
HeoOXO¥MO YIUTHIBATh IIPU (hapMaKOKMHETHIECKUX 1 (papMaKOJMHAMUYECKHX UCCIIeOBAHIAX.

Ilos-3aBHCHMEIE pA3THIHA — SPHTPOLHTAPHEIE TEHH — CTPYKTYPa MeMOPaHFI
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Gender-related differences have been well desciibptiarmacokinetics and cont-
ribute to the interindividual variation in drug gasition, therapeutic response, and drug to-
xicity [2, 8, 9]. It is well known that drugs musaverse across biological membranes via
simple diffusion or physiological transporters toguce therapeutic efficacy [13]. Gender-
associated differences in transport processes rfdogenous and exogenous substrates
have been reported in various organs of the baayuding kidney, liver, intestine, and
brain, for rats, mice, and humans [1, 12, 20, 2], Zdditionally, kidney cortex brush-
border vesicles isolated from female rats, exhifsiteased membrane fluidity compared
with ones isolated from male rats [4]. Gender-salatifferences in drug therapeutic res-
ponse have not been extensively studied in memblewred; however, differences in trans-
port systems could contribute to interindividuafiaaility in pharmacokinetics and phar-
macodynamics.

It is well known that the functional state of celembrane depends on the lipid-
protein interactions in belier, which are determitige membrane structure [3, 5, 6]. We
are suggested that the above mentioned sex-assbdiéferences in drug therapeutic res-
ponse are the result of the gender-related stmldifferences of membranes.

Erythrocyte membranes are convenient models fasinyation of bilayer proper-
ties. Therefore, for testing of our hypothesis sdnophysical parameters of rat erythrocy-
te membranes indicating the structural state afybil were investigated.

Materials and methodsThe erythrocyte ghosts of 150-200 g male and fernatbred
white rats are served as an object of investigatiBiood is prepared by the method of cardio pun-
cture[24]. The isolation of erythrocytes, preparation ofitineembranes and formation of ghosts
was carried out by Dodge method in our modificafigh Particularly, we have used the solution
containing 0.145\ NacCl, 0.02 M Tris/HCI (pH 7.6) for red cell isolatipwhich allows us to in-
crease the membrane outcome.

The biophysical parameters of erythrocyte ghostsirarestigated by spectrophotometric
method using the fluorescent probes 1-anilinoreied8-sulfonate (ANS) and pyrene.

ANS is a water-soluble, non-penetrating probe witlit negative charge, which reacts in
the sites of protein—lipid connections in the ceilface[10, 16, 23. The bounding parameters of
this probe with membrane are served as indicatorseivealing the molecular reconstructions in
membrane surface structure.

Pyrene is a hydrophobic, membrane-penetrating prbbe usage of this probe allows de-
termining intramembrane changes, particularly thenérsion degree of membrane proteins in li-
pids, polarity in bilayer, membrane viscosity anidnoviscosity[17, 19.

For getting the whole picture, fluorescence paramsedf ANS and pyrene have measured
in the same ghost samples. At the same time, f@aliang the role of non-structured proteins, the
isolation of erythrocytes and formation of ghosasécarried out in two samples: directly from the
mass of erythrocytes after the tree-time washingmiis-buffer (0.0145M NaCl in 0.02M
Tpuc/HCI, pH 7.6) and from the mass of erythrocytesréfie three-time washing in 0.9 %-NacCl
solution.

ANS fluorescence of each ghost-containing simpke iaasured under the conditions of
constant membrane-protein concentration (0.3 mgdyifjtration with ANS (5-100 uM), and un-
der the conditions of constant ANS concentratioqukB) by titration with different protein con-
centrations (0.1-0.6 mg/ml). The obtained data hexgressed in reversed coordinates, and the
graphics have made by Klof23]. The rate constant of reaction (Kc) and the amanfnt
ANS-bounding centers (N) have counted by formulaSoétchard23]. The concentration of
proteins in samples is determined by Loty

The measurement of fluorescent parameters of pygepeessing the immersion degree of
membrane proteins in lipid bilayer was carried loyitmethod described if19], in accordance to
which the isolation of erythrocytes and formatidrgbosts have carried out in two samples as des-
cribed above.

The fluorescence of ghost-containing suspensiog,in 284 nm and.mi< 334 nm is de-
termined for estimation of fluorescence of tryptapih groups.
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The immersion degree of membrane proteins in ligldyer is estimated by inductive-re-
sonance mechanism in triptophanil-pyrene systeneflgriafter the measurement of triptophanil
fluorescence, 30 pl ethanol solution of pyrene vi@i® pmol/l end concentration is added to the
ghost-containing suspension.

The part of fluorescence of triptophanil groupsaaging at a range not more than one
Fester radius calculated by formula: P =-Kj/F, where k is a fluorescence of triptophanil
groups before pyrene is added, F is the same ptrarafier the probe adding expressed in
conventional units of fluorescence (CU).

The constant of the degree of relationship betvikerperipheral proteins with membranes
calculated by formulak= |(P;-P,)/P4|, where PRis the value for ghosts obtained from erythrocytes
washed in Tris-bufferP, is the same parameter value for ghosts obtainaeh frythrocytes
washed in NaCl solution.

Membrane microviscosity is estimated accordingalues of ratios 1370/ 1470, 1390/ 1470
fluorescence intensities of pyreneiify=284 nm. The increase of these parameters in ecjte
membranes testifies the increase of microviscasitthe decrease of the hydrophobic volume of
the zone of protein-lipid contadis7, 1§.

The values of ratios 1370/ 1470, fluorescence isi®s of pyrene ife= 340 nm in all
investigated samples are measured for estimatieisobsity of lipid bilayer.

The polarity in the environment of pyrene, which ttee parameter estimated the
compactness of the packing of phospholipids irdlipiayer, is estimated by the,d/ lsg ratio of
pyrene imke,= 340 nm.

All measurements have done in 1cm3 quartz cuvettethe room temperature by the
spectrometer Hitachi MPF-4 (Japan). The resultsexy@essed in conventional units (CU) of
fluorescence.

For each point of measurement the ghosts of erggtes isolated from 6 animals are used
and each considering point is taken as an averfab@ measurements.

Statistical processing of results is done accortbripe Student’s t-parameter.

Results and DiscussiorAs stated above, the isolation of erythrocytes fantha-
tion of ghosts is carried out in two samples: dlsefrom the mass of erythrocytes after
the three-time washing in Tris-buffer and from thass of erythrocytes after the tree-
time washing in 0.9%-NacCl solution.

The comparison of Kc for males and females in loaes of erythrocyte washing
revealed the gender-related differences (tab.d,)aS in the case of Tris-buffer washing,
as after the NaCl washing, the values of investijgtarameter for males is less in
comparison with females by 34,48% and 58.54%, daogly. The ANS molecule has a
single negative charge [10, 23] and its affinitynbembranes, consequently the mean of
Kc, practically depends on the surface charge o$tgh So, we can suggest that the surface
of ghosts of erythrocytes of male rats are morategcharged than females’.

Table 1. The amount of ANS-bound centers (N) and the mtstant (K) of ANS binding
reaction with the ghosts prepared from the massydiirocytes after the washing in
Tris-buffer (0.0145M NaCl in 0.02M Tris/HCI, pH 7.6) and from the mass of
erythrocytes after the washing in 0.9 % NaCl fondée and male rats

ANS bounding parameters Washing solution of epgdities Female Male
K. (x10' mol?) Tris - buffer 0.58 +0.09 0.38 £ 0.04
0.9 % NaCl 0.41 £ 0.05 0.17 £ 0.0p
N (x10° mol/img proteins) Tris - buffer 11.40+1.85| 11.77+1.54
0.9 % NaCl 11.51+1.13 17.67+4.00

p<0.05

In accordance with the data introduced in the stale (tab. 1), the mean of, kf
ANS has changed depending of the way of washingaffer the washing in 0.9 %-NacCl
solution it has decreased by 29.31% in female sr&bt67% in male rat erythrocyte ghosts.
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Taking into account that the NaCl washing of membsainfluenced on the lipid
belayer-peripheral proteins interactions, it isidadly to suggest that the decrease of the
affinity of membranes to ANS is a result of the mipas of the amount or the
conformational state of peripheral proteins. Bus ibbvious that the revealed change of
K. is more significance for males’ (for 2 folds).dar opinion it is stated about the gen-
der-related differences in membrane surface spateicularly in the lipid belayer-peri-
pheral proteins interactions.

The analysis of the values of N show (tab. 1), thiastparameter for the ghosts of
erythrocytes of females was not changed dependingashing method, while for the
males in the case of NaCl-washing we revealedinbeease of the amount of ANS
bounding centers with the ghosts by 50.13% in ampvith ghosts of Tris-buffer wa-
shing erythrocytes. It is necessary to state, tatvalues of the amount of ANS boun-
ding centers with the ghosts is the same for femahd males in the case of erythro-
cytes washing in Triss-buffer, while the NaCl waghbrings to the increase of N for
male erythrocyte ghosts by 53.52% in compare watindles’. These results allow us
suggesting that the NaCl washing of male erythesj¢ads to the charge redistribution
on the surface of cell membrane, which, on the lwaned, brings to the increase of the
amount of positive charged centers, which are #ngets for ANS bounding. On the
other hand, in all probability, the denudation efjative charged groups also takes place,
which is clarify the decrease of affinity betweeN® and ghosts, consequently Kc. On
the bases of this point of view, the absence ottienges of investigated parameter for
female ghosts depending on the way of erythrocyséshing, testified that the lipid
belayer-peripheral proteins interactions in thessmioranes are differ from males’. We
are suggesting that the straight of the boundingesipheral proteins with lipid belayer
for females is less then for males and even the@uffer washing brings to their remo-
ving, thus in female ghosts for N we have not aiffgiznces depending on the washing
way. It is following that the same values of N netiass of gender in the case of Tris-
buffer washing is due to the changes of female tghiasa result of removing of periphe-
ral proteins. The investigations with the help gfgme have shown that the immersion
degree of peripheral proteins in erythrocyte memésaof female rats is more by
127,59% in compression with males’ (fig. 1). In @mtance with[ 19] , it is testified
that the strength of relation between peripheraitgins and membranes for female
erythrocyte ghosts is less than for males’, whiadnfcms our above mentioned
suggestions.

So, in the bases of the obtained data we propesehtt membrane surface struc-
ture of rat erythrocytes is gender-related.
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Fig. 1. Immersion degree (K) of peripheral proteins irtleiycyte membranes for the erythrocyte
ghosts prepared from female and male rags,(4=0,66+0,11 K;,=0,29+0,04).

The analyses of microviscosity, viscosity and pblan the depth of membrane
show that the values of investigated parametersotdepend on the way of the prepara-
tion of erythrocytes (tab. 2):7t/ 1470 and ko 1470 ratios of pyrene fluorescence in the ex-
citation wavelength= 285 nm indicate the membrane microviscosity, ls7o and k¢ lg0
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in the excitation wavelengtt=340 nm indicate the viscosity and polarity in thepth of
membrane, accordingly. Data introduced in the talbleve show, that these parameters
are gender-related. So, the microviscosity of medgthrocyte ghosts is more then
females by 127.08%, which can be interpreted ifngkaccount above mentioned data
testifying that the straight of relation of peripaleproteins with membranes is less for
females’ ghosts. The analyses of viscosity andrjtplan the depth of membrane have
revealed small, but reliable gender-related diffees. So, they are more by 16.48% and
21.52% in female erythrocyte membranes, accordifiglly. 2), which are testified that
the viscosity of female erythrocyte ghosts is mord,the compactness of the packing of
phospholipids in lipid bilayer is less then in ngle

Table 2. |57¢ 1470 and bod 1479 ratios of pyrene fluorescence in the excitationelength
A=285 nm andahd l470and bsd lzg in the excitation wavelengi+340 nm in the
ghosts-containing solutions prepared from the rafesythrocytes of female and male
rats after the washing in Tris-buffer (0.0IMBNaCl in 0.02M Tris/HCI, pH 7.6)
and from the mass of erythrocytes after the washiig9 % NacCl , *p<0.05

Fluorescence ) emission 285im 340um
parameters | A exinction I37d/la70 I390/la70 Ia7d/laz0 I370/1300
Male Tris-buffer | 3,69+0,49 3,25+0,43 0,91+0,01 0,79+0/07
0.9 % NaC| 3,41+0,48 3,4610,56 0,91+0,01  0,79+0,08
Female Tris-buffer| 1,62+0,17 1,61+0,16 1,06£0,00 0,95+0,07
0.9 % NaC| 1,49+0,32 1,38+0,19 1,07£0,1L  0,96+0,06

Author in [15] introduced data about the lipid carajtion of erythrocyte memb-
ranes of male and female rats. According to théeret are significance gender-related
differences in both phospholipids content and casitipm and in cholesterol content of
membranes. In male erythrocyte membranes choléstentent is more by 21.68% in
compeer with females. It is well known that the rbeame cholesterol content is defined
the viscosity of membranes: as higher is it, as isthe membrane viscosity [5], which
is observed in erythrocyte membranes of malesompmeer with females’. The polarity
in the depth of membrane depends on the compacbfes®e packing of membrane
phospholipids in inverse manner: as “distended"ptheking, as polarity is higher. In ac-
cordance with our results, the compactness of #ukipg of phospholipids in lipid bi-
layer of male erythrocyte membranes is more thenafes’. On the other hand, the
viscosity of female erythrocyte ghosts is more, thet compactness of the packing of
phospholipids in lipid bilayer is less then in n&jewhile the microviscosity of male
erythrocyte ghosts is more then females’. Thesealteetestified that, in all probability,
there are structural and functional gender-reldiéfidrences in membrane level. So, we
arrive at two conclusions. At first, the gendemafmals is an important factor, which is
necessary to take into consideration in membrandiet. And the second, the sex-
related structure specificities of cell membranem anderlie the gender-related
differences in pharmacokinetics and pharmacodinamitoduced above.
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