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DECREASED ERYTHROCYTE GHOST MEMBRANE FLUIDITY AS A RESULT
OF LIPID COMPOSITION CHANGES IN PLASMA
OF ADULT INSULIN=-DEPENDENT DIABETICS

Increased microviscosity of erythrocytes membrane ghosts
was found in diabetic adult subjects, It seems vary likely
that membrane cholesterol: phospholipid ratio enhancement is
the main reason of decreased membrane fluidity in diabetes,
Moreover, plain correlation between membrane cholesterol:
phospholipid ratio, plasmas cholesterol and membrane fluidity
wae estimated, The quantitative and structural changes of e~
rythrocyte membranes and plasma lipids quantitative altera=
tione are like to be a resson of diabetic complicetions ariew
ing in poorly controlled diabetes, Significant increase of
plasma protein-bound sialic acid content indicates that anore
msl high concentrations of acute-phase proteins may occur in
diabetes. It is likely that mentioned serum sialic acid flu=-
ctuations may cause the enhancement of membrane sialic acid
content in disbetic red cells. ‘ v

Introduction
]

As it is generally sccepted presently supramolecular dynamie
‘membrane structure is mostly determined by biochemical mambranqt
composition and the interaction of nénbr@né’éohp@nehta‘[i;. 157,
On the other hand, membrane fluidity may riguiato ’ struptﬁral
and roologicol'proportiob essential for erythrocyte viability,
Hence any rigidization of membrane seems to be en important fac-
tor reducing red blood cell deformability end the functions of
erythrocytes as oxygen carriers [10, 12]. As the cholesterol/.
/phosphalipid ratio (C/PL) markedly affects membrane microvisco= -
sity [4, 14] any quuntitittvq changes - of'qqmbtgno lipids 4 “may

[47])
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disturb physicel properties of membrane noticeably [7]. In ery=
throcytes and platelets with very restricted lipid ‘metabolism,
where the phenomena of cholesterol transfer between membranes and
plasms serve as a control of cell membrane fluidity, any compo~
aitional fluctuntions of plasme lipide should be reflected by
changed physical parsmeters of membranes, :

The purpose of thio study waes to find out whether any dife
farences in pyrene lateral mobility in the erythrocyte membranss
of adult normal and disbetic patients exist, and to estimate the
possible reasons of any discrepences found.

Material end methods

We examinad control healthy patients (16«52 yeare old) snd
disbetics (21-58 yesrs old) of both sexes, Almost sll the dia-
betics exhibited rather far advanced diabetic complications (as
ratinopathy and polyneuropathy), all of them were treated with
insulin, and discase duration wes is range of 0.5-41 yesrs.

Frashly drawn blopd collected on 3% sodium citrate wes weshed
three times with 10 aM phosphate buffer ealine (pH 7.4), The ery-
throcyte membranes were obtained by the method of hypotonic he=
molysis according to Dodge et al, (5], and then laballed
with pyrene (in methanol solution) to finsl pyrene concentration
of 6.6 x 10°° M and finsl lipid phasphorue concentrstion of 3
ug/ml in each seuple. : : :

The fluorescence messurements were parformed with Jobin-Yvon
spectrofluorimeter at the temperature of 310 K. The fluorescence
intengities of pyrene dimer end monomer were measured at 470 na
and 396 nm respectively, and than dimer/monomer ratios were ca=
leuleted, i : '

Total membrsne and plasma cholesterol were determined accord=
ingto Babson etoal. [3], similerly membrane snd plasma
phospholipids according to Ra he ja etal, [11]., Additio=
nally the levels of totsl membrane sialic acids es well as total
and "free” (4t weans non-protaein bound) pl.'ll  sislic aé;dt
wore estimated according to the method described by Wa r r e n
{17]. '
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Results and discuseion

It turned out that microviscosity of diabetic erythrocyte
membranes is significantly enhanced, "as well as the content of
diabetic erythrocyte membrane cholesterol and C/PL ratio. On the
contrary, the amount of erythrocyte membrane phoepholipid content
diminishes in disbetes, and it is undoubtedly the real reesson
of the incresse in membrane C/PL ratio of diabstic orythrocyte
ghosts, Next, the membrane sislic acide 1is a little, but appa~
rently, elevatad. Moreover, plasma cholesterol sand phospholi-
pide @as well as plosme C/LP ratio are significently increased
{Teb. 1), The level of totel plesma sialic scids is highly ele-
vated in disbetic patients and the content of plasma free sie-
lic ecids is lowered. The per cent content of fraction of plas~
me free sislic acids hence might be expected to be diminished 1in
diabetes, and it is really the cese,

It seems thet quantitstive changes of membrane 1lipids found
ere one of the main reascns of pyrene motional restriction in hy~
drophobic bilayer of erythrocyte ghost membranes. This enhance-
ment of erythrocyte membrene microviscosity in diebetes correla~-
tes with membrane C/PL ratio (r = 0,562) and plasme cholesteral
level (r = 0,553) and the restrsined velues of correlstion co~
efficients indicate, that besides of C/PL ratio also other facw
tors as sphingomyelin/lecithin ratio, lipid/protein ratic or
unsaturation degree of acyl chains may norkodly influence membroe=
ne fluidity (14, 15]. The data presented in the teble 1 seem to
confirm an idea sbout broadly developed metabolic  complications
in diabetes, It is not striking that membrane microviscosity en«
hancement in diabetes correlates positively with the estimated
changes in plesme lipids, since disbetic “hyperlipoproteinsenis
happen to be often accompanied by an sccumulation of some plase
mo lipoprotein fractions [1). It cen ©lso not be excluded that
increased .menbrane linl&e acids diminish the membrene - fluidity
in disbetes.

Strong relation between plasme and membrane C/PL ratios, and
particulerly the correlation of plasma cholesterol level end men-
brane fluidity seem to be an unsubiguous evidence, that eleveted
levels of plasme lipids (cholesterol mainly) cen seriously afe
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Table 1

Stetistical comparison of the parameters messured
in adult healthy control
and 4n  4insulin~dependent diabetic subjects

Statystyczne poréwnanie mierzonych parametréw
© W kontrold dorositych

i przypadkach cukrzycy insulinozaleznej -

T ‘ ‘
Paranster Group n 2 sb s""‘g:g'”°‘

/M ratio narnal 25 0,679 | 0,065

5 ' disbetic| 20 o.528 | 0.038| P < 0.001

Membrana normal 28 0.883 | 0.144 ) ¢ 0,001
cholesterol disbetic| 28 1,091 | 0,248! P U
mM/g protein s \

Mambrane normal 17 0,988 | 0,166 < 0.001
phospholipid diabetic| 24 0.780 | 0,129 P <O

. mM/g protein <

Membrene noreal | 17 0.119 | 0,025 < 0,02
sialic ecid diabetic| 24 0.132 | 0,015 P .

mM/g protein

Pleama normel 38 6,70 | 1,34 5 <
cholesterol dizbetic| 31 8.93 -1:85 P <'0.001
aM/1 ;

Plaame normal 22 2,53 | 0.35 ;
phospholipid diabetic| 23 3.04 |0.38 p < 0,004
mr/1 ;

‘Plasma total normal 12 2,15 | 0.13
sialic acids digbetic| 23 3,08 0,27 p < 0,001
M/l ' '

Plasma free normal 12 280,0  [21.3 . ;
sialic acids dieetic| 23 | 217.8 |34.2 p € 0,001
U/ ‘ »

% free sialic normal 12 12.96 |1.12 SR
ecid fraction diabetic| 23 7.17 1 1,36 p < 0.001 :

fect tissue metebolism in diabetes and contribute to the de-
velopuent of diabetic complications, . ‘ ekt
Though elevated levels of plasms glucose mey influence dete-
rioratively on the development of such complicetions [2,6,8], we
feel sure that the enhanced plasma cholesterol content could cau~
ge the couplications in the same degree, The type of quantitatie
va changes Ln plasma lipids feund by ue corresponde with hypere
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betalipoproteinaemia, which is responsible for artheriosclero~
ei: [1]. 1Indeed, 4in exemined group of dimbetics the microan-
giopathic chenges occur rather as e rule, eo0 then there is
much to be said in favour of the hypothesis, that strong posei~
tive correlation between plasma levels of some lipide and micro-
angiopathy exists,

. The observed quantitetive fluctuations of plesma sislic acids
in diebetes can be an oblique proof for the occurence of meta~
bolic dieturbances in the anabolism of some plasma proteins, ma~
inly eo called acute~phase proteins [26]. As reported previously
by McM411lan andothers the fluctusations of above men-
tioned proteins may account for plasma viscosity incroase and
diminished blood flow velocity [9] =~ the phenomena of particu~
lar importance in microcirculation processses,

It would be very desirable, we think, to elucidate the pa-
thomechanism of such dieturbances in disbetes, since it is com=
monly known, that reduced oxygen transport, enhsnced hemostasis
end erythrocytes or platelets aggregation as well ae changed in-
tracellular metabolism of sorbitol and myoinositol together with
the effects of enhanced tissue hypoxia in diabetes [8, 9, 13, 18]
could by mesns of interaction with changed blood flow parameters,
cause the diabetic microangiopathies, |
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OBMIZONA PLYNNOSC BLON ERYTROCYTARNYCH -
JAKO WYNIK ZMIAN ILOSCIOWYCH LIPIOOW OSOCZA
W CUKRZYCY INSULINOZALEZNED U LUDZI DOROSLYCH

W pracy stwierdzono zwniejezong ruchliwosé lateralng pirenu w
blonach erytrocytarnych ludzi dorostych chorych na cukrzyce insu-
linozelezng, Zwmisnon tym towarzyszyiy nestepujgce samian $lod-
ciows lipiddm blon i psocza: zwigkszenie stosunku  cholesterol/
/foefolipidy w blonie w cukrzycy, podwyZszenie poziomu choleste«
rolu w osoozu disbetykdéw, Jednoczesnie wykazano zwigkezenie po-
ziomu calkowitych kwasdw ejslowych orsz obnizenie zwigzenych z
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bialtkiem kwaséw sjelowych w osoczu w cukrzycy. derajsc sie
ns korelacji zmian plynnodci 4 =zmian iloéclowych lipiddw, au-
torxzy sugeruje, e zmisny powyisze ®0QQ byé  istotng przyc:rm

zmian piynnosci blon w cukrzycy, Obserwuwane fluktuacje ilo-
éciowe kwasdw sjelowych csocza w cukrzycy moge natomiast dwis-
dczyé o wystgpowaniu w cukrzycy zsburzed metabolicznych w ana-
bolizmie niektérych bialek osocza, ‘ .



