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IN VITRO EFFECT OF INSULIN ON THE OSMOTIC FRAGILITY
' OP HUMAN DIABETIC ERYTHROCYTES

In vitro effect of insulin on the osmotic fragility of human
diabetic erythrocytes was investigated. 1t was found out that small
concentrations of insulin (10=10 M - 109 M) increase the osmotic
fragility rapidly and at insulin concentrations of 1079 M = 10-8 i
the top values of hemolysis were observed confiming some urlior
fluorescence data. .

INTRODUCTION

During its action insulin binds to  the specific recep-
tors on the cell surface [l1]. Since then, insulin receptors  in
several cells such as adlpocytes, hepatocytes, monocytes, granu-
'locytea,‘ lymphocytes, fibroblasts were found and characterized.
It has been recently demonstrated that human [2-5], turkey [6]
and sheep [7] ercythrocytes have also specific insulin binding
sites. These sites have been characterized [4, 8] and it has
been found out that their properties are similar to those of the
insulin receptors "in other cells. The binding of 5 ~ labeled
insulin to ercythrocytes depends on pH, temperatux:e,  time and
cell concenttation.‘ The existence of insulin receptors din the
erythrocyte membrane has been  already proved but their aignlf.i-
' cance in those cells still needs elucidation. o A

Erythroaybeu and eryt;hrocyte membranes are very useful for
studying insulin .tnteraction with the cellular membrane beéause
of their accessiblltty and ease of 1solation,v the more so as
there are not signltlcam: differences in the hormone action ‘on

;[89]
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the erythrocyte membrane or on the menbrane of  insulin target
cells. : Wk :
<A common accepted model of insulin-membrane ' interaction is
the receptor-transducer model which was confirmed by many in-
vestigations [9, IOJ According to that model insulin interacts
with the membrane binding with the - specific membrane - . receptor:
without entering the cell.  The “receptor-transducer" mode1~needé
still the determination dt the second nessenger of ‘the hormone
1nformation. In the case of insulin its action'is thqught to be
independent of cyclic AMP production in the contrary to hormones
such as glucagon and adrenaline, which stimulate adenylate cy-
clase activity, so the nature of the information transducer re=
mains unknown [11]. One hypothesis postulates that alterations
of membrane lipid structure and/or changes in membrane fluidity
under influence of insulin action may play a role of a hormonal |
information transducer [12-15]. i '

The erythrécyte membrane fluidity is associated with the os-
motic fragility of the erythrocytes. Osmotic fragility is con=
sidered to be a measure of erythrocytes viability dependent ‘on
its ability to undergo deformation during passing through blood
capillaries. - The erythrocyte deformability . is determined by the
surface area to volume ratio and by the elastic membrane proper-
ties which enable erythrocytes to undergo‘ strong deformations"
without rupturing of the cell membrane. ek ;

In the case of the erythrocytes from human suffering fromdur?
betes the decreased deformability was found [16, 17]. Because
tne diabetic erythrocytes are less deformable they may exert an
increased pressure on the blood vessel walls leading to micro-
angiopathy. : ; »r .‘

The alternations of the dynamic properties of the erythro-
cyte membrane bilayer in diabetes were also found out. The mi-
croviscosity of lipid bilayer [18] measured by;thé-‘help of the
flucrescence polarization 'téchnique and viscosity related to la-
teral diffusion of the fluorescent label in that bilayer [19] had
much greater value in the case .of the diabetic'human‘erythrothe'.
membranes indicating an increased rigidity of the jhydkophobic
membrane region. : A R ¥ IR

In this study an experiment was undertaken to investigate an
.in vitro influence - of insulin on the osmotic fragility of diabe-
tic erythrocytes.
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< mxnm.a‘m METHODS |

Blood trom individunll -u!tering from 1nou$1n-dependent “dia-
'betes. was obtained from Diabetologicol Clinic of Medical Academy °
of ©4dZ, The pationta were of both nexal. (25-55) years old,
treated. with insulin. The blood was taken after night tast, wi= :
thout morning dose of lnsulin, on the 3% sodium eitrate._All the
,'patiencs showed far advanced dlahotie- complications as polyneu-
.'ropathy and retinopathy Dilease had e'loﬁg duratiqn of ' more
‘than 7 years. 2 s \ STy S
Feshly drawn blood was centrituged at 3000 rpm for 10 miqh-
‘tes. After removing plaema and leukocyte layer, erythrocytes were
' further washed three times by phosphate buffered laline (pas o 9%
. NacCl ‘- in 10. mM phosphate buffer, pH 7.4). ;
: Washinq was held at’ temperature 277 K- Erythrocytes . were
 then brouqht to hematocrit of 0.5, Hematocrit was determined us-
"ing a microcontri!uge Janotzki ™ a2, ,tiue, of centrifugation
Insulin (preparltion of 1nsu11n maxirapid, -producer:  "“Pol-
fa") was added into erythrocyte suspension of honatoerit 209
' and samples were incubated at temperature 310 K for 15 minutes.
“The erythrocyte sucpension of the hematocrit 0.5 with or without
" insulin .was next . added into NaCl eolutions of different . salt
‘ concentratione (0 38-0 '508) - in such. amounts in. order to -obtain
-‘hematocrit of 0.005. The final 1neu11n concentrationsl in eam-'
'.ples were 4 ,1°~1O M,2 -10'9 M, 2 -10"8 M and 2 + 107 v M :e—_‘
spectively.‘ The samples wére incubated at the temperature 310 K
for one hour and then centrifuged at’ 2000 rpm for 10 - minubes.i
. The absoxbance of the eupernatants (hemolysates) ‘was neasured at
. 542 nm. A degrea of hemolyeis was calculeted assuming that an
'.absorbance obtained after introducing the same amount of -fety-;'
.ithrooytes,into ,dtsti;led water (total hemolysis) is equal 1008.\

RESULTS AND DISCUSSION
ety ¢hevob;eined.Hresults'were‘eheraotefized by a great disper-ﬁ
sion of percent hemolysis values for. different 1ndiv1dualsuy for
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the same NaCl concentrations. During the results description it
was assumed that the percent of hemolysis value ~in the absence
of insulin is equal 1 and a change of that value caused by in~
sulin of different concentrations was calculated. It enabled a
statistical description of results concerning the insulin effect
on the osmotic fragility of erythrocytes. The obtained results
are given in the table 1, and the Fig. 1 givea their graphic in-
terpretation. Fig. 1 represents a relative, mean for all NaCl
concentrations, change of an erythrocyte hemolysis percent (sh)
versus the percent hemolysis value in the absence of 1nlu11n
(\ho), taken for equal 1, i.e,: thx/!h vs insulin concentratlon.
An insert shows a curve shape for the lowest. insulin concentra-
tions.
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The: oftcct of an incuuin; insulin couuntutim on the ol-otic tragtucy ‘

in dhbotic human erythrocytes. The insert shows a curve llope tot the lo-
‘west insulin concentrations .

‘ Up!yv nruuj‘cych stgieﬁ insuliny na wrazliwodé onnotycm. cukrzycwych c—
- rytrocytéw ludzkich.  Rysunek wewngtrzny przedstawia nachylenie krzywej dla
: “* najnigszych steied iuuliny
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The figure indicates, that under the intluence of small con-
centrations of insulin in the range of 10 “10 y « 1077 M the osmo~
tic fregility increeeee rapidly reeohinq a maximum for the  in-
‘ sulin concentration equal about 1077 M = 10" e M. Por greater
insulin concentrations its effect on the oemotio fragility de-

creases and the percent hemolysis value of erythrocytee trends
towards the value' observed for ‘the absence of insulin ',(th /
/%, - 5 i :
The plots of erythrocyte oemotie fragility curves " were aleo,
‘made without insulin and for that insulin concentration when the
highest effect of hormone on the inveetiqated value was observed
(2:1077 ). Curves are given in Fig. 2. The figure shows,  that
under the insulin ectien the oamotic fregility curve is paralle- .
“lly shifted to the right, towerdu increeeing NaCl . concentra-
tions. The csou values found from the plots. (NeCl ‘concentre-
tions for 50% of heuolynil) ere equel o 436! and 0. 443! without-
and with' insulin reapectively. : ;
: The obtained resnlte indicate, that insulin ection depends on’
hornone eoncentretion\ end the higheet effect is obtained for in-
sulin coneentretione in the renge 10 - M- 10 85 u. eimilarj
seturetion phenomenon durinq ineulin ‘action wae obeerved by . L u-
1y et al. [13},: who investigated the insulin influence on the
' rat hepatocyte membrane tluidity and by Bry.s z ewska et
Ael tzo] when the ‘hormone effect on the human erythrocyte mem—f
brand- fluidity was investigated. In both cases the greetest ef-
fect of ' membrane viscosity changes wee obtained for insulin con=
~centrations equal 10 5 M. and 5 <107 M respectively. ' :
! . The largest change of erythrocyte hemolysie percent observed
for in-ulin concentretion, 210" 9 M. was equal about 158, The re-’
‘ sults obteined prompted us to euppoee, that insulin bindinq with
ite’ speeific ‘Yeceptor on erythrocyte uanbrene caueee remarkable

; chengen in meubrane structure resulting in an increase of osmo- . -

'tic tzeqility. ‘The osuotic zregility 418’ mainly a function of the”
initial . erytbrocyte volume to the criticel volume ratio - i/V
[21]." Thus the increasing osmotic’ fragility of hunan erythrocy-

' tes influenced by insylin indicatee that the critical erythrocy-f
te volume - related to hemolysie diminiehee., Influenced by insulin
 the membrane becomes less resistant -to eny vdeformations and
'fhurste more rapidly. The diminiehed memhrane ability £or defor-
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'!'he osmotic tngilxty curvee of diabetic human erythtocytes .under the in—-‘
 fluence of insulin

Kt:ywe wrazliuoicx omor.ycznﬂj erytroeytéw ludzi chorych na cukuyce pqd
wpiywem immluxy :
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mation should be accompanied by increased insulin-induced rigi-
dity. However investigations of lateral mobility changes of the
fluorescent label in the diabetic erythrocyte membranes [20] and
rotation mobility changes of that in rat adipocytes membrane
[12) .indicate an increased fluidity of the hydrophobic membrane
region influenced By insulin. On the other hand, employing pola-
rization fluorescence technique, increased viscosity related to
rotational diffusion of fluorescent probe caused by insulin in
rat hepatocytes was obsérved by others [13], as well as rigi-
ditory effects of the hormone .to human erythrocyte membrane [14]
were reported. Moreover some unambigues data exist [9, 15| where
no insulin-influenced changes of membrane fluidity were observed.
These observations suggest that the insulin-influenced augmenta=~
tion of erythrocyte osmotic fragility does not simply correlates
with = hydrophobic region membrane fluidity and more likely it is
a result of the protein-lipid interactions changes in the mem-
brane leading to the increase of erythrocyte sensibility to he-
molysis. ‘ ; i it

This study was done in the co-operation with the Bioloqicali
Isotope Laboratory "A.J." of the University of Szeged (Hungary)
and was supported by the Research Grant R.III.13.
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Maria Bryszewska, Cezary watata, Wanda Leykb
WPLYW INSULINY IN VITRO NA WRAZLIWOSC OSMOTYCZNA ERYTROCYTOW
LUDZI CHORYCH NA CUKRZYCE ‘

W pracy zbadano wpiyw insuliny na wrazliwo$é osmotyczng erytrocytéw lu-
dzi chorych na cukrzyce zaleing od insuliny. Stwierdzono, ze ipaulina W ma-
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iych stezeniach 'uo""’ M- 107 M) powoduje duy wzrost vrn‘tliv“ei‘ opmo~
‘tycznej erytrocytéw. Dla steieri insuliny réwnych 109 - 108 u 'ob_l'cwo-v'
wano najwieksza henbluq erytrocytdw, co pomiirdzilo uzyskane wczedniej wy~
niki z ° pomiardéw tluoroqccncyjnyéh. dotyc:icych wp tywu t'igo hormonu na eiek~
toéé blon erytrocytdw. ' ' A



