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Summary. Filtrability of  erythrocytes obtained from uncon- 
trolled Type I (insulin-dependent) diabetic patients is abnor- 
mal, but is corrected by insulin added in vivo or in vitro. As 
erythrocyte filtrability depends on several determinants, we 
chose to study a membrane property of  erythrocytes from dia- 
betic subjects. Membrane fluidity was studied by fluorescence 
polarization using a lipophilic probe, the diphenyl-hexatriene 
and the Coulter Epics V together with a laser Spectra-physics 
2000. Fluorescence polarization values obtained for 31 nor- 
mal subjects (0.253 +0.043 SD) and 31 uncontrolled Type 1 
diabetic patients (0.231 + 0.043 SD) were significantly differ- 
ent (p < 0.01). Insulin (2.5.10 -9 mol/1) added in vitro increased 
the fluorescence polarization values of  red cell membranes 
from diabetic patients (without insulin, fluorescence polariza- 

tion values = 0.210 + 0.032 SD; with insulin, fluorescence po- 
larization values = 0.253 _+ 0.024 SD, p < 0.001, n = 15), but 
had no effect on normal membranes (without insulin fluores- 
cence polarization values = 0.255 +0.037 SD, with insulin, 
fluorescence polarization values = 0.251 + 0.026 SD; n = 12). 

Given a relationship between the lipid bilayer and mem- 
brane cytoskeleton proteins, this insulin-correctable abnor- 
mality of  erythrocyte membrane fluidity may be an important 
determinant of the rheological behaviour of  erythrocytes from 
diabetic patients. 
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The  erythrocytes  & u n c o n t r o l l e d  Type 1 ( insul in-depen-  
dent)  diabet ic  pat ients  have a b n o r m a l  rheological  prop- 
erties [1-4]. Modif ica t ions  in the erythrocyte  m e m b r a n e  
could  be  the cause o f  these theologica l  abnormali t ies .  
Biochemical  abnormal i t ies  have been  descr ibed [5-7] in 
the membrane ,  and  change  in its viscosity have been  
demons t r a t ed  by  the f luorescence  polar iza t ion  tech- 
n ique [7-9] or  e lectron spin r e sonance  [10]. However ,  
these results have been  chal lenged [11]. 

We have previous ly  observed  that  the p o o r  filtrabili- 
ty o f  erythrocytes  f rom uncon t ro l l ed  Type 1 diabet ic  
pat ients  was rapidly  correc ted  by  insulin a d d e d  in vivo 
or  in vitro [3, 4]. 

The  aim o f  this s tudy  was therefore  to verify whether  
insulin directly mod i f i ed  the m e m b r a n e  fluidity as- 
sessed by  f luorescence  polar iza t ion  if  such an  abnor-  
mali ty was f o u n d  in cells f rom diabet ic  patients.  For  
this purpose ,  ghosts  p r epa red  f rom erythrocytes  origi- 
nat ing f rom uncon t ro l l ed  Type 1 diabet ic  patients and  
ma tched  controls  were  incuba ted  with and  wi thou t  in- 
sulin. F luorescence  polar iza t ion  was  s tudied with a lip- 
ophi l ic  probe,  the 1,6 d iphenyl- l ,3 ,5  hexatr iene (DPH).  

Subjects and methods 

The subjects were 31 Type I (insulin-dependent) diabetic patients, 20 
males and 11 females, aged 26 to 64 years (mean + SD = 44 _+ 16), un- 
controlled at the time of the study. None of the patients were smokers, 
and women did not use oral contraceptive agents. Diabetes duration 

ranged from 1 to 26 years (mean + SD = 9.6 + 7 years). Two patients 
had macroproteinuria (i.e. > 500 mg/day) but serum creatinine did 
not exceed 100 btmol/l in any of the patients. Nine had background 
retinopathy at fundus examination after papillary dilatation. Patients 
with proliferative retinopathy or symptoms of cardiovascular disease 
were excluded from the study. Treatment consisted of two or three in- 
sulin injections per day except for two cases treated with one daily in- 
sulin injection. Glycosylated haemoglobin values, assessed by mic- 
rochromatography at 23 °C (Biorad Column) after an incubation at 
37 °C for 5 h in 10 vol of saline buffer 154 retool/1 with 2 mmol/1 of 
glucose in order to eliminate the labile fraction, averaged 11.5 _+ 2.8% 
(normal 4-8%). Capillary blood glucose value was checked in the 
fasting state before the insulin injection at 08.00 hours; the injection 
was postponed from its usual administration at 07.00-07.30 hours. If 
the capillary blood glucose value exceeded 11 mmol/1, a blood sam- 
ple was obtained and collected on Na citrate, 0.11 mol/1. Mean plas- 
ma glucose value was 16.4_+5.9mmol/1 (range 11-21). Urine was 
checked for the presence of ketone bodies (Ketodiastix R), which 
were detected in 8 cases. Each patient was matched for age and sex 
with a laboratory or hospital staff member, and blood samples from 
the diabetic patient and the control subject were obtained and pro- 
cessed the same day. 

Erythrocyte ghosts were prepared at 4 °C according to Hanahan 
and Eckholm [12]. Platelets and leucocytes were eliminated [13] by fil- 
tration on cellulose and Sigma cell 50. Erythrocytes were then haemo- 
lyzed by osmotic schock in Tris 11 mmol/l buffer. Haemoglobin free 
lyzed cells were obtained by washing in Tris buffer and centrifuging at 
20 000 g for 40 rain as many times as necessary. A microdosage of hae- 
moglobin [14] was performed to verify that membranes were haemo- 
globin free. Membranes were resuspended at a concentration of 
107/ml in Tris Hepes buffer with 0.25% bovine serum albumin as rec- 
ommended by Williams et al. [15] and kept frozen at - 20 °C until use. 
The freezing and thawing procedure was inevitable due to geographi- 
cal separation between hospital and fluorescence polarization labora- 
tory. To verify if the freezing/thawing procedure could be responsible 
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for an artefact, a small series of experiments was performed on ghosts 
freshly prepared from 4 control subjects and 4 diabetic patients and 
repeated after freezing and thawing. After thawing the ghosts were in- 
cubated at 37 °C for 2 h in the same buffer with or without insulin (Ac- 
trapid, Novo, Paris, France) at 2.5.10 -9 molar concentration or with 
proinsulin (2.5.10 -9 molar concentration) (a gift from Novo). The 
probe (2.10 -3 molar solution of DPH in tetrahydrofuran) was first dis- 
persed by 1000-fold agitative dilution in NaC1 154 retool/1 PBS buf- 
fer. Membrane suspension (0.4 ml) was mixed with I ml probe solu- 
tion and incubated 30 min at 20 °C (16). 

Fluorescence polarization was measured on individual cells with a 
Coulter Epics V cell sorter (Coulter Electronics, Hileah Fla, USA) cal- 
ibrated according to Capo et al. [17]. This instrument analyzed cells in 
aqueous suspension as they passed through the polarized beam of an 
argon-ion, with exciting light at 363 nm highly polarized in the vertical 
plane. The fluorescence emission was analysed stimultaneously in 
two planes, parallel ( I / / )  and perpendicular (I ± ) to the polarization 
plane of exciting light. The fluorescence polarization was then calcu- 
lated by computer according to the following equation: P = 
I / / - I ±  
I / / + I ± "  

The fluorescence polarization value (P) for each subject was the 
mean obtained after the passage of 5000 or 10 000 particles of 2 to 4 ~t 
diameter. The Epics V was calibrated with the aid of half wave retar- 
dation plates. The incorporation of DPH into the membrane was indi- 
cated by an increase in fluorescence intensity as the probe moved 
from the aqueous phase to the hydrophobic domain of the membrane. 
DPH is localized almost exclusively within the hydrophobic domain 
of the lipid bilayer. The polarization of fluorescence is directly related 
to the rotational relaxation time of the fluorophore. A change in the 
local packing of the molecules surrounding the probe results, in an al- 
tered polarization of fluorescence value [18]. 

ghosts from diabetic patients increased significantly 
(p < 0.001) and returned to normal (Fig. 2). 

Proinsulin (2.5.10 -9 tool/l) did not modify fluores- 
cence polarization values of erythrocyte ghosts either 
from normal or diabetic subjects (Table 2). 

The same results were observed in the small series 
using fresh membranes, where we found lower fluores- 
cence polarization values in those from diabetic pat- 
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Fig.1. Histogram of fluorescence polarization value (P) of 5000 
ghosts from one control subject and from one Type I diabetic patient 

Statistical analysis 

The Wilcoxon test for paired series was employed in the statistical 
analysis. Statistical significance was assumed at p < 0.05. 

Results 

The value of the fluorescence polarization (P) was sig- 
nificantly lower (p < 0.01) in the erythrocytes from the 
31 diabetic patients (P = 0.231 _ 0.043 mean _+ SD) than 
in those from the matched controls (P = 0.253 _+ 0.043). 
An example of a histogram obtained with the 5000 de- 
terminations on ghosts from a diabetic patient and his 
control is shown in Figure 1. 

Table I shows the effect of incubation in the pres- 
ence of insulin. Fluorescence polarization values of nor- 
mal erythrocyte ghosts were not significantly modified 
by incubation with 2.5.10 9 mol/1 insulin, but those of 

Table 1. Fluorescence polarization value obtained after 2 h of incuba- 
tion at 37 °C without and with insulin (2.5.10 -9 mol/1) of erythrocyte 
ghosts from control subjects and Type I diabetic patients (mean ___ SD) 

Control subjects 
(n = 12) 

Type 1 
diabetic patients 
(n = 15) 
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Fig.2. Histogram of fluorescence polarization value (P) of erythro- 
cyte ghosts from one Type I diabetic patient. 10000 ghosts were incu- 
bated for 2h without insulin and 10000 ghosts with insulin 
(2.5.10 -9 tool/l) 

Without With 
insulin insulin 

0.255 + 0.037 NS 0.251 _+ 0.026 Control subjects 
(n = 5) 

p < 0.01 NS Without Insulin Proinsulin 
insulin 

0.210+0.032 p <0.001 0.253+0.024 

Table 2. Fluorescence polarization value obtained after 2 h of incuba- 
tion at 37 °C without insulin, with insulin (2.5.10 -9 mol/l) and with 
proinsulin (2.5A0-9mol/1) of erytrocyte ghosts from control subjects 
and Type 1 diabetic patients (mean + SD) 

Type 1 diabetic patients 
(n=5) 

Without Insulin Proinsulin 
insulin 

0.277 0.277 0.265 0.195 0.274 0.192 
_ 0.023 + 0.016 + 0.018 ___ 0.031 +_ 0.009 + 0.021 
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ients, correction by insulin in vitro, but no effect of the 
hormone on membrane from normal subjects (data not 
shown). 

Discussion 

The fluorescence polarization of DPH was measured in 
erythrocyte ghosts from Type 1 diabetic patients and 
normal subjects. The ghosts were frozen before use, and 
we observed virtually the same results with fresh and 
frozen thawed erythrocyte ghosts. Furthermore, the flu- 
orescence polarization values from our control frozen 
ghosts (P =0.255_+0.037) were in a good agreement 
with those previously published using fresh erythro- 
cytes by Beguinot et al. [19] and by Luly et al. [20]. 

We observed that erythrocyte membranes obtained 
from uncontrolled Type 1 diabetic patients had a de- 
creased fluorescence polarization value compared to 
normal when using DPH as a probe. This finding corre- 
sponds to increased mobility of the probe in its hydro- 
phobic environment in the deeper part of the lipid bi- 
layer. 

Several authors using a similar technique have 
shown abnormal fluidity in erythrocytes or other cells. 
Otsuji et al. [7] and Baba et al. [8] have demonstrated in- 
creased membrane microviscosity in the erythrocytes of 
Type 1 and Type2 (non-insulin-dependent) diabetic 
patients with various degrees of control; fluorescence 
polarization values were correlated to cholesterol/ 
phospholipid ratio in the plasma and the erythrocyte 
membrane, and were more disturbed in the group with 
high fasting plasma glucose. However, Hill and Court 
[11] observed no modification of the fluorescence polar- 
ization values of erythrocyte membrane in a group of 
diabetic children with varying degrees of control; nei- 
ther did they find any modification in the cholesterol/ 
phopholipid fraction of the erythrocyte membrane from 
their diabetic patients. Plasma membrane of hepato- 
cytes from streptozocin-diabetic rats have been shown 
to have low fluorescence polarization values, suggesting 
an increase in membrane fluidity with the DPH probe 
[21]. Bryszewska and Leyko [9] demonstrated increased 
membrane viscosity by using a different technique, 
measuring the lateral mobility of a lipophilic probe (py- 
rene). Bryszewska et al. [22] found a higher membrane 
cholesterol/phospholipid ratio. These findings are in 
agreement with Otsuji et al. [7] and Baba et al. [8]. Kam- 
ada and Otsuji [10] used the electron spin resonance 
technique for studying erythrocyte membrane from 
Type 1 and Type 2 diabetic patients. They demonstrated 
decreased mobility of the stearic acid chains located in 
the deeper part of membrane. When the spin label was 
localized in the protein part of the membrane, a resis- 
tance to rapid binding was described in erythrocyte 
membranes from Type 1 diabetic patients [23]. There- 
fore, in spite of some contradictory results, it seems that 
the physical properties of the erythrocyte membrane of 
uncontrolled diabetic patients are abnormal. 

These abnormalities could be related to a change in 
the biochemical composition of the lipid bilayer. An in- 
crease in cholesterol/phospholipid ratio and an in- 
crease in saturated fatty acids were shown in the same 
membranes by Otsuji et al. [7], Juhan-Vague et al. [6] and 
Bryszewska et al. [22]. The low value of the correlation 
coefficient between membrane cholesterol/phospho- 
lipid ratio and fluidity led Bryszewska et al. [22] to sug- 
gest that other factors like qualitative phospholipid 
changes may influence membrane fluidity in diabetes. 

A close relationship between the lipid bilayer and 
the cytoskeleton [24-26] having been shown, a change 
in the lipid bilayer behaviour could have an effect on 
the cytoskeleton. 

Incubation of the ghosts with insulin at nearly phys- 
iological concentration normalized the fluorescence po- 
larization value of membrane from Type 1 diabetic pat- 
ients but had no effect on the normal membrane. 
Proinsulin added at the same molar concentration as in- 
sulin did not show any effect on membranes from dia- 
betic patients and controls. 

These results have to be added to those of Bryszews- 
ka and Leyko [9], who observed with a different tech- 
nique an increase in the mobility of the probe when 
erythrocyte membranes from diabetic patients were in- 
cubated with insulin. Luly et al. [20] were able to show 
an elevation of the fluorescence polarization value of 
normal erythrocyte membrane when incubated with 
physiological concentration of insulin. Dutta-Roy et al. 
[27] showed that the microviscosity of normal erythro- 
cyte membrane and the filtration time of intact cells 
were reduced by insulin at physiological concentration 
in a dose-dependent manner; use of supraphysiological 
concentration of the hormone reversed the effect of the 
lower concentration of insulin. Proinsulin at different 
concentrations had no effect compared to insulin. It 
may be pointed out that, when plasma membranes from 
known insulin sensitive cells such as hepatocyte or 
adipocyte are used, incubation with insulin has been 
shown to decrease membrane fluidity [26, 28, 29]. These 
results, however, have not been found in all studies [30]. 

Therefore, the accumulation of results obtained 
with different techniques and different concentrations 
of insulin appears to confirm our previous proposition 
[3, 4] that insulin acts directly on the erythrocytes even 
while glucose transport across the membrane is not in- 
sulin-dependent, insulin receptors are scarcely distrib- 
uted and protein synthesis does not occur. 

It has been suggested that membrane fluidity is an 
important determinant in the behaviour of peptide hor- 
mone receptors [31]. Proinsulin was found not to pro- 
duce the insulin effect at a similar concentration, argu- 
ing that insulin receptors mediate the change observed; 
however, the concentrations of insulin and proinsulin 
having not been manipulated, this conclusion must be 
retained with caution. 

The role of qualitative change of phospholipid sug- 
gested by Bryszewska et al. [22] may be considered. In in 



420 I. Juhan-Vague et al.: Diabetes and red cell membrane fluidity 

vitro insulin experiments no major change in lipid or 
protein composition may be expected. However, a 
change in phosphoinositide metabolism could take 
place, with the insulin acting on this metabolism [32]. It 
has been shown that these lipids are involved in mem- 
brane structure and maintenance of function [32-34], 
and a relationship between insulin-stimulated phos- 
phoinositide turnover and Ca + + flux across the mem- 
brane known to be regulated by the membrane fluidity 
[35] was reported [33]. It is possible that insulin disturbs 
the phosphoinositide metabolism and then the mem- 
brane fluidity. The mechanism could be related to the 
protein kinase activities, key enzymes of the phosphoin- 
ositide metabolism [33] known to be regulated by insu- 
lin [36]. 

The link between insulin fixation to the erythrocyte 
receptors, modification of lipid bilayer and eventually 
of the protein cytoskeleton and modification of erythro- 
cyte filtrability, remains to be elucidated. 
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