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Summary. The effect o f  insulin in vitro on the fluidity o f  the 

h u m a n  erythrocyte membrane  in Type  I ( insul in-dependent)  

diabetic  patients and heal thy control  subjects was investigated 

using a f luorescence technique.  It was found  that  the addi t ion 

o f  10 -9 mol/1 porc ine  insulin significantly increased fluores- 

cent  p robe  lateral mobi l i ty  in the membrane  lipid layer but  did 

not appear to produce any conformational changes of mem- 
brane proteins. 
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Interest in hormone interactions with cell membranes 
has increased considerably during recent years. One hy- 
pothesis postulates that changes of membrane lipid 
structure and microviscosity may play the role of a hor- 
monal information transducer [1]. 

The existence of insulin receptors in erythrocyte 
membranes has been observed recently [2, 3] although 
their physiological significance requires elucidation [4]. 
Altered rheological properties of erythrocytes in dia- 
betes have been reported [5-9]. These alterations are re- 
lated to chariged erythrocyte membrane viscosity and 
were confirmed by decreased rotational mobility of a 
fluorescent probe [10] and decreased lateral mobility of 
pyrene in erythrocyte membranes from insulin-depend- 
ent diabetics. Because changes in membrane lipid fluid- 
ity are considered to be responsible for information 
transfer through the membrane, studies were undertak- 
en to investigate the effect of insulin in vitro on the 
fluidity of erythrocyte membranes in diabetes. 

Materials and Methods 

The method used to investigate the lateral diffusion of phospholipid 
molecules in the membrane influenced by insulin was an optical 
method using the fluorescent label pyrene, which is incorporated 
deep in the hydrophobic membrane region [11, 12]. A measure of the 
lateral mobility of the probe is the formation rate of excimers during 
the collision of an excited pyrene molecule and a molecule in the 
ground state. The excimer fluorescence maximum (470 nm) is well 
separated from the monomer emission band (396 nm) on the fluores- 

cence spectrum and the intensity ratio I470/I396 of these two peaks is a 
measure of the lateral mobility of the probe in the membrane (Fig. 1). 
The wavelength of fluorescence excitation was 339 nm. 

Blood was taken from 13 Type I (insulin-dependent) diabetic pat- 
ients all of whom had retinopathy and neuropathy. The mean age of 
patients was 39.5 + 2.6 years, age of onset of diabetes 24.2 + 2.0 years 
and insulin dosage 0.88 + 0.12 IU/kg body weight. 

Blood was taken into 3% sodium citrate after an overnight fast and 
before the morning insulin and centrifuged at 3000rev/min for 
10 rain. After removing plasma and the leucocyte layer, erythrocytes 
were washed three times with phosphate-buffered saline (PBS: 9 g/1 
NaC1 in 10 mmol/1 phosphate buffer, pH 7.4). 

Erythrocyte membranes were obtained by the method of hypoton- 
ic haemolysis [13] and suspended in PBS to give a protein content of 
100gg/ml. Pyrene was dissolved in methanol (2.10-3mol/1) and 
added to the membrane samples at a final probe concentration of 
10 -6 tool/1. The methanol concentration was < 0.33% (v/v). Porcine 
insulin was added to the samples at concentrations of 1.10 -9, 1.10 -7 
and 1.10-6mol/1, respectively. Samples with or without insulin were 
incubated for 15 rain at 37 ~ The dimer to monomer fluorescence in- 
tensity ratio I470/I396 was then measured using a JY3 spectrofluorime- 
ter (Jobin-Yvon, Longjumeau, France). Measurements were carried 
out five times at a temperature of 37 ~ in samples from 13 Type I 
diabetic patients and six healthy adults. 

To investigate the effect of insulin on membrane proteins, the 
changes in the degree of exposure of the proteins was studied by use 
of their tryptophan fluorescence quenching by acrylamide [14]. Tryp- 
tophan fluorescence was quenched by acrylamide in the presence 
(1.10 9 tool/l) and in the absence of insulin in membrane samples 
with a protein content of 100 lxg/ml. The measurements were carried 
out at 37 ~ for five acrylamide concentrations ranging from 0.04 to 
0.4 tool/1 in six membrane preparations from the diabetic patients 
and five from normal subjects. The excitation wavelength of the tryp- 
tophan fluorescence was 286 nm. The wavelength of the fluorescence 
maximum was 355 nm. 

Statistical significance of results was assessed using Student's 
t-test. 
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Fig. 1. Fluoroscence spectrum of the pyrene probe at excitation wave- 
length 339 nm 

Table 1. Changes in dimer to monomer fluorescence intensity ratio 
I470/I396 following treatment with insulin of erythrocyte membranes 
from Type I diabetic patients and healthy donors 

Ratio: I470/I396 

Without With porcine insulin 
insulin (1.10 -9 mol/1) 

Type I diabetic patients 

l 0.846 + 0.010 0.917 + 0.012 
2 0.986 _+ 0.004 1.015 + 0.002 
3 0.986 + 0.002 1.041 _+ 0.002 
4 0.782 _+ 0.002 0.802 + 0.002 
5 0.807 • 0.002 0.823 + 0.004 
6 0.784 _+ 0.002 0.817 • 0.004 
7 0.697 + 0.004 0.773 _+ 0.002 
8 0.816 + 0.004 0.872 + 0.002 
9 0.511 • 0.006 0.530 + 0.004 

10 0.716 _+ 0.002 0.769 _+ 0.004 
11 0.737 +0.012 0.763 +0.001 
12 0.661 + 0.002 0.668 + 0.0008 
13 0.574 + 0.002 0.579 -4-_ 0.002 

Normal subjects 

1 0.918 + 0.004 0.987 + 0.002 
2 0.807 4- 0.002 0.854 _+ 0.004 
3 0.712 • 0.012 0.742 • 0.004 
4 0.847 + 0.006 0.881 + 0.010 
5 0.794_+ 0.003 0.851 _+ 0.005 
6 0.856 + 0.010 0.901 _+ 0.009 

Results expressed as mean + SD (n = 5). The increase in mean ratios 
with insulin were all significant at p < 0.001 
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Results 

Values of dimer to monomer fluorescence intensity ra- 
tio I470/I396 for membranes incubated with insulin were 
higher than for untreated membranes from both diabet- 
ic and healthy subjects (Table 1). Assuming that values 
of dimer to monomer fluorescence intensity ratio in the 
absence of insulin are equal to 100, the mean propor- 
tional change of that ratio under the influence of insulin 
(1 • 10 -9  mol/1) was calculated for diabetic and control 
membranes. The difference between insulin effect on 
the fluidity of control and diabetic membranes was not 
statistically significant. 

For six healthy individuals the effect of different 
concentrations of insulin on the dimer to monomer flu- 
orescence intensity ratio was investigated. The mean 
proportional change of that ratio under the influence of 
insulin was dependent on the hormone concentration. 
The greatest effect of hormone on the membrane fluidi- 
ty (about 9%) occurred at an insulin concentration of 
1.10 -7 mol/1 and remained constant at higher levels of 
hormone. 

There was no difference in quenching of tryptophan 
fluorescence by acrylamide in the membranes whether 
treated or untreated with insulin (Table 2). 

Discussion 

An elevated value of fluorescence intensity ratio I470/ 
1396 m e a n s  an increased lateral mobility of the probe in 
the membrane, which indicates in turn that insulin de- 
creases the membrane lipid layer viscosity related to 
probe diffusion along the membrane surface in diabetic 
as well as control membranes. This is contrary to the re- 
sults obtained for erythrocyte membranes from healthy 
subjects by Luly et al. [15], who found increased rigidity 
of erythrocyte membranes treated with insulin. How- 
ever, our results corroborate those of Bailey et al. [16], 
who observed a similar fluidity increase of rat adipocyte 
plasma membrane with insulin treatment. 

The order of addition of the fluorescent label and 
insulin to membrane suspensions was checked. Mere- 

Table 2. Tryptophan fluorescence quenching by acrylamide in normal and diabetic erythrocyte membranes with and without insulin treatment 

Acrylamide concentration (mol/1) 

0.04 0.12 0.20 0.32 0.40 

Normal subjects (n = 5) 
Without insulin 1.22 _+ 0.05 
With 10 -9 tool/1 insulin 1.25 _+ 0.04 

Diabetic patients (n = 6) 
Without insulin 1.22 _+ 0.02 
With 10 -9 mol/l insulin 1.24 • 0.04 

1.81 + 0.04 2.50 + 0.04 3.74 + 0.03 4.76 + 0.08 
1.85 _+ 0.03 2.50 _+ 0.05 3.80 • 0.03 4.85 + 0.02 

1.80 + 0.05 2.55 + 0.04 3.91 • 0.03 4.80 _+ 0.06 
1.80 + 0.03 2.50 + 0.02 3.85 • 0.04 4.70 _+ 0.04 

Results expressed as F~o (mean 4- SEM) where F, Fo represent the fluorescence intensity in the presence and absence of acrylamide 
F 
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branes were incubated either firstly with insulin and 
secondly with pyrene or vice versa. There was no differ- 
ence in the fluorescence intensity ratio I470/1396 which is 
not in agreement with the observations of Bailey et al. 
[161. 

The results obtained indicate that insulin action is 
concentration dependent. A marked effect of the hor- 
mone on membrane fluidity was observed at an insulin 
concentration as low as 1.10 -9 mol/1. At concentrations 
> 1.10 -7 tool/l, membrane fluidity remained constant. 
A similar saturation phenomenon during insulin action 
was observed also by Luly and Shinitzky [17], who in- 
vestigated the insulin effect on rat hepatocyte mem- 
brane fluidity. 

We have found that insulin does not cause any visi- 
ble conformational changes of membrane proteins re- 
sulting in changes of the tryptophan fluorescence spect- 
ra in membranes from normal and diabetic subjects. 
This result is in contrast with the study of Luly and Shi- 
nitzky [17] who found that insulin increases the trypto- 
phan accessibility for quencher molecules causing an 
increase of the fluorescence quenching in rat liver plas- 
ma membranes. 

Our results suggest that addition of  insulin in vitro at 
a concentration of 10 -9 mol/1 may cause significant al- 
terations in the erythrocyte membrane lipid layer, in- 
creasing its fluidity with no significant conformational 
changes of the membrane proteins. 

Acknowledgements. We are indebted to Dr. W. Torzecka from the Dia- 
betological Clinic of Medical Academy of Lodz for making blood ac- 
cessible from the patients and for valuable discussions. This study was 
supported by the Research Grant R, III. 13. 

References 

1. Sauerheber RD, Lewis UJ, Esgate JA, Gordon LM (1980) Effect 
of calcium, insulin and growth hormone on membrane fluidity. 
Biochim Biophys Acta 597:292-304 

2. Gambhir KK, Archer JA, Carter L (1977) Insulin radioreceptor as- 
say for human erythrocytes. Clin Chem 23 : 1590-1595 

3. Gambhir KK, Archer JA, Bradley CJ (1978) Characteristics of hu- 
man erythrocyte insulin receptors. Diabetes 27: 701-708 

313 

4. Robinson TJ, Archer JA, Gambhir KK, Hollis VW Jr., Carter L, 
Bradley CJ (1979) Erythrocytes: a new cell type for the evaluation 
of insulin receptor defects in diabetic humans. Science 205: 
200-202 

5. Schmid-Sch6nbein M, Volger E (1976) Red-cell aggregation and 
red cell deformability in diabetes. Diabetes 25 (Suppl 2): 897-902 

6. McMillan DE (1976) Plasma protein changes, blood viscosity and 
diabetic microangiopathy. Diabetes 25 (Suppl 2): 858-864 

7. Barnes AJ, Locke P, Scudder PR, Dormandy TL, Dormandy JA, 
Slack J (1977) ls hyperviscosity a treatable component of diabetic 
microcirculatory disease ? Lancet 2:789-791 

8. McMillan DE, Utterback NG, Puma JL (1978) Reduced erythro- 
cyte deformability in diabetes. Diabetes 27:895-901 

9. Bureau M, Healy JC, Bourgoin D, Joly M (1980) Rheological hys- 
teresis of blood at low shear rates. Biorheology 17:191-203 

10. Baba Y, Kai M, Kamada T, Setoyama S, Otsuji S (1979) Higher 
levels of erythrocyte membrane microviscosity in diabetes. Diabe- 
tes 28:1138 1140 

11. Galla H-J, Sackmann E (1974) Lateral diffusion in the hydropho- 
bic region of membranes: use of pyrene excimers as optical 
probes. Biochim Biophys Acta 339:103-115 

12. Galla H-J, Luisetti J (1980) Lateral and transversal diffusion and 
phase transitions in erythrocyte membranes. An excimer fluores- 
cence study. Biochim Biophys Acta 596:108-117 

13. Dodge JT, Mitchell C, Hanahan DJ (1963) The preparation and 
chemical characteristics of hemoglobin-free ghosts of human 
erythrocytes. Arch Biochem Biophys 100:119-130 

14. Eftink MR, Ghiron CA (1976) Exposure of tryptophanyl residues 
in proteins. Quantitative determination by fluorescence quench- 
ing studies. Biochemistry 15:672-680 

15. Luly P, Baldini P, Incerpi S, Tria E (1981) Insulin effect in vitro on 
human erythrocyte plasma membrane. Experientia 37:431-433 

16. Bailey IA, Garrat CJ, Wallace SM (1978) An effect of fluorescent 
probes and of insulin on the structure of adipocyte membranes. 
Biochem Soc Trans 6:302-304 

17. Luly P, Shinitzky M (1979) Gross structural changes in isolated 
liver cell plasma membranes upon binding of insulin. Biochem- 
istry 18:445-450 

Received: 22 March 1982 
and in revised form: 26 November 1982 

Dr. Maria Bryszewska 
Department of Biophysics 
Institute of Biochemistry and Biophysics 
University of Lodz 
ul. Banacha 12/16 
PL-90-237 Lodz 
Poland 


