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Abstract – The lipid components present in biological membranes including erythrocyte 
membrane are significant in regulation of the membrane fluidity as well as transport across the 
membranes. The conflicting results of either increase or decrease or no change have been 
reported in erythrocyte membrane fluidity in type 2 diabetic subjects. The diabetes induced 
dyslipidemia possibly lead to an alteration in erythrocyte membrane lipid composition. Hence a 
study was undertaken to assess erythrocyte membrane lipid alterations in type 2 diabetic 
subjects.  The blood samples from randomly selected type 2 diabetic subjects, attending 
Medical OPD of Basaveshwara Medical College Hospital, Chitradurga, were collected with 
heparin as an anticoagulant. Erythrocyte membrane total cholesterol (mTC), Erythrocyte 
membrane phospholipids (mPL), Erythrocyte membrane phosphatidyl choline, Erythrocyte 
membrane sphingomyelin and Erythrocyte membrane phospholipids/ Erythrocyte membrane 
cholesterol ratio were studied. The results suggests a significant rise in erythrocyte membrane 
cholesterol (mTC, N=1.25±0.31, T2DM= 1.54± 0.14, p<0.001), erythrocyte membrane 
phospholipid contents (mPL, N=6.99±1.84, T2DM=23.44±10.31, p<0.001), Erythrocyte 
membrane sphingomyelin, (N=9.28± 1.37, T2DM=19.32± 2.37), Erythrocyte membrane 
phosphatidyl choline (N=27.08± 1.58, T2DM=26.09±3.04, p<0.001), as well as 
phospholipid/cholesterol ratio (mPL/mTC, N=6.08±2.65, T2DM=11.76±5.31, p<0.001.) in type 
2 diabetic subjects was observed. Though, there is a significant alteration seen between normal 
and diabetic groups, but there was no significant change was observed between male and 
female subjects of both normal as well as diabetic groups. 
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Erythrocyte Membrane Lipid Alteration 
in Type 2 Diabetic Subjects 

G. Rudrappa , Basavaraj Aski , Kashinath R.T. 

Abstract - The lipid components present in biological 
membranes including erythrocyte membrane are significant in 
regulation of the membrane fluidity as well as transport across 
the membranes. The conflicting results of either increase or 
decrease or no change have been reported in erythrocyte 
membrane fluidity in type 2 diabetic subjects. The diabetes 
induced dyslipidemia possibly lead to an alteration in 
erythrocyte membrane lipid composition. Hence a study was 
undertaken to assess erythrocyte membrane lipid alterations in 
type 2 diabetic subjects.  The blood samples from randomly 
selected type 2 diabetic subjects, attending Medical OPD of 
Basaveshwara Medical College Hospital, Chitradurga, were 
collected with heparin as an anticoagulant. Erythrocyte 
membrane total cholesterol (mTC), Erythrocyte membrane 
phospholipids (mPL), Erythrocyte membrane phosphatidyl 
choline, Erythrocyte membrane sphingomyelin and Erythrocyte 
membrane phospholipids/ Erythrocyte membrane cholesterol 
ratio were studied. The results suggests a significant rise in 
erythrocyte membrane cholesterol (mTC, N=1.25±0.31, 
T2DM= 1.54± 0.14, p<0.001), erythrocyte membrane 
phospholipid contents (mPL, N=6.99±1.84, 
T2DM=23.44±10.31, p<0.001), Erythrocyte membrane 
sphingomyelin, (N=9.28± 1.37, T2DM=19.32± 2.37), 
Erythrocyte membrane phosphatidyl choline (N=27.08± 1.58, 
T2DM=26.09±3.04, p<0.001), as well as 
phospholipid/cholesterol ratio (mPL/mTC, N=6.08±2.65, 
T2DM=11.76±5.31, p<0.001.) in type 2 diabetic subjects was 
observed. Though, there is a significant alteration seen 
between normal and diabetic groups, but there was no 
significant change was observed between male and female 
subjects of both normal as well as diabetic groups. 

 Keywords : 
 

I. INTRODUCTION
 

iabetes Mellitus (Type 2)   is a metabolic 
syndrome characterized by chronic hyper 
glycemia and disturbances of carbohydrate, 

protein and lipid metabolism due to underlying insulin 
lack or subnormal functioning of insulin. In diabetic 
patients, a reduction of erythrocyte deformability and an 
increase in whole blood viscosity were correlated with 
microangiopathy (1). The membrane surrounding the 
erythrocytes forms a boundary between the interior of 
the cell and the plasma surrounding it, and severs as a 

phospholipids are asymmetrically arranged in to a lipid 
bilayer two molecules thick. Cholesterol is intercalated 
between the phospholipid molecules. The relative 
amounts of phospholipids and cholesterol are 
responsible for the fluid properties of the erythrocyte 
membrane (19). It is also responsible for the biconcave 
shape and basic structural integrity of the erythrocyte.

 

           The changes of erythrocyte membrane properties 
induced by high levels of free fatty acids or aldehydes 
which are produced in membrane during peroxidative 
processes, may be responsible for long-term 
complications in a number of diseases, such as 
diabetes mellitus (2). It has been also suggested that 
the ability of red blood cells to change their shape is 
decreased in diabetic patients. Such an impairment of 
the red blood cells deformability might be another 
contributing factor to the reduction of blood flow in the 
capillaries (7).

 
 

 

II.

 

MATERIALS AND METHODS
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The diabetic type 2 subjects (male and 
female) in the age group of 30-60 years attending 
Medical OPD of Basaveshwara Medical College 
Hospital and Research Center, Chitradurga, were 
randomly selected. The normal subjects (male and 
female) were randomly picked among medical students, 
house surgeons and employees of the college as well 
as Hospital, who were in the age group of 30-60 years. 
The normal subjects include 30 males and 06 females; 
whereas diabetic subjects include 59 males and 31 
females.

Blood samples (6-7ml) from the selected 
normal subjects and type 2 diabetic subjects were 
collected, in the fasting state, with heparin as an 
anticoagulant by obtaining informed consent. Plasma 
was separated by centrifugation at 3500 rpm, for 10 
minutes. Erythrocytes were washed three times with an 
aliquot of 5 ml normal saline and were preserved for 
further use. 

The differences of results in the literature led us 
to further investigations of the lipid composition of 
erythrocyte membrane in type2 diabetes.  

membrane cholesterol, membrane phospholipids,
 membrane Phospholipids / cholesterol ratio.
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lipids, mostly unesterified cholesterol. Membrane 

barrier to help maintaining the interior of the red cell. It 

(4). Membrane lipids are either phospholipids or neutral 

must be insoluble in aqueous solutions, approximately 
one half of the mass of the human erythrocyte 
membrane consists of lipid, largely arrange as a bilayer 

α

Ω
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lyse the erythrocytes. This was centrifuged at 3500 rpm 
for 5 minutes. Supernatant was discarded. The 
sedimented membranes were washed 3 times with 3ml 
aliquots of normal saline.  The washed erythrocyte 
membranes were employed for membrane lipid 
phosphorous profile studies.  

 

One part of washed membranes was 
homogenized with 9 parts of chloroform: methanol (1:1 
v/v) mixture for 8 minutes using Potter-

 

Elvejham tissue 
homogenizer. The extracts were used for the estimation 
of membrane total cholesterol (mTC) (12) , Membrane 
total lipids (mTL) (8),

 

and  membrane total 
phospholipids (mPL) (17).

    

The phospholipid profile-

 

membrane phosphatidyl choline (PC), membrane 
sphingomyelin (SM) was estimated in the chloroform: 
methanol extract, using quantitative thin layer 
chromatography procedure (10). Another part of 
washed

    

erythrocyte membranes were homogenized 
with 4 parts of normal saline for 10 minutes and

 

the 
extracts were employed for 

  

membrane free and total 
phosphorous estimation (10). 

 

IV.

 

RESULTS

 

In the present study, a total number of 126 
subjects were employed which includes 36 normal 
subjects and 90 diabetic subjects. The normal subjects 

subjects. Further the diabetic group consisted of 59 
male diabetic subjects and 31 female diabetic subjects. The

 

results of the present study are narrated in table 1 and 2.  
Table 1 gives, membrane total lipids ( mTL ), 

membrane total cholesterol ( mTC), membrane total 
phospholipids (mPL) and calculated ratios of mPL/mTC 
in erythrocytes of  normal subjects  (group 1), in 
erythrocytes of diabetic subjects  (group 2), in 
erythrocytes of normal male subjects (group 3), in 
erythrocytes of diabetic male subjects (group 4),  in 
erythrocytes of normal female subjects (group 5),  and 
in erythrocytes of diabetic female subjects  (group 6). As 
seen from the table 1 there is a significant elevation 
observed in mTC level (p< 0.001) ,  in mPL levels (p< 
0.001) as well as in  mPL/mTC ratio (p< 0.001) in  group 
2 as compared to group1, in group 4 as compared to 
group 3 and in group 6 as compared to group 5. 
However no significant alterations observed in mTL 
levels between group 2 as compared to group 1, group 
4 as compared to group 3 and in group 6 as compared 
to group 5. It is also evident from the table that there is 
no significant alterations observed in mTL levels, mTC 
levels, mPL levels and mPL/mTC ratio between group 4 
and group 6, showing that diabetes mellitus induced 
alterations are common in diabetic male and diabetic 
female subjects Table 2 depicts membrane levels of lipid 
phosphorous profile - free phosphorous, bound 
phosphorous, total phosphorous as well as membrane 
phosphatidyl choline (PC) and membrane 
sphingomyelin (SM) in erythrocytes of normal subjects  

Table-1 :
  
Table showing membrane total lipids (mTL), membrane total cholesterol (mTC),  membrane total phosph-

olipids (mPL) and calculated ratio of membrane phospholipids/membrane cholesterol in normal erythrocytes 
(male/female) as well as in diabetic erythrocytes (male/female). 

 

 

Erythrocyte membrane 
total lipids mg/cc

 

(mTL)

 

Erythrocyte membrane 
total cholesterol mg/cc  

(mTC)

 

Erythrocyte membrane 
total phospholipids 

mg/cc  (mPL)

 

Erythrocyte membrane total 
phospholipids/ cholesterol 

ratio (mPL/mTC)

 
Erythrocyte of 

normal subjects

 

( n = 36 )Group-1

 

5.02

 

+

 

1.62

 

1.25

 

+

 

0.31

 

6.99

 

+

 

1.84

 

6.08

 

+

 

2.65

 
Erythrocyte of 

diabetic subjects

 

( n = 90)Group-2

 

5.35

 

+

 

1.53

 

     

1.54***

 

+

 

0.14

 

           

10.31***        

 

+

 
            

3.44

 

     

11.76***

 

+

 

5.31

 
Erythrocytes of 
 male subjects (n=30)

Group-3

4.88
+

0.89

1.25
+

0.32

7.04
+

1.86

6.14 
+
2.7

Erythrocytes of 
male subjects (n=59)

Group-4

5.35
+

1.53

1.52***
+

0.14

15.52***
+

7.47

11.34***
+

5.28
Erythrocytes of 
female subjects (n=06)

Group-5

5.12

1.01

1.26
+

0.32

7.04
+

1.86

6.14
+

2.7
Erythrocytes of 
diabetic female 
subjects (n=31)

Group-6

5.38
+

1.38

1.48***
+

0.12

16.03 ***
+

6.85

12.84 ***
+

5.30

diabetic

normal

normal

Note: 1.The number in parenthesis shows the number of samples.
         2. Values are expressed as their Mean ± SD. 
         3. p- value * p<0.05, ** p<0.01, *** p<0.001.
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suspension 4 ml distilled water were added and the 
mixture was stirred vigorously with a clean glass rod to 

were consisted of 30 male subjects and 06 female III. PREPARATION OF ERYTHROCYTE 
MEMBRANE

To 1 ml of 50% saturated erythrocyte 



 
 

  
 

 
 

 
 

 
 

 
 

 
 

  
 

 
  

 
 

  
 

 
 

 
 

     
       

 
 

    
        

 
 

 
      

 
 

  
 

 
 

 
 

 
 

 
 

 
 

  
 

 
  
  

 

 
 

 
 

 
 

   
     

 
 

 
        

 
 

 
         

 
 

 
 

 
   

(group 1),  in erythrocytes diabetic subjects 
(group 2), in erythrocytes of normal male subjects 
(group 3), in erythrocytes of diabetic male subjects 
(group 4), in erythrocytes of normal female subjects 
(group 5), and  in erythrocytes of diabetic female 
subjects (group 6).   It is

 

evident from the table that 
there is a significant elevation observed in membrane 
free phosphorous (p<0.001), membrane bound 
phosphorous (p<0.001), membrane total phosphorous 
(p<0.001), and  membrane sphingomyelin (p<0.001) in 
group 2 as compared to group

 

1, in group 4 as 
compared to group 3, and in  group 6 as compared to 
group 5. However, there is less striking change 
observed in membrane phosphatidyl choline in group 2 
as compared to group1 (p<0.01), and in group 6 as 
compared to group 5. Further it is evident from the table 

2 that there is a significant change observed in 
membrane bound phosphorous (p<0.001) and in 
membrane total phosphorous levels  (p<0.001) levels in 
group 4 as compared to group 6, however there is no 
significant alteration observed in membrane free 
phosphorous, membrane SM levels and membrane PC 
levels between these two groups. 

 

V.

 

Discussion

 

Diabetes Mellitus (DM) is a chronic metabolic 
disorder which is widespread and is associated with 
substantial morbidity and mortality. Type 2 DM is

 

a 
chronic disease characterized by hyperglycemia and 
dyslipidemia due to underlying insulin resistance (11). 
Apart  from  hyperglycemia  and  glucosuria  in  diabetes 

 

Table

 

2

 

: Table showing  the membrane levels of membrane lipid phosphorous (Free, bound and total), PC as well 
as SM in erythrocytes of normal male/female and diabetic male/diabetic female subjects.

 

 

Membrane free

 

Phosphorous

 

mg/dl

 

Membrane

 

Bound

 

Phosphorous

 

mg/dl

 

Membrane

 

Total 
Phosphorous

 

mg/dl

 

Membrane

 

Phosphatidyl

 

Choline (PC)

 

mg/dl

 

Membrane

 

Sphingomyelin

 

(SM)

 

mg/dl

 

Erythrocyte of normal 
subjects(n=36) 

Group-1

 

55.94

 
 

±

 
 

9.29

 

24.45

 
 

± 

 

6.07

 

80.10 

 

±

 
 

8.82

 

27.08 

 

± 

 

1.58

 

9.28

 
 

±

 
 

1.37

 

Erythrocyte of 
diabetic subjects

 

(n= 90) Group-2

 

120.70***

 
 

± 

 
    

48.10

 

96.40***

 
 

±

 
    

24.14

 

215.12***

 
 

± 

 

57.98

 

    

26.09**

 
 

±

 

     3.04

 

19.32***

 
 

±

 
   

2.37

 

Erythrocytes of 
 male subjects

 

(n=30)

 

Group-3

 

      54.12 

 

± 

 

3.38

 

         26.12 

 

± 

 

4.80

 

76.80 

 

± 

 

5.45

 

26.12

 
 

±

 
 

0.96

 

9.38

 
 

± 

 

1.12

 

Erythrocytes of 
male subjects

 

(n=59)

 

Group-4

 

126.70*** 

 

± 

 
   

13.28

 

98.40***

 
 

± 

 
    

16.60

 

240.30***

 
 

± 

 
   

21.18

 

29.78***

 

± 

 
   

3.26

 

21.32***

 
 

± 

 
   

1.28

 

Note: 1. The number in parenthesis shows the number of samples.
         2. Values are expressed as their Mean ± SD. 
         3. p- value * p<0.05, ** p<0.01, *** p<0.001.

Erythrocytes of 
female subjects (n=06)

Group-5

56.28
±

4.38

23.38
±

2.26

83.10
± 

6.68

28.32
± 

1.10

9.80
±

1.60
Erythrocytes of 
female subjects (n=31)

Group-6

128.20***
± 
8.60

90.30***
± 

12.11

224.10***
± 

18.80

29.32
± 

4.10

20.80***
±

     0.98

normal

diabetic

normal

diabetic

mellitus, lipid alteration has been observed by many 

workers ( 22, 25, 28 ). The Dyslipidemia in
diabetes mellitus is  related  to  the  type of diabetes  as
well as to the level of glycemic control achieved in
these subjects.

It is known that there exists a symmetrical 
bilayer distribution of lipids in biological membrane 
including erythrocyte membrane. Normally amine rich 
lipids are on the innerline of cytoplasmic side of the 
membrane where as choline rich sphingolipids are on 
outer surface. It  has  been  shown  by  previous  workers
that erythrocyte 
may be related to membrane lipid composition ( 5, 14, 16). 

membrane fluidity as well as deformability

In the present study a significant elevation as 
been observed in mTL, mTC, mPL as well as mPL/mTC 
ratio in diabetic erythrocytes as compared to normal 
erythrocytes (group 2 X group 1), (group 4 X group 3), 
and  (group 6 X group 5). This is in agreement with the 
reports of Bryzewska et. al. (6), and other workers (9, 15, 
18, 27). 
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Such an alteration in erythrocyte membrane 
lipid composition can induce changes in biochemical 
and biophysical properties of erythrocyte membrane 
(21), including activities of various membranes bound 
enzymes and proteins (24). 



 
 

   
  
    

  

 

 

 

  

The   erythrocyte 

 

membrane principally 
consisting of different phospholipid and cholesterol. 
Altered membrane cholesterol, as well as membrane 
phospholipids, including mPL/mTC ratio was observed 
in type 2 diabetic erythrocytes in the present study. 
Though there is an increase in both erythrocyte 
membrane cholesterol (p<0.001) and in erythrocyte 
membrane phospholipids (p<0.001), the increase in 
phospholipids in diabetic erythrocyte seem to be higher 
as there is a significant elevation seen in mPL/mTC ratio 
(p<0.001), (ref.table 1).

 

 

The results in table 2 show a significant raise in 
erythrocyte membrane free phosphorous (p<0.001), 
bound phosphorous (p<0.001), total phosphorous 
(p<0.001),   mPL levels (p<0.001) as well as membrane 
SM levels (p<0.001), in erythrocytes of diabetic subjects 
(group 2) as compared to erythrocytes of normal 
subjects (group 1). The observed results with respect to 
membrane phosphorous profile may suggest a 
reciprocation for alteration in erythrocyte membrane 
phospholipids levels as well as an alteration in 
erythrocyte membrane phospholipid profile in diabetic 
subjects.

 

The results observed in the present studies in 
erythrocytes of diabetic female subjects as well as in 
erythrocytes of diabetic male subjects with respect to 
erythrocyte membrane phospholipid profile, mTC levels, 
mPL levels, and mPL/mTC ratios are  in  (both male/ 
female) agreement with the reports of Juhan Vagus et. 
al. (20).

 

 

      

 

 

  
 

 
  

  

 
  

  

 
  

 

 
  

 

 
  

  

  
 

 
  

    

 
  

     

 
  

    

 
  

 

 
  

 

G
lo
ba

l 
Jo

ur
na

l 
of
 
M

ed
ic
al
 R

es
ea

rc
h 

 
20

11

22

V
ol
um

e 
X
I 
Is
su

e 
III

  
V
er
sio

n 
I

Se
pt

em
be

r

1. Alester Y., Lowenstein A., Leven S., Lazar M., 
Korenstein R. (1998). Low-frequency submicron 
fluctuation of red blood cells in diabetic retinopathy. 
Arch Ophthalmol: 116 : 1321-1325. 

2. Baba y., Kai M., Kamada T. Setoyama S., Otsuji S. 
(1979). High lavels of  erythrocyte membrane 
microvicosity in diabetes. Diabetes; 28 : 1138-1140.

3. Baldini P., Incerpi S., Lambert-Gordin S., Spinedi A., 
Luly P. “Membrane lipid alterations and Na+ 
pumping activity in erythrocyte from IDDM and 
NIDDM subjects”. Diabetes. (1989). 38: 825-831.

4. Balls S. K., Krasnow S. H., (1980). Structure of 
erythrocyte membrane and its  transport function. 
Ann. Clin. Lab. Sci. ; 10 : 209-19.

5. Bryszewska M., Leykow. “Effect of insulin on human 
erythrocyte membrane fluidity in diabetes mellitus”. 
Diabitologica. (1983).; 24: 311-313.

6. Bryszewska M., Weataly., Torsksae W. “Changes in 
fluidity and composition of erythrocyte membrane 
and in composition of plasma lipid in Type I 
diabetes”. Britan J.  Hematol. (1986). 62: 11 -116.

7. Chapman D. (1968). Recent physical studies of 
phospholipid and natural membranes. In Biological 
Membranes. Physical Fact and Function Academic 
Press, London, 125- 202.

8. Choudhary K, (1989) in “Biochemical Techniques”, 
Jaypee Brothers, New Delhi, Page number 112 –
114.

9. Dang Aq., Fass F. H. and Corter W. J. Lipids.
(1984); 19: 738-748. 

10. Fiske C. H., and Subba Row Y. J. (1959) Analysis of 

Erythrocyte Membrane Lipid Alteration in Type 2 Diabetic Subjects

phosphorous profile by TLC. J.  Biol. Chem.; 234: 
466, and 1925, 166: 375.

11. Gulliver G. (1862). Blood of Vertebrata. In: Medical 
Times and Gazette. London: John Churchill & Sons.

12. Herold Varley. (1969). Determination of Cholesterol, 
in Practical Clinical Biochemistry, IV Edition, CBS 
Publishers and Distributors, New Delhi.

13. Juhan Vagus J., Dris and Roul Cedel.(1984). 
Abnormalities of erythrocyte   membrane lipids in 
insulin dependent diabetes are improved by shorter 
term  control  of diabetes. Clinical Haematology. 
455-459.

14. McMillan D. E., Netterbach N.G., Lapuma J. 
Reduced erythrocyte deformity in diabetes. 
Diabetes. (1978). 27: 895-901.

15. Miossec P. Z., Khiri F., Paries J David., Dulfilno M., 
Devynck M. A. and Valensi. PE- Diabet. Med.
(1999). 16: 424-430. 

16. Mishal Z., Roll C., Mouray R. E. Yi, Allaud M. F., 
Vague P. “Correction by insulin   and  in vitro of 
abnormal membrane fluidity of  (Type 1) diabetic   
patient”. Diabetilogia. (1986).; 29 : 29417-420.

REFERENCES RÉFÉRENCE REFERENCIAS

© 2011 Global Journals Inc.  (US)

It may be concluded from the present studies, 
the lipid changes in erythrocyte membrane in type 2 
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fluidity resulting in possible membrane functional 
alteration, including transport across the membranes. 
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alterations in erythrocyte membrane levels of mTL, mTC, 
mPL, and mPL/mTC in erythrocytes diabetic male 
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composition observed in the present study (ref. table 2) 
may induce changes in the physico-chemical properties 
of erythrocyte membrane as well as in fluidity / rigidity 
(20).
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