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Abstract

Background: Diabetes mellitus is a metabolic disease characterized by chronic hyperglycemia
resulting from defects in insulin secretion, almost always with a major contribution from insulin resistance
which may be affected by cell membrane fatty acids and phospholipids fractions.

Aim: To evaluate the effects of omega-3 fatty acids on erythrocyte membrane and also in decreasing
oxidative stress in diabetic rats.

Materials and Methods: Sixty healthy male albino rats weighting 180-200 g divided into five groups
included: control, Omega-3, diabetic, prophylactic and treated groups. Fasting blood samples were
collected from all groups for determination of fasting blood sugar, plasma insulin,  erythrocyte membrane
lipid profile, phospholipids fractions by HPLC, plasma and erythrocyte membrane lipid peroxidation
product (malondialdehyde) and reduced glutathione.

Results: Fasting blood sugar and plasma insulin sensitivity were improved by Omega-3 administration,
also reduced glutathione improved by Omega-3 in both erythrocyte membrane and plasma, while,
malondialdehyde decreased indicated the decrease of oxidative stress by Omega-3 administration.

Conclusion: Omega-3 supplementation increased insulin sensitivity by improving cell membrane
contents especially phospholipids fractions.
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Introduction
Diabetes mellitus is a complex of metabolic

disease characterized by hyperglycemia, diminished
insulin production, impaired insulin action, or a
combination of both resulting in the inability of glucose to
be transported from the blood stream into the tissues,
which in turn results in high blood glucose levels and
excretion of glucose in the urine [1]. Cell functions
involved in the action of insulin receptor binding enzyme
and transporter activities are controlled by membrane
properties [2].

It is well known that hyperglycemia in diabetes
results in excessive protein glycation and the production
of reactive oxidants, which leads to oxidative damage in
organs [3]. In addition, oxygen free radicals exert their
cytoplasmic effect by peroxidation of membrane
phospholipids, which leads to changes in the permeability
and loss of membrane integrity [4]. Hyperlipidemia has
also been reported as one of the causative factors for
increased lipid peroxidation in diabetes [5], thus the free
radicals attack the polyunsaturated fatty acids in
membranes to produce lipid peroxides leading to
decrease in membrane permeability [6].
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Fatty acids (FA) composition of membrane
phospholipids such as sphingomyelin (SM),
phosphatidylethanolamine (PE) and phosphatidylcholine
(PC) are tissue specific [7] but are affected by the
composition of the dietary fat [8]. Changes in the fatty
acids composition of erythrocyte membrane, which are
easily accessible cells, reflects changes in that of
membrane phospholipids of less accessible tissues [9].
The fatty acids composition of cell membrane can
influence membrane associated phenomena such as
the interaction between insulin and its receptors [10].

It was found that, fatty acids composition of the
membrane phospholipids of insulin target tissues, such
as liver and skeletal muscle, is a critical factor that
influences both insulin secretion and its biological actions
[11], thus membranes enriched in unsaturated fatty
acids tend to bind more insulin than membrane enriched
in saturated fatty acids [12].

Erythrocytes are particularly sensitive to
oxidative damage due to the presence of fatty acids
content in their membranes and high cellular
concentrations of oxygen and hemoglobin [13].
Erythrocyte damage includes changes in membrane
protein and lipid structure, which in turn induced
alterations in external surface of the cell [14].

Thus it is from interest to study the relationship
between cell membrane phospholipids fractions and
their role in insulin action, also to study the role of
Omega-3 fatty acids in reducing oxidative stress in
diabetic rats.

Materials and Methods

Chemicals

Streptozotosin (STZ), 5.5 dithiobis-2-
nitrobenzioc acids (DTNB) were purchased from Sigma
Chemicals Co. (St.louis, MO, U.S.A.),  Phosphatidyl-
choline (PC), phosphatidylethanolamine (PE),
phosphatidylserine (PS) and sphingomyelin(SM) from
bovine sources as phospholipids standards were
purchased from Sigma Chemicals Co. (Munih,Germany).
Thiobarbituric acid (TBA) was obtained from MERCK.
Omega-3 plus (Ω-3) was purchased from SEDICO
Pharmaceutical Company 6 October City, Egypt).

Experimental animals

Male albino rats (Sprague Dawely strain)
weighting 180-200 g were obtained from the animal

house of National Research Center, Giza, Egypt. The
animals were housed in individual suspended stainless
steel cages in a controlled environment (22-25°C) and
12 hour light, 12 hour dark with food and water freely
available. The guidelines of the ethical care and treatment
of the animals followed the regulations of the ethical
committee of NRC.

Induction of diabetes mellitus

Streptozotocin (STZ) was dissolved in 50 mM
sodium citrate solution (pH 4.5) containing 150 mM
NaCl. The solution (6.0 mg/0.5 ml/100 g body weight)
was subcutaneously administrated in rats; fasting blood
sugar was estimated after 3 days to confirm the
development of diabetes mellitus [15].

Experimental design

Rats were divided into five groups, 12 rats in
each group. Group I: Control group in which healthy rats
received isotonic saline (500 μg/kg/day). Group II:
Omega-3 group in which healthy rats received Omega-
3 (500 μg/kg /day) [16]. Group III: Diabetic group received
isotonic saline (500 μg/kg/day). Group IV: Treated group
in which diabetic rats received Omega-3 (500 μg/kg/
day). Group V: Prophylactic group in which healthy rats
received Omega-3 (500 μg/kg/day) orally for thirty days
then received STZ for the induction of diabetes.

Blood sampling and biochemical analysis

After the experimental period (30 days), animals
were kept fasting for 12 hours, blood was withdrawn
from the retro-orbital venous plexus of the eye using
capillary tubes, blood was collected into tubes contain
sodium floride for blood glucose estimation and
heparinized tubes for other biochemical parameters.
Blood was centrifuged at 4000 rpm for 10 minutes.
Plasma was separated and immediately kept at -20ºC
until used. Packed RBCs was used for determination of
cell membrane parameters.

Fasting blood sugar was measured with
commercially available enzymatic kits [17]. Plasma insulin
level was determined using BioSoure INS-EASIA Kit
according to the method described before [18]. Insulin
resistance was calculated from the equation:

Insulin resistance = fasting glucose (mg dl–1)  x
fasting insulin (μIU ml–1) / 405  [19].

The method used for erythrocyte ghost
preparation is based on the hemolysis of RBCs in
hypotonic solution for removal of hemoglobin [20].
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Reduced glutathione (GSH) and
malondialdehyde (MDA) were estimated in both plasma
and erythrocyte membrane according to the methods
described before [21, 22].

Extraction of erythrocyte membrane lipids was
carried out by chloroform /methanol method [23].

Erythrocyte membrane total lipids, total
cholesterol, total phospholipids and triglycerides  were
estimated by enzymatic colorimetric method using
Centronik kit, GERMANY.

Estimation of phospholipids fractions by
HPLC

Fractionation of phospholipids was carried out
by High Performance Liquid Chromatography (HPLC)
[24]. Agilent HPLC system (1100 series ). The separation
was achieved on a stainless stell phenomenx bond with
300x 390x mm silica analysis column (with 10 ¼m
spherical particles). The mobile phase was acetonitrile–
methanol-85%phosphoric acid (1000:40:0.4) v/v. It was
delivered to the column at flow rate of 1.5 ml/min at room
temperature (25ºC). Photodiode array UV-visible detector
was used and set at 203 nm.

The sample was dissolved in 2 ml (n-hexane / 2
propanol) (3:1) v/v. 20 μl of the standard and each
sample was injected and the phospholipids area resulted
in a graph.

Statistical analysis

Results are expressed as mean ± standard
error. Data were analyzed by independent sample t test
(SPSS) version 15 followed by (LSD) test to compare
significance between groups. Difference was considered
significant when P value <0.05.

Results
Fasting blood glucose and insulin resistance

were elevated in diabetic group compared to control,
while it returned to decrease again by Omega-3
administration in treated group, it also decreased in
prophylactic group compared to diabetic group (Table
1).

Erythrocyte membrane total lipids was
significantly increased in diabetic group, although it
decreased again in treated group and also in prophylactic
one as compared to diabetic group that may be due to
the concomitant decrease in membrane cholesterol and
phospholipids (Fig. 1).

Table 1: Fasting blood sugar and plasma insulin in different
studied groups.

Significant P* value <0.05; N.S., not significant; Pa value vs.control; Pb value vs.diabet; Pc value
treated vs. prophylactic; %changea :Percent of change from control group; %changeb :Percent
of change from diabetic group.

Figure 1: Erythrocyte membrane lipids in different studied groups. a,
significant change compared to control group; b, significant change
compared to diabetic group.

Phospholipids fractions (PE, PC and SM) were
significantly increased in diabetic group compared to
control group and decreased again by Omega-3
administration, while the mean value of PS was not
changed during the experimental period (Fig. 2).

Plasma malondialdehyde was insignificantly
changed in different studied groups compared to diabetic
group except in the treated group which was significantly
decreased, while in erythrocyte membrane it was
significantly increased in diabetic group compared to the
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control group, although it tended to decrease again by
Omega-3 administration in treated group (Fig. 3).

to the control group. This value tended to increase again
in treated and prophylactic groups to reach the control
value, while in erythrocyte membrane it was slightly
decreased in diabetic group, although Omega-3
prevented its reduction in prophylactic group (Fig. 4).

Discussion
In the current study, the mean value of fasting

blood sugar and insulin resistance were increased in
diabetic group compared to the control group while it
tended to decrease again by Omega -3 administrations
in treated group and also in prophylactic one. In
agreement, it was indicated that Omega-3
Polyunsaturated fatty acids may have a tissue-specific
impact in restoring insulin sensitivity [25].

The measurement of membrane cholesterol
gives information about the fluidity or rigidity of cell
membrane, which may regulate certain structural and
rheological properties of membrane essential for cell
viability [26]. In this study, erythrocyte membranes had
higher concentrations of cholesterol and triglycerides in
diabetic group while Omega-3 administration prevented
their elevation.

Enrichment of cholesterol in the membrane
lowers the passive permeability of solutes and depletion
of cholesterol enhances glucose permeability. This
indicates reduced glucose permeability of diabetic
erythrocytes is due to enhanced cholesterol content in
their membranes and thus the diabetic cells might have
starved from glucose [27].

In addition, TG might influence the binding of
insulin to its receptor or interfere with early post binding
steps [28], higher serum triglycerides leads to a resistance
to the antilipolytic effect of insulin, therefore, a reduction
in serum TG levels might improve insulin sensitivity [29].

In this study, membrane phospholipids increased
in diabetic group and decreased again by Omega-3
administration, this result was in agreement with another
study which indicated that the amount of dietary fat as
well as the nature of fatty acids regulate various steps in
the biosynthesis of membrane phospholipids, thus, total
PL, PC, PE and SM in rats fed a diet high in saturated fat
were 1.7, 1.5, 2 and 5 fold respectively higher than in rats
fed on an unsaturated high fat diet [30].

Diabetes mellitus has shown to be a state of
increased free radical formation [5], the oxidative damage
is occur both in protein and lipid components of the

Figure 2: Erythrocyte membrane phospholipids fractions in different
studied groups. a, significant change compared to control group; b,
significant change compared to diabetic group.

Figure 3: Malondialdehyde levels in both plasma and erythrocyte
membrane in different studied groups.  b, significant change compared
to diabetic group.

The mean value of plasma reduced glutathione
was significantly decreased in diabetic group compared

Figure 4: Reduced glutathione levels in both plasma and erythrocyte
membrane in different studied groups. a , significant change compared
to control group.
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membrane [31]. Some authors have reported that the
increase in lipid peroxides renders the RBC membrane
rigid by altering the amino- phospholipids organization
[32]. Furthermore, malondialdehyde (MDA) resulting
from lipids peroxidation has been shown to affect the
intrinsic mechanical properities of the RBCs membrane
resulting in decreased deformability [33]. In this study
Omega -3 fatty acids supplementation lead to a significant
decrease in MDA ,this may be due to the suggestion that
Omega -3 fatty acids up regulate gene expression of
antioxidant enzymes and down regulate genes
associated with production of reactive oxygen species
[34].

This study showed a positive correlation between
insulin resistance and erythrocyte membrane SM, PE
and PC which may be due to SM pathway is linked with
insulin signaling through the insulin dependent glucose
transporter (GLUT-4)  [35]. In addition, the high membrane
PE content is closely correlated with decreased protein
kinase C activity, a key enzyme in insulin action [2].

We concluded that, Omega-3 fatty acids
administration has a beneficial effect on increasing
insulin sensitivity in diabetic rats through the improving
of cell membrane content especially phospholipids
fractions.

Acknowledgements
Authors are grateful to the National Research

Center, Giza, Egypt for unlimited help and support to
carry out this work.

References
1. Carranza A, Karabatas L, Barontini M, Armando I. Decreased
tubular uptake of L-3, 4-dihydroxyphenylalanine in
streptozotocin-induced diabetic rats. Hormone Res. 2001;
55(6):282-7.

2. Zeghari N, Yonsi M, Meyer L, et al. Adipocyte and erythrocyte
plasma membrane phospholipids composition and
hyperinsulinemia: a study in nondiabetic and diabetic obese
woman. Intern J Obesity. 2000;24(12):1600-1607.

3. Brownlee M. Biochemistry and molecular cell biology of
diabetic complications. Nature. 2001;414:813-820.

4. Ryu JK, Lee T, Kim D, et al. Free radical scavenging activity
of Korean red ginseng for erectile dysfunction in non-insulin-
dependent diabetes mellitus rats. Urology. 2005;65(3):-615.

5. Kesavulu MM, Kameswararao B, Apparao Ch, Kumar EG,

Harinarayan CV.  Effect of Omega-3 fatty acids on lipid
peroxidation and antioxidant enzyme status in type 2 diabetic
patients. Diabetes Metab. 2002;28:20-26.

6. Saravanan R, Viswana  P, Pugalendi KV. Protective effect
of urosolic acid on ethanol-Mediated experimental liver damage
in rats. Life Sciences. 2006;78:713-718.

7. Di Marino L, Maffettone A, Copirano P, et al. Is the erythrocyte
membrane fatty acid composition a valid index of skeletal
muscle membrane fatty acid coposition. Metabolism. 2000;
49:1164-6.

8. Tinahones FJ, Pareja A, Sorgure FJ, et al. Surfing the insulin
signaling. Eur J Clin Invest. 2001;31:966- 977.

9. Baur LA, O’Connor J, Pan DA, et al. Reltionships between
the fatty acid composition of muscle and erythrocyte membrane
phospholipids in young children and the effect of type of infant
feeding. Lipids. 2000;35:77-82.

10. Enriquez Y R, Giri M , Rottiers R, Christophe A. Fatty acid
composition of erythrocyte phospholipids is related to insulin
levels, secretion and resistance in obese type 2 diabetics on
Metformin. Clinica Chimica Acta. 2004;346(2):145-152.

11. Lombardo YB, Chicco AG. Effects of dietary polyunsaturated
n-3 fatty acids on dyslipidemia and insulin resistance in rodents
and humans. J  Nutritional Biochemistry. 2006;17:1-13.

12. Liu S, Baracos VE, Quinney HA, Clandinin T.  Dietary
Omega-3 and polyunsaturated fatty acids modify fatty acyl
composition and insulin binding in skeletal muscle sarcolemma.
Biochem J. 1994;299:831-837.

13. Sadrazadeh SM, Graf E, Panter SS, Hallaway PE, Eaten
JW. Hemoglobin, a biologic Fenton reagent. J Biol
Chem.1984;259:14354–14356.

14. Singh N, Rajini PS Antioxidant-mediated protective effect
of potato peel extract in erythrocytes against oxidative damage.
Chemico-Biological Interactions. 2008;173:97-104.

15. Uchiyama S, Yamaguchi M. Alteration in serum and bone
component findings induced in streptozotocin-diabetic rats is
restored by zinc acexamate. Inter J Molecular Medicine.
2003;12:949-954.

16. Suresh Y, Das U N. Long-chain polyunsaturated fatty acids
and chemically induced diabetes mellitus: effect of Omega-3
fatty acids. Applied Nutritional Investigation. 2003;19:213-228.

17. Trinder P. Determination of glucose in blood using glucose
oxidase with alternative oxygen acceptor. Annals Clinical
Biochemistry. 1969;6:24.

18. Yallow F, Bawman WA. Plasma insulin in health and
disease. Diabetes Mellitus. 1983;119-150.

19. Mathews D R, Hoker JP, Rudenski A S, et al.  Homeostasis
model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man.



6

Basic Science

http://www.mjms.ukim.edu.mk

Diabetologia. 1985;28:412-419.

20. Dodge  JT, Mitchell C , Hanahan DJ.  The preparation and
chemical characteristics of haemoglobin – free ghosts of human
erythrocytes . From the department of Biochemistry , University
of Washington, Seattle,  Washington. Received September
14.

21. Beutler E, Duron O, Kelly BM. Improved method for the
determination of blood glutathione. J Lab Clin Med.1963;
61:882–888.

22. Uchiyamara M, Mihara M. Determination of
malondialdehyde in tissue by thiobarbituric acid test. Analytical
Biochemistry.1978;86:271-278.

23. DeGier J, Van Deenen LL.  Phospholipid and fatty aid
characteristics of erythrocytes in some cases of anaemia. Br J
Haem. 1964;10:246.

24. Rehman SU. Rapid isocratic method for the separation
and quantification of major phospholipids classes by higher
performance liquid chromatography. J Chromatography. 1991;
567:29-37.

25. Taouis M, Dagou C, Ster C, et al. N-3 polyunsaturated
fatty acids prevent the defect of insulin receptor signaling in
muscle. Am J Physiol Endocrinol Metab. 2002;282:664-671.

26. Sailaja YR, Baskar R, Srinivas Rao CS, Saralakumari D.
Membrane lipids and protein-bound carbohydrates status
during the maturation of reticulocytes to erythrocytes in type 2
diabetics. Clinica Chimica Acta. 2004;341:185–192.

27. Grunze M, Frost B, Deuticke B. Dual effect of membrane
cholesterol on simple and mediated transport processes in
human erythrocytes. Biochim Biophys Acta. 1980;600:860–

869.

28. Woodman RJ, Bonen A, Bell RC. Effects of purified
eicosapentaenoic and docosahexaaenoic acids on glycemic
control, blood pressure and serum lipids in type 2 diabetic
patients with treated hypertension. Am J Clin Nutrition. 2002;
7(5):1007-15.

29. Rivellese AA, Lilli S. Quality of dietary fatty acids, insulin
sensitivity and type 2 diabetes. Biomedicine &
pharmacotherapy. 2003; 57:84–7.

30. Younsi M, Quilliot D, Al-Makdissy N, et al.  Erythrocyte
membrane phospholipid composition is related to
hyperinsulinemia in obese non diabetic women: effects of
weight loss. Metabolism. 2002;51(10):1261-1268.

31. Cicha, N, Tateishi Y, Suzuki ,Maeda N. Rheological changes
in human red blood cells under oxidative stress: effects of thiol-
containing antioxidants. Pathophysiology. 1999;6:121–128.

32. Jain SK, Hochstein P. Polymerization of membrane
components in aging red blood cells. Biochem Biophys Res
Commun. 1980;92:247–254.

33. Girotti AW, Thomas JP. Damaging effects of oxygen radicals
on released erythrocytes ghosts. J Biol Chem. 1984;259:1744–
1752.

34. Harding AH, Agil A, Mykkanen L. Habitual fish consumption
and glycated haemoglobin: the EPIC-Norfolk study. Eur J Clin
Nutrition. 2004;58(2):277–84.

35. Al-Makdissy N, Younsi M, Pierre S, Ziegler Q , Donner M.
Sphingomyelin /Cholesterol ratio: an important determinant of
glucose transport mediated by GLUT-1 in 3T3-L1
preadipocytes. Cellular Signaling J. 2003;15:1019:1030.


