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ABSTRACT
Background: Dietary omega-3 fatty acids directly affect arachidonic acid (AA) metabolism because they displace AA from membranes and compete
with it for the enzymes that catalyze the biosynthesis of thromboxanes, prostaglandins and leukotrienes.
Objective: This study aimed to evaluate the role of fish oil supplementation in reducing the free radicals production through the reduction of
arachidonic acid level in erythrocyte membrane in experimental diabetic rats.
Methods: Forty eight male albino rats were used in this study and divided into four groups :control, fish oil, diabetic and treated groups. Fish oil and
treated groups were administered fish oil in a dose of 1.2 ml /kg bw/day orally for 8 weeks. Urinary 8-hydroxyguanosine and erythrocyte
membrane arachidonic acid were estimated by HPLC. Also, urinary isoprostanes and erythrocyte membrane superoxide dismutase were
determined.
Results: Our results indicated that hyperglycemia in diabetic rats significantly increased urinary 8-hydroxyguanosine and isoprostanes and
erythrocyte membrane arachidonic acid, whereas, supplementation of fish oil significantly decreased these values in treated group.
Conclusion: Fish oil supplementation has an important role in attenuating the elevation of arachidonic acid (omega-6) in cell membrane
phospholipids resulting in a reduction in free radicals production.
Keywords: Fish oil, Diabetes Mellitus, 8-hydroxyguanosine, Isoprostanes, Arachidonic acid.

INTRODUCTION
During diabetes, persistent hyperglycemia causes increased
production of free radicals especially reactive oxygen species (ROS),
for all tissues from glucose auto-oxidation and protein glycosylation
[1]. Abnormally high levels of free radicals and simultaneous decline
of antioxidant defense systems can lead to the damage of cellular
organelles and enzymes, increased lipid peroxidation and
development of complications of diabetes mellitus [2]. Isoprostanes
are a proposed biomarker of oxidative stress, they are produced by
nonenzymatic peroxidation of arachidonic acid (AA; 20:4x6),
esterified to phospholipids and subsequently released, possibly by a
phospholipase. They circulate in the blood stream and are finally
excreted in urine [3]. Also oxidative modified DNA in the form of 8Hydroxy-2-Deoxyguanosine (8-OHdG) can be quantified to indicate
the extent of DNA damage [4]. Urinary 8-OHdG an oxidative damage
nucleoside, has been widely used as a marker for evaluating in vivo
oxidative stress [5]. Food derived antioxidants have a strong
potential for long term use as chemo-preventive agents in disease
states involving oxidative stress [6]. It was found that, dietary
omega-3 fatty acids directly affect AA metabolism because they
displace AA from membranes and compete with it for the enzymes
that catalyze the biosynthesis of thromboxanes, prostaglandins and
leukotrienes [7]. So, consuming food enriched in omega-3 fatty acids
(such as fish oil) is diminished potential for cells like monocytes,
neutrophils and esinophils to synthesize these powerful arachidonic
acid–derived mediators of inflammation and a diminished potential
for platelets to produce the prothrombotic agent thromboxane A2
[8]. From this light, we aimed to evaluate the role of fish oil
supplementation in reducing the free radicals production through
the reduction of arachidonic acid level in erythrocyte membrane in
experimental diabetic rats.
MATERIALS AND METHODS
Materials, Chemicals
Streptozotosin (STZ) and 8-hydroxyguanosine & arachidonic acid
standards (high performance liquid chromatography (HPLC) grade)
were purchased from Sigma Chemicals Co. (Munih, Germany). All

other chemicals were HPLC grade and purchased from ALDRICH,
Germany.
Experimental animals
Male albino rats weighting 180 to 200 g were obtained from the
animal house of National Research Center, Giza, Egypt.
Methods
The guidelines of the ethical care and treatment of the animals
followed the regulations of the ethical committee of the National
Research Center (NRC).
Induction of diabetes mellitus
STZ was dissolved in 50 mM sodium citrate (pH 4.5) solution
containing 150 mM NaCl. The solution (6.0 mg/0.5 ml/100 g body
weight (bw)) was subcutaneously administrated in rats, fasting
blood sugar was estimated after 3 days to confirm the development
of diabetes mellitus [9].
Experimental design
Forty eight male albino rats were housed in individual suspended
stainless steel cages in a controlled environment (22 to 25°C) and 12
h light/12 h dark with food and water freely available, and were
divided randomly into four groups ; 12 rats in each group as follow:
1. Group I (control group): healthy rats received 1.2 ml corn oil/kg
bw/day orally.
2. Group II (fish oil group): healthy rats received 1.2 ml fish oil/kg
bw/day orally.
3. Group III (diabetic group): diabetic rats received 1.2 ml corn
oil/kg bw/day orally.
4. Group IV (treated group): diabetic rats received 1.2 ml fish
oil/kg bw/day orally [10].
After the experimental period (8 weeks), 24 h urine was collected
from each animal for estimation of urinary 8-hydroxyguanosine, F2
isoprostane and creatinine.
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Fasting blood samples were withdrawn from the retro-orbital
venous plexus under light anaesthesia by diethyl ether [11], and
collected in tubes containing sodium fluoride for blood glucose and
heparinized tubes for erythrocyte membrane arachidonic acid and
superoxide dismutase (SOD) estimation.
Ghost preparation
The method used for erythrocyte ghost preparation was based on
washing of backed RBCs by isotonic phosphate buffer and hemolysis
of RBCs for removal of hemoglobin by hypotonic phosphate buffer
(pH was adjusted at 7.4) [12,13].
Erythrocyte membrane lipids extraction

Statistical analysis
Results were 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
In the current study, there was a significant increase in blood
glucose level in diabetic group compared to control while this value
was significantly decreased by fish oil supplementation in treated
group compared to diabetic although it still significantly increased
compared to control group ( Fig.1).

Lipids in erythrocyte membrane were extracted with chloroform:
methanol method [14] modified from the method described by Bligh
and Dyer [15].
Biochemical analysis
Fasting blood sugar was determined using enzymatic colorimetric
method, Centronic, Germany, according to Trinder [16].
Membrane superoxide dismutase (SOD) as antioxidant enzyme was
evaluated according to the method described previously [17].
Urinary F2 isoprostane was estimated by enzyme immunoassay
(ELISA) by a kit derived from Cayman Ann Arbor, USA [18], also
urinary creatinine was estimated by kinetic method [19].
Estimation of urinary 8-hydroxyguanosine by HPLC
8-hydroxyguanosine (8-OHdG) was estimated by HPLC system,
Agilent Technologies 1100 series, equipped with a quaternary pump
(Quat Pump, G131A model) after modification of the method
described by Kim et al. [20].
Standard preparation
Standard was dissolved in deionized water, 20 µl from serial dilution
of standard were injected in HPLC to draw a standard curve with
different concentration.

Fig. 1: Fasting blood glucose levels in different studied groups
●:Significant difference compared to control group.
♠:Significant difference compared to diabetic group.
Erythrocyte membrane superoxide dismutase (SOD) was
significantly decreased whereas a concomitant significant
increase in urinary isoprostanes and 8-OHdG was observed in
diabetic rats compared to control (Fig 2-4). Fish oil
supplementation, significantly increased SOD in treated group
compared to diabetic although it still significantly decreased
compared to control group (Fig.2).

Sample extraction
8-OHdG was extracted from 1 ml urine. The eluents were dried
under ultrapure N2 stream and were reconstituted in 5 ml deionized
water. 20 μl from each sample were injected in HPLC.
The concentration of urinary 8-OHdG was calculated from the
standard curve and divided by the urinary creatinine.
HPLC condition
HPLC column C18 (250 × 4.6, particle siz e 5 μl) using mobile phase
acetonitrile/methanol/phosphate
buffer
(25/10/965)
v/v.
Phosphate buffer was prepared by dissolving 8.8 g of potassium
dihydrogen phosphate in 1000 ml deionized water and pH was
adjusted at 3.5 using phosphoric acid. The buffer was then filtered 2
times before being used at a flow rate of 1 ml/min using
electrochemical detector with cell potential of 600 mV [21].
Arachidonic acid estimation by HPLC
Sample preparation
Cell membrane was homogenized in 2 % acetic acid : ethyl ether
mixture (2:1 volume ratio). The solution was then filtered and
centrifuged at 500 xg, the organic phase was evaporated to dryness.
The extract was dissolved in 200 µl acetonitrile [22].
HPLC condition
This method was carried out according to the method described
previously [23]. HPLC column C 18 ( 260 X 4.6, particle size 5 μl ),
mobile phase was acetonitrile / water mixture (70/30) v/v by
isocratic elution with flow rate 1 ml / min and 200 nm wave length.
Serial dilutions of standards were injected and their peak areas were
determined. A linear standard curve was constructed by plotting
peak areas versus the corresponding concentrations. The
concentration in samples was obtained from the curve.

Fig.2: Superoxide dismutase levels in different studied groups
●:Significant difference compared to control group.
♠:Significant difference compared to diabetic group.
Administration of fish oil in this study, significantly decreased both
urinary isoprostanes and 8-OHdG in treated group compared to
diabetic, although 8-OHdG was still significantly increased compared
to control group (Fig 3-4). In diabetic group, AA was significantly
increased compared to control but it was decreased again in treated
group to become more or less near the control group (Fig 5).
DISCUSSION
STZ-induced diabetes provides a relevant example of
endogenous chronic oxidative stress and hyperglycemia. Thus,
we evaluated the oxidative stress induced by STZ in rats and
examined the potential role of fish oil against the changes STZ
induced. Increased oxidative stress could be one of the common
pathogenic factors of diabetic complications [24], which is
generally attributed to the formation of highly reactive OH . that
leads to severe oxidative damage of the cell's components like
lipids, proteins and DNA [25].
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DNA synthesis in mammalian cell by inhibiting the substrate
connection to the DNA or inhibiting many of the enzymes involved in
DNA synthesis [33]. Two clinical investigations reported a
significant increase in plasma and tissue AA concentrations in
patients compared with controls [34,35], which could be the result
of enhanced lipid peroxidation in disease [36].Alternatively, the
increased AA levels could be due to elevated desaturase activity on
linoleic acid (LA) leading to increased formation of prostaglandins
and other lipoxygenase products.

Fig.3: Urinary isoprostanes levels in different studied groups
●:Significant difference compared to control group.
♠:Significant difference compared to diabetic group.

Fig. 4: Urinary 8-hydroxydeoxyguanosine levels in different
studied groups
●:Significant difference compared to control group.
♠:Significant difference compared to diabetic group.

Fig. 5: Arachidonic acid levels in different studied groups
●:Significant difference compared to control group.
♠:Significant difference compared to diabetic group.
The major targets of these damaging species are the long chain
polyunsaturated fatty acids (LC-PUFAs) of cellular phospholipids,
which are particularly prone to attack because of the arrangement of
double and single bonds. The resultant lipid peroxide frequently
decomposes to radicals [26], which react with most biological
molecules, including proteins and lipids [27]. The reduction of`
erythrocyte membrane superoxide dismutase (SOD) in diabetic
group in this study was in agreement with the previous study [28],
which indicated that, the activity of SOD decreased significantly in
diabetic rats. They suggested that, the reduction in SOD activity
could be due to increased utilization for scavenging free radicals. A
decrease in SOD can lead to an excess availability of superoxide
anion and hydrogen peroxide in biological system, which in turn
generates OH., resulting in initiation and propagation of lipid
peroxidation [29], elevating urinary isoprostanes as was found in
this study. In agreement, Ulven et al. [30], demonstrated that, an
acute hyperglycaemic leads to an increase of F2-isoprostanes
generation in type 2 diabetes mellitus. This elevation is due to the
generation of free radicals from the arachidonic acid (omega-6) in
cell membrane phospholipids [31]. Araki and Nishikawa [24] found
a positive correlation between HbA1C and urinary excretion of 8OHdG which reflected mitochondrial oxidative damage. Other study
[32] indicated that, the urinary content of 8-OHdG represents an
average rate of oxidative damage to guanine in the form of the free
nucleotide (dGTP) and in DNA. Moreover, streptozotocin prevents

Administration of fish oil in this study, significantly decreased both
urinary isoprostanes and 8-OHdG whereas it significantly increased
antioxidant enzyme ( SOD) in treated group compared to diabetic. In
agreement, Makni et al. [37] indicated that, feeding seeds rich in
PUFAs, significantly increased the activities of antioxidant enzymes
such as superoxide dismutase (SOD) level in plasma and liver of
hypercholesterolemic rats. It was found that, fish oil contains a free
radicals scavenging activity, which could exert a beneficial effect
against pathological alterations caused by the presence of O 2- and
OH-. The increased activity of SOD accelerates dismutation of O 2- to
hydrogen peroxide [28].
This action could involve mechanisms related to scavenging activity
of fish oil, thus, fish oil contains high amount of unsaturated fatty
acids, especially omega-3 [38], which up regulate gene expression of
antioxidants enzymes and down regulate gene associated with
production of reactive oxygen species [39]. In this study oral
supplementation with fish oil which is a good source of omega-3
fatty acids significantly decreased AA level in erythrocyte
membrane. When humans ingest fish or fish oil as was found in our
experiment, the ecosapentanoic acid (EPA) and decosahexanoic acid
(DHA) from the diet partially replace the omega-6 fatty acids,
especially AA, in the membranes of probably all cells, but especially
in the membranes of platelets, erythrocytes, neutrophils, monocytes,
and liver cells leading to the reduction of oxidative stress
parameters such as isoprostanes and 8-OHdG.
Whereas cellular proteins are genetically determined, the
polyunsaturated fatty acid (PUFA) composition of cell membranes is
to a great extent dependent on the dietary intake [40]. From this
light, we concluded that, fish oil supplementation has an important
role in attenuating oxidative stress in diabetic rats. This finding may
be due to the fact that fish oil contains high amount of omega-3 fatty
acids in the form of eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), which are very beneficial fatty acids
that have antioxidant and anti-inflammatory effects in addition to
their incorporation in the cell membrane, when these fatty acids
incorporate into cell membrane the percent of other fatty acids such
as arachidonic acid (omega-6) in cell membrane phospholipids
decreased resulting in a reduction in free radicals production.
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