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Abstract
Background and Objective: Aluminium (Al) is a widely recognized neurotoxin that inhibits more than 200 biologically important functions
inducing severe behavioral abnormalities, impaired cognitive functions and metabolic dysfunction. The present study was designed to
investigate oxidative stress of aluminium induced toxicity in developing rat brain and enlarged to investigate the possible ameliorating
role of omega-3 and omega-6 fatty acids with low and high ratio. Methodology: Aluminium was administered intraperitoneally
(100 mg kgG1 b.wt., twice a week) to female adult rats. Postnatally (30 days), pups were given orally by gavage the low and high ratio of
omega-6/omega-3 for 5 weeks. The antioxidative and protective properties of omega-6/omega-3 ratio against the effects of aluminium
toxicity (Al) on behavior, redox status and leptin level was analysed by using the one way ANOVA test. Results: The results revealed that
AlCl3 significantly increased (p<0.05) the level of Thiobarbituric Acid Reactive Substances (TBARS), Nitric oxide (NO), the antioxidant
enzymes such as superoxide dismutase (SOD), catalase (CAT) and Glutathione Peroxidase (GPx), while Glutathione Reductase (GR) was
significantly decreased (p<0.05) in the cerebral cortex in intoxicated pup rats. Moreover, the leptin concentration was significantly
increased (p<0.05) in cortex. On the other hand, the results exhibited that, omega-6/omega-3 when given in low or high dose were able
to ameliorate the mentioned parameters approaching them to the normal ranges. Conclusion: It is concluded that aluminium may be
attributed to induce disturbance of locomotor and stereotype behavior, anxiety, disturb antioxidant system and leptin level. Furthermore,
the results suggested that the omega-3 and omega-6 could be able to antagonize Al neurotoxicity perhaps by its antioxidant properties.
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(DHA; 22:6n-3), dihomo gamma linolenic acid (20:3n-6) and
arachidonic acid (AA; 20:4n-6)22. Dietary balance between
omega-6 and omega-3 PUFAs plays a major role in the
regulation of brain function. Some studies suggest that
omega-3 PUFA deficiency exacerbates the sensitivity of
individuals to emotional disturbances, such as chronic stress.
Omega-3 is central component of glial and neuronal
membrane phospholipids and takes part in brain membrane
remodeling and synthesis and in signal transduction 23.
In view of the aforementioned considerations, this study
was carried out to investigate the possible protective ability of
omega-6 PUFAs/omega-3 PUFAs ratio on Al induced altered
neuromuscular coordination and caused anxiety, oxidative
stress and biochemical changes along with oxidative damage
in developing rat brain.

INTRODUCTION
Aluminum (Al) is the third most abundant element
therein, after oxygen and silicon. The human body gets Al
access via gastrointestinal and respiratory tracts1 from many
sources as it presents naturally in food and water and is added
to drinking water, processed foods, cosmetics, toothpaste,
antiperspirants and adjuvants in various parenteral
preparations and pharmaceuticals agents2,3. Aluminum (Al)
has been attributed no role by nature in living process but it
disrupts the pro-oxidant/anti-oxidant balance of tissues
leading to various biochemical, physiological and mental
dysfunctions4.
It
is
implicated
in
several
neurodegenerative disorders including Alzheimerʼs disease5,
Parkinsonʼs disease and dementia6. Exposure to high levels of
Al leads to neurofibrillary degeneration and the concentration
of Al has been found to be augmented in degenerating
neurons7. The brain is a target of Al toxicity which can alter
Blood-Brain Barrier (BBB) mediating its transport to the brain8
and gets deposited in the cortex9 by altering the physiological
ligands present at these barriers 10.
The brain is particularly vulnerable to free radicals due to
its low content of glutathione, the high proportion of
polyunsaturated fatty acids (PUFAs) in its membranes and its
metabolism of about 20% of total body oxygen11.
The recent studies suggested that Al exposure also results
in the production of free radicals12-13 and have sever toxic
manifestations on the Central Nervous System (CNS) that
increased the susceptibility of CNS to lipid peroxidation
(LPO)14-16. Moreover a decrease of total glutathione disturb the
antioxidant enzymes activities in brain of rats 17.
Before considering the effects of PUFAs on
brain-mediated functions, the effects of PUFAs on brain
structural components must be elucidated. Fatty acids and
lipids are major components in brain structure. Very high
levels of fatty acids and lipids can be found in two structural
components; in the neuronal membrane and myelin
sheaths18.
Actually, the brain and other neural tissues are particularly
rich in long-chain polyunsaturated fatty acids (PUFAs), which
serve as specific precursors for eicosanoids that play important
roles in normal CNS cells development and function19-21.
Fatty acids considered as strong antioxidants are
important biological constituents with metabolic, structural
and signaling roles. The developing fetus requires substantial
amounts of fatty acids to support rapid cellular growth and
activity. The most biologically important polyunsaturated fatty
acids (PUFAs) are omega-3 and omega-6 PUFAs which are
eicosapentaenoic acid (EPA; 20:5n-3), docosahexaenoic acid

MATERIALS AND METHODS
Chemicals: Aluminum chloride (AlCl3) was obtained from
agents of sigma chemicals (St. Louis, France). All other
reagents used were of high quality and analytic grade.
Omega-3 Magnum EPA/DHA Be-Life capsules (each capsule
has 1000 mg of fish oil, 180 mg EPA, 120 mg DHA).
Omega-6 capsules evening primrose 1000 omega 6-9
Be-life (each capsule has polyunsaturated 840 mg EPA, oleic
acid 972 mg, L.A. 6748 mg and G.L.A. 692 mg).
Experimental design: This study was carried out on
32 healthy female rats procured from central animal house,
Laboratory of Experimental Biotoxicology of the University of
Oran1 Ahmed Benbella, Algeria during the year 1999. The
animals were housed in standard conditions with free access
to food and water (12 h light/dark, 22±2EC). All the procedure
performed on animals were approved and conducted in
accordance with the National Institute of health Guide
(Reg. No. 488/160/1999/CPCSEA).
The animals were 6 months old and their body weight
was in the range of 160-200 g. They were acclimatized under
hygienic conditions and were fed on standard rat feed and
water ad libitum.
The females were checked daily for vaginal plaque and
the day on which the vaginal plaque was seen was marked as
day one.
The female rats were separated, divided into 4 groups and
placed in separate cages for the gestation period. The rat litter
obtained from the parents was allowed to survive on their
motherʼs milk for 4 weeks.
The litter size of the control subgroup was 8-12 rats which
was decreased to 6-8 rats after aluminium treatment.
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Weekly weight changes were recorded and the dose was

For evaluation of oxidative status, the brain was removed,

adjusted accordingly. The rats were monitored for their health,

washed with normal saline and all the extraneous materials

general behaviour and daily food intake.

were removed before weighing and the organ weight ratio

The animals were assigned to two groups: group A (the

was estimated. It was kept at ice-cooled conditions all the

adult rats: 32 rats) served as developed brain model and group

time. The brain was then gently removed, minced with

B (the rat pups: 48 rats) as developing brain model.

ice-cold saline, blotted on filter paper and cortex was

Group A was further divided into four subgroups:

separated than any other area of the central nervous system24

Subgroup A1 served as control and was given free access to

and afterwards homogenized in 50 mmol LG1 phosphate

water and diet, Subgroup A2 was treated with AlCl3

buffer (pH 7.4). Homogenate was stored at -70EC until

(100 mg kgG1 b.wt.) by intraperitoneal injection twice a week

biochemical assay.

over a period of four weeks., subgroup A3 was administered
orally with the low omega-6/omega-3 ratio (0.168) (0.168 = 2.1

Body weight: A careful record of body weight changes of

1

and 12.5 g kgG b.wt., respectively) by gavage on alternate day

both group A and group B was kept throughout the study. The

as protective agent over a period of 5 weeks and with an

animals were weighed at the beginning of the experiment,

1

intraperitoneally injection of aluminum chloride (100 mg kgG

then once a week and finally before sacrificing them.

b.wt.,) over a period of 4 weeks and the subgroup A4 was
received orally the high omega-6/omega-3 ratio (2.1)

Behavioral tasks: Different groups of rats were investigated

(2.1 = 10. 5 and 5 g kgG1 weight, respectively) by gavage on

for their spatial learning abilities. Ambulation, stereotypic

alternate day as protect agent over a period of 5 weeks and

behavior and anxiety were monitored in the open field and

with an intraperitoneally injection of aluminum chloride

dark-light tests. Scoring procedures are briefly described

(100 mg kgG1 b.wt.) over a period of 4 weeks.

below.

Similarly in group B, the subgroup B1 (issued from control
female) served as control, the subgroup B2 (issued from

Locomotor activity (open field test (OFT)): The open field test

intoxicated female) received aluminium as aluminium chloride

provides simultaneous measures of locomotion and anxiety25.

feeding mothers for 4 weeks.

The open field used was a square wooden arena measured

The subgroup B3 (issued from intoxicated female)

(90×90×25 cm). The floor was divided by white lines into

received aluminium as aluminium chloride feeding mothers

36 smaller squares (15×15 cm). The open field maze was

for 4 weeks and was administered orally with the low

cleaned between each rat to avoid odor cues. The rats were

omega-6/omega-3 ratio (0.168) by gavage on alternate day as

carried to the test room in their home cages and tested once

protective agent over a period of 5 weeks.

at a time for 10 min each. The locomotor activity (horizontal)

The subgroup B4 (issued from intoxicated female)

defined as number of squares crossed and rearing frequency

received aluminium as aluminium chloride feeding mothers

(vertical) defined as number of times the animals stood on

for

high

their hind legs26-27 were evaluated. Other elements of

omega-6/omega-3 ratio (2.1) by gavage on alternate day as

exploratory activity such rearing, grooming and sniffing were

protective agent over a period of 5 weeks.

carefully observed and time spent performing each behavior

4

weeks

and

was

received

orally

the

The subgroup B5 (issued from intoxicated and treated

was recorded. These parameters were defined as follows:

with the low omega-6/omega-3 ratio female) received

rearing (standing on hind legs with paws pressed against the

aluminium as aluminium chloride and low omega-6/omega-3

wall of the arena); sniffing (continuous placing nose against

ratio feeding mothers for 4 weeks.

the floor for at least 2 sec) and grooming (using paws or

The subgroup B6 (issued from intoxicated and treated

tongue to clean/scratch body)28.

with the high omega-6/omega-3 ratio female) received
aluminium as aluminium chloride and high omega-6/omega-3

Light-dark transition task: The light and dark exploration

ratio feeding mothers for 4 weeks.

tasks represent a natural conflict between the tendencies of
rats to explore a novel environment versus the tendency of

Brain samples: At the end of the experiment and overnight

rats to avoid a brightly lit open field. The light-dark box

fasting, the animals were anesthetized with sodium

apparatus consists of a rectangular box (44×8.5×25 cm)

pentobarbital (60 mg kgG1 b.w.).

divided equally into a light, open compartment, connected by
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cellular membrane by removing the free peroxides in the cells.
The enzyme was quantitated by Cayman kit.
Caymanʼs GPx assay measures GPx activity indirectly by a
coupled reaction with Glutathione Reductase (GR). Oxidized
glutathione (GSSG), produced upon reduction of
hydroperoxide by GPx, is recycled to its reduced state by GR
and NADPH:

a door (17 cm in height) leading to a dark closed compartment
in which the animal is placed. Each animal was placed facing
the side away from the door and then released. During
15 min29, the time spent in dark and light compartments,
respectively, was measured to evaluate degrees of anxiety.
Biochemical investigation: In the brains samples, the
following parameters were investigated: TBARS, SOD, catalase,
GPx , GR, NO and leptin.

R  O  O  H  2GSH

GPX

GSSG  NADPH  H 

Lipid peroxide assay: Lipid peroxide formation was assayed
by the method of Ohkawa et al. . The results were expressed
as nmol of malondialdehyde (MDA) mgG1 of protein. The MDA
is a degradation product of peroxidized lipids. The pink color
of the TBA-MDA chromophore has been taken as an index of
LPO (absorption maximum at 532 nm).

R  O  H  GSSG  H 2O

(1)

GR

(2)

2GSH  NADP 

30

The oxidation of NADPH to NADP+ is accompanied by a
decrease in absorbance at 340 nm. Under conditions in which
the GPx activity is rate limiting, the rate of decrease in the A340
is directly proportional to the GPx activity in the sample. The
Cayman GPx assay Kit can be used to measure all of the
glutathione-dependent peroxidases in plasma, erythrocyte
lysates, tissue homogenates and cell lysates.

Determination of superoxide dismutase (SOD) activity:
Superoxide dismutase (SOD) activities (total SOD: Mn SOD and
Cu/Zn SOD) were determined using the pyrogallol assay
following the procedure described by Marklund and
Marklund31, based on the competition between pyrogallol
oxidation by superoxide radicals and superoxide dismutation
by SOD. Briefly, 100 µL of 20 mM pyrogallol solution (in HCl
0.01 M) was added to 2.8 µL of tris buffer (containing 50 mM
of tris buffer and 1 mM of ethylene diamine tetra acetic) and
100 µL of tissues supernatants and then mixed. Measurement
was taken at 420 nm after 1 min 30 sec and 3 min 30 sec using
a visible spectrophotometer (DU 720 UV, Beckman Coulter,
Palo Alto, CA). The percentage of inhibition of pyrogallol
autoxidation was calculated and 1 U of enzymatic activity was
defined as the quantity of enzyme necessary to achieve a 50%
inhibition of autoxidation at 25EC mgG1 of protein.

Glutathione reductase activity (GR): Glutathione reductase
is also called GSR; it is an enzyme that reduces glutathione
disulfide (GSSG) to sulfhydryl form GSH, which is an important
cellular antioxidant. The enzyme activity was quantitated by
Cayman kit.
Caymanʼs Glutathione Reductase Assay Kit measures GR
activity by measuring the rate of NADPH oxidation :
GSSG  NADPH  H 

GR

2GSH  NADP 

(3)

The oxidation of NADPH to NADP+ is accompanied by a
decrease in absorbance at 340 nm and is directly proportional
to the GR activity in the sample. The Glutathione Reductase
Assay Kit can be used to measure GR activity in plasma,
erythrocyte lysates, tissue homogenates and cell lysates.

Catalase activity (CAT): Catalase was determined by means
32

of the UV spectrophotometric method described by Luck .
H2O2 was used as substrate. The UV absorption of the H2O2
solution was recorded at 240 nm after reaction of H2O2 with
catalase. From the decrease in optical density, the enzyme
activity was calculated. The amount of H2O2 decomposed was
calculated on the basis of the molar extinction coefficient of
H2O2 (0.71 L molG1 cmG1) and the results were expressed as
mmol of H2O2 decomposed minG1 mgG1 protein.

Nitrite estimation: Nitrite estimation is an indirect
measurement of nitric oxide (NO) content in the biological
samples. The level of NO was quantitated by cayman kit.
Caymanʼs nitrate/nitrite colorimetric assay kit provides an
accurate and convenient method for measurement of total
nitrate/nitrite concentration in a simple two-step process. The
first step is the conversion of nitrate to nitrite utilizing nitrate
reductase. The second step is the addition of the Griess

Glutathione

peroxidase

activity

(GPx):

Glutathione

reagents which convert nitrite into a deep purple azo

peroxidase (GPX) is an enzyme family with peroxides activity
whose main biological role is to protect the organism from
oxidative damage and help to prevent lipid peroxidation of

compound. Photometric measurement of the absorbance due
to azo chromophore accurately determines nitrite (NO2G)
concentration.
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The protein content in the different samples was

Effect of treatment on behavioural parameters: No

estimated by the method of Lowry et al. .
33

significant difference was found between the locomotor
activities score count of B2 and B3 groups compared to
control (Fig. 1). However, in B4 group, the total locomotor
activity score was significantly increased (by +92%) as
compared to B1 and B2 groups. But a significant decrease
(p<0.05) in the locomotor activity was observed in animals
issued from A3 and A4 motherʼs groups.
There was no variation between all groups in the
grooming activity counts, except in B6 group where noted a
significant decrease value (p<0.05) was compared to control
and A1 group (77.1 and 79.4%, respectively) (Fig. 1).
Results from dark-light box test (Fig. 1) showed that Al
exposed rat spent less time in dark than light, which has
suggested for the anxiety of intoxicated animals. Conversely,
B3, B4, B5 and B6 groups spent significant more time in the
dark compartment, compared to aluminium intoxicated
group.

Leptin estimation: Leptin is a protein hormone with
important effects in metabolism and regulating body weight.
It is a single chain 16 kDa protein consisting of 146 amino acid
residues and encoded by the obese (ob) gene. Leptin is
expressed predominantly by adipocytes, small amounts of
leptin are also secreted by cells in the epithelium of stomach
and in the placenta. Leptinʼs effect on body weight is
mediated through effects on hypothalamic centers, where
leptin receptors are highly expressed. Leptin has a dual action,
it decreases the appetite and increases energy consumption.
The level of brain leptin was quantitated by mouse/rat leptin
enzyme immunoassay kit (SPI bio).
This Enzyme Immunometric Assay (EIA) is based on a
double-antibody sandwich technique specific for mouse and
rat leptin.
Statistical

analysis:

Lipid peroxidation: Following aluminium treatment for

Results were expressed as the

RESULTS

4 weeks, the MDA levels were significantly elevated (+25%) in
the pups group as compared to controls in both cortex
(p<0.05).
Co-administered omega-6/omega-3 ratio during AlCl3
intoxication, ameliorate the elevated MDA level in B3, B4, B5
and B6 groups.

Body and brain weight: In aluminium treated pup rats a

Effect of treatment on antioxidant enzymes activities in

significant increase (p<0.05) in body weight as well as brain

cortex

weight was observed as compared to their control group

SOD and catalase activities: In this study, the evaluation of

(Table 1).

superoxide dismutase activity was observed in aluminium
treatment group B2 as compared to control group, while
omega-6/omega-3 ratio exposure significantly reduced
(p<0.05) in B3, B5 and B6 groups (Table 2). Treatment with
omega-6/omega-3 ratio in B4 group showed a no significant
amelioration in superoxide dismutase activity.
Statistically, CAT values remain significantly lower in B3,
B4, B5 and B6 groups compared to intoxicated group
(Table 2) by 31,9, 72, 7 and 36%, respectively. However, the
result in Table 2 explains a significantly increased by 21% in
the cortex CAT activity in Al intoxicated animal compared to
the normal control group.

Mean±SEM in each group. Groups were compared together
by one way analysis of variance (ANOVA) test followed by
tukey-test. The acceptance level of significance was p<0.05.

The results in Table 1 show the positive effect of
treatment by omega-6/omega-3 ratio on body and whole
brain weight, a significantly increased (p<0.05) gain on body
in all treated groups (B3, B4, B5, B6) as compared as B1 and B2
groups. Moreover, in the brain weight, the results showed a
significantl

increase (p<0.05) in B5 and B6 groups as

compared to B2 group.
On the other hand the treatment by omega-6/omega-3
ratio on brain weight in B3 and B4 groups did not show a
positive effect, the brain weight in mentioned groups
decreased as compared to aluminium treated group.
Table 1: Effect of aluminium and omega-6/omega-3 ratio on body and brain weight

Parameters

Gropus
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------B1
B2
B3
B4
B5
B6

Body weight (g)

47.0±3.02

39.17±1.47*

52.33±7.31#

Brain weight (g)

1.32±0.66

1.22±0.61

1.13±0.56

50.50±7.84#
1.18±0.59

52.17±8.86#
1.37±0.69

Values are Mean±SE (n = 8). *p<0.05, All groups were compared to control. #p<0.05, All groups are compared to Al group (Tukey-test)
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64.33±9.29#*
1.40±0.70
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16

(a)

(b)

Score per 5 min

Score per 5 min

*#

80
#
*#

8

*#

0

0
B1

B2

B3

B4

B5

B1

B6

B2

B3

40

Score per 5 min

B4

B5

B6

Groups

Groups
(c)
Light
Dark
*

*

#

*

#
20

#
*#

*#

*
0

B1

B2

B3

B4

B5

B6

Groups

Fig. 1(a-c): Effect of Al-exposure on (a) Locomotor activity, (b) Frequency of grooming response and (c) Frequency of sniffing
response
Values are Mean±SE (n = 8).*p<0.05, All group were compared to control. #p<0.05, All group are compared to Al group (Tukey-test)
Table 2: Level of TBARS, NO, catalase, SOD, GPx and GR activity in cortex rats

Enzymes

Groups
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------B1
B2
B3
B4
B5
B6

TBARS (µmol gG1)
NO (µmol gG1)
Catalase (nmol hG1 mgG1)
SOD (nmol minG1 mgG1)
Gpx (nmol minG1 mgG1)
GR (nmol minG1 mgG1)

3.19±0.11
0.082±0.003
0.476±0.002
0.086±0.003
0.024±0.003
13.64±1.10

3.97±0.04*
0.284±0.014*
0.576±0.003*
0.116±0.004*
0.053±0.002*
3.29±2.35*

1.93±0.02#*
0.050±0.004#*
0.324±0.002#*
0.092±0.002#
0.006±0.000#*
11.03±1.04#

3.32±0.18#
0.100±0.004#*
0.133±0.001#*
0.140±0.010#*
0.027±0.000#
9.50±2.78#

3.12±0.09#
0.285±0.016*
0.441±0.001#*
0.037±0.006#*
0.085±0.001#*
69.35±1.72#*

2.20±0.01*#
0.085±0.006#
0.303±0.003#*
0.097±0.003#
0.074±0.001#*
29.08±8.11#*

Values are Mean±SE (n = 8). *p<0.05, All groups were compared to control. #p<0.05, All groups are compared to Al group (Tukey-test), TBARS: Thiobarbituric acid
reactive substances, NO: Nitric oxide, SOD: Superoxide dismutase, GPx: Glutathione peroxidase, GR: Glutathione reductase

AlCl3 treated animals as compared to control group.
Nitrite level was found to be significantly decreased (p<0.05)
in all omega-6/omega-3 ratio treated groups except B5
group.

GPx and GR activities: Exposure to Al produced changes in
GPx and GR activities in the cortex. A significant increase
(p<0.05) in GPx and a significant decrease (p<0.05) in GR
activities were recorded in intoxicated group compared to
control.
Administration of omega-6/omega-3 ratio showed
amelioration in GPx and GR by significantly increased (p<0.05)
their values in B3, B4, B5 and B6 in cortex when compared to
those in Al treated group except, GPx activity in B3 and B4
groups.

Leptin level: The Al group presented in Fig. 2, showed the
significantly higher (p<0.05) value of leptin level
compared to control; however, B5 showed a very higher
value compared to control and Al group by +557 and 77%,
respectively. Treatment by omega-6/omega-3 ratio in B3,
B4 and B6 groups showed a significant decrease (p<0.05)
in leptin level as compared to aluminium intoxicated
group.

Nitrite estimation: The result showed that the is a
significant higher (p<0.05) level of nitrite in the brain of
111
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5.0

hippocampus gross morphology. Several hypotheses can be
offered to explain the finding of poor learning. Omega-3

1

Brain leptin level (mg gG )

*#

deficiency induces a significant decrease (p<0.05) in the
neuron size in the hippocampus, hypothalamus and cortex44
*

2.5

brain areas that mediate spatial and serial learning. In addition,
*#

#*

omega-3 deficiency induces a significant reduction (p<0.05)
in cerebral catecholamines45, in glucose transport capacity and

#

glucose utilization in the brain46, in the cyclic AMP level in the
hippocampus47 and brain phospholipid synthesis capacity

0.0
B1

B2

B3

B4

B5

B6

in brain and hypothalamus48,49. Each one of those changes

Groups

(in the levels of catecholamines, glucose, cAMP and
Fig. 2: Brain leptin level after 4 weeks of treatment

phospholipids)

Values are Mean±SE (n = 8). *p<0.05, All groups were compared vs.
control. #p<0.05, All groups are compared vs. Al group (Tukey-test)

can

induce

learning

deficit.

The

above-mentioned studies demonstrate two points; firstly,
the essentiality of omega-3 fatty acids to the structure and
normal function of the brain. Secondly, they demonstrate the

DISCUSSION

importance of the ratio. It is impossible to induce omega-3
deficiency without offsetting the ratio between omega-6 and

The present study evaluated the effect of aluminum on
the development of different behaviors, the antioxidant status
and leptin level in brain cortex and revealed the ability of
two feeding ratio of omega-6/omega-3 (low and high ratio) to
protect brain against the deleterious effect of aluminum.
The cortex is region known to be particularly susceptible
in Alzheimerʼs disease and have an important role in learning
and memory functions34.
The importance of neurobehavioural studies in risk
assessment lies in the fact that behaviour can be regarded as
the net output of the sensory, motor and cognitive functions
occurring in the nervous system and can serve as potentially
sensitive end points of chemically induced neurotoxicity35.
Several studies suggest a general decline in learning abilities
mediated by aluminium toxicity36. The present study assessed
whether omega-6/omega-3 ratio treatment inhibits the
Al-affects the motor functions as well as increased anxiety
level. Co-administration of omega-6/omega-3 ratio with Al
treatment was effective in preventing anxiety-like and motor
activities behaviors observed in open field and light/dark box
tasks. The method of inducing omega-3 deficiency via diet is
a powerful tool to investigate the role of omega-3 in various
brain functions. Studies have shown that omega-3-deficient
rats exhibited poor learning and memory performances in a
variety of tests, such as Morris Water Maze37,38 and
olfactory-based learning and memory tasks, mainly in complex
(vs. simple) learning39,40. In addition, sensory deficits were
evident in those rats, such as visual problems41,42. Study of
Salem et al.43 is of specific interest in this aspect,
omega-3-deficient rats showed very poor performance in
spatial tasks and in olfactory-cued reversal learning tasks.
However, Salem et al.43 did not find any difference in the

omega-3 in the diet18. Many studies examined the effects of
various fatty acids on learning and memory, but very few
examined the ratio between various PUFA. The results of the
present study are supported by those described in previous
study50 when the ratio of omega-6 and omega-3 may be a key
factor in modulating behavioral and neuropharmacological
effects of polyunsaturated fatty acids. Therefore, identify the
optimal ratio. Obtained results are similar to Yehuda and
Carasso50 who found that omega-6/omega-3 ratio was the
most effective in improving learning performance (as assessed
by the Morris Water Maze and passive avoidance), elevating
pain

threshold,

improving

sleep

and

improving

thermoregulation. The ratio omega-6/omega-3 was also able
to correct learning deficits induced by the neurotoxins AF64A
and 5,7-dihydroxytryptamine51, treatments that decrease the
acetylcholine and serotonin brain levels. Similarly, it overcame
learning deficit induced by 6-OH-DA (e.g., reduction in brain
dopamine level)52. Treatment with a single fatty acid was less
successful53,54.
In the present experiment, there was a significant increase
(p<0.05) in lipid peroxidation after aluminium exposure in
pups group, measured in terms of TBARS levels in the rat brain.
Nehru and Anand55 also reported a significant increase
(p<0.05) in whole brain thiobarbituric acid reactive substances
after stimulation by aluminium salts.
The ionic radii of Al3+ most closely resemble those of Fe3+;
therefore, the appearance of Al3+ in Fe3+ sites is probable56.
Aluminium is known to be bound by the Fe3+ carrying
protein transferrin thus reducing the binding of Fe2+. The
increase in free intracellular Fe2+ causes the peroxidation of
membrane lipids and thus causes membrane damage.
112

J. Biol. Sci., 17 (3): 106-117, 2017
Moreover, Fleming and Josh57 have reported that the
amount of aluminium found in ferritin extracted from
Alzheimerʼs disease affected brains was 5.6 times higher than
in ferritin from matched control samples. The increase may
have been due to a general increase in the availability of
aluminium to the brain of patients with Alzheimerʼs disease
and raised the possibility that aluminium releases iron as Fe3+.
The more pronounced effects of aluminium exposure on rat
pups as compared to adult rats might be related to the cell
biology of the BBB. The BBB is formed by brain capillary
endothelial cells. In the late embryonic and early postnatal
period, these cells respond to inducing factors found in the
brain environment by adopting a set of defined
characteristics, including high electrical-resistance tight
junctions58. The presence of aluminium at the postnatal stage
might affect the formation of BBB in pups, resulting in a higher
exposure to the neurotoxic metal compared to the same dose
given to the adult group and resulting in increased lipid
peroxidation.
The increased LPO is, at least in part, due to an inhibition
of SOD in the brain. The result is a substantial increase in the
rate of phospholipid peroxidation in brain cells, leading to
membrane damage and neuron death.
The SOD presents the first line of defence against
superoxide, as it dismutases the superoxide anion to H2O2 and
O259. Because the SOD enzyme generates H2O2, it works in
collaboration with H2O2 removing enzymes. Catalase converts
H2O2 to water and oxygen. Catalase is present in the
peroxisomes of mammalian cells and probably serves to
destroy H2O2 generated by oxidase enzymes located within
these subcellular organelles.
However, the brain is an organ that is especially
susceptible to peroxide damage because of several factors,
such as high lipid content, high oxygen turnover, low mitotic
rate as well as low antioxidant concentration. These factors
may explain why aluminium exposure affects the brain more
than any other organ.
Glutathione peroxidase (GPX) is an enzyme family with
peroxides activity whose main biological role is to protect the
organism from oxidative damage and help to prevent lipid
peroxidation of cellular membrane by removing the free
peroxides in the cell60.
Oxidative stress has been implicated in the pathogenesis
of a number of disorders and its extent of injury is generally
related to an increase or decrease of one or more free radical
scavenging enzymes of which Gpx is one60.
Glutathione reductase (GSR) is an enzyme that reduces
Glutathione disulfide (GSSG) to sulfhydryl form GSH, which is
an important cellular antioxidant.

In the present study, aluminium exposure produced
significant increase (p<0.05) of glutathione peroxidase and a
significant decrease (p<0.05) in glutathione reductase
activities in aluminium group when compared to control
group.
This finding is evidenced by Yuan et al.61 who
demonstrated that the positive correlation between Al
content and GPX activity in neonatal rats administered daily
AlCl3 at dose level of [0, 7 and 35 mg kgG1 b.wt., control, low Al
(LA) and high Al (HA), respectively] via intraperitoneal injection
for duration of 14 days via drinking water for 6 weeks.
High Al significantly increased (p<0.05) activity of GPX in
specific brain regions such as, hippocampus, diencephalon,
cerebellum, brain stem as compared with LA and control
groups, Gpx activities confirmed Al induced production of the
ROS free radical H2O2 and OH which participated in oxidative
stress in the brain.
Moreover, the decrease in glutathione reductase activity
after aluminium exposure might have resulted from the
oxidative modification of genes that control these enzymes.
The decrease of the antioxidant versus oxidant ratio plays a
crucial role in generating a condition of oxidative stress.
These resuts are in agreement with studies of
Savory et al.62 and Johnson et al.63 who showed that aluminum
exposure enhanced the neuronal lipid peroxidative damage
with concomitant alterations in the enzymatic defense system.
The present experimental results found a significant
higher (p<0.05) level of nitrite in the brain of AlCl3 treated
animals as compared to normal control group. Nitrite level
estimation is an indirect method to estimate the NO level.
Nitrite is formed by the oxidation of NO and the reaction is
catalyzed by the cytochrome c oxidase in the tissues and
multi-copper oxidase ceruloplasmin in the plasma64. Therefore,
high content of nitrite indicates elevated level of nitric oxide
in the brain. The NO readily reacts with superoxide radicals to
form peroxynitrite. Eventually, peroxynitrite can elicit cellular
damages by initiating lipid peroxidation and protein adducts
formation which leads to neuronal cell damage65. In the
present study, omega-6/omega-3 ratio has shown significant
decrease (p<0.05) in the NO levels. All of these records are in
agreement with a decrease in the total antioxidant capacity.
The dietary supplementation with PUFAs administration
has been conducted to evaluate the curative effect of
omega-6/omega-3 ratio against AlCl3 induced oxidative stress
and dysfunction in brain. Although certain compounds have
been tested for the detoxification of aluminium66-68, there is no
previous study carried out with omega-6/omega-3 ratio. Taken
together, these findings constitute evidence that the
antioxidative properties of the omega-6/omega-3 ratio
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levels in hypothalamic nuclei such as the arcuate nucleus and
paraventricular nucleus75,76. The earliest and most robust role
of leptin in the brain is its anorexigenic action in the
hypothalamus76. Besides further confirming the correlation
between leptin levels and brain77, certain studies have also
associated low leptin levels with cognitive impairment,
particularly AD78,79. The leptin plays an important role to
promote significant cognitive improvements80.
There is increasing evidence that omega-6/omega-3 ratio
plays a significant role in neurological development, disease
prevention and alleviating aluminium neurotoxicity. Omega-3
and 6 fatty acids proved to be beneficial in decreasing the
levels of free radicals improving the antioxidant system and
neurotransmitter contents. Consequently, the study
recommended that attention should be paid to reduce the
sources of exposures to aluminium and using omega-3 and 6
as additional to conventional medicine for treatment of
neurodegenerative and psychotic disorders.

contribute to the prevention of damage induced by AlCl3 in
brain rats. The current results indicated an increased TBARS
levels in the brain in response to AlCl3 treatment, implying the
increased oxidative damage to the tissues. Omega-6/omega-3
ratio treatments returned the increased TBARS levels back to
the control levels (Table 2), this result is in accordance with the
findings that omega-3 induced reduction of the increased
TBARS concentrations in the cerebral cortex (Co) and
hippocampus (Hip) of rats intoxicated with AlCl369.
The results of El-Habibi et al.69 exhibited that, omega-3
when given in low or high dose along with AlCl3 was able to
ameliorate the lipid peroxidation and antioxidant enzymes
activities in dose relating manner approaching them to the
normal ranges. Similarly, the dietary supplementation with
PUFAs or its chronic administration shortly prior to a severe
ischemic insult may ameliorate some of the symptoms
associated with cerebral injury probably by increasing
antioxidative capacity, lowering lipid peroxidation, inducing
chaperon molecules or stabilizing membrane integrity70,71.
In the present study, AlCl3 caused oxidative stress and
consequently disturbed the activities of the antioxidant
enzymes (SOD, CAT, GPx and GR). After treatment of rats with
AlCl3 plus omega-6/omega-3 ratio the activities of these
antioxidant enzymes were normalized to their control
values. Kondo et al.72 showed who omega-6/omega-3 ratio
exercise their activity through the scavenging of hydroxyl,
superoxide free radicals and lipid peroxides. The antioxidant
activities of omega-6/omega-3 ratio are related to their ability
to chelate metal ions and scavenge singlet oxygen, superoxide
anions, proxy radicals, hydroxyl radicals and peroxynitrite.
Such results were confirmed by the studies of Kim et al.73 who
showed that SOD deficiency exacerbated cerebral infarction
and that chronic daily administration of omega-3 for 6 weeks
increased SOD activity and elevated reduced GSH, leading to
effective reduction of the brain lipid peroxidation product
(MDA).
It has been reported that leptin levels has also been
shown to increase generation of reactive oxygen species74.
The present study found significant increase (p<0.05) in leptin
level in aluminium intoxicated group and statistically, a
significant relationship and a positive correlation between
the higher level of leptin and TBARS in aluminium group
(R = 0.360) was found. While omega-6/omega-3 ratio
treatment significantly decreased (p<0.05) the leptin levels in
the cortex brain. Given the fact that leptin play important roles
in brain development and activity, several studies evaluated
its effects on brain size and function. Leptin receptors are
widely distributed in the brain, including expression in the
cortex, amygdala, hippocampus and thalamus, with highest

CONCLUSION
Aluminium has adverse effects on human health. Results
of the present study reported that aluminium chloride (AlCl3)
is capable to cause marked alterations in some behavior and
biochemical parameters by inducing an oxidative damage and
inhibiting the antioxidant enzymes activities. Whereas the
administration of omega-6/omega-3 (with high and low ratio)
combined to aluminium minimize its hazards. In addition,
omega-6/omega-3 proved to be beneficial in decreasing free
radicals and lipids level and increasing antioxidant enzymes
activities. Consequently, aluminium exposure should be
reduced by paying more attention to its sources in food, water
and personal care products. As well as omega-3 and omega-6
consumption with both high and low ratio could attenuate
aluminium toxicity.
SIGNIFICANCE STATEMENT
It is first study about omega-6/omega-3 ratio taken
together, these findings constitute evidence that the
antioxidative properties of the omega-6/omega-3 ratio
contribute to the prevention of damage induced by AlCl3 in
brain pup rats.
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