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AL U M IN IU M- IN DU C ED B R AIN OX I D AT IV E ST R ES S IN M AL E R AT S AN D T H E
POSS IBL E AMEL IOR AT IN G ROLE O F O MEG A- 3

ABSTRACT:
The
present
study
was
designed
to
investi gate oxi dati ve st ress of aluminium (Al)induced brain toxicity i n r ats and extended to
investi gate the possi ble am eliorati ng rol e of
Om ega -3 fatty acids. Fort y ei ght male al bino
rats weighing 130 ± 10 g BW were assi gned t o
8 groups (6 each) as follows: norm al control
group; AlCl 3 group (100 mg /kg BW ); wheat
germ oil group, Om ega-3 low or hi gh doses.
The three other gr oups were given AlCl 3 in
addition to w heat germ oil , Om ega -3 low
dose or Om ega -3 high dose respectivel y.
Rats were administered their respective dose
daily, for 90 days (6 days a week). The result s
reveal ed that the level s of thi obarbituri c acid
reactive substances (TBARS) and protein
carbonyl (PC) were significantly increased,
whil e the acti vit ies of superoxide dismutase
(SOD) and catal ase (CAT), as well as the
reduced glut athione (G SH) content
were
significantly decreased in the cerebral cort ex
(Co)
and
hippocampus
(Hip)
of
rats
intoxicated with AlCl 3 . Moreover, t he li pid
profile; total lipids (TL), total cholesterol (TC)
and trigl ycerides (TG) were significantl y
increased in serum and the mentioned brain
regions, whil e the levels of phospholipids
(PL), total protein (TP) and serum HDL-C
were si gnificantly decreased i n AlCl 3 group.
Additionally,
serum
and
brain
alkaline
phosphatase (A LP) and aci d phosphatase
(ACP) acti vities were significantly increased.
On t he other hand, the results exhibit ed that,
Om ega -3 when given in l ow or high dose
along with AlCl 3 was able to am eliorate the
m entioned parameters in dose relati ng
manner approaching them to the norm al
ranges. It can be concluded that Al
neurotoxi city may be attributed to Al-induced
oxidati ve stress and i nhibiti on of the
anti oxidant system, and consequentl y to the
im paired li pid profile, t otal protein and
enzym e activiti es. Furtherm ore, t he results
suggested t hat the Omega-3 i n particular the
high dose could be able to antagonize Al
neurotoxi city perhaps by its antioxi dant
properti es.
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INTRODU CTION:
Alum ini um metal i s abundantly present
in t he eart h’s crust. From the envi ronm ent it
gets access to the hum an body vi a the
gast rointestinal and the respi ratory tract s
(Yokel, 2000). Despite A l abundant presence
and wide exposure, the m etal has no known
bi ologi cal role. Investi gations show that Al
com pounds can reach systemi c circul ati on vi a
di fferent routes such as through i ngestion
(Yokel
and McNam ara,
2001),
dermal
absorpt ion (Fl arend et al., 2001) resulting i n a
cont inuous exposure of t he m etal t o the
bi ologi cal system (Flarend et al., 1997).
Al um ini um is a highl y neurotoxi c
el em ent and has been report ed to pl ay a rol e
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in degenerati on of nerve cel ls i n the brain of
hum an and experim ental anim al s (Li nton et
al., 1987) and proposed as an environm ental
factor
that
may
contr ibute
to
som e
neurodegenerat ive diseases, and aff ects
several enzym es and other biom olecules
relevant to Alzheim er‘s disease (Dom ingo,
2006). I ndeed, the brain is a target of Al
toxi cit y w hich can alter blood-brain barrier
(BBB ) m ediat ing it s tr ansport to the brai n
(Zatt a et al., 2002) and gets deposited in the
cortex (Pl att et al., 2001) and hippocam pus
(Struys-Ponsar et al., 1997) by alt eri ng the
physi ological li gands present at t hese barriers
(Yokel and McNam ara, 2001).
Hi gh alum inium exposure leads to
increased central nervous system (CNS) Al
concentr ati ons
that
alt ered
CNS
concentrations
of
the
essenti al
trace
elem ents; iron and m anganese and i ncreased
the susceptibility of CNS to lipid peroxidation
(LPO) (Fraga et al., 1990; Ot eiza et al.,
1993b) and i ncreased li pid peroxidation and
protein
carbonyl
group
content
in
synaptosomal mem branes of rats (Albendea
et al., 2007). Moreover, Newairy et al. (2009)
and Yousef (2004) reported that Al-induced
changes in biochem ical param eters, increased
li pid peroxidati on and decreased the activities
of the antioxi dant enzym es i n rat pl asma and
rabbit brain.
Actual ly, the brain and other neural tissues
are part i cularl y ri ch in long-chain poly
unsaturated f atty acids (P UFAs), which serve
as specific precursors f or eicosanoi ds that
play im port ant rol es in norm al CNS cel ls
devel opment and f unction (Gendron et al.,
2005; Heir d and Lapil lone, 2005; Matsuoka et
al., 2005). Om ega-3 f att y aci ds are centr al
com ponent s of glial and neuronal m embrane
phospholi pids, and take part in brai n
m em brane rem odeling and synthesis, and in
signal transduction (Rapoport, 2001). Fontani
et al. (2005) have exam ined the effects of
Om ega-3 supplementation on som e cognitive
and physiol ogical param eters i n healt hy
subjects, and have found that Omega-3
supplem entati on i s associated wit h an
im provem ent of attenti onal and physiological
functions, particularly those i nvolving complex
corti cal processing. Raghu and Venkatesan
(2008) report ed t hat fish oi l supplement ation
significantly
reduced
fasting
serum
concentrations of total cholest erol (10%) ,
tr iacylgl ycerol s (25%) , VLDL-C was an
increase in HDL chol esterol concent ration
(14%, P < 0.01). A num ber of epidem iol ogic
studies suggest that a higher intake of fish
oils is associ ated wi th a reduced risk of
dem enti a lat er in l if e (Huang et al., 2005).
The reduced ri sk is thought to be more
speci fically a result of the n-3 fatty acids,
docosahexaenoic
aci d
(DHA )
or
eicosapentaenoic acid (EPA ), which are
highly concentrated in fi sh (Schaefer et al.,
ISSN: 2090 - 0511

2006). Kalmi jn et al. (1997) ini tial ly reported
that fi sh consumption was inversely rel ated to
incidence of dem enti a/AD. DHA adm inistration
exert s anti oxidant acti vi ty as shown by
increasing gl utathi one r eductase activity and
decreasing accum ulation of lipid peroxide and
ROS in the cortex and hippocam pus of
Alzheim er
Di sease
(A D)
model
rat s
(Hashimoto et al., 2002).
M ATERIAL AND M ETHO DS:
Chemi cal:
Alum ini um Chlori de (AlCl 3 ) was obtained
fr om agents of Sigm a Chem icals (St. Louis,
MO, USA). Om ega-3 capsules (each capsul e
has 300 m g EPA, 700 m g DHA and 100m g
wheat germ oi l) and wheat germ oil were
obtai ned from pharm acy in mansoura ci ty. A ll
other chem icals were purchased locally and
were of anal ytical reagent grade.
This study was carr ied out on 48 adult
m ale albi no rat s weighing 130 ± 10 g B W ,
supplied by The Urology and Nephrol ogy
Center; Mansoura Uni versi ty. The rats were
m aintai ned
under
controll ed
humi dity;
temperat ure (25 ± 2 C) and l ight (12h l ight/
12h
dark).
They
were
f ed
standard
com mercial rodent pellet diet and water ad
libitum (free access to water and food).
Experim ental Protocol:
After one week of acclim at ization, the
rats were divided into 8 groups consi sting of 6
anim al s each. All treatments were continued
for 90 days as follows:
1- Normal control group (no treatm ent).
2- W heat germ oil group.
3- Om ega -3 fatt y aci ds low dose (given
orally by stom ach tube as 0. 4 g/ kg BW )
(Songur et al., 2004)
4- Om ega -3 fatty acids high dose ( given
orally by stom ach tube as 0.8 g/kg BW )
5- Alum ini um (Al) group (mi xed with diet
as 100 m g A lCl 3 / kg BW ) (Bilkei-Gorzó, 1993).
6- Al and W heat germ oi l group (t reated
as in groups 5 and 2, respecti vely).
7- Al and Omega-3 low dose extract
group (treated as i n groups 5 and 3,
respecti vely) .
8- Al and Omega-3 high dose group
(treated as i n groups 5 and 4, respectively).
Sampl e preparation:
At the end of the experi mental period,
overnight-fasted animals were decapitated,
blood samples were collected and sera were
separated and stored at -20°C until biochemical
assay. The brain was then gently removed; the
cerebral
cortex
and
hippocampus
were
separated on an ice-chilled glass plate as
described elsewhere (Nayak and Chatterjee,
2001). The tissue samples were quickly frozen
on dry ice, weighed, and stored at -80°C in
refrigerator until biochemical assay. Cortex and
hippocampus were chosen for the present study
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because aluminium affects more severely the
cortex and hippocampus regions than any other
area of the central nervous system (Urano et
al., 1997). Also, these brain regions are known
to be particularly susceptible in Alzheim er’s
disease, and have an im portant role in learning
and m emory functions (Bihaqi et al., 2009).
Biochemical analysis:
Determination of lipid peroxidation
product thiobarbituric acid reactive substances
(TBARS) was carried out according to the
method of (Ohkawa et al., 1982). Meanwhile,
protein
carbonyl
was
measured
spectrophotometrically according to the method
of (Smith et al., 1991). On the other hand,
superoxide dismutase (SOD) and catalase
(CAT) activities were determ ined following the
methods of (Nishikimi et al., 1972) and (Bock et
al., 1980), respectively. Additionally, reduced
glutathione (GSH) content was determined
spectrophotometrically according to the method
of (Prins and Loose, 1969). The l evels of
alkaline phosphatase (ALP), acid phosphatase
(ACP), total protein (TP), total lipids (TL),
phospholipids (PL), triglycerides (TG), total
cholesterol (TC) in serum, cortex and
hippocampus and serum HDL cholesterol were
determined by using commercial kits
from
(Biodiagnostic, 29 Tahreer St., Dokki, Giza,
Egypt).

Statistical analysis:
Data were presented as means ± standard
error (SE). The statistical analysis was
performed with one-way analysis of variance
(ANOVA) using SPSS (version 17) software
package for Windows followed by Dunken test.
A p-value of less than 0.05 was considered
statistically significant.
RESULTS:
As observed in table 1, the obtained
results showed that the level of cortex and
hippocampus
TBARS
was
significantly
increased in animals intoxicated with Al in
comparison with the control value. Wheat germ
oil and Omega-3 doses administration to rats
intoxicated wit h Al caused a significant
reducti on
in
the
elevated
cortex
and
hippocampus TBARS concentration compared
to Al intoxicated group. Low and high Omega-3
doses administration to rats intoxicated with Al
caused a significant reduction in the elevated
cortex and hippocampus TBARS concentration
compared to Al and wheat germ oil group.
Compari ng low dose and high dose on Al
treated rats, t he result showed that high dose of
Omega-3 caused a significant reduction in the
elevated cort ex and hippocampus TBARS
concentration.

Table 1. Cortex (CO) and Hippocampus (Hippo) Lipid Peroxidation (LPO) concentration (n mol /g tissue), Protein Carbonyl
(PC) concentration (µmol DNPH/g tissue), Catalase activities (CAT) (µmol/sec./g.), superoxide dismutase (SOD)
activities (U/min/g wet tissue)and reduced glutathione (GSH) content (mg /g tissue)
Animal Groups
Con.

W

L

H

Al

Al + W
a

ab

299
±2.93

a

281.3
±3.12

a

Al + L

256.8
±2.80

abc

183.5
±4.12

abc

CO.
LPO

Mean
±SE

217.0
±1.9

223.17
±3.15

216.5
±2.7

214.5
±3.12

330.7
±3.05

Hippo.
LPO

Mean
±SE

122.1
±2.7

122.2
±2.8

118.5
±3.69

117.8
±2.5

318.1
±2.7

CO.
PC.

Mean
±SE

0.135
±0.01

0.136
±0.010

0.121
±0.01

0.121
±0.01

0.618
±0.02

Hippo.
PC.

Mean
±SE

0.23
±0.006

0.23
±0.016

0.22
±0.01

0.21
±0.013

0.66
±0.016

a

0.54
±0.015

CO.
CAT

Mean
±SE

4.2
±0.06

4.13
±0.049

4.23
±0.07

4.27
±0.07

0.83
±0.049

a

1.34
±0.056

Hippo.
CAT

Mean
±SE

4.93
0.067

4.92
0.060

5.03
0.07

5.13
0.07

1.0
0.026

CO.
SOD

Mean
±SE

141.3
±1.7

142.6
±1.36

144
±1.44

144.6
±1.15

77.7
±1.09

a

91.5
±1.78

Hippo.
SOD

Mean
±SE

153.8
±1.08

155.80
±1.35

155.0
±1.41

159.3
±1.54

104.70
±1.82

CO.
GSH

Mean
±SE

0.253
±0.005

0.258
±0.006

0.261
±0.005

0.263
±0.004

0.108
±0.005

a

0.130
±0.004

ab

0.163
±0.004

Hippo.
GSH

Mean
±SE

0.250
±0.007

0.260
±0.003

0.256
±0.008

0.271
±0.007

0.108
±0.005

a

0.145
±0.004

ab

0.175
±0.008

a

a

Al + H

abc

274.3
±2.42

abcd

ab

229.2
±5.8

0.482
±0.019

ab

0.363
±0.013

0.256
±0.012

ab

0.24
±0.031

bc

0.22
±0.010

a

2.45
±0.062

abc

3.22
±0.060

1.01
0.180

a

4.63
0.187

bc

4.80
0.171

ab

111.2
±2.99

ab

112.80
±1.45

abc

150.17
±1.05

bc

abcd

abcd

bc

abcd

bc

abcd

126.2
±1.47
153.00
±1.41

bc

abc

0.198
±0.009

abcd

abc

0.216
±0.004

abcd

Results are presented as means ± SE (n = 6)
S: Significant change at P < 0.05, a: Compared to control untreated, b: Compared to Al, c: Compared to Al +
W , d: Compared to low dose, W : W heat germ oil, Al: Aluminium, L: Omega-3 low dose, H: Omega-3 high dose

There was a highly dramatic significant
increase in cortex and hippocampus protein
ISSN: 2090 - 0511

carbonyl (PC) conc. of Al intoxicated group
compared to norm al control group. Wheat germ
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oil and either of the two Omega-3 doses
administration to rats intoxicated with Al caused
a significant decrease in the cortex and
hippocampus PC conc., compared to the Al
intoxicated group. Also the two Omega-3 doses
administration to rats intoxicated with Al caused
a significant decrease in the cortex and
hippocampus PC conc. compared to Al and
wheat germ oil group. Comparing low dose and
high dose on Al treated rats, the result showed
that the high dose significantly decreased the
cortex PC conc. The obtained results in table 1
explain a significant decrease in cortex and
hippocampus CAT and SOD activities in Al
intoxicated anim al group compared to the
normal control one. The two Omega-3 doses
administration to rats intoxicated with Al caused
a signif icant increase in the cortex and
hippocampus CAT and SOD activity, compared
to the Al intoxicated group and Al and wheat
germ oil group. A significant reducti on was
observed in cortex and hippocampus in GSH
contents of Al intoxicated group when compared
to the normal control group. On the other hand,
wheat germ oil and either of the two Omega-3
doses administration to rats intoxicated with Al
caused a significant increase in the cortex and
hippocampus GSH contents, compared to the Al
intoxicated group. Comparing low dose and high
dose on Al treated rats; the result showed that
high dose of Omega-3 significantly increased

the cortex and hippocampus GSH contents.
Compari ng low dose and high dose on Al
treated rats; the result showed that high dose
significantly increased the cortex CAT activity.
The obtained results in table 2 revealed a
significant increase in the contents of serum
total li pid, total cholesterol and triglycerides.
However, phospholipids and HDL levels were
significantly decreased in Al intoxicated animal
group compared to the normal control one. On
the other hand, Wheat germ oil and Omega-3
doses administration to rats intoxicated with Al
caused a significant decrease in serum levels of
total lipid, total cholesterol and triglycerides
compared to the Al intoxicated group.
Meanwhil e, the serum levels of phospholipids
and HDL were significantly increased in same
previous groups. The result showed that
treatment of animals with both Al and either low
or high dose of Omega-3, significantly
decreased serum levels of total lipid, total
cholesterol and triglyceri des compared to the Al
and wheat germ oil group. Meanwhile,
phospholipids
and
HDL
contents
were
significantly increased in the same previous
groups. Comparing low dose and high dose of
Omega-3 on Al tr eated rats, the result showed
that high dose of Omega- 3 significantly
decreased triglycerides level while significantly
increased
the
level
of
phospholipids.

Table 2. Serum, cortex, and hippocampus Total lipids(TL), Total cholesterol(TC), Triglycerides(TG),
Phospholipids (PL) concentrations and serum high density lipoprotein cholesterol (HDL) concentration
Animal Groups
Con.

Hippocampus
(mg/g)

Cortex(mg/g)

Serum (mg/dl)

TL

W

L

H

Al

Al + W
a

497.2
±5.04

ab

133.83
±0.872

Mean ±SE

467.9
±9.62

488.7
±3.84

487.1
±6.15

484.3
±11.8

749.4
±4.84

TC

Mean
±SE

132.1
±2.03

132.3
±1.43

131.1
±2.50

130.3
±2.03

180.36
±0.954

a

165.7
±1.71

TG

Mean
±SE

90.3
±0.97

89.8
±1.21

88.2
±1.20

85.91
±0.68

132.7
±1.18

ab

113.40
±1.55

Mean
±SE

106.3
±2.09

106.7
±1.38

112.3
±1.4

110.7
±2.36

a

PL

76.3
±2.41

75.5
±1.73

Mean
±SE

48.33
±0.56

49.16
±1.27

51.00
±0.81

51.16
±0.74

a

HDL

23.50
±1.45

30.00
±0.77

Mean
±SE

114.5
±6.35

118.23
±7.03

117.5
±4.7

113.9
±7.7

a

TL

228.4
±5.17

194.9
±1.94

TC

Mean
±SE

55.8
±2.17

57.55
±1.7

56.7
±1.9

55.3
±2.0

106.6
±2.9

a

90.89
±4.5

TG

Mean
±SE

47.6
±2.4

48.5
±1.59

47.9
±3.13

45.34
±2.56

95
±1.24

PL

Mean
±SE

11.94
±0.14

12.13
±0.06

12.25
±0.06

12.19
±0.051

7.24
±0.021

TL

Mean
±SE

48.4
±0.23

48.4
±0.26

47.5
±0.18

47.5
±0.16

TC

Mean
±SE

21.6
±0.53

21.8
±0.43

20.6
±0.47

19.7
±0.32

TG

Mean
±SE

20.9
±0.29

20.4
±0.32

20
±0.22

20
±0.21

37.7
±0.44

Mean
±SE

4.45
±0.08

4.51
±0.082

4.6
±0.06

4.57
±0.06

2.7
±0.027

PL

a

Al + L

ab

695.2
±3.97

ab

ab

bc

bc

494.2
±3.75

bc

133.33
±0.557

abc

90.67
±0.71

102.00
±0.905

bc

bcd

abc

96.5
±2.67

bc

44.66
±1.45

abc

145.6
±2.67

abc

69.25
±1.8

86.17
±2.49

ab

44.17
±1.13

ab

170.5
±1.81

ab

77.53
±1.5

ab

67.3
±0.94

ab

9.49
±0.075

83.7
±2.92

Al + H

abcd

bc

abcd

abc

abcd

59.5
±1.41

abc

abc

10.61
±0.048

abc

a

8.39
±0.048

106.7
±1.54

a

95.4
±1.69

ab

79.9
±1.23

66.2
±1.55

60.8
±0.73

a

53.3
±1.08

ab

42
±0.36

abc

36.2
±0.23

a

32.2
±0.56

ab

28.6
±0.15

ab

3.95
±0.056

a

3.01
±0.076

abcd

abcd

abcd

abc

25.6
±0.26

abcd

abc

3.47
±0.049

abcd

Results are presented as means+ SE (n=6)
S: Significant change at P < 0.05, a: Compared to control untreated, b: Compared to Al, c: Compared to Al +
W , d: Compared to low dose, W : W heat germ oil, Al: Aluminium, L: Omega-3 low dose, H: Omega-3 high dose
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3 on Al treated rats, the resul t showed that
the high dose si gnificantly decreased total
li pid content and si gnif icantl y increased the
phosphol ipi ds level.
As seen i n t abl e 3 the serum , cortex and
hi ppocam pus total protei n contents showed
si gnificant decreases in Al int oxicated anim als
com pared to the norm al contr ol group. On the
other hand, wheat germ oi l and the t wo
Omega-3 doses admi nistration to rats
intoxicated with Al caused a significant
increase
in
t he
Serum ,
cortex
and
hi ppocam pus SOD acti vit y, com pared to the
Al intoxicat ed group. The result showed that
the treatment of anim al s with both Al and
ei ther low or high dose of Om ega-3,
si gnif icantl y increased serum , cort ex and
hi ppocam pus TP contents com pared to t he Al
and wheat germ oi l group. C om paring l ow
dose and high dose on Al treated rats, the
result show ed that the hi gh dose of Om ega-3
si gnificantly increased the serum , cortex and
hi ppocam pus TP contents.

Al so the obtained results in table 2
declared a signi ficant i ncrease in the cortex
and hippocam pus contents of total li pid, total
cholesterol
and
triglycerides.
How ever,
phospholipids
l evel
was
signi ficant ly
decreased i n Al i ntoxi cated anim al group
com pared to the norm al contr ol one. On the
other hand, W heat germ oil and Omega-3
doses admi nistration to rats intoxicat ed w ith
Al caused a signifi cant decrease in cortex
total l ipid, tot al cholesterol and trigl yceri des
levels com pared to the Al intoxicated group.
Meanw hil e, the level of phospholi pids was
significantly i ncreased in sam e previous
groups. The result also showed that the
tr eatm ent of ani mals wit h both Al and eit her
low or high dose of Om ega-3 signif icant ly
decreased the cortex levels of total lipid, total
cholesterol and t riglyceride com pared to the
Al and wheat germ oil group. Meanwhi le,
phospholipid
levels
were
signi ficant ly
increased in the same previous groups.
Compari ng l ow dose and hi gh dose of Om ega-

Table 3. Serum, Cortex (CO) and Hippocampus (Hippo) Total Protein (TP) concentrations
Animal Groups
Con.

W

L

H

Al

Al + W
a

a

a

1.56
±0.020

Serum TP
(mg/dl)

Mean
±SE

7.66
±0.07

7.76
±0.111

7.98
±0.06

8.06
±0.13

3.71
±0.047

Co.
TP (mg/g)

Mean
±SE

2.72
±0.06

2.71
±0.048

2.81
±0.07

2.86
±0.08

1.08
±0.043

Hippo. TP
(mg/g)

Mean
±SE

3.26
±0.07

3.15
±0.08

3.25
±0.04

3.36
±0.07

1.17
±0.028

Al + L

ab

4.45
±0.117
1.37
±0.027

ab

1.72
±0.088

ab

1.9
±0.054

Al + H

abc

4.96
±0.080

5.9
±0.147

abc

2.11
±0.050

abc

abcd

abcd

abcd

2.4
±0.071

Results are presented as means+ SE (n=6)
S: Significant change at P < 0.05, a: Compared to control untreated, b: Compared to Al, c: Compared to Al +
W , d: Compared to low dose, W : W heat germ oil, Al: Aluminium, L: Omega-3 low dose, H: O mega-3 high
dose

The est im ated data concerning serum,
cortex and hippocam pus alkali ne phosphatase

activities i n cont rol and different ani mal
treated groups were gi ven i n tabl e 4.

Table 4.
Serum, Cortex and Hippocampus Alkaline phosphatase (ALP) and Acid Phosphatase (ACP)
Activities:
Animal Groups
Con.
Serum
ALP
(K.A.U./L)
CO.
ALP
(IU/g.)
Hippo.
ALP
(IU/g.)
Serum
ACP
(K.A.U./L)
CO.
ACP
(IU/g.)
Hippo.
ACP
(IU/g.)

W

L

H

Al

Al + W
a

ab

Al + L
abc

Mean
±SE

131.2
±1.31

128.7
±1.98

125.8
±1.11

125
±1.21

219.2
±1.25

183.4
±1.66

Mean
±SE

3.62
±0.02

3.59
±0.038

3.61
±0.07

3.51
±0.03

5.66
±0.057

a

5.35
±0.04

ab

4.85
±0.027

Mean
±SE

4.12
±0.06

4.02
±0.10

3.98
±0.09

3.90
±0.06

7.09
±0.067

a

6.57
±0.059

ab

5.74
±0.049

Mean
±SE

36.17
±0.6

36.5
±0.76

34
±0.58

33.5
±0.76

74.83
±0.87

a

66.67
±1.26

Mean
±SE

7.68
±0.03

7.62
±0.057

7.65
±0.05

7.56
±0.05

10.78
±0.057

a

10.17
±0.03

Mean
±SE

8.3
±0.02

8.28
±0.024

8.23
±0.02

8.23
±0.03

11.3
±0.049

a

163.3
±1.12

abc

abc

ab

54.5
±0.76

ab

ab

8.43
±0.11

10.96
±0.057

Al + H
abcd

152
±1.24

abcd

4.34
±0.13

abcd

5.0
±0.067

abc

46.83
±0.79

abcd

8.86
±0.062

abc

8.1
±0.03

bc

8.42
±0.13

abcd

bc

Results are presented as means ± SE (n = 6)
S: Significant change at P < 0.05, a: Compared to control untreated, b: Compared to Al, c: Compared to Al +
W , d: Compared to low dose, W : W heat germ oil, Al: Aluminium, L: Omega-3 low dose, H: O mega-3 high
dose
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Concerning
serum ,
cortex
and
hippocam pus ALP acti vi ty, Al i ntoxi cated rat
group showed a signifi cant increase compared
to normal control group. W heat germ oi l and
Om ega-3 doses adm ini stration i n concom itant
to Al decreased the elevati on of serum , cortex
and hippocampus ALP act ivi ty, com pared to
the Al intoxicated ani mals. The result showed
that t he treatm ent of anim als wi th bot h Al and
either low or high dose of Omega-3,
significantly decreased the serum , cort ex and
hippocam pus ALP acti vity, compared t o t he Al
and wheat germ oil group. Com paring low
dose and hi gh dose of Omega-3 on Al treated
rats, the result showed that high dose of
significant
decreased
the
cortex
and
hippocam pus ALP acti vi ty. The estim ated data
concerni ng serum, cortex and hippocam pus
acid phosphatase activities i n control and
different anim al treat ed groups were given in
table (4).Concerni ng serum , cort ex and
hippocam pus ACP activities, Al intoxicated rat
group showed a signifi cant increase compared
to normal control group. W heat germ oi l and
Om ega-3 doses adm ini stration i n concom itant
to Al decreased the elevati on of serum , cortex
and hi ppocam pus ACP activities, compared t o
the Al intoxicated ani mals. The result showed
that t he treatm ent of anim als wi th bot h Al and
either low or high dose of Omega-3,
significantly decreased t he ser um , cort ex and
hippocam pus ACP activities, compared t o the
Al and W heat germ oi l group. Compari ng low
dose and hi gh dose of Omega-3 on Al treated
rats, the result showed that t he high dose
signif icantl y decreased serum and cortex ACP
acti viti es.
DISC USSION:
The present study revealed that the
adm ini str ati on of alum ini um chlor ide to r ats
increased the l evel s of thiobarbituric acid
reactive substances and protein carbonyl
contents of the brain cortex and hippocam pus.
These resul ts are sim ilar to the data reported
by Julka and Gil l (1996a) and Yousef (2004)
who indicated that Al intake by rabbi ts
produces
oxidati ve
stress.
A lthough
alum inium is not a transition m etal and
therefore cannot ini tiat e peroxidation, m any
investigations have searched for a correl ation
between Al accumulat ion and oxidative
dam age in the body ti ssues (W ilhelm et al.,
1996; Nehru and Anand, 2005). I n f act, A l, a
non-redox-active m etal, is a pro-oxidant both
in vivo and in vitro (Exley, 2004). ) S imi larl y,
signif icant i ncreases in brai n thi obarbi tur ic
acid reacti ve substances af ter sti m ul ati on by
Al salt s were reported by Nehru and Anand
(2005). Alum i nium i s known t o be bound by
the Fe 3 + carr yi ng prot ein tr ansf err in thus
reducing the binding of Fe 2 + . The increase in
free i ntracellular Fe 2 + causes the per oxidation
of m embrane li pids and t hus causes
m em brane dam age (Nehru and Anand, 2005).
ISSN: 2090 - 0511

Moreover, mi ce chronical ly fed wit h this m etal
show ed high levels of brain tissue l ipi d
peroxidati on (Fraga et al., 1990). On the basis
of the production of thiobarbi turic aci d
reactive substances in anim al brains (Fraga et
al. , 1990) or brai n subcell ular fr acti ons
(O tei za et al. , 1993) after treatm ent with Al
salts. Al um inium adm inistrati on al so causes a
si gnificant increase in protein carbonyl
cont ent, a m arker of prot ein oxidati on and an
index of oxidative stress (But terfield and
Lauderback, 2002).
Another possibl e m echanism i nvol ved i n
the peroxi dative process rel ates to glutam ate.
Glut am ic acid concentrat ion was signifi cantl y
increased
by
Al
treatment.
Cerebral
accum ul ation of glut am ic acid r esulted f rom a
bl ood-brain-barrier (B BB) m odificat ion by the
Al (Deloncle et al., 1999). Al um ini um , as an
L-glutam ate com plex, was able to cross the
BBB produces al terations in i t and increases
its perm eabil ity (Del oncle et al., 1990). Then,
it was sel ectivel y deposited i n di fferent brai n
areas especi ally the striatum , hippocam pus
and occipi to-parietal cortex (Del oncle et al.,
1999) distri bute their functions. Glutam ic aci d
accum ul ated
after
Al
L-Glu
treatm ent
st im ulated t he N-m ethyl-D- aspart ate (NMDA)
receptor s, which are part icularly dense in the
hi ppocam pus (Monaghan and C otm an, 1985),
leading to l ipi d peroxi dation. It has been
dem onstr ated that NMD A-receptor acti vati on
induces a neuronal increase in calcium
(Vill alba et al., 1992) which acti vates
phosphol ipase A 2 and f acilites the release of
arachidonic aci d (Sanfeliu et al., 1990). The
m etabolisati on of thi s acid coul d lead to the
product ion of oxygen free radicals (LafonCazal et al. , 1993) and thus i nduce l ipi d
peroxidati on. Oxidative reactions inducing
neuronal m em brane alterati on may have been
im pl icated in the increase of dopam ine uptake
in hi ppocam pal slices observed i n rats after in
vitro appli cati on or in vivo t reatment with Al LGlu (Huguet et al. , 1993).
In the present study, alum ini um chlor ide
treatm ent inhibi ted t he enzymes involved i n
antioxi dant def ence, that is SOD and CAT and
caused a signifi cant decline GSH cont ent of
the hippocampus and cortex I brain of Al
treated rats, which functi on as blockers of
free radical processes. The results are i n
accordance with t he findings of Dua and Gi ll
(2001) and Nehru and Anand (2005), who
observed a signi ficant decrease in the
activities of SOD and CAT in rat brai n after Al
treatm ent. Simi larl y, intragastrical exposure to
Al resulted in 50% decrease in MnSOD
activity in hippocampus and 30% in cerebral
cortex of rat (Kum ar et al., 2009 a&b). The
decrease i n both enzym e activities could be
the result of a reduced synthesis of the
enzym e protei ns as a result of hi gher
intracel lular concentrations of Al (Nehru and
Anand, 2005).
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The parallel reduction i n SOD act ivi ty
could be due to cl earing the free radicals
insi de the cells and thus indicates a high
degree of free radical producti on and LPO
occurrence. The fi ndings of the present study,
also, showed that the rise in LPO i n A l treated
rats was accom pani ed by concom itant
decrease in the activity of som e antioxidant
enzym es involved in the detoxification of
ROS, nam ely S OD, CAT, as wel l as the level
of GSH i n the cortex and hippocam pus tissues
com paring with the control decl aring the
prooxidant eff ect of Al. These f indings agreed
wit h the antecedent studi es of Savory et al.
(2003), Johnson et al. (2005), and Ori hula et
al. (2005) who showed that Al exposure
enhanced the neuronal li pid peroxidative
dam age wit h concom it ant alt erat ions in the
enzym atic antioxi dant defense status, thus
having serious bearing on the functional and
str uctural devel opment of the centr al nervous
system (Dua and Gill, 2001). S imi lar data
recorded a decrease i n the anti oxidant s such
as GSH level (W u and Cederbaum, 2003) and
SOD act ivi ty i n the brai n of Al exposed,
rabbits (Yousef, 2004) rat s (Chainy et al.,
1996) and human (Dua and G il l, 2001).
Moreover, such resul ts are consistent
with earli er studies that have indicated that Al
intake produced an oxi dative stress-related
change, contributed to i ts neurotoxicity (Flora
et al., 2003). However, i n rats, a signifi cant
relati onship between A l exposure and the
presence of oxi dative stress w as established
also by Esparza et al. (2005) and Góm ez et
al. (2005). This could be caused by inflicting
dam age t o m embrane l ipi ds, and protei ns and
anti-oxidative enzym e defense system (Jyoti
et al., 2007).
The elevation of LPO in the cortex and
hippocam pus in the pr esent study and other
ones (Dua and Gi ll, 2001) suggested
participati on of free-radi cal-induced oxidative
cell inj ury in m ediati ng neurotoxi ci ty of Al.
Lipi d peroxidation of biological mem branes
results in the l oss of m em brane fluidi ty,
changes in m em brane potential, an increase
in mem brane perm eability and alterations in
receptor functions (Albendea et al., 2007).
However, the increased Al concent ration
could deleteriously affect t he neurons, l eading
to depletion of ant ioxidants and m etal ions
(Kumar et al., 2008) t hrough the induct ion of
free radical s, that exhausti ng S OD and CAT
which function as blockers of free radical
processes. These results are in accordance
with (Nehru and Anand, 2005) who recorded a
significant decrease in the acti vit ies of SOD
and CA T in brain of rat s af ter Al treatm ent.
Al ternatively, the decreased enzym e activities
could be related to a reduced synthesi s of the
enzym e proteins as a resul t of higher
int racell ular concentr ati ons of Al (Al bendea et
al., 2007).
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The data obtai ned by t he present st udy
ill ustrated, further, that the adm inistrati on of
Omega-3f atty acids to Al treat ed rats caused
a signif i cant decrease in t he level of TB ARS
and protei n carbonyl i n the cerebral cortex
and hippocam pus but elevated the SOD and
CAT enzym es acti vi ti es and GSH contents
when compared with Al intoxicat ed rats.
Sim il arly , The dietary supplem entation
with PUFAs or i ts chronic adm ini stration
short ly prior t o a severe ischemi c insult m ay
am eliorate som e of the sym pt om s associated
with cerebral i njury probably by increasing
antioxi dative
capacity,
lowering
l ipi d
peroxidati on, inducing chaperon m olecules or
st abilizing m em brane integrity (Choi-Kwon et
al., 2004; Cao et al., 2007). Such result s were
conf irmed by the studies of Kondo et al.
(1997) and Kim et al. (2002) t hat showed that
SOD
deficiency
exacerbated
cerebral
infarction and that chronic daily administration
of DHA for 6 w eeks increased SO D acti vit y
and elevated reduced GSH, l eading to
ef fecti ve reducti on of the brain l ipi d
peroxidati on product (MDA ).
Regarding oxidative stress, it is possibl e
that chroni c adm inistrati on of PUFAs m ay
m ake the brai n m ore vulnerabl e to l ipi d
peroxidati on, thus i nducing antioxi dative
defense capacity and leading to elevated
tol erance and protecti on against f ree-r adicalinduced i njury (I nnis, 2007; Cao et al., 2008).
This assumpti on was part l y support ed by t he
results of the present study.
Om ega-3 fatt y aci ds lowered TB ARS
product ion, superoxide anion secretion, and
LDL peroxi dati on . One explanation is that the
Omega-3 series, because of the posi tion of
their doubl e bonds, is less susceptible to
oxidati ve damage. Also, in vivo study Supari
et al. (1995) showed that m yocardi a from fish
oi l-fed m onkeys exhi bit ed lower superoxide
generat ion. Interestingl y, DHA w as shown to
increase gl utathione synthesis in the sam e
cell type (A rab et al., 2006).
The present data indi cated that serum ,
cortex and hi ppocam pus total li pids, total
chol esterol,
and
tri glycerides,
were
si gnificantly increased by Al ingesti on, whil e
phosphol ipi ds and serum HDL-C l evel s were
decreased significantly. These results are i n
accordance wi th the result s reported by
Yousef (2004). Sim il arly, W ilhelm et al. (1996)
reported that A l exposure can result in Al
accum ul ation i n the liver and this may lead to
a disturbance of li pid metabolism and an
el evati on of serum cholesterol in rats. They
suggested that long-term exposure to Al
specifi cally
al tered
the
brai n
lipid/phospholi pids metabolism and/or their
transfer to various m em brane system s and
resulted in signifi cant changes in phospholipid
cl asses and in chol esterol contents of the rat
brai n. Al so in m onkeys Sari n et al. (1997)
revealed an alteration of the li pid com position
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and the acti viti es of various m em brane-bound
enzym es. The authors added t hat Al was
found
to
decrease
signi fi cantl y
the
phospholipids concent ration in t he pri mate
brain.
In
addition,
cholesterol
and
cholesterol/ phospholi pids rat ios w ere shown
to be rem arkably i ncreased, indi cating a
relevant loss of m em brane int egri ty, and
consequentl y a st rong eff ect of Al on the
acti vit y/f uncti onali ty of vari ous m embranebound enzym es, including AChE ( A tack et al.,
1983). Sim il arl y, the long-term exposure to
Al Cl 3 was shown by Pandya et al. (2004) to
result i n a 60% decrease in the total
phospholipids content while total cholesterol
content increased by 55%. It is possibl e that
this altered l ipid /phosphol ipi ds content and
com position could affect the insul ation
properties of the m yel in. These fi nding may
have som e bearing on loss of short-term
m em ory i n Al zheim er's di sease.
The i ncrease in serum chol esterol and
total l ipi ds due to Al adm inistrati on indicated
a loss of m embrane int egri ty (Sarin et al.,
1997). Thi s was f urther confi rmed when Al
was found to have a signifi cant effect on the
various mem brane-bound enzym es (Newairy
et al. , 2009). From the foregoi ng resul ts i t is
clear that Al resulted in a signi ficant reduction
in the phosphol ipi ds content accom panied by
m aj or com posi tional changes, which is
consi stent wit h mem brane hypothesi s of AD
(W urt m an,
1985).
According
to
thi s
hypothesis, in order to m ake up for the
choline deficiency, the neurons try to extract
choline f rom choline-contai ning phospholipids.
These results l ead to the disruption of cell
m em branes and ult im ately to neuronal cell
death (Roth et al., 1995).
The elevations in TL,TC together w ith
the reduction of
HDL-C foll owing Al
intoxicat ion shown herein, represent risk
factors for atherosclerosis and decreased
blood fl ow to the brai n (i schem ia) which may
be added to the mechanisms involved i n Alinduced neurotoxicity.
On the other hand, the present study
showed that treatm ent of rats with AlCl 3 plus
Om ega-3 decreased serum and brain total
li pids, total cholesterol and tri glycerides and
enhanced phospholi pids and serum HDL-C
levels com pared to AlCl 3 int oxicated group.
These results are in agreem ent with Raghu
and venkatesan (2008) who found t hat oral
adm ini str ati on of Omega-3 or fi sh oil
significantly
lowered
t otal
cholesterol,
triglycerides in serum of rats; and i ncreased
serum l evel s of HDL-C. Also, Lesan and
Taziki (2005) showed that consum tion of
Om ega 3 for 3 m onths lowered t he serum
triglyceride. However, the efficacy of Om ega3 fat ty acids has been dem onstr ated i n the
im provem ent of the l ipidic patt ern in
m yocardi aium (La Guardia et al., 2005)
consi dered as anti lipidem ic agent (studer et
ISSN: 2090 - 0511

al., 2005) . The ameliorat ing effects of Om ega3 on the l ipi d profil e m ay be attributed to the
fact that Om ega-3 fatt y aci ds; EPA and DHA
are t he ones incorporated into neuronal
phosphol ipi ds (Yuen et al., 2005) and DHA i s
an essenti al and som et imes rate-l im iting
precursor of the phosphatides in cellul ar
m em branes (yehuda et al.,1998). On other
hand, DHA stim ulates the expression of
peroxisom al enzymes, that essential for
pl asmalogen synt hesis, whi ch in turn is
essential for m yel in f orm ati on, thus, DHA
st im ulates remyelination. Furthermore DHA i s
concentrated i n mem brane phospholipids at
synapses (Roberts et al., 1998) and is
decreased in the brain with AD (Guan et al.,
1994; Lukiw et al., 2005) indicating its role i n
neurotransmi ssion.
However
,
the
hypoli pidi m ic acti on of Om ega-3 m ay be
att ributed to its antioxi dative effect (Supari et
al., 1995)
and low ering the generation of
ROS
w ith im proving the scavenching (
Massaro et al., 2006), as wel l as enhancing
the antioxi dant status (Choi-K won et al.,
2004), l eading to st abilizing the m em brane
int egri ty (Cao et al., 2007) . B esides, n-3
potenti al the fl ui dit y and neuroplasticity of the
nerve m embrane (Mazza et al., 2007) and
consequentl y im prove neurons functions.
Additi onall y, i t's noteworthy that the elevation
of HDL-C and reducti on of LDL-C shown by n3 has a signif i cant im port ance in the
protection from atherosclerosis and heart
di sease, so
im proves the blood supply to
organs including brai n.
The present results revealed that
al um inium chl oride decreased serum , cerebral
cort ex and hippocampus tot al prot ein. The
inhibitor y eff ect of AlCl 3 on prot ein profi le i s
in agreem ent wit h the finding of Y ousef (2004)
who recorded a significant decrease in the
concentrations of total proteins i n rats treated
with AlCl3 particul arly the albumi n which
coul d be att ributed on one hand to an under
nutr it ion and on the other hand to a reducti on
of the protein synthesis in the l i ver (Cherroret
et al. , 1995)
Also, the decline in the levels of protei n
in Al-treated rats is in agreem ent with Chinoy
and Memon (2001) and m ight be due to
changes
in
protein
synt hesis
and/or
m etabolism , as wel l as to reduce enzymes of
protei n synt hesis as a result of hi gher
int racel lular concentr ati on of A l (Tri pathi et
al., 2009).
These observed alt erations could be
att ributed to direct or i ndirect effects of
al um inium
on
protein
synthesis
and
breakdown
and
i nteraction
wi th
neurotransmi tter synthesi s and degradation,
through a series of reactions that depends on
m any enzym at ic pathways and regulat ory
m echanism s (Goncal ves and Si lva, 2007).
Furtherm ore, the decreased prot ein content
m ay be associated wit h the i ncrease rate of
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protein oxidation as il lustrated in t he present
work and ot her studi es.
Al ternati vely, since GSH has been
reported to be involved in protein and DNA
biosynthesis so, the r educti on i n its content
and in the anti oxidant enzym es (S OD and
CAT) resul ted from Al int oxication may part ly
explain t he decl ine in the total protein content
(Kumar et al., 2009b).
Addi ti onall y, Al induced r eact ive oxygen
speci es form ati on (O teiza et al., 1993a) and
prom oted oxidative st ress (Exl ey, 2004;
Kum ar
et
al. ,
2009a&b)
enhancing
peroxi dati ve dam age to li pids and prot ei ns of
the cellular mem branes (Julka and Jill, 1996b;
Jyoti et al., 2007) is another suggestion for
protein decli ne. Actually exposure of proteins
to free radicals leads to gross st ructural and
functional m odif icati ons includi ng protein
fragm entation, form ation of cross-l inks and
aggregates, protei n peroxides generati on, and
enzym atic oxidati on and degradat ion or
clearance (Al bendea et al. , 2007).
On the ot her side, the present resul ts
indi cated that Omega-3 with two doses (400
or 800 mg/kg BW /day) enhanced the protein
contents in serum and cerebral cortex and
hippocam pus of A l i ntoxi cated rats reached
them wi thin or near the norm al levels
com paring to the control group.
In fact, proteins in the m embrane
bilayer have crucial cellular functi ons as they
operate as receptors and transporters.
Om ega-3 fatt y acids m odif y m embrane fl uidity
by shift ing cholesterol fr om the m embrane
(Yehuda et al., 1998), as it is required for
neurotr ansm it ter bi nding and signal ing withi n
the cell (Heron et al. , 1980). The enhanced
protein contents by Om ega-3 adm ini st rati on
m ay be attributed to reducing the oxidative
str ess (Coa et al., 2008) and im provi ng the
antioxidant enzym es and GSH (A rab et al.,
2006), as well as enhanci ng the enzym es
responsi ble for neurotransmi tters synthesis or
degradation. C alon et al. (2004) outli ned that
n-3 fat ty acids are essenti al for sel ecti ve
protecti on of post synaptic proteins.
Al so, the adm ini st rati on of EPA induces
the expr ession of genes, and protects against
m em ory defici t in AD model rats aft er i ts
transform ation i nto DHA. Thi s i s accom panied
by the accumulat ion of DHA and/or an
increase in the DHA/ AA rat io in the
corti cohippocam pal
t issues,
wi th
a
correspondi ng decrease in oxidati ve stress
and an increase in the expression of synapt ic
plasticity- relat ed proteins (Hashim oto et al.,
2006).
An alternat ive m echani sm of EPA
induced ameliorat ion of m em ory, as PUFA s,
m ay be due t o the increase in t he expression
of the FOS pr ot ein, the im m ediat e earl y gene
c-fos (which acts as a transcripti on factor and
as a functi onal m arker of neuronal acti vity) of
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the rat CA1 hippocampus (Ki tajka et al., 2002;
Tanabe et al. , 2004).
The present study illustrated t hat Al
ingesti on led to a signifi cant elevation i n
al kali ne
phosphatase
(ALP)
and
aci d
phosphat ase (A CP) acti vit ies in sera, cerebral
cortex and hi ppocam pus.
Al kali ne phosphatase is a m em braneassociat ed enzym e, which predomi nantl y
concentrated in the vascul ar endotheli um i n
the brain. There i s a m ore or less conti nuous
sheath of ALP covering all i nternal and
external surfaces of the central nervous
system includi ng the spi nal cord and thus it
m ay functionally be part i n the blood-brai n
barrier m echanism (Nayak et al., 2006).
Alumi nium -induced
dam age
in
neurons
increases the per meabili ty of m embranes t hus
increasing the ALP activity in the solubl e
portions of the nerve cells (Dasgupta and
Ghosh, 1993).
Acid phosphatase activity w as found to
be increased com pared t o thei r respective
cont rol in response to alumi nium exposure.
Int racell ular AC P is l argely confi ned to
lysosom es, whi ch pri m ari ly respond to cellular
injury (Dasgupta and Ghosh, 1993). W ithi n
the brain, ACP i s found t o be concentrated i n
the gray m atter, although it shows the acti vit y
in the whi te m atter also to som e extent.
How ever, si gnif icant contr ibut ion by Al was
observed to i nduce changes i n ACP activity.
The increased acti vit y of ALP and ACP
in serum and brain of anim als tr eated wi th
AlCl 3 is in accordance with the f indings of
Szilagyi et al. (1994); El -S ebae et al. (1997)
and Ochma ski and Barabasz (2000). Also
El–Dem erdash (2004) found that the acti vi ti es
of these enzymes were increased i n plasm a of
m ice fed on wheat contai ning Al residue of
0.2g /kg BW Further, Szilagyi et al. (1994)
found that exposure to Al caused an increase
in t he activity of serum ALP and attri buted it
to i ncreased osteoblasti c acti vi ty, provoked by
the disturbance of bone form ati on. In addit ion,
Ochm a ski and B arabasz (2000) suggested
that such increase in the acti vit y of ALP or
ACP i n blood m ight be due to the necrosis of
liver, kidney and l ung (Sallam et al., 2005).
However, earlier observati on recorded
an alt eration in t he activities of specific
lysosom al hydrolytic enzym es i n non-neuronal
(Laske et al. , 1989) and neuronal tissues
(Suzuki et al., 1988) i n rats due to Al
adm ini str ati on. From thi s observat ion i t can
be suggested that Al induced an increase i n
ACP act ivi ty of brai n m ay be an i ndicati on of
lysosom al proli feration. The elevated acti vit y
of lysosom al enzym es in vari ous conditi ons
was suggested to be due to increased
synthesi s of the enzymes that m ay be true for
ACP also (Cohen, 1970; Hussain et al., 1990).
In the present work, adm inistration of
Omega-3, high dose and low dose caused a
m arked reduction in the el evated activities of
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ALP and ACP in A l treated rats. Such
decrease
could
be
att ri buted
to
the
antioxidant
properties
of
Omega-3
consti tuents as through scavenging of free
radical s (Massaro et al., 2006), as wel l as i ts
anti -i nfl am matory acti on and by prot ecti ng
cell ular m em branes integri ty from Al-induced
oxidat ive damage and considered as an
indi cation to the i m proved brain structure and
function and its protection against Al toxici ty.
CONCLUO SION:
The resul ts of the present study
indi cated that alum inium chlor ide was capable
of causing pronounced alt erations in som e
biochem ical m arkers of oxidat ive stress and
inhi bit ed the anti oxi dant system , which may
be concom it ant to disturbances in the cerebral

neurotransmi tters
balance
and
som e
hi stopathological changes associated wi th
dem entia of AD type especi all y in the cortex
and hippocampus regions. In addit ion,
Omega-3f atty acids proved to be benefi ci al i n
decreasing the l evel s of free radical s
im provi ng the anti oxidant system , lipi d profile,
protei n and neurotransm itter cont ents, as well
as reducing t he pathol ogical alt erat ion in the
brains of Al i ntoxi cated rats
Consequent ly, the study recom mended
that attenti on shoul d be paid to reduce the
sources of
exposures to alum ini um. The
usage of diet rich in Om ega-3 fatty acids
coul d be benef ici al in allevi ating alum inium
neurotoxicity and em pl oyed as additional to
conventional m edicine for t reatment of
neurodegenerative and psychoti c di sorders.
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