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The aim of this study is to investigate the chronic effect of some cement components on the content of
ions in different brain areas in adult male albino mice. It is clear that chronic intraperitoneal administra-
tion of 0.0013 mg/g aluminum ion caused a significant increase in aluminum, calcium and sodium ions
and significant decrease in iron ions, the chronic intraperitoneal administration of 0.00065 mg/g iron
caused a significant increase in iron, calcium, and sodium ions but No significant change in potassium
and aluminum ions. Chronic intraperitoneal administration of 0.0013 mg/g silicon caused no significant
change in calcium, potassium, sodium, aluminum and iron. Chronic intraperitoneal administration of
0.0013 mg/g aluminum, 0.0013 mg/g silicon and 0.00065 mg/g iron, respectively, – using separating time
ilicon

ron
ement
rain

on contents

interval 30 min between each – caused a higher elevation in calcium, sodium, aluminum and iron con-
centrations than the elevation in other groups and no significant change in potassium ions. This may be
due to the elevation in glutamate which leads to increase in the intracellular of calcium concentration
and the inhibition of membrane-bound Na+, K+, Ca2+ ATPase activity which lead to cellular alterations
and may be death. So long-term exposure to cement components as environmental pollutants may lead
to neurodegenerative diseases.
. Introduction

The cement manufacturing industry is labor intensive. This com-
ined with the large-scale and potentially hazardous nature of the
anufacturing process [1]. The route of entry of cement dust in the

ody is respiratory tract and/or through the gastrointestinal tract
y inhalation or swallowing, respectively [2].

Portland cement is a combination of calcium oxide (CaO)
62%–66%), silicon oxide (SiO2) (19%–22%), Aluminum tri oxide
AL2O3) (4%–8%), ferric oxide (Fe2O3) (2%–5%), magnesium oxide
MgO) (1%–2%) and also selenium, thallium and other impurities
3].
Iron is a central element of the heme molecule, which is a critical
art of hemoglobin and essential for oxygen transport. Having ade-
uate iron ion is important, because as iron ion deficiency sets in,
nemia ensues, which, depending on its severity, can lead to fati-
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gability, and decreased exercise tolerance [4]. The previous studies
have been suggested that the severity of iron neurotoxic may be
proportional to the magnitude of brain iron load [5].

Aluminum is the third most abundant element in the earth’s
crust representing approximately 8% of total mineral components,
exceeded by oxygen (47%) and silicon ion (28%) [6–8]. It is an impor-
tant element with known toxicity in the human body, mainly in
the central nervous system. Although knowledge of Al toxicity has
markedly improved in recent years, there is relatively little infor-
mation regarding its embryotoxicity and teratogenic potential. Its
accumulation in kidney promotes degeneration in renal tubular
cells, inducing nephrotoxicity. Also, its accumulation in the liver
leads to cholestasis [9–11].

Silicon is one of the most abundant elements on the earth. Sev-
eral investigators have recently shown that silicon ion has a decisive
role in growth and bone calcification in higher vertebrates includ-
ing mammals [12].

The presence of aluminum as aluminum silicates has been con-
firmed using solid-state 27 Al nuclear magnetic resonance. This

finding provides a link with the other major neuropathological
picture of Alzheimer disease; the neurofibrilary tangle-bearing
neurons, which were high intracellular levels of Al and Si,
have also been reported. The focal deposition of this element
may be an early and essential factor in the pathogenesis of

dx.doi.org/10.1016/j.jhazmat.2010.12.019
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
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Table 1
Effect of chronic i.p. injection of aluminum ion (0.0013 mg/g) on the total content of calcium ion in the different brain areas of the adult male albino mice.

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C.cortex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

First
week

C 1436.7 ± 103.65 1003.28 ± 93.76 583.8 ± 49.20 1066.1 ± 112.46 1380.86 ± 158.49
T 1907 ± 135.15 1046.3 ± 64.92 588.35 ± 47.31 1050.4 ± 62.29 1307.2 ± 136.75
% 32.73%* 4.29% 0.78% −1.47% −5.33%

Second
week

C 1473.37 ± 151.91 1054.15 ± 138.06 640.58 ± 18.38 1106.15 ± 95.92 1682.92 ± 99.03
T 2144.1 ± 100.03 1108.70 ± 37.35 809.88 ± 67.59 1181.3 ± 56.97 1865.3 ± 147.46
% 45.53%* 5.17% 26.43% 6.79% 10.84%

Third
week

C 1504.1 ± 159.71 994.5 ± 95.92 402.31 ± 43.47 1077.48 ± 129.36 1150.41 ± 69.79
T 2466.1 ± 191.53 1213.4 ± 125.28 848.68 ± 58.2 1264.9 ± 116.05 1924.2 ± 106.54
% 63.96%* 22.02% 110.95%* 17.39% 67.27%*

Fourth
week

C 1323.89 ± 101.44 978.03 ± 89.24 532.79 ± 65.96 1046.23 ± 68.7 1223.84 ± 87.3
T 2651.8 ± 239.03 1297.8 ± 64.01 669.81 ± 36.19 1287.2 ± 72.54 1678.6 ± 108.36
% 100.3%* 32.7%* 25.716% 23.03%* 37.16%*

Fifth
week

C 1322.07 ± 124.69 1094.96 ± 130.74 330.15 ± 42.42 986.45 ± 55.62 707.97 ± 36.1
T 2921.5 ± 134.42 1337.4 ± 66.34 706.13 ± 41.32 1271.9 ± 63.59 925.37 ± 91.99
% 120.98%* 22.14% 113.88%* 28.94%* 30.71%

Sixth
week

C 1477.32 ± 44.6 1045.91 ± 104.16 667.4 ± 60.66 940.55 ± 15.94 1889.22 ± 122.69
T 3112 ± 83 1386.9 ± 115.42 1087.2 ± 84.77 1475 ± 97.75 2082.4 ± 195.97
% 110.65%* 32.6%* 62.91%* 56.82%* 10.23%

Seventh
week

C 1723.2 ± 189.57 963.25 ± 99.51 819.02 ± 79.27 1002.18 ± 89.29 1562.57 ± 66.25
T 2935.1 ± 113.47 1797 ± 91.95 1173.1 ± 165.15 1510.4 ± 74.08 2012.8 ± 195.85
% 70.33%* 43.24%* 86.56% 50.72%* 28.81%

Eighth
week

C 1636.86 ± 175.06 933.67 ± 86.38 347.65 ± 17.44 1084.6 ± 52.37 1034.83 ± 98.03
T 3197.4 ± 15.14 1759 ± 152.83 1157.9 ± 64.53 1749.4 ± 156.02 1404.3 ± 144.64
% 95.34%* 88.4%* 233.06%* 61.3%* 35.7%
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ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of resul
nimals.

* Significant at (P < 0.05).

lzheimer type changes, reflecting an increased exposure to
luminum ion [8].

Many metals that have been suggested to contribute to neu-
odegenerative diseases are considered to be essential for human
ealth in trace amounts [13]. So the aim of the present study is
o investigate the chronic effect of some cement components (alu-

inum, silicon and iron ions) on the total content of ions (calcium,
otassium sodium, iron and aluminum) in different brain areas
cerebellum, brain stem, striatum, hypothalamus and cerebral cor-
ex) of the adult male albino mice.

. Material and method

The experimental animals used in this study were mice, Mus
usculus weighing (25–30 g) family Muridae, order Rodentia [14].
ale albino mice of the genus Mus musculus (Swiss strain), aged

–6 months were provided by the animal house of the National
nstitute of ophthalmology (Giza, Egypt). Animals were maintained
nder standard laboratory ambient conditions, housed in cages (six
ice each) at a constant temperature approximately 22 ◦C with
12 h light/dark cycle. Food and water were given ad libitum.

he study was carried out in conformity with the animal ethics
ommittee of the National Research Center in Egypt; the animals
ere divided into five groups. Each group was divided into eight

ubgroups containing six mice. The first group was serving as con-
rol and daily injected intraperitoneal with saline solution (0.9%
aCl). The second group was daily injected with Aluminum ion

0.0013 mg/g) according to Egyptian labor law no. 12 issue 2003
15], as aluminum chloride AlCl3 [7]. The third group was daily
njected with iron ion (0.00065 mg/g) according to Egyptian labor
aw no. 12 issue 2003 [15], as ferrous chloride Fe Cl2 [16]. The fourth
roup was daily injected with silicon ion (0.0013 mg/g) according
o Egyptian labor law no. 12 issue 2003 [15], as sodium silicate Na

iO2 [17] and the fifth group was daily injected with (0.0013 mg/g
luminum ion, 0.0013 mg/g silicon ion and 0.00065 mg/g iron ion,
espectively) according to Egyptian labor law no. 12 issue 2003 [15],
tilizing separating time interval 30 min between each ion injec-
ion in the fifth group in order to allow silicon ion to reach brain
ording to independent Student’s t-test between control (C = 6) and treated (T = 6)

in the peak of aluminum ion distribution in brain tissue which is
demonstrated by the presence of measurable Al ion within 30 min
[16].

2.1. Dose preparation and administration

Dose provided as threshold limit value for working day in Egyp-
tian labor law is for adult workers, such dose was modified to fit
mice according to Paget and Barnes [18], the dose was modified
for adult mouse weighing 20 g, according to the variation of mice
weights the dose was calculated for each gram body weight.

The duration of injection was up to eight weeks and each sub-
group was decapitated weekly during treatment. The brain was
carefully removed; dissection was performed on an ice cooled
glass plate and five areas were separated according to Glowinski
and Iversen [19]. These areas are cerebellum, brain stem, striatum,
hypothalamus and cerebral cortex.

The dissected areas were weighed then digested by microwave
digestion technique using microwave program supplied by the
manufacturer of the microwave. In the presence of HNO3, sam-
ples were analyzed by the atomic absorption spectrometry [20].
Sodium, potassium, calcium and iron ion were measured using
flame technique (sodium, potassium and iron ion detected using
air-acetylene flame on the other hand calcium detected using
nitrous-acetylene flame), while aluminum ion was detected uti-
lizing the graphite furnace technique.

The microwave used to digest the tissue samples was Milestone
Ethos TC, Italy, and the atomic absorption used to analyze the sam-
ples was Thermo M series at the laboratories of national institute
of occupational safety and health.

Value of concentrations of Al, Fe, Na, K and Ca were represented
as means ± standard error Statistical analysis was performed using
Student’s t-test [21].
3. Results

As shown in (Table 1), the i.p. injection of 0.0013 mg/g aluminum
ion for eight weeks induced significant increase in calcium ion
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Table 2
Effect of chronic i.p. injection of aluminum ion (0.0013 mg/g) on the total content of potassium ion in the different brain areas of the adult male albino mice.

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C. cortex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

First
week

C 4956.12 ± 496.48 1174.59 ± 188.93 3162.15 ± 267.03 4062.53 ± 448.42 4099.29 ± 307.14
T 4913.7 ± 227.81 1012.2 ± 57.07 3100.6 ± 183.04 3966.1 ± 354.07 4071.5 ± 250.86
% −0.86% −13.82% −1.95% −2.37% −0.68%

Second
week

C 5405.84 ± 348.22 1142.13 ± 31.99 3327.12 ± 297.98 4234.88 ± 270.3 4063.45 ± 213.37
T 5338.2 ± 378.67 1162.1 ± 107.61 3210.3 ± 89.75 4272 ± 469.92 4105.1 ± 308.2
% −1.25% 1.75% −3.51% 0.88% 1.02%

Third
week

C 4964.87 ± 247.36 1100.23 ± 72.42 3023.82 ± 54.9 4056.14 ± 247.89 3884.96 ± 416.59
T 5022.7 ± 467.38 1162.1 ± 88.49 3022 ± 236.11 4049.9 ± 285.04 4029 ± 278.46
% 1.17% 5.62% −0.06% −0.15% 3.71%

Fourth
week

C 5076.35 ± 307.18 1198.74 ± 91.71 3374.938 ± 71.53 4065.48 ± 315.56 4113.51 ± 165.86
T 4925.1 ± 422.47 1158.4 ± 94.22 3267.7 ± 145.6 4103.1 ± 224.58 4133.4 ± 138.55
% −2.98% −3.36% −3.18% 0.93% 0.48%

Fifth
week

C 4860.11 ± 482.79 1265.94 ± 68.13 3154.99 ± 78.23 4181.31 ± 131.76 4071.93 ± 161.63
T 4846 ± 182.29 1237.6 ± 127.74 3182.3 ± 171 4062 ± 240.04 4105.8 ± 283.43
% −0.29% −2.24% 0.87% −2.85% 0.83%

Sixth
week

C 4906.1 ± 484.59 1137.4 ± 60.03 3145.08 ± 150.72 4483.54 ± 299.66 3785.66 ± 149.81
T 4807.4 ± 135.89 1132.1 ± 87.66 3145.9 ± 135.78 4156.7 ± 194.54 3797.5 ± 190.02
% −2.01% −0.47% 0.03% −7.29% 0.31%

Seventh
week

C 5145.12 ± 278.42 965.94 ± 36.37 3062.73 ± 187.45 4282.24 ± 209.58 4133.23 ± 322.54
T 5055.5 ± 315.39 944.05 ± 65.52 3058.3 ± 221.79 4158.9 ± 112.7 3967.4 ± 160.06
% −1.74% −2.27% −0.15% −2.88% −4.01%

Eighth
C 4819.67 ± 258.73 1013.11 ± 153.17 3095.08 ± 154.02 4209.9 ± 252.18 3847.06 ± 155.75
T 4850.4 ± 274.98 1003.5 ± 70.79 3046.5 ± 197.54 4246.8 ± 368.21 3911.2 ± 270.82

−1.57
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week % 0.64% −0.95%

ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of resul
nimals. ‘*’ Significant at (P < 0.05).

Ca+2) content in cerebellum at all the periods of the experiment,
n the striatum significant increase was noticed at the fourth, sixth,
eventh, and eighth weeks of injection, in the cereberal cortex area
ignificant increase in calcium ion content was noticed at the third,
fth, sixth and eighth weeks of injection, in the hypothalamus area
he significant increase in calcium ion content was noticed from
he fourth week of injection till the end of the experiment, while in

he brain stem area significant increase in calcium was noticed only
t the third and fourth weeks of injection. The maximum increase
as found in cerebral cortex (+233.06%)) after the eighth week of

njection.

able 3
ffect of chronic i.p. injection of aluminum ion (0.0013 mg/g) on the total content of sodiu

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C. cor

First
week

C 868.27 ± 68.66 1427.98 ± 129.16 490.5
T 972.9 ± 94.16 1603 ± 60.27 480.8
% 12.05% 12.26% −1.97

Second
week

C 941.52 ± 47.57 1790.49 ± 136.41 580.4
T 972.59 ± 47.64 1733.8 ± 47.79 575.9
% 3.3% −3.16% −0.77

Third
week

C 904.41 ± 64.97 1636.83 ± 102.35 470.0
T 1017 ± 39.16 2084.1 ± 120.99 588.7
% 12.45% 27.32%* 25.25

Fourth
week

C 963.86 ± 81.39 1980.99 ± 179.79 506.4
T 1178.2 ± 78.23 2184.4 ± 144.27 634.2
% 22.23% 10.27% 25.24

Fifth
week

C 851.8 ± 54.12 1520.39 ± 112.89 471.8
T 1316.7 ± 38.08 2137.3 ± 129.06 814.0
% 54.58%* 40.57%* 72.51

Sixth
week

C 924.97 ± 78.61 1440.8 ± 136.95 451.1
T 1332.9 ± 55.65 2674.7 ± 266.17 839.9
% 44.2%* 85.64%* 86.2%

Seventh
week

C 951.85 ± 69.09 1244.7 ± 116.07 468.1
T 1398.9 ± 40.05 2900.2 ± 161.4 850.0
% 46.97%* 133%* 81.6%

Eighth
week

C 804.25 ± 60.75 1409.43 ± 132.82 458.1
T 1670.9 ± 100.12 3060.2 ± 201.78 999.6
% 107.76%* 117.12%* 118.1

ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of results acc
nimals.

* Significant at (P < 0.05).
% 0.88% 1.67%

ording to independent Student’s t-test between control (C = 6) and treated (T = 6)

The i.p. injection of 0.0013 mg/g aluminum ion for eight weeks
induced no change in potassium ion (K+) content in all tested brain
areas of the adult male albino mice all over the experimental peri-
ods (Table 2).

Table 3 represents the effect of i.p. injection of 0.0013 mg/g
aluminum ion that induced significant increase in sodium (Na+)
content in striatum at the third, fifth, sixth, seventh, and eighth

weeks of injection, in the other areas of brain significant increase
in the sodium ion content was noticed at the fifth week of injection
and persists till the end of the experiment. The maximum increase
was found in striatum (133%) after the seventh week.

m ion in the different brain areas of the adult male albino mice.

tex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

1 ± 5.22 804.57 ± 70.23 711.48 ± 26.8
4 ± 25.38 818.49 ± 68.05 700.63 ± 36.97
% 1.73% −1.53%
6 ± 43 835.71 ± 71.9 688.89 ± 28.58
8 ± 33.04 867.19 ± 64.42 775.78 ± 37.8
% 3.77% 12.61%
7 ± 27.35 810.02 ± 82.2 725.07 ± 34.33
8 ± 43.9 945.67 ± 94.5 783.27 ± 7.77
% 16.75% 8.03%
6 ± 25.42 792.88 ± 66.59 729.43 ± 70.88
8 ± 59.95 964.98 ± 34.18 808.43 ± 24.01
% 21.71% 10.83%
6 ± 17.45 712.5 ± 50.64 709.81 ± 32.45
1 ± 68.3 1072.7 ± 39.47 878.08 ± 44.52
%* 50.55%* 23.71%*

1 ± 28.82 867.5 ± 59.37 699.27 ± 30.27
7 ± 31.53 1087.4 ± 56.49 891.47 ± 45.3
* 25.35%* 27.49%*

± 9.7 727.38 ± 64.48 662.28 ± 29.51
9 ± 45.39 1122.1 ± 60.54 925.14 ± 21.98
* 54.27%* 39.69%*

8 ± 24.19 818.43 ± 70.86 647.17 ± 22.42
8 ± 77.15 1273.5 ± 77.43 975.26 ± 64.54
8%* 55.6%* 50.7%*

ording to independent Student’s t-test between control (C = 6) and treated (T = 6)
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Table 4
Effect of chronic i.p. injection of aluminum ion (0.0013 mg/g) on the total content of iron ion in the different brain areas of the adult male albino mice.

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C. cortex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

First
week

C 106.99 ± 9.89 88.99 ± 6.65 45.34 ± 4.41 109.45 ± 8.02 114.45 ± 13.9
T 96 ± 7.25 91.75 ± 9.62 32.84 ± 3.15 81.03 ± 7.52 82.95 ± 8.35
% −10.27% 3.11% −27.5%* −25.97%* −27.53%

Second
week

C 109.72 ± 10.27 93.73 ± 10.89 55.81 ± 5.45 91.97 ± 8.63 112.07 ± 10.94
T 85.69 ± 7.65 77.85 ± 5.61 39.68 ± 1.85 79.27 ± 7.24 79.59 ± 7.02
% −21.91% −16.94% −28.91%* −13.8% −31.66%*

Third
week

C 118.66 ± 12.47 104.45 ± 5.1 55.29 ± 2.93 116.12 ± 11.73 120.68 ± 9.4
T 72.08 ± 7.55 54.49 ± 5.69 36.04 ± 1.99 79.69 ± 9.42 82.56 ± 5.34
% −39.26%* −47.83%* −34.82%* −31.37%* −31.59%*

Fourth
week

C 113.05 ± 7.02 84.67 ± 5.77 52.11 ± 4.49 94.45 ± 8.45 111.31 ± 8.91
T 75.14 ± 8.73 54.92 ± 6.92 39.71 ± 2.53 63.13 ± 6.39 51.56 ± 2.68
% −33.54%* −35.13%* −23.79%* −33.16%* −53.68%*

Fifth
week

C 91.16 ± 8.16 82.79 ± 8.61 42.54 ± 1.27 93.98 ± 5.16 109.75 ± 6.2
T 70.41 ± 2.17 41.83 ± 4.61 38.6 ± 0.84 60.64 ± 3.15 55.2 ± 5.94
% −22.76%* −49.47%* −9.26%* −35.48%* −49.7%*

Sixth
week

C 100.42 ± 10.81 85.15 ± 7.88 51.37 ± 5.35 100.5 ± 11.24 114.93 ± 9.15
T 70.17 ± 4.87 34.51 ± 2.67 33.97 ± 1.49 59.83 ± 7.11 48.32 ± 1.91
% −30.12%* −59.47%* −33.88%* −40.46%* −57.96%*

Seventh
week

C 100.41 ± 6.49 93.53 ± 10.36 43.36 ± 4.23 90.99 ± 3.99 105.35 ± 7.72
T 61.46 ± 2.94 40.64 ± 4.28 30.15 ± 1.44 56.53 ± 5.21 45.9 ± 4.22
% −38.8%* −56.54%* −30.48%* −37.87%* −56.43%*

Eighth
week

C 118.04 ± 11.06 98.37 ± 10.11 40.78 ± 3.77 116.98 ± 8.44 103.9 ± 7.96
T 59 ± 6.61 36.79 ± 3.75 28.82 ± 1.96 44.2 ± 3.18 44.62 ± 2.72
% −50%* −62.6%* −32.64%* −62.21%* −57.05%*
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ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of resul
nimals.

* Significant at (P < 0.05).

As illustrated in (Table 4), the i.p. injection of 0.0013 mg/g alu-
inum ion induced significant decrease in the total content of iron

on in cerebellum and striatum from the third week of injection
ill the end of the experiment, in the hypothalamus the significant
epression in the iron ion concentration was noticed through all the

eriods of the experiment except in the second week, while in the
idbrain area the decrement in iron ion content was noticed from

he second week and persists till the end of the experiment, finally
n the cerebral cortex all the weeks of the experiment show sig-
ificant decrease in the concentration of the iron ion content. The

able 5
ffect of chronic i.p. injection of aluminum ion (0.0013 mg/g) on the total content of alum

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C. co

First
week

C 91.78 ± 8.4 119.53 ± 7.9 28.77
T 97.25 ± 3.12 136 ± 5.85 30.02
% 5.97% 13.78% 4.37%

Second
week

C 83.66 ± 2.12 126.68 ± 6.75 24.12
T 115.96 ± 4.23 170.15 ± 8.63 31.53
% 38.61%* 34.31%* 30.76

Third
week

C 73.78 ± 6.32 117 ± 10.95 23.1
T 103.6 ± 6.1 178.566 ± 17.616 32.51
% 40.42%* 52.45%* 40.69

Fourth
week

C 80.1 ± 6.74 113.11 ± 11.92 24.29
T 107.91 ± 8.78 165.38 ± 9.53 35.29
% 34.72%* 46.21%* 45.24

Fifth
week

C 80.18 ± 5.16 113.09 ± 7.74 24.79
T 117.75 ± 9.85 159.97 ± 13.79 39.18
% 46.87%* 41.46%* 58.03

Sixth
week

C 85.16 ± 4.55 114.41 ± 8.09 26.82
T 122.49 ± 4.5 146.23 ± 12.68 40.72
% 43.83%* 27.81% 51.82

Seventh
week

C 82.43 ± 7.78 112 ± 2.85 26.92
T 120.93 ± 8.53 170.83 ± 9.48 38.17
% 46.71%* 52.52%* 41.79

Eighth
week

C 86.14 ± 5.36 118.76 ± 10.62 24.93
T 134.81 ± 10.37 152.16 ± 9.21 40.98
% 56.49%* 28.12%* 64.41

ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of results acc
nimals.

* Significant at (P < 0.05).
ording to independent Student’s t-test between control (C = 6) and treated (T = 6)

maximum decrease was found in hypothalamus (−62.21%) after
the eighth week.

As shown in (Table 5), the i.p. injection of 0.0013 mg/g aluminum
ion for eight weeks induced significant increase in aluminum ion
(Al) content from the second week till the eighth week in all tested

brain areas except the brain stem shows significant increase in alu-
minum by the third week, while no significant change was noticed
at the first week of the experiment in all tested brain areas. The
maximum increase was found in cerebral cortex (+64.41%) after
the eighth week.

inum ion in the different brain areas of the adult male albino mice.

rtex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem(�g/g ± S.E.)

± 1.5 79.73 ± 6.25 52.63 ± 2.27
± 4.37 81.43 ± 5.57 56.27 ± 5.62

2.13% 6.91%
± 1.12 62.78 ± 4.36 53.91 ± 3.49
± 0.96 88.43 ± 7.87 63.35 ± 3.56
%* 40.86%* 17.82%

± 2.04 71.14 ± 4.28 51.33 ± 4.69
± 2.07 97.11 ± 9.76 66.96 ± 3.47
%* 36.5%* 30.45%*

± 1.41 62.55 ± 2.29 49.27 ± 3.21
± 1.98 94.79 ± 4.32 68.8 ± 5.3
%* 51.54%* 39.64%*

± 2.73 71.62 ± 7.14 45.21 ± 3.82
± 3.19 100.23 ± 4.41 69.78 ± 4.31
%* 39.94%* 54.35%*

± 1.41 74.95 ± 3.63 51.14 ± 5.29
± 1.22 103.83 ± 5.83 72.68 ± 2.67
%* 38.45%* 42.11%*

± 2.1 68.83 ± 4.62 52.53 ± 5.21
± 1.75 106.17 ± 3.35 78.25 ± 6.65
%* 54.26%* 48.95%*

± 2.08 77.28 ± 5.56 54.61 ± 4.88
± 1.38 109.73 ± 11.92 71.97 ± 2.06
%* 41.99%* 31.79%*

ording to independent Student’s t-test between control (C = 6) and treated (T = 6)
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Table 6
Effect of chronic i.p. injection of iron ion (0.00065 mg/g) on total content of calcium ion in different brain areas of the adult male albino mice.

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C.cortex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

First
week

C 1436.7 ± 103.65 1003.28 ± 93.76 583.8 ± 49.20 1066.1 ± 112.46 1380.86 ± 158.49
T 1489.7 ± 131.13 1053.7 ± 72.22 637.43 ± 31.56 1173.5 ± 36.52 1449.2 ± 59.29
% 3.693% 5.031% 9.187% 10.080% 4.953%

Second
week

C 1473.37 ± 151.91 1054.15 ± 138.06 640.58 ± 18.38 1106.15 ± 95.92 1682.92 ± 99.03
T 1631.4 ± 103.39 1128 ± 96.87 638.5 ± 20.53 1122.5 ± 79.69 1715.7 ± 74.83
% 10.726% 7.001% −0.325% 1.482% 1.945%

Third
week

C 1504.1 ± 159.71 994.5 ± 95.92 402.31 ± 43.47 1077.48 ± 129.36 1150.41 ± 69.79
T 1720 ± 57.3 1256.6 ± 100.49 685.76 ± 26.91 1172.8 ± 42.13 1831.8 ± 82.91
% 14.355% 26.352% 70.454%* 8.850% 59.23%*

Fourth
week

C 1323.89 ± 101.44 978.03 ± 89.24 532.79 ± 65.96 1046.23 ± 68.7 1223.84 ± 87.3
T 1756.7 ± 53.95 1280 ± 72.7 706.29 ± 16.11 1232.2 ± 82.94 2078 ± 53.32
% 32.692%* 30.874%* 32.564%* 17.771% 69.792%*

Fifth
week

C 1322.07 ± 124.69 1094.96 ± 130.74 330.15 ± 42.42 986.45 ± 55.62 707.97 ± 36.1
T 2112.7 ± 78.53 1361.8 ± 124 728.35 ± 38.46 1301.2 ± 91.06 2220.6 ± 145.78
% 59.803%* 24.373% 120.613%* 31.910%* 213.663%*

Sixth
week

C 1477.32 ± 44.6 1045.91 ± 104.16 667.4 ± 60.66 940.55 ± 15.94 1889.22 ± 122.69
T 2142.7 ± 164.11 1362.2 ± 67.58 764.52 ± 43.02 1400.6 ± 107.72 2088 ± 65.2
% 45.037%* 30.244%* 14.552% 48.908%* 10.522%

Seventh
week

C 1723.2 ± 189.57 963.25 ± 99.51 819.02 ± 79.27 1002.18 ± 89.29 1562.57 ± 66.25
T 2161.9 ± 131.03 1386.4 ± 110.83 825.99 ± 35.76 1382.2 ± 46.94 2240.7 ± 53.62
% 25.458% 43.927%* 0.851% 37.921%* 43.397%*

Eighth
week

C 1636.86 ± 175.06 933.67 ± 86.38 347.65 ± 17.44 1084.6 ± 52.37 1034.83 ± 98.03
T 2351.9 ± 121.2 1619.5 ± 114.48 873.61 ± 72.99 1626.2 ± 56.91 2412.5 ± 76.17
% 43.685%* 73.453%* 151.289%* 49.932%* 133.132%*

C ts acc
a

c
b
e
c
w
i
e
w
s
o
fi
w
t

i
a
e
w

i
(
s
s
t
s
o
i
w

i
c
s
i
a
l
n
o

ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of resul
nimals.

* Significant at (P < 0.05).

Table 6 represents the i.p. injection of 0.00065 mg/g iron ion that
aused a significant increase in calcium ion (Ca+2) content in cere-
ellum at the third, fourth, fifth, sixth, and eighth weeks of the
xperiment, in striatum significant increase in calcium ion con-
entration was noticed at the fourth, sixth, seventh, and eighth
eeks of the experiment, in cerebral cortex significant elevation

n calcium ion content was noticed at the third, fourth, fifth, and
ighth weeks of the experiment, while increment in calcium ion
as noticed in the hypothalamus area at the fifth week and per-

ists till the end of the experiment, in the brain stem increment
f the calcium ion concentration was occurred in the third, fourth,
fth,seventh, and eighth weeks of injection. The maximum increase
as found in cerebral cortex (+151.29%) after the eighth week of

reatment.
The i.p. injection of 0.00065 mg/g iron ion for eight weeks

nduced no change in potassium ion (K+) content in all tested brain
reas of the adult male albino mice at all experimental periods
xcept in cerebral cortex at the fifth week of injection (Table 7)
here it caused increase in the potassium ion content.

As illustrated in (Table 8), the i.p. injection of 0.00065 mg/g
ron ion for eight weeks caused a significant increase in sodium
Na+) content at the fifth week till the eighth week in cerebellum,
triatum and cerebral cortex brain areas, while in hypothalamus
ignificant increase in the sodium ion content was noticed at the
hird week and persists till the end of the experiment, in brain
tem area significant increment of sodium was observed at the sec-
nd, sixth, seventh, and eighth weeks of injection. The maximum
ncrease was found in hypothalamus (+89.37%) after the eighth

eek.
As demonstrated in (Table 9), the i.p. injection of 0.00065 mg/g

ron ion for eight weeks induced a significant increase in iron ion
ontent in cerebellum and brain stem at the third week and per-
ist till the end of experiment, in striatum significant increase in

ron ion content was observed from the first week of injection
nd persists till the eighth week of injection, while in hypotha-
amus brain area the significant elevation in iron ion content was
oticed at the second week of injection and persists till the end
f the experiment, finally in cerebral cortex area iron ion con-
ording to independent Student’s t-test between control (C = 6) and treated (T = 6)

tent increases significantly at the fourth week and this increment
persists till the end of the experiment. The maximum increase
was found in striatum (+162.834%) after the sixth week of treat-
ment.

The i.p. injection of 0.00065 mg/g iron ion for eight weeks
induced no change in aluminum ion (Al) content in all tested brain
areas of the adult male albino mice at all experimental periods
except in cerebellum and cerebral cortex at second week, in stria-
tum at the seventh week and brain stem at the first week of injection
(Table 10) where it caused significant increase in aluminum con-
tent in brain stem and significant decrease in aluminum content of
striatum.

Table 11 demonstrates the i.p. injection of 0.0013 mg/g silicon
ion for eight weeks that induced no change in the total calcium ion
(Ca+2) content at most the experimental times in all tested brain
areas except in the cerebral cortex, a significant decrease in cal-
cium ion content was observed at the second week of injection, and
midbrain where significant decrease was noticed at the second and
fifth weeks of injection.

The i.p. injection of 0.0013 mg/g silicon ion for eight weeks
induced no change in potassium ion (K+) content in all tested
brain areas of the adult male albino mice at all experimental peri-
ods except in striatum at second week of injection as shown in
(Table 12) where a significant decrease was observed.

Also, the i.p. injection of 0.0013 mg/g silicon ion for eight weeks
induced no change in sodium (Na+) content in all tested brain areas
of the adult male albino mice at all experimental periods except in
striatum at second week of injection as shown in (Table 13) where
a significant decrease was observed.

As illustrated in Table 14, the i.p. injection of 0.0013 mg/g silicon
ion induced no change in the total content of iron ion (Fe+3) in dif-
ferent brain areas of the adult male albino mice at all experimental
periods except in striatum at second week of injection.
As shown in (Table 15), the i.p. injection of 0.0013 mg/g silicon
ion for eight weeks induced no change in aluminum (Al+3) content
at most tested brain areas of the adult male albino mice at all exper-
imental periods except in cerebellum at second week, in striatum
at first, second, third and fifth week where a significant decrease in
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Table 7
Effect of chronic i.p. injection of iron ion (0.00065 mg/g) on total content of potassium ion in the different brain areas of the adult male albino mice.

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C. cortex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

First
week

C 4956.12 ± 496.48 1174.59 ± 188.93 3162.15 ± 267.03 4062.53 ± 448.42 4099.29 ± 307.14
T 4972.7 ± 289.32 1286.9 ± 90.32 3060 ± 279.64 3880.6 ± 238.46 4011.4 ± 207.13
% 0.334% 9.563% −3.230% −4.479% −2.145%

Second
week

C 5405.84 ± 348.22 1142.13 ± 31.99 3327.12 ± 297.98 4234.88 ± 270.3 4063.45 ± 213.37
T 5024.5 ± 193.92 1111.3 ± 74.81 3256.2 ± 46.41 3877.6 ± 262.89 4005.9 ± 115.37
% −7.054% −2.697% −2.133% −8.436% −1.416%

Third
week

C 4964.87 ± 247.36 1100.23 ± 72.42 3023.82 ± 54.9 4056.14 ± 247.89 3884.96 ± 416.59
T 4828.1 ± 253.42 1172.3 ± 82.82 3145.3 ± 140.44 4172.4 ± 271 4005.8 ± 182.28
% −2.754% 6.552% 4.017% 2.865% 3.110%

Fourth
week

C 5076.35 ± 307.18 1198.74 ± 91.71 3374.938 ± 71.53 4065.48 ± 315.56 4113.51 ± 165.86
T 4626.2 ± 218.59 1082.6 ± 41.03 3414.7 ± 108.29 4189.6 ± 303.16 4136.4 ± 258.44
% −8.867% −9.689% 1.179% 3.054% 0.557%

Fifth
week

C 4860.11 ± 482.79 1265.94 ± 68.13 3154.99 ± 78.23 4181.31 ± 131.76 4071.93 ± 161.63
T 5090.4 ± 180.86 1921.1 ± 309.38 3452.1 ± 40.82 5090.4 ± 180.86 3994.8 ± 196.17
% 4.738% 51.750% 9.417%* 2.703% −1.895%

Sixth
week

C 4906.1 ± 484.59 1137.4 ± 60.03 3145.08 ± 150.72 4483.54 ± 299.66 3785.66 ± 149.81
T 4673 ± 204.16 1103.4 ± 68.74 3274 ± 97.31 4010.3 ± 171.9 3862.6 ± 189.58
% −4.751% −2.990% 4.099% −10.556% 2.032%

Seventh
week

C 5145.12 ± 278.42 965.94 ± 36.37 3062.73 ± 187.45 4282.24 ± 209.58 4133.23 ± 322.54
T 4808.6 ± 232.4 1196.1 ± 92.72 3179.1 ± 171.71 4272 ± 231.38 3998.8 ± 182.8
% −6.540% 23.830% 3.798% −0.238% −3.253%

Eighth
week

C 4819.67 ± 258.73 1013.11 ± 153.17 3095.08 ± 154.02 4209.9 ± 252.18 3847.06 ± 155.75
T 5110.5 ± 279.97 1032.6 ± 75.79 3167.5 ± 91.81 4003.2 ± 182.76 4215.3 ± 180.63
% 6.034% 1.922% 2.339% −4.911% 9.572%
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ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of resul
nimals.

* Significant at (P < 0.05).

luminum ion content was observed and the same was observed
n cerebral cortex at first and second week of injection.

Table 16 demonstrates the i.p. injection of 0.0013 mg/g
luminum, 0.0013 mg/g silicon and 0.00065 mg/g iron ions, respec-
ively that induced a significant increase in calcium ion (Ca+2)
ontent in hypothalamus at all experimental periods, in striatum,

erebral cortex and brain stem areas significant increase of calcium
on content was observed at the third week and persists till the
nd of the experiment, while in cerebellum significant increase of
alcium ion content was observed at the second week of injec-
ion and persists till eighth week. The maximum increase was

able 8
ffect of chronic i.p. injection of iron ion (0.00065 mg/g) on the total content of sodium io

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C. co

First
week

C 868.27 ± 68.66 1427.98 ± 129.16 490.5
T 907.39 ± 32.33 1535.4 ± 45.56 507.0
% 4.505% 7.525% 3.370

Second
week

C 941.52 ± 47.57 1790.49 ± 136.41 580.4
T 993.71 ± 61.46 1702 ± 85.26 512.2
% 5.544% −4.929% −11.

Third
week

C 904.41 ± 64.97 1636.83 ± 102.35 470.0
T 1107.8 ± 65.22 1862.2 ± 118.94 526.7
% 22.493% 13.770% 12.05

Fourth
week

C 963.86 ± 81.39 1980.99 ± 179.79 506.4
T 1151.7 ± 50.86 2023.3 ± 55.45 531.8
% 19.490% 2.135% 5.003

Fifth
week

C 851.8 ± 54.12 1520.39 ± 112.89 471.8
T 1269.3 ± 61.06 2159.6 ± 184.02 564.1
% 49.012%* 42.043%* 19.56

Sixth
week

C 924.97 ± 78.61 1440.8 ± 136.95 451.1
T 1218.9 ± 85.78 2136.9 ± 102.02 567.2
% 31.776%* 48.310%* 25.74

Seventh
week

C 951.85 ± 69.09 1244.7 ± 116.07 468.1
T 1317.4 ± 56.08 2232.9 ± 124.6 559.3
% 38.405%* 79.396%* 19.48

Eighth
week

C 804.25 ± 60.75 1409.43 ± 132.82 458.1
T 1481.9 ± 102.46 2215.4 ± 74.87 632.1
% 84.257%* 57.182%* 37.97

ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of results acc
nimals.

* Significant at (P < 0.05).
ording to independent Student’s t-test between control (C = 6) and treated (T = 6)

found in cerebral cortex (+243.47%) after eighth week of treat-
ment.

The i.p. injection of 0.0013 mg/g aluminum, 0.0013 mg/g silicon
and 0.00065 mg/g iron ions, respectively, for eight weeks induced
no change in potassium ion (K+) content in most tested brain areas
of the adult male albino mice at all experimental periods except

in striatum at first, second, third, fourth, fifth, sixth and seventh
weeks of injection where significant decrease in concentration of
potassium ion content was observed and also significant decrease
in potassium ion content was noticed in cerebellum in second and
eighth weeks as shown in Table 17.

n in the different brain areas of the adult male albino mice.

rtex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem(�g/g ± S.E.)

1 ± 5.22 804.57 ± 70.23 711.48 ± 26.8
3 ± 9.32 961.65 ± 14.19 771.55 ± 18.37
% 19.523% 8.443%
6 ± 43 835.71 ± 71.9 688.89 ± 28.58
6 ± 16.99 945 ± 49.06 770.19 ± 19.72

749% 13.078% 11.803%*

7 ± 27.35 810.02 ± 82.2 725.07 ± 34.33
2 ± 29.56 1279.4 ± 45.31 793.04 ± 23.1
1% 57.944%* 9.375%
6 ± 25.42 792.88 ± 66.59 729.43 ± 70.88
± 22.74 1199.7 ± 24.05 813.49 ± 31.51
% 51.307%* 11.525%
6 ± 17.45 712.5 ± 50.64 709.81 ± 32.45
9 ± 21.39 1279.7 ± 63.8 829.49 ± 61.35
7%* 79.606%* 16.861%
1 ± 28.82 867.5 ± 59.37 699.27 ± 30.27
4 ± 27.69 1330.4 ± 73.34 831.28 ± 28.17
2%* 53.364%* 18.878%*

± 9.7 727.38 ± 64.48 662.28 ± 29.51
1 ± 17.75 1334.7 ± 46.85 855.07 ± 13
6%* 83.490%* 29.110%*

8 ± 24.19 818.43 ± 70.86 647.17 ± 22.42
6 ± 12.22 1549.8 ± 70.37 905.39 ± 27.07
2%* 89.368%* 39.899%*

ording to independent Student’s t-test between control (C = 6) and treated (T = 6)



M. Abd El-Rahman et al. / Journal of Hazardous Materials 186 (2011) 1527–1540 1533

Table 9
Effect of chronic i.p. injection of iron ion (0.00065 mg/g) on the total content of iron ion in the different brain areas of the adult male albino mice.

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C. cortex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

First
week

C 106.99 ± 9.89 88.99 ± 6.65 45.34 ± 4.41 109.45 ± 8.02 114.45 ± 13.9
T 125.73 ± 12.12 152.42 ± 11.21 48.42 ± 2.4 124.9 ± 7.73 136.35 ± 13.27
% 17.521% 71.285%* 6.800% 14.113% 19.133%

Second
week

C 109.72 ± 10.27 93.73 ± 10.89 55.81 ± 5.45 91.97 ± 8.63 112.07 ± 10.94
T 131.55 ± 9.9 142.83 ± 9.15 48.14 ± 3.08 160.22 ± 13.5 143.85 ± 11.21
% 19.890% 52.395%* −13.750% 74.218%* 28.356%

Third
week

C 118.66 ± 12.47 104.45 ± 5.1 55.29 ± 2.93 116.12 ± 11.73 120.68 ± 9.4
T 218.8 ± 21.74 145.46 ± 6.67 60.26 ± 2.88 213.89 ± 15.74 171.08 ± 4.65
% 84.398%* 39.273%* 8.995% 84.196%* 41.760%*

Fourth
week

C 113.05 ± 7.02 84.67 ± 5.77 52.11 ± 4.49 94.45 ± 8.45 111.31 ± 8.91
T 141.61 ± 14.1 160.72 ± 11.71 75.52 ± 3.42 172.99 ± 7.7 194.14 ± 9.41
% 25.255%* 89.834%* 44.921%* 83.145%* 74.424%*

Fifth
week

C 91.16 ± 8.16 82.79 ± 8.61 42.54 ± 1.27 93.98 ± 5.16 109.75 ± 6.2
T 222.85 ± 5.29 216.24 ± 19.83 91.145 ± 1.7 211.7 ± 5.7 219.21 ± 14.2
% 144.457%* 161.175%* 114.272%* 125.251%* 99.733%*

Sixth
week

C 100.42 ± 10.81 85.15 ± 7.88 51.37 ± 5.35 100.5 ± 11.24 114.93 ± 9.15
T 164.5 ± 15.04 223.79 ± 21.05 89.52 ± 4.29 191.03 ± 17.52 186.64 ± 16.62
% 63.812%* 162.834%* 74.255%* 90.084%* 62.421%*

Seventh
week

C 100.41 ± 6.49 93.53 ± 10.36 43.36 ± 4.23 90.99 ± 3.99 105.35 ± 7.72
T 244.37 ± 16.84 215.19 ± 19.37 85.5 ± 7.44 195.56 ± 19.38 159.3 ± 13.03
% 143.368%* 130.085%* 97.167%* 114.928%* 51.207%*

Eighth
week

C 118.04 ± 11.06 98.37 ± 10.11 40.78 ± 3.77 116.98 ± 8.44 103.9 ± 7.96
T 307.84 ± 13.44 179.32 ± 16.97 103.57 ± 10.27 218.61 ± 18.35 244.65 ± 9.26
% 160.798%* 82.288%* 142.088%* 86.882%* 135.478%*
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ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of resul
nimals.

* Significant at (P < 0.05).

As shown in (Table 18), the i.p. injection of 0.0013 mg/g
luminum, 0.0013 mg/g silicon and 0.00065 mg/g iron ions, respec-
ively, for eight weeks induced a significant increase in sodium
Na+) content in cerebellum area at the fourth, fifth, sixth, seventh
nd eighth weeks of injection, while significant increase in sodium
on content was noticed in striatum and cerebral cortex brain areas

t the third week of injection and persists till the end of the exper-
ment, in hypothalamus and brain stem areas increment of sodium
on content was observed at the second week of injection and per-
ists till the eighth week of treatment. The maximum increase was
ound in striatum (+154.77%) after the seventh week of treatment.

able 10
ffect of chronic i.p. injection of iron ion (0.00065 mg/g) on the total content of aluminum

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C. cor

First
week

C 91.78 ± 8.4 119.53 ± 7.9 28.77
T 98.79 ± 4.66 123.8 ± 2.74 27.7 ±
% 7.64% 3.64% −3.72

Second
week

C 83.66 ± 2.12 126.68 ± 6.75 24.12
T 71.75 ± 2.96 117.58 ± 8.57 20.63
% −14.24%* −7.18% −14.4

Third
week

C 73.78 ± 6.32 117 ± 10.95 23.1 ±
T 83.39 ± 5.27 110.68 ± 3.48 24.77
% 13.02% −5.5% 7.22%

Fourth
week

C 80.1 ± 6.74 113.11 ± 11.92 24.29
T 72.15 ± 3.01 93.04 ± 3.01 26.26
% −9.92% −17.74% 8.09%

Fifth
week

C 80.18 ± 5.16 113.09 ± 7.74 24.79
T 89.09 ± 3.79 110.71 ± 6.8 23.57
% 11.12% −2.1% −4.95

Sixth
week

C 85.16 ± 4.55 114.41 ± 8.09 26.82
T 86.32 ± 5.81 106.8 ± 8.77 28.25
% 1.36% −6.66% 5.32%

Seventh
week

C 82.43 ± 7.78 112 ± 2.85 26.92
T 81.36 ± 6.47 97.81 ± 3.23 27.92
% −1.29% −12.67%* 3.73%

Eighth
week

C 86.14 ± 5.36 118.76 ± 10.62 24.93
T 87.46 ± 5.41 107.71 ± 7.07 26.73
% 1.53% −9.31% 7.22%

ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of results acc
nimals.

* Significant at (P < 0.05).
ording to independent Student’s t-test between control (C = 6) and treated (T = 6)

As illustrated in (Table 19), the i.p. injection of 0.0013 mg/g
aluminum, 0.0013 mg/g silicon and 0.00065 mg/g iron ions, respec-
tively, for eight weeks induced a significant increase during the first
four weeks of injection in the cerebral cortex, hypothalamus and
brain stem while significant increment persists till the fifth week in
cerebellum and striatum. This increment followed by a significant

decrease till the end of experimental periods of injection in iron
ion content in all tested brain areas of adult male albino mice, in
cerebral cortex area at the fourth week possesses non-significant
change also at the fifth week in brain stem area no significant
change was noticed.

ion in the different brain areas of the adult male albino mice.

tex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

± 1.5 79.73 ± 6.25 52.63 ± 2.27
0.82 96.56 ± 7.29 63.45 ± 3.73

% 21.11% 20.55%*

± 1.12 62.78 ± 4.36 53.91 ± 3.49
± 0.96 60.86 ± 2.68 50.03 ± 4.26
4%* −3.06% −7.19%
2.04 71.14 ± 4.28 51.33 ± 4.69

± 0.96 78.82 ± 4.16 48.23 ± 1.5
7.99% −6.04%

± 1.41 62.55 ± 2.29 49.27 ± 3.21
± 1.45 61.27 ± 2.34 49.19 ± 1.15

−2.05% −0.16%
± 2.73 71.62 ± 7.14 45.21 ± 3.82
± 1.59 75.83 ± 2.71 45.03 ± 2.99
% 5.58% −0.39%
± 1.41 74.95 ± 3.63 51.14 ± 5.29
± 1.47 72.85 ± 3.07 49.36 ± 3.56

−2.8% −3.49%
± 2.1 68.83 ± 4.62 52.53 ± 5.21
± 2 62.3 ± 4.57 51.92 ± 4.3

−9.48% −1.16%
± 2.08 77.28 ± 5.56 54.61 ± 4.88
± 0.82 67.11 ± 4.95 58.75 ± 1.53

−13.15% 7.59%

ording to independent Student’s t-test between control (C = 6) and treated (T = 6)
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Table 11
Effect of chronic i.p. injection of silicon ion (0.0013 mg/g) on the total content of calcium ion in the different brain areas of the adult male albino mice.

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C.cortex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

First
week

C 1436.7 ± 103.65 1003.28 ± 93.76 583.8 ± 49.20 1066.1 ± 112.46 1380.86 ± 158.49
T 1372 ± 88.4 984.13 ± 29.16 520 ± 16.59 999.9 ± 26 1329.7 ± 73.8
% −4.51% −1.91% −10.93% −6.21% −3.7%

Second
week

C 1473.37 ± 151.91 1054.15 ± 138.06 640.58 ± 18.38 1106.15 ± 95.92 1682.92 ± 99.03
T 1421.1 ± 77.44 903.84 ± 27.35 528.06 ± 15.05 1007 ± 77.55 1317.1 ± 61.97
% −3.55% −14.26% −17.57%* −8.97% −21.74%*

Third
week

C 1504.1 ± 159.71 994.5 ± 95.92 402.31 ± 43.47 1077.48 ± 129.36 1150.41 ± 69.79
T 1459.8 ± 82.59 942.89 ± 62.81 474.28 ± 15.2 1085.6 ± 60.97 1123.8 ± 41.13
% −2.94% −5.19% 17.89% 0.75% −2.37%

Fourth
week

C 1323.89 ± 101.44 978.03 ± 89.24 532.79 ± 65.96 1046.23 ± 68.7 1223.84 ± 87.3
T 1434.8 ± 24.72 1001.3 ± 42.06 521.05 ± 20.23 1093.4 ± 79.14 1182.3 ± 65.84
% 8.38% 2.38% −2.2% 4.51% −3.39%

Fifth
week

C 1322.07 ± 124.69 1094.96 ± 130.74 330.15 ± 42.42 986.45 ± 55.62 707.97 ± 36.1
T 1427.9 ± 73 1086.1 ± 47.66 378.18 ± 19.94 978.46 ± 57.16 1282.2 ± 85.72
% 8% −0.8% 14.55% −0.81% 81.11%*

Sixth
week

C 1477.32 ± 44.6 1045.91 ± 104.16 667.4 ± 60.66 940.55 ± 15.94 1889.22 ± 122.69
T 1471 ± 54.21 1054.1 ± 21.05 610.83 ± 23.57 1048.3 ± 59.47 1660.6 ± 37.83
% −0.43% 0.78% −8.48% 11.46% −12.1%

Seventh
week

C 1723.2 ± 189.57 963.25 ± 99.51 819.02 ± 79.27 1002.18 ± 89.29 1562.57 ± 66.25
T 1476.7 ± 31.32 942.62 ± 46.72 783.3 ± 25.71 1059.2 ± 87.06 1534.1 ± 64.79
% −14.3% −2.14% −4.36% 5.69% −1.82%

Eighth
week

C 1636.86 ± 175.06 933.67 ± 86.38 347.65 ± 17.44 1084.6 ± 52.37 1034.83 ± 98.03
T 1430.1 ± 40.06 1004.8 ± 39.87 437.78 ± 22.34 950.49 ± 42.71 1092.6 ± 69.47
% −12.63% 7.62% 25.93%* −12.37% 5.58%

C ts acc
a

a
t
a
t
b
o
i
m
i
w

T
E

C
a

ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of resul
nimals.

* Significant at (P < 0.05).

Table 20 represents the effect of i.p. injection of 0.0013 mg/g
luminum, 0.0013 mg/g silicon and 0.00065 mg/g iron ions, respec-
ively, for eight weeks that induced a significant increase in
luminum ion (Al) content in cerebellum and striatum from the
hird week of treatment till the end of the experiment, in cere-
ral cortex significant increment was observed at the second week

f treatment and persists till the eighth week of treatment, while
n hypothalamus and brain stem show significant increase in alu-

inum ion content all over the experiment periods. The maximum
ncrease was found in hypothalamus (+170.55%) after the eighth

eek of treatment.

able 12
ffect of chronic i.p. injection of silicon ion (0.0013 mg/g) on the total content of potassiu

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C. cor

First
week

C 4956.12 ± 496.48 1174.59 ± 188.93 3162
T 4973.3 ± 292.66 1135.4 ± 70.21 3183
% 0.35% −3.34% 0.67%

Second
week

C 5405.84 ± 348.22 1142.13 ± 31.99 3327
T 5413.5 ± 275.84 1014.8 ± 21.4 3330
% 0.14% −11.15%* 0.11%

Third
week

C 4964.87 ± 247.36 1100.23 ± 72.42 3023
T 4903.2 ± 258.01 1039 ± 27.83 3002
% −1.24% −5.57% −0.71

Fourth
week

C 5076.35 ± 307.18 1198.74 ± 91.71 3374
T 4864.5 ± 189.48 1079.6 ± 246.79 3233
% −4.17% −9.94% −4.19

Fifth
week

C 4860.11 ± 482.79 1265.94 ± 68.13 3154
T 4923 ± 248.18 1251.5 ± 79.45 3097
% 1.3% −1.14% −1.83

Sixth
week

C 4906.1 ± 484.59 1137.4 ± 60.03 3145
T 4601.3 ± 196.18 1061.3 ± 41.71 3084
% −6.21% −6.69% −1.93

Seventh
week

C 5145.12 ± 278.42 965.94 ± 36.37 3062
T 5194.1 ± 326.03 923.31 ± 50.19 3083
% 0.95% −4.41% 0.68%

Eighth
week

C 4819.67 ± 258.73 1013.11 ± 153.17 3095
T 4882.8 ± 170.17 1030.2 ± 47.61 3155
% 1.31% 1.69% 1.96%

ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of results acc
nimals.

* Significant at (P < 0.05).
ording to independent Student’s t-test between control (C = 6) and treated (T = 6)

4. Discussion

The route of entry of cement dust in the body is the respira-
tory tract and/or through the gastrointestinal tract by inhalation
or swallowing, respectively. Both routes of entry are exposed to
numerous potentially harmful substances in the cement mill envi-

ronment; in this study intrapretoneal injection was used to ensure
that the required dose will be delivered. Aluminum ion, as neuro-
toxine, effect in this study may be interpreted as aluminium and
was found to alter glutamate and �-aminobutrate levels as well as
activities of associated enzymes with regional specifity [22]. Cal-

m ion in the different brain areas of the adult male albino mice.

tex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

.15 ± 267.03 4062.53 ± 448.42 4099.29 ± 307.14

.5 ± 79.32 4167.8 ± 285.73 4107.8 ± 175.32
2.59% 0.21%

.12 ± 297.98 4234.88 ± 270.3 4063.45 ± 213.37

.9 ± 69.95 4119.5 ± 285.97 4085.9 ± 125.18
−2.73% 0.55%

.82 ± 54.9 4056.14 ± 247.89 3884.96 ± 416.59

.2 ± 79.51 4158.2 ± 261.81 4015.3 ± 175.35
% 2.52% 3.36%

.938 ± 71.53 4065.48 ± 315.56 4113.51 ± 165.86

.5 ± 165.23 4246.7 ± 246.79 4081.2 ± 221.83
% 4.46% −0.79%

.99 ± 78.23 4181.31 ± 131.76 4071.93 ± 161.63

.3 ± 125.76 4166.3 ± 175.03 4000.8 ± 168.19
% −0.36% −1.75%

.08 ± 150.72 4483.54 ± 299.66 3785.66 ± 149.81

.3 ± 155.92 4489.1 ± 271.64 3525.8 ± 86.35
% 0.13% −6.86%

.73 ± 187.45 4282.24 ± 209.58 4133.23 ± 322.54

.5 ± 96.57 4116.3 ± 367.84 4211.3 ± 118.03
−3.87% 1.89%

.08 ± 154.02 4209.9 ± 252.18 3847.06 ± 155.75

.8 ± 189.5 4383.9 ± 135.39 3505.8 ± 126.91
4.13% −8.87%

ording to independent Student’s t-test between control (C = 6) and treated (T = 6)
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Table 13
Effect of chronic i.p. injection of silicon ion (0.0013 mg/g) on the total content of sodium ion in the different brain areas of the adult male albino mice.

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C. cortex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

First
week

C 868.27 ± 68.66 1427.98 ± 129.16 490.51 ± 5.22 804.57 ± 70.23 711.48 ± 26.8
T 831.56 ± 44.01 1442.3 ± 61.92 455.49 ± 27.17 789.7 ± 17.24 721.38 ± 47.61
% −4.23% 1% −7.139% −1.85% 1.39%

Second
week

C 941.52 ± 47.57 1790.49 ± 136.41 580.46 ± 43 835.71 ± 71.9 688.89 ± 28.58
T 905.94 ± 23.31 1422.3 ± 46.86 500.8 ± 22.38 781.37 ± 20.82 619.2 ± 30.29
% −3.78% −20.56%* −13.72% −6.5% −10.12%

Third
week

C 904.41 ± 64.97 1636.83 ± 102.35 470.07 ± 27.35 810.02 ± 82.2 725.07 ± 34.33
T 896.69 ± 42.1 1723.3 ± 96.81 439.88 ± 12.97 828.06 ± 47.17 698.89 ± 13
% −0.85% 5.28% −6.42% 2.23% −3.61%

Fourth
week

C 963.86 ± 81.39 1980.99 ± 179.79 506.46 ± 25.42 792.88 ± 66.59 729.43 ± 70.88
T 1063.1 ± 24.12 1840 ± 69.24 494.54 ± 16.48 804.85 ± 43.34 758.92 ± 23.54
% 10.29% −7.12% −2.35% 1.51% 4.04%

Fifth
week

C 851.8 ± 54.12 1520.39 ± 112.89 471.86 ± 17.45 712.5 ± 50.64 709.81 ± 32.45
T 880.24 ± 23.07 1535.6 ± 47.69 490.25 ± 14.63 702.37 ± 42.25 704.21 ± 47.75
% 3.34% 1% 3.9% −1.42% −0.79%

Sixth
week

C 924.97 ± 78.61 1440.8 ± 136.95 451.11 ± 28.82 867.5 ± 59.37 699.27 ± 30.27
T 890.81 ± 28.19 1441 ± 58.16 432.33 ± 25.75 836.45 ± 34.41 727.37 ± 28.84
% −3.7% 0.02% −4.17% −3.58% 4.02%

Seventh
week

C 951.85 ± 69.09 1244.7 ± 116.07 468.1 ± 9.7 727.38 ± 64.48 662.28 ± 29.51
T 882.73 ± 23.58 1230.5 ± 75.9 457.2 ± 20.22 771.13 ± 40.68 703.11 ± 34.1
% −7.26% −1.14% −2.33% 6.02% 6.17%

Eighth
week

C 804.25 ± 60.75 1409.43 ± 132.82 458.18 ± 24.19 818.43 ± 70.86 647.17 ± 22.42
T 758.99 ± 25.78 1348.1 ± 57.42 472.06 ± 24.45 724.5 ± 49.56 650.78 ± 26.78
% −5.63% −4.35% 3.03% −11.48% 0.55%

C ts acc
a

c
c
n
o

i
d
i
i
o
t

T
E

C
a

ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of resul
nimals.

* Significant at (P < 0.05).

ium plays a central role in neurotransmitter release, alterations in
alcium metabolism and/or utilization could be a central mecha-
ism in Al neurotoxicity [8], and this may be the reason for elevation
f calcium during aluminum injection.

Wisniewski et al. [23] subsequently found that injection of A1
nto the cisterna magna of rabbits produced axonal swelling and

endritic thickening. Moreover, Wenk and Stemmer [24], measur-

ng A1 by flame atomic absorption spectroscopy, found an increase
n A1 in both brain (tenfold) and liver (33%) in rats consuming sub-
ptimal amounts of Zn and supplemental dietary Al. A1 could bind
o bovine brain calmodulin and alter its structure so that it could

able 14
ffect of chronic i.p. injection of silicon ion ion (0.0013 mg/g) on the total content of iron

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C. co

First
week

C 106.99 ± 9.89 88.99 ± 6.65 45.34
T 96.48 ± 5.32 77.36 ± 4.5 39.4
% −9.82% −13.07% −13.

Second
week

C 109.72 ± 10.27 93.73 ± 10.89 55.81
T 91.83 ± 4.37 52 ± 9.08 46.28
% −16.31% −44.52%* −17.

Third
week

C 118.66 ± 12.47 104.45 ± 5.1 55.29
T 92.52 ± 8.21 91.11 ± 2.56 50.16
% −22.03% −12.77% −9.2

Fourth
week

C 113.05 ± 7.02 84.67 ± 5.77 52.11
T 94.21 ± 7.38 86.83 ± 6.29 48.79
% −16.67% 2.55% −6.3

Fifth
week

C 91.16 ± 8.16 82.79 ± 8.61 42.54
T 96.47 ± 7.04 96.68 ± 7.05 45.8
% 5.83% 16.78% 7.67%

Sixth
week

C 100.42 ± 10.81 85.15 ± 7.88 51.37
T 92.46 ± 8.81 88.96 ± 6.39 48.67
% −7.93% 4.48% −5.2

Seventh
week

C 100.41 ± 6.49 93.53 ± 10.36 43.36
T 84.34 ± 7.11 82.88 ± 4.17 41.69
% −16% −11.38% −3.8

Eighth
week

C 118.04 ± 11.06 98.37 ± 10.11 40.78
T 100.3 ± 6.45 90.5 ± 5.69 43.82
% −15.03% −8% 2.41%

ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of results acc
nimals.

* Significant at (P < 0.05).
ording to independent Student’s t-test between control (C = 6) and treated (T = 6)

not bind Ca2+ and participate in the second messenger system. It
was found that Al may inhibit bovine caudate acetylcholinesterase
and that this effect may be modified by levels of tissue and cytoplas-
mic Ca2+ [23] and this supports the study findings for elevation of
aluminum concentrations in various brain areas and subsequently
calcium ions also during aluminum injection.
Rao [25] demonstrated that the direct effect of aluminum ion
depends on Al binding to different brain cells namely astrocytes,
neural cells and synaptosomes, but interacts more with the for-
mer causing inhibition of membrane-bound Na+, K+, Ca2+ ATPase
activity and these enzymatic disturbance would result in cellular

ion in the different brain areas of the adult male albino mice.

rtex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem(�g/g ± S.E.)

± 4.41 109.45 ± 8.02 114.45 ± 13.9
± 2.6 109.29 ± 8.03 135.11 ± 5.91
1% −0.15% 18.06%
± 5.45 91.97 ± 8.63 112.07 ± 10.94
± 4.01 104.39 ± 8.39 106.24 ± 7.37

08% 13.51% −5.2%
± 2.93 116.12 ± 11.73 120.68 ± 9.4
± 2.11 115.14 ± 11.29 102.99 ± 7.41

7% −0.85% −14.66%
± 4.49 94.45 ± 8.45 111.31 ± 8.91
± 1.39 113.88 ± 4.79 106.6 ± 5.3

6% 20.57% −4.23%
± 1.27 93.98 ± 5.16 109.75 ± 6.2

± 1.82 96.47 ± 7.64 109.32 ± 8.83
2.65% −0.4%

± 5.35 100.5 ± 11.24 114.93 ± 9.15
± 3.82 100.55 ± 10.02 120.77 ± 11.74

5% 0.05% 5.08%
± 4.23 90.99 ± 3.99 105.35 ± 7.72
± 3.14 106.24 ± 9.96 111.56 ± 7.54

6% 16.76% 5.9%
± 3.77 116.98 ± 8.44 103.9 ± 7.96
± 3.03 105.71 ± 8.19 103.47 ± 5.3

−10.66% −0.41%

ording to independent Student’s t-test between control (C = 6) and treated (T = 6)



1536 M. Abd El-Rahman et al. / Journal of Hazardous Materials 186 (2011) 1527–1540

Table 15
Effect of chronic i.p. injection of silicon ion (0.0013 mg/g) on the total content of aluminum ion in the different brain areas of the adult male albino mice.

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C. cortex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

First
week

C 91.78 ± 8.4 119.53 ± 7.9 28.77 ± 1.5 79.73 ± 6.25 52.63 ± 2.27
T 92.77 ± 6.32 91.6 ± 2.07 24.75 ± 0.73 78.78 ± 3 52.05 ± 1.54
% 1.07% −23.37%* −13.96%* −1.19% −1.11%

Second
week

C 83.66 ± 2.12 126.68 ± 6.75 24.12 ± 1.12 62.78 ± 4.36 53.91 ± 3.49
T 60.73 ± 2.47 93.47 ± 7.54 20.01 ± 0.69 56.39 ± 5.11 48.38 ± 3.25
% −27.41%* −26.22%* −17.03%* −10.18% −10.25%

Third
week

C 73.78 ± 6.32 117 ± 10.95 23.1 ± 2.04 71.14 ± 4.28 51.33 ± 4.69
T 74.54 ± 3.14 85.373 ± 5.3138 20.98 ± 1.73 66.02 ± 4.42 42.63 ± 3.71
% 1.03% −27.106%* −9.18% −7.2% −16.96%

Fourth
week

C 80.1 ± 6.74 113.11 ± 11.92 24.29 ± 1.41 62.55 ± 2.29 49.27 ± 3.21
T 78.66 ± 4.42 106.21 ± 3.45 24.31 ± 1.59 78.11 ± 6.65 50.53 ± 4.97
% −1.79% −6.1% 0.042% 24.87% 2.55%

Fifth
week

C 80.18 ± 5.16 113.09 ± 7.74 24.79 ± 2.73 71.62 ± 7.14 45.21 ± 3.82
T 77.5 ± 2.56 90.98 ± 4.41 25.56 ± 2.28 71.35 ± 6.96 52.54 ± 5.17
% −3.35% −19.55%* 3.08% −0.38% 16.21%

Sixth
week

C 85.16 ± 4.55 114.41 ± 8.09 26.82 ± 1.41 74.95 ± 3.63 51.14 ± 5.29
T 82.19 ± 6.43 121.26 ± 10.5 26.24 ± 2.54 79.22 ± 6.3 52.53 ± 3.96
% −3.52% 5.99% −2.18% 5.71% 2.72%

Seventh
week

C 82.43 ± 7.78 112 ± 2.85 26.92 ± 2.1 68.83 ± 4.62 52.53 ± 5.21
T 79.97 ± 2.7 120.65 ± 5.94 26.05 ± 1.66 87.29 ± 2.69 55.65 ± 5.53
% −2.98% 7.72% −3.21% 26.83% 5.95%

Eighth
week

C 86.14 ± 5.36 118.76 ± 10.62 24.93 ± 2.08 77.28 ± 5.56 54.61 ± 4.88
T 74.7 ± 6.43 114.31 ± 17.55 25.55 ± 1.91 76.79 ± 4.25 54.59 ± 4.42
% −13.28% −3.75% 2.49% −13.28% −0.04%

C ts acc
a

a
c
c
[
c

o
m
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r
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E
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a

ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of resul
nimals.

* Significant at (P < 0.05).

lterations and may be death. Also aluminum interference with
alcium binding to calmodulin which may cause an elevated con-
entration of calcium in the brains of aluminum-treated animals
26], also supports the study findings in elevation of sodium and
alcium concentration in brain areas versus aluminum injection.

From the present study, it is clear that chronic administration

f 0.0013 mg/g aluminum ion caused a significant increase in alu-
inum, calcium and sodium ions in all the tested brain areas of

he adult male albino mice in most experimental periods. These
esults are in agreement with the previous reports by Rao [25]

able 16
ffect of chronic i.p. injection of aluminum ion (0.0013 mg/g), silicon ion (0.0013 mg/g) an
reas of the adult male albino mice.

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C.cor

First
week

C 1436.7 ± 103.65 1003.28 ± 93.76 583.8
T 1954.4 ± 226.33 1082 ± 57.21 600 ±
% 36.03% +7.84% +2.78

Second
week

C 1473.37 ± 151.91 1054.15 ± 138.06 640.5
T 2212.3 ± 51.88 1171.7 ± 63.03 813.7
% +50.15%* +11.15% 27.03

Third
week

C 1504.1 ± 159.71 994.5 ± 95.92 402.3
T 2678.3 ± 132.08 1365.8 ± 95.21 868.0
% +78.07%* +37.34%* 115.7

Fourth
week

C 1323.89 ± 101.44 978.03 ± 89.24 532.7
T 2809.4 ± 172.28 1446.8 ± 59.25 901.8
% +112.21%* +47.93%* 69.27

Fifth
week

C 1322.07 ± 124.69 1094.96 ± 130.74 330.1
T 3115.9 ± 183.35 1539.3 ± 68.94 941.4
% +135.69%* +40.58%* 185.1

Sixth
week

C 1477.32 ± 44.6 1045.91 ± 104.16 667.4
T 3293.1 ± 242.85 1620 ± 66.82 1147
% +122.91%* +54.89%* +71.9

Seventh
week

C 1723.2 ± 189.57 963.25 ± 99.51 819.0
T 2956.6 ± 304.05 1839.9 ± 5.71 1202
% 71.58%* 90.99%* +46.7

Eighth
week

C 1636.86 ± 175.06 933.67 ± 86.38 347.6
T 3297.9 ± 188.2 2130.4 ± 65.2 1194
% +101.48%* +128.18%* 243.4

ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of results acc
nimals.

* Significant at (P < 0.05).
ording to independent Student’s t-test between control (C = 6) and treated (T = 6)

and Abd El Rahman [6], on the other hand chronic administra-
tion of 0.0013 mg/g aluminum ion caused a significant decrease
in iron ion in all the tested brain areas of the adult male albino
mice in most experimental periods. These results are in agreement
with the previous reports by Roskams and Connor that transferrin
(Tf) may have been defined as an iron transporter protein mainly

because of the relatively high abundance of iron in the circula-
tion in relation to these other ions. If this balance were to change
because of some environmental, nutritional, or disease factor, Tf
could transport these other metal ions and deposit them intracel-

d iron ion (0.00065 mg/g) on the total content of calcium ion in the different brain

tex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

± 49.20 1066.1 ± 112.46 1380.86 ± 158.49
34.33 1444.8 ± 87.15 1408.6 ± 125.03

% 35.53%* 2.01%
8 ± 18.38 1106.15 ± 95.92 1682.92 ± 99.03
± 68.84 1467.4 ± 109.04 2046.1 ± 305.62
% 32.66%* 21.58%
1 ± 43.47 1077.48 ± 129.36 1150.41 ± 69.79
7 ± 59.8 1548.5 ± 121.76 2186.7 ± 175.18
7%* 43.72%* 90.08%*

9 ± 65.96 1046.23 ± 68.7 1223.84 ± 87.3
4 ± 59.2 1551.9 ± 65.94 2335.5 ± 128.96
%* 48.33%* 90.84%*

5 ± 42.42 986.45 ± 55.62 707.97 ± 36.1
1 ± 51 1634.7 ± 136.03 2378.9 ± 94.13
5%* 65.72%* 236.02%*

± 60.66 940.55 ± 15.94 1889.22 ± 122.69
.6 ± 40.98 1755.7 ± 191.54 2477 ± 221.17
5%* 86.67%* 31.12%*

2 ± 79.27 1002.18 ± 89.29 1562.57 ± 66.25
± 56.04 2016.6 ± 170 2623.6 ± 228.56
6%* +101.23%* 67.9%*

5 ± 17.44 1084.6 ± 52.37 1034.83 ± 98.03
.1 ± 62.71 1951.8 ± 259 2733.5 ± 147.22
7%* 79.96%* 164.15%*

ording to independent Student’s t-test between control (C = 6) and treated (T = 6)
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Table 17
Effect of chronic i.p. injection of aluminum ion (0.0013 mg/g), silicon ion (0.0013 mg/g), and iron ion (0.00065 mg/g) on the total content of potassium ion in the different
brain areas of the adult male albino mice.

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C. cortex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

First
week

C 4956.12 ± 496.48 1174.59 ± 188.93 3162.15 ± 267.03 4062.53 ± 448.42 4099.29 ± 307.14
T 4147.1 ± 294.58 680.53 ± 43.54 3008.6 ± 146.96 5101.4 ± 420.38 3864.9 ± 254.73
% −16.32% −42.06%* −4.86% 25.57% −5.72%

Second
week

C 5405.84 ± 348.22 1142.13 ± 31.99 3327.12 ± 297.98 4234.88 ± 270.3 4063.45 ± 213.37
T 4311 ± 181.98 670.82 ± 76.87 3224.7 ± 99.6 4588.7 ± 252.23 4318.2 ± 330.74
% −20.25%* −41.27%* −3.08% 8.36% 6.27%

Third
week

C 4964.87 ± 247.36 1100.23 ± 72.42 3023.82 ± 54.9 4056.14 ± 247.89 3884.96 ± 416.59
T 4468.7 ± 466 960.77 ± 134.82 3080.2 ± 238.4 4002.4 ± 548.24 4259.6 ± 319.72
% −9.99% −12.68%* 1.87% −1.32% 9.64%

Fourth
week

C 5076.35 ± 307.18 1198.74 ± 91.71 3374.938 ± 71.53 4065.48 ± 315.56 4113.51 ± 165.86
T 4469.5 ± 386.01 927.54 ± 24.05 3554.1 ± 249.95 4062.7 ± 342.32 4539.2 ± 126.17
% −11.95% −22.62%* 5.31% −0.07% 10.35%

Fifth
week

C 4860.11 ± 482.79 1265.94 ± 68.13 3154.99 ± 78.23 4181.31 ± 131.76 4071.93 ± 161.63
T 4155.8 ± 255.52 841.5 ± 56.29 2791.6 ± 234.09 3862.3 ± 122.7 3945.9 ± 254.42
% −14.49% −33.53%* −11.52% −7.63% −3.1%

Sixth
week

C 4906.1 ± 484.59 1137.4 ± 60.03 3145.08 ± 150.72 4483.54 ± 299.66 3785.66 ± 149.81
T 4054.7 ± 295.35 857.82 ± 67.92 2855.3 ± 165.16 4671.9 ± 372.69 4115.4 ± 172.96
% −17.35% −24.58%* −9.21% 4.2% 8.71%

Seventh
week

C 5145.12 ± 278.42 965.94 ± 36.37 3062.73 ± 187.45 4282.24 ± 209.58 4133.23 ± 322.54
T 5760.3 ± 493.49 681.85 ± 25.67 3268.4 ± 250.93 4105.8 ± 418.11 4410.5 ± 460.09
% 11.96% −29.41%* 6.72% −4.12% 6.71%

Eighth
week

C 4819.67 ± 258.73 1013.11 ± 153.17 3095.08 ± 154.02 4209.9 ± 252.18 3847.06 ± 155.75
T 3960.7 ± 123.89 807.64 ± 46.11 2695.3 ± 81.44 5086.9 ± 635.21 3448.9 ± 204.07
% −17.82%* −20.28% −12.92% 20.83% −10.35%
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ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of resul
nimals.

* Significant at (P < 0.05).

ularly instead of or in addition to iron. Because CNS neurons (in
hich Al3+ accumulation is most marked) are terminally differen-

iated, the Al3+ transported into these cells will accumulate unless
pecific systems are available to remove them [27]. This demon-
trated the illustrated results where iron concentration decreased

ersus aluminum injection due to the affinity of transferrin to Al3+.

From the present results, it is clear that chronic administration
f 0.00065 mg/g iron ion caused a significant increase in iron ion,
alcium, and sodium ions in all the tested brain areas of the adult

able 18
ffect of chronic i.p. injection of aluminum ion (0.0013 mg/g), silicon ion (0.0013 mg/g), a
reas of the adult male albino mice.

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C. cor

First
week

C 868.27 ± 68.66 1427.98 ± 129.16 490.5
T 1022.2 ± 43.75 1636.1 ± 127.1 485.8
% +17.73% 14.58% −0.95

Second
week

C 941.52 ± 47.57 1790.49 ± 136.41 580.4
T 1115.7 ± 38.49 2039.7 ± 59.25 645.8
% +18.5% +13.92% +11.2

Third
week

C 904.41 ± 64.97 1636.83 ± 102.35 470.0
T 1077.3 ± 96.53 2238.7 ± 51.86 723.9
% +19.12% +36.77%* +54.0

Fourth
week

C 963.86 ± 81.39 1980.99 ± 179.79 506.4
T 1309.3 ± 77.17 2448.7 ± 55.45 800.0
% +35.84%* +23.61%* +57.9

Fifth
week

C 851.8 ± 54.12 1520.39 ± 112.89 471.8
T 1575.5 ± 55.02 2668.9 ± 93.82 929.8
% +84.96%* +75.54%* +97.0

Sixth
week

C 924.97 ± 78.61 1440.8 ± 136.95 451.1
T 1772.6 ± 61.79 2737.3 ± 133.68 1049
% +91.64%* +89.99%* +132

Seventh
week

C 951.85 ± 69.09 1244.7 ± 116.07 468.1
T 1588 ± 89.09 3171.1 ± 145.52 915.8
% 66.83%* +154.77%* 95.65

Eighth
week

C 804.25 ± 60.75 1409.43 ± 132.82 458.1
T 1845.3 ± 23.88 3269.8 ± 118.89 1102
% +129.44%* +131.99%* +140

ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of results acc
nimals.

* Significant at (P < 0.05).
ording to independent Student’s t-test between control (C = 6) and treated (T = 6)

male albino mice in most experimental periods. These results are
in agreement with the previous reports by Palmer et al. [28]. On the
other hand, there was a non-significant change in potassium and
aluminum ions.

Evidence so far suggests sub-sensitivity of striatal dopamine

neurotransmission. By contrast the selective increase in free iron
ion in the sub-stantia nigra pars compacta of parkinsonian brains
is thought to initiate oxidative stress, from iron-ion-induced liber-
ation of cytotoxic oxygen free radicals. Such radicals are known to

nd iron ion (0.00065 mg/g) on the total content of sodium ion in the different brain

tex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

1 ± 5.22 804.57 ± 70.23 711.48 ± 26.8
3 ± 17.35 1066.3 ± 119.93 739.27 ± 61.92
% 32.53% 3.91%
6 ± 43 835.71 ± 71.9 688.89 ± 28.58
± 34.58 1118.5 ± 43.78 842.29 ± 46.26
6% 33.84%* 22.27%*

7 ± 27.35 810.02 ± 82.2 725.07 ± 34.33
9 ± 44.88 1139.1 ± 78.35 808.17 ± 61.21
2%* 40.63%* 25.25%*

6 ± 25.42 792.88 ± 66.59 729.43 ± 70.88
9 ± 44.1 1177.3 ± 68.76 970.6276.88
8%* 48.48%* 33.06%*

6 ± 17.45 712.5 ± 50.64 709.81 ± 32.45
8 ± 40.22 1225.8 ± 76.35 950.94 ± 85.47
7%* 72.05%* 33.97%*

1 ± 28.82 867.5 ± 59.37 699.27 ± 30.27
.1 ± 42.86 1227.3 ± 113.55 970.13 ± 55.22
.55%* 41.47%* 38.73%*

± 9.7 727.38 ± 64.48 662.28 ± 29.51
5 ± 71.42 1251.3 ± 97.84 1018.5 ± 86.94
%* 72.04%* 53.79%*

8 ± 24.19 818.43 ± 70.86 647.17 ± 22.42
.4 ± 17.68 1448.6 ± 65.06 1022.3 ± 39.14
.6%* 76.99%* 57.96%*

ording to independent Student’s t-test between control (C = 6) and treated (T = 6)
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Table 19
Effect of chronic i.p. injection of aluminum ion (0.0013 mg/g), silicon ion (0.0013 mg/g), and iron ion (0.00065 mg/g) on the total content of iron ion in the different brain
areas of the adult male albino mice.

Weeks Cerebellum (�g/g ± S.E.) Striatum (�g/g ± S.E.) C. cortex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

First
week

C 106.99 ± 9.89 88.99 ± 6.65 45.34 ± 4.41 109.45 ± 8.02 114.45 ± 13.9
T 249.29 ± 31.04 237.8 ± 23.07 181.54 ± 13.35 343.48 ± 21.51 318.26 ± 23.95
% 133.02%* 167.23%* 300.43%* 213.82%* 178.08%*

Second
week

C 109.72 ± 10.27 93.73 ± 10.89 55.81 ± 5.45 91.97 ± 8.63 112.07 ± 10.94
T 272.46 ± 12.05 228.04 ± 20.43 181.01 ± 10.68 225.57 ± 11.65 365.55 ± 19.45
% 148.31%* 143.3%* 224.33%* 145.28%* 226.19%*

Third
week

C 118.66 ± 12.47 104.45 ± 5.1 55.29 ± 2.93 116.12 ± 11.73 120.68 ± 9.4
T 280.97 ± 24.05 251.2 ± 27.76 168.02 ± 15.77 213.88 ± 11.81 294.91 ± 21.44
% 136.79%* 140.51%* 408.2%* 84.19%* 144.37%*

Fourth
week

C 113.05 ± 7.02 84.67 ± 5.77 52.11 ± 4.49 94.45 ± 8.45 111.31 ± 8.91
T 148.19 ± 6.8 195.61 ± 16.29 61.7 ± 3.5 152.48 ± 12.07 246.49 ± 5.8
% 31.08%* 131.04%* 18.42% 61.44%* 121.46%*

Fifth
week

C 91.16 ± 8.16 82.79 ± 8.61 42.54 ± 1.27 93.98 ± 5.16 109.75 ± 6.2
T 123.68 ± 11.01 124.41 ± 9.49 28.06 ± 0.63 58.22 ± 3.76 116.24 ± 8.09
% 35.67%* 50.26%* −34.04%* −38.05%* 5.91%

Sixth
week

C 100.42 ± 10.81 85.15 ± 7.88 51.37 ± 5.35 100.5 ± 11.24 114.93 ± 9.15
T 58.72 ± 4.99 56.86 ± 4.36 28.92 ± 1.87 65.14 ± 5.4 78.38 ± 5.11
% −41.53%* −33.22%* −43.71%* −35.18%* −31.81%*

Seventh
week

C 100.41 ± 6.49 93.53 ± 10.36 43.36 ± 4.23 90.99 ± 3.99 105.35 ± 7.72
T 66.52 ± 3.76 29.49 ± 2.9 27.58 ± 0.95 54.51 ± 4.95 63.53 ± 5.11
% −33.76%* −68.46%* −36.4%* −40.09%* −39.7%*

Eighth
week

C 118.04 ± 11.06 98.37 ± 10.11 40.78 ± 3.77 116.98 ± 8.44 103.9 ± 7.96
T 47.75 ± 3.66 29.8 ± 3.16 25.49 ± 0.74 48.73 ± 3.79 39.5 ± 2.53
% −59.55%* −69.71%* −40.43%* −58.34%* −61.98%*

C ts acc
a

p
o
[
i
d
r
e
p

T
E
b

C
a

ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of resul
nimals.

* Significant at (P < 0.05).

romote membrane fluidity, alteration in cellular calcium home-
stasis, lipid peroxidation and finally cell death in systemic organs
29] and this may clarify the reasons for elevation of calcium
ons content during injection of iron. Also evidence indicates that

eregulation of brain iron ion metabolism and transport plays a
ole in mediating neuronal damage [5] as unbound iron ion gains
xcess to the extracellular space, its uptake by neuronal cells is
aradoxically enhanced by increased level of intracellular iron

able 20
ffect of chronic i.p. injection of aluminum ion (0.0013 mg/g), silicon ion (0.0013 mg/g),
rain areas of the adult male albino mice.

Weeks Cerebellum (�g/g ±± S.E.) Striatum (�g/g ± S.E.) C. co

First
week

C 91.78 ± 8.4 119.53 ± 7.9 28.77
T 95.5 ± 7.65 109.87 ± 7.83 34.9
% 4.05% −8.08% 21.33

Second
week

C 83.66 ± 2.12 126.68 ± 6.75 24.12
T 103.29 ± 10.38 117.01 ± 10.3 38.98
% 23.46% −7.64% 61.63

Third
week

C 73.78 ± 6.32 117 ± 10.95 23.1
T 112.07 ± 4.55 162.51 ± 16.83 42.11
% 51.89%* 38.75%* 82.26

Fourth
week

C 80.1 ± 6.74 113.11 ± 11.92 24.29
T 121.74 ± 11.5 160.69 ± 7.06 52.13
% 51.99%* 42.06%* 114.5

Fifth
week

C 80.18 ± 5.16 113.09 ± 7.74 24.79
T 124.83 ± 10.57 155.8 ± 12.19 53.08
% 55.7%* 37.77%* 114.1

Sixth
week

C 85.16 ± 4.55 114.41 ± 8.09 26.82
T 136.51 ± 13.85 149.17 ± 6.95 54.57
% 60.29%* 30.38%* 103.4

Seventh
week

C 82.43 ± 7.78 112 ± 2.85 26.92
T 159.31 ± 9.94 155.64 ± 8.03 59.15
% 93.76%* 38.96%* 119.7

Eighth
week

C 86.14 ± 5.36 118.76 ± 10.62 24.93
T 162.15 ± 10.3 171.06 ± 16.75 53.95
% 88.23%* 44.04%* 116.4

ontrol animals were injected with saline (0.9% NaCl). Statistical analysis of results acc
nimals.

* Significant at (P < 0.05).
ording to independent Student’s t-test between control (C = 6) and treated (T = 6)

and calcium ions [28]. And this is another support for this study
findings during iron injection explaining the elevation of calcium
ions.

In this study, chronic administration of 0.0013 mg/g silicon ion

caused a non-significant change in calcium, potassium, sodium,
aluminum and iron ions in all the tested brain areas of the adult
male albino mice in most experimental periods, this may indicates
that silicon ions could not be hazardous solely.

and iron ion (0.00065 mg/g) on the total content of aluminum ion in the different

rtex (�g/g ± S.E.) Hypothalamus (�g/g ± S.E.) Brain stem (�g/g ± S.E.)

± 1.5 79.73 ± 6.25 52.63 ± 2.27
± 2.34 121.03 ± 7.7 62.02 ± 2.88
% 51.79%* 17.83%*

± 1.12 62.78 ± 4.36 53.91 ± 3.49
± 2.02 131.86 ± 13.43 70.55 ± 4.9
%* 110.04%* 30.87%*

± 2.04 71.14 ± 4.28 51.33 ± 4.69
± 3.16 138.66 ± 8.43 80.22 ± 4.89
%* 94.92%* 56.28%*

± 1.41 62.55 ± 2.29 49.27 ± 3.21
± 4.21 146.45 ± 9.37 88.78 ± 3.97
7%* 134.15%* 80.17%*

± 2.73 71.62 ± 7.14 45.21 ± 3.82
± 2.11 154.64 ± 7.47 90.29 ± 6.29
2%* 115.9%* 99.7%*

± 1.41 74.95 ± 3.63 51.14 ± 5.29
± 2.06 166.26 ± 14.91 92.39 ± 5.59
4%* 121.84%* 80.65%*

± 2.1 68.83 ± 4.62 52.53 ± 5.21
± 3.66 159.71 ± 11.99 98.87 ± 8.87
6%* 132.05%* 88.22%*

± 2.08 77.28 ± 5.56 54.61 ± 4.88
± 1.01 209.07 ± 20.45 97.65 ± 4.92
5%* 170.55%* 78.82%*

ording to independent Student’s t-test between control (C = 6) and treated (T = 6)
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On the other hand the present results indicated that chronic
dministration of 0.0013 mg/g aluminum ion, 0.0013 mg/g silicon
on and 0.00065 mg/g iron ion, respectively caused a higher eleva-
ion in calcium, sodium, aluminum ion and iron ion concentrations
han the elevation in other groups. These results are in agreement
ith the previous reports by Parrott et al. [30]. While there was
non-significant change in potassium ion in all the tested brain

reas of the adult male albino mice in most experimental peri-
ds.

Verstraeten et al. [31] cited that Al enhances Fe2+-mediated
ipid oxidation, the observed effects could be a resultant of Al
nteraction with the bilayer, but also to Fe-induced membrane oxi-
ation with the subsequent loss of poly-unsaturated fatty acids
hich would make membranes more fluid. Biological membranes

re complex, containing a variety of molecules that could be pos-
ible targets of, and/or modulators of Al effects. Thus, iron ion
nitiated lipid peroxidation (LP), whereas aluminum ion did not
32], where aluminum an iron effect on brain is concentration-
ependent [27], also aluminum facilitation of iron-mediated lipid
eroxidation is dependent on aluminum and iron concentration
32] thus when aluminum and iron are available in appropriate
oncentrations – as in case of injection of aluminum and iron –
t may give the chance for severe damage in the brain areas as it
s noticed elevation in aluminum, iron calcium and sodium ions
uring injection.

Feeding rats with low-silicon diets with supplemental A1
ncreased brain Al [33,34]. Senile plaques are a neuropatholog-
cal feature of the ageing brain, they occur in large numbers
n Alzheimer’s disease. Energy-dispersive X-ray microprobe anal-
sis of isolated cores and plaques in situ from patients with
lzheimer’s disease has shown co-localization of high concen-

rations of aluminum ion (4–19%) and silicon ion (6–24%) at
he centre of the core. The presence of aluminum ion as alu-

inum silicates has been confirmed using solid-state 27 Al
uclear magnetic resonance. This findings provides a link with
he other major neuropathological picture of Alzheimer dis-
ase, the neurofibrilary tangle-bearing neurons, which were high
ntracellular levels of Al and silicon ion (Si) have also been
eported. The focal deposition of this element may be an early
nd essential factor in the pathogenesis of Alzheimer type
hanges, reflecting an increased exposure to aluminum ion [35].
hese evidences come in agreement and support of the findings
resent for the group of mice injected by aluminum, silicon and

ron.
Hydrocephalus was induced in three-week old rats by kaolin

hydrated aluminum silicate) injection into the cisterna magna.
arietal cerebrum and striatum content of monoamine neurotrans-
itters and amino acids were assayed by high performance liquid

hromatography (HPLC), one, two, or four weeks after induction
f hydrocephalus. Increased levels of cerebral aspartate and gluta-
ate suggest that there is the potential for excitatory neurotoxicity.

erebral concentrations of norepinephrine and serotonin, and its
etabolites 5-hydroxyindolacetic acid (5-HIAA) were increased

t. Dopamine and its metabolite 3.4-Dihydroxyphenylacetic acid
DOPAC) were transiently diminished in the striatum. It was
oncluded that the effect of hydrocephalus on amino acids and
onoamines varies regionally. Due to increased water content,

here may be dilution effects in whole tissue; therefore, it is impor-
ant to make determinations on the basis of protein content. The
ubsequent rise for Ca2+ ion concentration stimulates the release of
eurotransmitter into the synaptic cleft, which diffuses across this

arrow gap and binds to receptors located on the postsynaptic neu-
onal membrane [30]; this may give interpretation for the present
esults of elevation of calcium in various brain areas through the
eriod of injection as a result of administration of aluminum and
ilicon ions.

[

[
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5. Conclusion

From the present results and previous studies, it could be
concluded that the neurotoxicity which was caused by different
cement components may be, in part, due to the elevation in glu-
tamate which leads to increase in the intracellular of calcium
concentration and the inhibition of membrane-bound Na+, K+, Ca2+

ATPase activity which lead to cellular alterations and may be death.
So long-term exposure to cement components as environmental
pollutants may lead to neurodegenerative diseases.

6. Recommendations

1. Enrolment of neurodegenerative disease in the list of occupa-
tional diseases.

2. Forcing cement factories to take the control measures that
ensure minimizing the environmental exposure to cement dust.

3. Cement factories have to make annual statistics about the work-
ers’ health during service and after retiring.

4. Minimizing the threshold limit value allowed to a safer limit
taking in consideration the accumulative and long run effect.
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