Genotoxicity of aluminum chloride (AlCl3) on the albino rat Rattus norvegicus
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Abstract:

S

ixty males of the Albino rat Rattus norvegicus were used in this present study, and divided to four groups . Each group was
contained fifteen males. Three groups were injected intraperitoneal for 30 days with different of concentrations Aluminum
Chloride AlCl3 and the fourth group was used as control. Animals were killed, and an autopsy was extracted micronuclei from
its bone marrow in accordance with method of (Schmid,1975) [12] . And collected mitotic index through number of metaphase
per 1000 lymphocyte was extracted from its bone marrow accordance with method of (Brusick,1980) [13].
The results showed significant increased , of micronucleus (MN) in treated rats with increasing concentrations of AlCl3 , in
comparison with the control group at (p<0.05) .As well was in the mitotic index (MI) in lymphocyte of bone marrow in comparison with the control group at the level of significance (p<0.05).
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Introduction:
Aluminium chloride(AlCl3) was known as a neurotoxin that
can be cause certain diseases such as Alzheimer disease, dialysis dementia, Parkinsonism, and amyotropic lateral sclerosis In addition [1] to its neurotoxicity, Aluminum affects
other body structures like the skeletal system[2], brain tissue,
bone , blood cells, liver and kidney[2,3]. AlCl3 accumulation in kidney promotes degeneration in renal tubular cells,
inducing nephrotoxicity [4,5]. Salts of aluminum may bind
to DNA, RNA; inhibit such enzymes as hexokinase, acid and
alkaline phosphatases, phosphodi-esterase and phosphooxydase [6]. The sources of Aluminum are specially corn, yellow
cheese, salt, herbs, spices, tea, cosmetics, aluminum ware and
containers. Also, Aluminum is widely used in food additives
and toothpaste [1]. Aluminum compounds are widely used in
medicine e.g., antacids drugs, which are frequently used by
pregnant women [7,8].Therefore, several reports indicate the
toxic effects of different concentrations of AlCl3 on an embryo/fetus [9]. Phosphate binders, buffered aspirins, vaccines
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and allergen injections [10]. In addition, aluminum was added
to drinking water for purification purposes [6].
Environmental pollution with the different aluminum containing compounds, specially those in industrial waste water,
exposed people to higher than normal levels of Aluminum [4].
Particulate matters distributed by cement -producing factories
contain high amount of Aluminum, and populations residing
in the vicinity are exposed to the pollution [11].Because of
the health problems that induced were by many environmental
pollutants. The goal of this study, to identify the effects of aluminum chloride on the proliferation of cells.

Materials and Methods:
Laboratory animals
Males Albino rats (body weight of (150-200 g) were obtained from the Animal House of the Samara drugs industry
company(SDIC). The rats were housed in plastic cages at an
environmentally controlled room (constant temperature 2527ºC, with 12h light /dark cycle)and fed with suitable quantity
of water and complete diet commercially available with the
following materials: Crushed barely 24.5% , Crushed wheat
30 % , Crushed yellow corn 22.5% , Soya bean 15.2% , NaCl
0.45% ,plant oil 0.20% ,Animal protein 7.15% . Rats were ran-
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domized and divided into four groups , as follows:
1-Control group: injected with 0.5ml of material control
(normal saline).
2-First treatment group: injected with 0.5 ml of Aluminum
Chloride concentration (mg/kg10) of the body weight.
3-Second treatment group: injected with 0.5 ml of Aluminum
Chloride concentration (mg/kg15) of the body weight.
4-Third treatment group: injected with 0.5 ml of Aluminum
Chloride concentration (mg/kg25) of body weight.
Each group was contained fifteen males injected with the
items mentioned above for the Intraperitoneal for thirty days
and by forty-eight hour, The animals killed per day thirty-one
of injection, and an autopsy was extracted micronuclei from
its bone marrow in accordance with method of (Schmid,1975)
[12], and the mitotic index was measured through number of
metaphase per 1000 lymphocyte method of Brusick (1980)
[13].
Cytogenetic Analysis
A- Micronucleus test : The experiment was done according
to(Schmid,1975) [12] as follows:
The animals were sacrificed by cervical dislocation. The
thigh bone stearlized by using 70% ethanol and cleaned form
tissues and muscles , then gapped formed the middle with a
forceps in a vertical position over the edge of test tubes by a
sterile syringe, (2ml) of human plasma was injected so as to
wash and drop the bone marrow in the test tube.The test tube
were centrifuged at a speed of 1000 rpm 10min, the supernatant was removed and one drop from the pellets taken to make
a smear on a clean slide . The slides were kept at room temperature to dry. The slide then fixed with absolute methanol for
5min, then stained with D.W, and left to dry. Three slides for
each animal were prepared for micronucleus test.
B-Mitotic Index Test: The experiment was done according to
Brusick(1980) [13] As follows:
The animal was injected with (0.25 ml) of colchicine with
concentration of (0.5 mg/ml) Intraperitoneal (I.P) 2 hours before scarifying the animal, sacrificed by cervical dislocation .
Swabbed with 70% ethanol. Bone was taken and cleaned form
the other tissues and muscles , then gapped from the middle

with a forceps in a vertical position over the edge of a test tube
by a sterile syring , (5ml) of PBS was injected so as to wash
and drop the bone marrow in the test tube . Centrifuged at
speed of 1000 rpm for 10 min. The supernatant was removed
and (5ml) of potassium chloride (KCL) was added as a hypotonic solution at (0.075M) and then the tubes were put in water
bath at 37 °C with shaking form time to time , and centrifuged
at 1000 rpm for 10min . The supernatant was removed and the
fixed solution was added (as drops) on the inside wall of the
test tube with continuous shaking, the volume was fixed to
(5ml) and the content was shake well. The tubes were kept at
4°C for 10min, to fix the cell. Then centrifuged at 1000 rpm
for 10 min, the process was repeated for 3 time and the cells
were suspended in 2 ml of the fixative solution. By a pasture
pipette, few drops from each tube were dropped vertically on
the chilled slide from a high of 3 feet a rate of (4-7) drops to
give the chance for the chromosome to spread well. The slides
were dried at room temperature , then stained with Gimsa stain
and left for 15min then washed with distilled water .Three
slides for each animal were prepared for mitotic index assay.
The slide were examined under light microscope with 40x, and
1000 of the divided and non-divided cells were counted and
the percentage rate was calculated [14] for only the divided
(metaphases) ones according the below equation:
MI = No. of mitotic cells / 1000 X 100
Statistical Analysis: The results were expressed as the mean
values ± the standard error, and statistical differences between
groups were assessed by F- test. Values of P<0.05 were considered significantly different.

Results:

T

he results of our present study showed, the frequency of
micronucleus (MN) was significantly increased with increasing the concentrations of AlCl3 (Table 1) in comparison
with the control group ( Fig.1 and 2)at level (p<0.05) . In addition Mitotic index of lymphocyte in treated bone marrow with
all concentrations of AlCl3 in comparison with the control
group (Table 2), at the level (p<0.05).

(Table:1) The percentage of Micronucleus (MN) in Albino rat treated with AlCl3 (Mean ± SE ) (N=15)

Group

Percentage of Micronucleus(MN)

Control

52.6 ± 3.26

Treated with 10 mg/kg

106± 3.03**

Treated with 15 mg/kg

106 ± 3.84**

Treated with 25 mg/kg

109± 3.57**

** Difference between experimental groups and the relevant control group was significant, P<0.05.
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Fig.1.percentage Micronucleus (MN) in studied groups.1: conterl ; 2: treated with 10 mg/kg of AlCl3 ;
3: treated with 15 mg/kg of AlCl3 ; 4: treated with 25 mg/kg of AlCl3

Fig.2. Micronucleus (MN) in studied groups under microscop with magnification 40x.1. Polychromatic
erythrocyte normal of bone marrow in rats injected normal saline.2,3,4. Polychromatic erythrocyte
abnormal contain micronucleus of bone marrow in rats injected AlCl3
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(Table:1) The percentage of Mitotic index (MI) in Albino rat treated with AlCl3 (Mean ± SE ) (N=15)

Group
Control
Treated with 10 mg/kg
Treated with 15 mg/kg

Mitotic index(MI)%
452 ± 4.24
219 ± 1.58**
133 ± 4.30**

Treated with 25 mg/kg

26 ± 2.23**

** Difference between experimental groups and the relevant control group was significant, P<0.05.

Discussion:
The findings of this study showed that the Intraperitoneally
administration of AlCl3 was caused a significant increase frequency Micronucleus (MN) (Table1). Similarly, Balasubramanyam et al. [15] reported that exposure, AlCl3 increased
the frequency of MN in rat peripheral blood cells. Banasik et
al. [16] found increasing at micronuclei formation in human
peripheral blood lymphocytes treated with AlCl3.Yumei et
al. [17] examined the dust derived from an electrolytic aluminum plant and evaluated its genotoxicity by Ames assay,
sister chromatid exchange and micronucleus , and found an
increasing of in frequency MN . While Tirppi et al. [18] related the aluminum treatment in cell from Parkinson disease
patients did not increase micronucleus frequency, indicating
that aluminum do not have an amplifier mutagenic effect on
the patient.
In other studies relating the mutagenic potential of AlCl3
had indicated by micronucleus (MN), sister chromatid exchange (SCEs) and chromosomal aberration (CA) assay
[19,20,21,22]. Botchway et al.[23] observed chromosome
breaks in v79-4 Chinese hamster cells irradiated with aluminum ions of low energy. Moreover,
Pazy-Mino et al.[24]
showed that gaps are indicating of DNA damage caused by
aluminum ions, which supported their inclusion in the analysis
of chromosomal aberration (CAs).
There are several direct mechanisms have been proposed to
explain micronucleus production. Cross-linking of DNA with
chromosomal proteins [25] and Aluminum directly binding

to nuclear DNA probably occurs to change the structure of
chromatin [26]. As well as, nuclear fragmentation and DNA
degradation, DNA strand breaks, interaction with microtubule
assembly and mitotic spindle functioning, induction of oxidative damage, damage of lysosomal membranes with liberation
of DNAase , have been suggested to explain the induction of
structural chromosomal aberrations, micronucleus, chromosome loss and formation of oxidized bases in experimental
systems[25]. Moreover, the effect of administration of AlCl3
on RNA and protein synthesis through AlCl3 metabolism and
free- radical production, and disruption of second was studied
[1]. At the same time, Muma et al. [ 27] reported an decreasing
in the expression of mRNA in spinal cord in rabbits of administration of AlCl3 for 7- 14 days. The cytotoxicity of AlCl3 decreased the mitotic index (MI) of lymphocyte in rats injected
by all AlCl3 concentrations tested. Dovgaliuk et al. [28,29]
Studied the cytogenetic effects of metal toxic salt including
aluminum (Al[No3]3) using meristematic cell from Alium
cepa and demonstrated the clastogenic and aneugenic effects
(mitosis and cytokinesis disturbs) in the cell. While, Toimela
et al.[30] did not found cytotoxic effects of AlCl3 at 1µM for
24h exposure in epithelial and neuronal cell line ,respectively.
There are several causes have been proposed to explain cytotoxicity production by aluminum chloride. Aluminum chloride
, generates free radicals and reactive oxygen species in cells,
which cause fatty acid superoxides and oxidation of cellular
membrane proteins, which leads to reduction of membrane fluidity and in consequence to damage of cellular membrane[31].
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السمية الخلوية الوراثية لمادة كلوريد األلمنيوم ( )AlCl3على الجرذ األبيض
Rattus norvegicus
عمر رحيم خلف العبيدي ،1ايسر صالح محمد السامرائي ،2يوسف شكوري ياسين السامرائي

3

1و 2قسم علوم الحياة  ،كلية التربية  ،جامعة سامراء ،سامراء ،العراق.
 3الشركة العامة للصناعات الدوائية والمسلتزمات الطبية في سامراء ،العراق.

الخالصه:
استخدمت في الدراسة الحالية ( )60ذكر من الجرذان المختبرية البيضاء نوع  Rattu norvegicusوالتي قسمت الى اربعة مجاميع احتوت كل مجموعة
على ( )15ذكر .حقنت ثالثة مجاميع عن طريق غشاء الخلب لمدة ( )30يوم بتراكيز مختلفة من مادة كلوريد االلمنيوم  AlCl3وحقنت المجموعة الرابعة بمادة
السيطرة .قتلت الحيوانات ،وتم تشريحها واستخرجت النوى الصغيرة من نخاع العظم وفقاً لطريقة( .]Schmid,1975) [12كما حسب معامل االنقسام الخلوي
من خالل عد الخاليا التي في الطور االستوائي الى  1000خلية لمفاوية استخرجت من نخاع العظم وفقاً لطريقة (. ]Brusick,1980) [13
بينت النتائج زيادة معنوية في النوى الصغيرة للجرذان المعاملة بكلوريد االلمنيوم  AlCl3ولجميع التراكيز مقارنة مع مجموعة السيطرة وعند مستوى معنوية
( .)p<0.05كذلك انخفاض معامل االنقسام الخلوي للخاليا اللمفاوية في نخاع العظم مقارنة مع مجموعة السيطرة وعند مستوى معنوية (.)p<0.05
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