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ARTICLE INFO ABSTRACT

Aluminum sulfate is known to create toxic effects on several systems of experimental
animals. This research was undertaken to examine the absorption of aluminum
confirmed by histological examination of rat’s organ after single intraperitoneal (IP)
injection of Al, (SO.)s. Male and female rats received a single (IP) injections of (23, 67,
200, 600, 1800, 5400, 16200, 48600) mg/kg b.wt. Al> (SO4) s dissolved in distilled
water (n=6/sex/group). After 14 days male and female tissues were collected for
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female rats; Injection of higher doses of Al, (SO4)s produced burning of skin around the injection

intraperitoneal (IP) route;
histological damage inspection

area for both male and female rats. Rats treated with (1800, 5400, 16200, 48600)
mg/kg b.wt. Al (SO4)s showed a significant increase of aluminum accumulation and
histological change in male and female rats, stomach, small intestine, liver, and lung.
A short term use of low dose of Al (SO4)3 is safe and induce mild histopathological
alteration for the different body organs. On the other hand, severe histopathologial
alteration synchronized with aluminum accumulation in the body organs are induced
by using a single higher dose of Al, (SO.)s.

1. Introduction
Male wistar rats Orally received aluminium sulphate in

Aluminum (Al), the most abundant metal on earth that
makes up 8.13 percent of the crust, may enter the human
body through food, drinking water, and Al-containing drugs
[1]. As a result of the widespread use of Aluminum a well-
established neurotoxic model in experimental animals is
reported [2, 3]. Chronic exposition to Aluminum can lead to
alterations in skeletal, nervous, hematopoietic and
respiratory systems [4, 5]. Aluminum accumulation in the
liver is associated with a number of biochemical changes,
including the release of liver injury enzyme markers and
alteration of oxidant status. [6]. Moreover, Chronic
exposure to aluminum is associated with
neurodegenerative disorders [7, 8], hepatic toxicity [6] and
renal toxicity.

A number of authors have reported administration of
aluminum sulphate mediated toxicity in rats [9, 10]. Mahor
and Ali [11] suggested that rats received aluminium
sulphate in a dose of 98 mg/kg of body weight orally for 30
and 60 days has significantly elevated the normal levels of
liver enzymes.

* Corresponding authors at: Suez Canal University

drinking water decreased the rat fertility [12, 13].

There is a limited research on the acute effect of IP
injection of Al,(SO,)s. The above literature shows that
most of the previous studies have focused on studying the
effects of repeated Al,(SO,); treatment, while the acute
toxicity of a single dose of Aly(SO,4); has not been tested.
The purpose of present study is to investigate the
histological effect of single IP injection of Al,(SO,)s to the
male and female rats in a short period of time.

2. Materials and methods
2.1 Experimental design

Healthy male and virgin female albino rats weighted
between 250 + 10 g were used. Animals were purchased
from the animal house of Zoology Department, Faculty of
Science, Suez Canal University, Ismailia, Egypt.. They
were separated into plastic cages with stainless steel
mesh lids in a ventilated room. The room was held at
about 25 ° C and 45 to 60 percent relative humidity at 12 h
of a light-dark period. All animals had free access to tap
water and the same type of food, throughout the study.

E-mail addresses: heba nageh@hotmail.com (Heba N.Gad EL-Hak) The animals were kept in their cages for at least 7
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days prior to dosing, for their acclimatization to the
laboratory conditions. All experiments were performed in
compliance with the guidelines of the Guide to the Care
and Use of Laboratory Animals (Council 2010) and
approved in accordance with the Ethical Rules for the
Management of Experimental Animals, Zoology
Department, Faculty of Science, Suez Canal University,
Ismailia, Egypt. Rats were randomly divided into control
and treated group. The control group contains six male
and six female rats without any treatment. The treated
groups consisted of eight male groups and eight female
groups of six rats each. Each group received a single IP
injection of (23, 67, 200, 600, 1800, 5400, 16200 and
48600) mg / kg b.wt. AL, (So,) 3 dissolved in distilled
water. Prior dosing, rats were weighed and each dose of
Al,(SO,); was determined in accordance with the animal’s
weight. Al,(SO,4); was purchased from Sigma Aldrich with
high purity in the form of powder. Upon dosing, the
animals were monitored individually with special attention
during the first 4 hours and regularly during the first 72
hours, and at least once daily for 14 days of any change in
their behavior. After 14 days, all animals fasted for 24 h
and blood was collected by venipuncture from all animals
and processed for the determination of the aluminum
concentration in the whole blood by Langmyhr and Tsalev
[14] after anesthetization with 4 percent halothane. Then,
Rats were sacrificed by decapitation. Part of the fore-
brains, heart, lung, liver, kidney, spleen, stomach, small
intestine epidydimis, testes, uterus and ovary were
isolated and fixed in 10 % of phosphate buffered formalin

\

for 2 days for histological preparation for light microscopic
examination [EL-Hak, Moustafa [15, 16, 17]. 0.5 g of each
rat tissue was used for the assessment of aluminum
concentrations [18]. Concentrations of aluminum in rat
tissue were as ug per g of wet weight. Estimates are
made using the Perkin Elmer AS 2380 fire absorption
spectrophotometer [19]. Determining the concentration of
AL using the procedures set out in the Standard
Requirements section of the Standards were prepared by
diluting the stock standard solution with deionized water
[20]. Deionized water was used as a blank solution. Blank
determination was made for the calibration of the
instrument. All the reagents were obtained from Merck,
Darmstadt (Germany).
2.2 Statistical analysis

The statistical analysis was carried out using SPSS
version 15 (SPSS Inc., Chicago, USA). One-way variance
analysis (ANOVA) was used to analyze the difference in
determining indices between experimental groups.
Subsequently, individual differences between the groups
were assessed using the Dunnette test. Significance was
considered to be p< 0.05. All data were reported as mean
* standard error of mean (SEM).

3. Result

No mortality was recorded during the study and
Alx(SO,4); treated male and female rats showed no change
in body weight and behavior compared to the control
group with skin burning around the injection area, which
increased by increasing the dose Fig. (1).

Figure (1): Modulatory effects of Al,(SO,)s burning of the injected skin area increased by increasing the dose and persist
for 14 days with no difference between the male and female rats in the burning appearance. (A): Male rats injected with
600 mg/kg. (B): Female rats injected with 600 mg/kg. (C): Male rats injected with 5400 mg/kg. (D): Female rats injected
with 5400 mg/kg. (E): Female rats injected with 48600 mg/kg. (F): male rats injected with 48600 mg/kg.
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3.1 Aluminum content in different organs

Al was significantly increased p< 0.05 in blood
when the higher doses of Al, (SO,); were given to the
male and female rats (Table 1).
Table (1) Influences of a single IP dose of Aly(SOy)s on
the aluminium level (ug/L) in the rats' blood.

Groups Male Female
Control 0.0+0.0 0.0+0.0
23 mg/kg Al(SO4)s 1.637+0.4*  1.725+0.3*
67 mg/kg Al(SO4)s 1.435+0.2*  1.40+0.2*
200 mg/kg Aly(SO4)s 1.317+0.2*  1.73+0.2*
600 mg/kg Al,(SO.)s 1.435+0.1*  2.13+0.2*
1800 mg/kg Al(SO4)s 1.77520.2*  2.08+0.2*
5400 mg/kg Al,(SO.)3 1.318+0.1*  2.27+0.15*
16200 mg/kg Al,(SO.)s 1.591+0.2*  1.233%0.1*
48600 mg/kg Al,(SO4); 2.208+0.3* 1.1563+0.1*
Data are represented mean + SE. (*) represented

significant p<0.05 compared to control group.

Increased Al in several tissues from the higher dose
was demonstrated in male and female rats (Table 2 and
3). Liver aluminum content in male and female rats treated
with (16200 and 48600) mg/kg Al>(SO,4); was significantly
increased compared to control rats (P < 0.05).

The Al concentration of the kidney from the Al,(SO,);
treated male and female rats was nonsignificant
increased (p>0.05). The Al concentration was markedly

significant (P < 0.05) in treated male rats with 48600
mg/kg Alx(SO,); and treated female rats with 16200 and
48600 mg/kg mg/kg Alx(SO,); compared with the control
group.

Aluminium concentration in the heart tissue of treated
male and female rats with 16200 and 48600 mg/kg
Al,(SO,); treatment significantly (P < 0.05) increased
(P < 0.05) compared to control rats.

Moreover, Aluminum content in the lungs significantly
increased (P < 0.05) in treated male groups 1800, 5400,
16200 and 48600 mg/kg Al,(SOy4)s; and treated female
group with 16200 and 48600 mg/kg Al>(SO,)s.

Aluminum content in spleen significantly increased in
treating male and female groups with 48600 mg/kg
Alx(SOy)s.

Aluminum content in testis, ovaries and uterus was not
significantly increased (p>0.05) in all Al;(SO,); treated
groups. Aluminum content in the forebrain, stomach and
small intestine showed a significant increase (P < 0.05) in
all Aly(SO,)streated male and female rats.

3.2 The histological results:

The histological finding of the liver of treated rats with
(5400, 16200, 48600) mg/kg b.wt. Al,(SO,); revealed mild
portal infiltration with inflammatory cells Fig. (2) and the
liver of treated rats with with (23, 67, 200, 600, 1800)
mg/kg b.wt. Al(SO,); in both sexes revealed normal
histological structure of the hepatic lobule Fig. (3)
compared with control untreated rats. Liver sections of
the control group showed Central veins located in the
center of hepatic lobules. Hepatocytes were extended in a
radial manner from the center towards the periphery of the
lobules.

Table (2) Influences of a single IP dose of Al,(SO4); 0n the aluminium level (ug/g) in the tissue of male rats.

Groups Liver Kidney Heart Lung Spleen Testis Brain Stomach Small intestine
Control 0.0£0.0  0.0:00  0.0£0.0 0.040.0 0.0£0.0  0.0£0.0 0.0£0.0 0.0£0.0 0.040.0
fl’zg%':)f 0.106:0.0 0.373:0.1 0.237+0.1  0473:0.1  0.125¢0.1 0.351+0.1 0.853:0.16* 1.129+0.4*  1.351+0.2*
%zg‘:’)":)g 0.158:0.1 0.276:0.1 0.2400.0 0.293:0.1  0.183:0.1 0.056+0.0 1.80840.17* 1.455:0.2¢  1.469+0.2*
2/2|02 (rggi ')‘39 0.835:0.2 0.150+0.1 0.269+0.0  0.477+0.1  0.235:0.1 0.266+0.1 1.216+0.06* 1.800:0.2¢  1.350+0.1*
6/2|02 (rggi ')‘39 1.196+0.1° 0.226:0.1 0.259+0.1  0.482+02  0.318:0.1 0.238+0.0 1.379+0.15* 1550+0.3*  1.386:0.1%
li?iggj)tg 1.113:03° 0.156:0.7 0.274t0.1  0.565:0.1*  0.240:0.1 0.281:0.1 1863t0.23* 1503t0.2*  1.337+0.2*
51?3;"3329 128:0.1' 0.310:0.1 0.271:0.1  0.640+0.1*  0.041:0.0 0.244+0.1 1.900:0.26* 1470+0.2*  1.269+0.03*
16;2352%"‘9 1.035:03° 0.291:0.1 0.347+0.1* 0.7500.2¢  0.201+0.1 0.220£0.2 1317+0.11* 1543:0.2*  1.2030.1*
48223523)2‘9 2271:0.1' 0.441+0.1* 0.358+0.1* 11816+0.0 0.381+0.09* 0.160+0.1 2016+0.15* 1150+0.0+  1.479:0.1*

Data are represented mean + SE. (*) represented significant p<0.05 compared to control group.
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Table (3) Influences of a single IP dose of Al, (SO,4); on the aluminium level (ug/g) in the tissue of female rats.
. . . Small
Groups Liver Kidney Heart Lung Spleen Ovary Uterus Brain Stomach . .
intestine
Control 0.00+0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0£0.0
23 mg/kg
Al(SOy) 0.296+0.2 0.148+0.1 0.157+0.1 0.226+0.19 0.0£0.0 0.260+0.1  0.203+0.1 0.965+0.3* 0.291+0.1 0.286+0.1
2 4)3
67 mg/kg
Al(SOy) 0.748+0.2 0.007x0.0 0.269+0.0 0.610+0.1 0.235+0.1 0.076x0.1  0.210+0.1 1.620+0.2* 0.058+0.0 1.455+0.3*
2 4)3
200 mg/kg
Al(SOy) 0.735x0.2 0.345+0.1 0.275+0.1 0.41+0.1 0.041+0.0 0.127+0.1  0.261+0.0 1.595+0.1* 1.013+0.4* 1.360+0.4*
2 4)3
600 mg/kg
Al(SOy) 0.81+0.3 0.159+0.1 0.168+0.1 0.501+0.1 0.116+0.1 0.230+0.1  0.268+0.1 1.490+0.2 1.730+0.2* 1.871+0.3*
2 4)3
1800 mg/kg
AlL(SOy) 0.41+0.4 0.320+0.1 0.229+0.1 0.570+0.2 0.200+0.1 0.257+0.1  0.246+0.1 1.173+0.3* 1.771+0.2 1.78+0.2*
2 4)3
5400 mg/kg
AlL(SOy) 0.53+0.2 0.314+0.1 0.331+0.1 0.614+0.2 0.150+0.1 0.278+0.1 0.236%0.1  0.990+0.19*  2.076+0.35* 1.50+0.1*
2 4)3
16;?0(;109/)‘(9 1.31+0.3* 0.249+0.1 0.363+0.1* 0.630+0.3 0.083+0.1 0.259+0.1 0.193+0.1  2.073+0.26*  2.220+0.16* 1.72+0.6*
2 4)3
482?2;2;“ 1.641+0.3*  1.441+0.3*  0.479+0.1*  0.7851+0.1*  0.418+0.1* 0.169+0.0 0.217+0.0  1.885+0.25%  1.975+0.28*  2.12+0.2*
2 4)3

Data are represented mean * SE. (*) represented significant p<0.05 compared to control group.
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Figure (2): A photomicrograph of liver section from a control (A): male rat and (B): female rats showi
histological structure of hepatic lobule surrounded the central vein (CV). Histopathological examination
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treated (C): male rat and (D): female rats IP with 48600 mg/kg b.wt. Al,(SO,4)s showed normal histological structure of

hepatic lobules encompassing the central vein (CV) (HX&E, x200).
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Figure (3): A photomicrograph of liver section from a control (A): male rat and (B): female rats showing normal
histological structure of hepatic cell surrounded the portal area ( «). Histopathological examination of liver treated (C):
male rat and (D): female rats IP with 48600 mg/kg b.wt. Al,(SO,4); showed infiltration of inflammatory cells surrounded the

portal area («) (HX&E, x200).

They were arranged in the form of hepatic plates.
Hepatic plates were separated by blood sinusoids that
drained into the central vein. Portal tracts were
demonstrated at the periphery of the lobules comprising
four components; the largest of which was a branch of the
portal vein, which had a thin wall and a long lumen with a
flattened endothelial lining. There were a thick wall and
narrow lumen in the branch of the hepatic artery. Bile duct
exhibited cuboidal lining epithelium.

The histological finding of the rat kidney which injected
IP with (23, 67, 200, 600, 1800, 5400, 16200 and 48600)
mg/kg b.wt. Alx(SO,); in both sexes were presented in Fig.
(4) all within the normal histological limit of cortical tissue
and glomerulus comparing to the kidney tissue of the
control male and female rats. Kidney sections of control
rats had typical histological architectures of the Malpighian
renal corpuscles with glomerulus as well as proximal and
distal convoluted tubules. Proximal convoluted tubules
have narrow lumen and are lined with pyramidal cells
having deeply acidophilic cytoplasm and well formed apical
brush border. Distal tubules have wider lumen and are
lined with cuboidal cells having less acidophilic cytoplasm.

Light microscopic examination of the rat heart, which
injected IP with (23, 67, 200, 600, 1800, 5400, 16200 and
48600) mg/kg b.wt. Al,(SO,); in both sexes  were
demonstrated in Fig. (5) showed normal histological
architecture of cardiac myocytes compared to the heart

tissue of the control male and female rats. The
cardiomyocytes appeared as branching with clear
striations. Adjacent cells were separated by connective
tissue containing blood vessels.

Light microscopic examination of the lung of rats IP
injected with (23, 67, 200, 600 and 1800) mg/kg b.wt.
Al,(SO,4); in both sexes showed normal histological
architecture of lung tissues compared to the control male
and female rats. The lung of rats injected IP with (5400,
16200, 48600) mg/kg b.wt. Aly(SO,4)s; revealed
bronchopneumonia with congestion, edema of alveoli and
blood vessel Fig. (6). The lung tissue composed of thin-
walled alveoli. Each alveolus was lined by a single layer of
squamous epithelium. There was a thin layer of connective
tissue with various blood vessels (interalveolar septum)
between the alveoli. Bronchioles lined by cuboidal
epithelium were seen leading to the alveoli and surrounded
by blood vessels.

Examination of spleen sections of the control group and
treated male and female Al,(SQO,)s (Fig. 7) revealed normal
architecture with its two major components; white pulps
and red pulp, separated by marginal zones. The white pulp
consisted of follicle with pale germinal center and a
peripherally-located central arteriole, surrounded by a
sheath of lymphocytes; a periarterial lymphatic sheath. The
red pulp was composed of splenic sinuses.
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Figure (4): A photomicrograph of kidney section of (A): Control male rat, (B): control female rat, treated (C) male rat
and (D) female rats IP with 48600 mg/kg b.wt. Al(SO4); showing the normal histological structure of glomerular
capillary tufts (G). The Cortical tissue contains proximal (C): and distal convoluted tubules (D): (H&E X200).
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Figure (5): A photomicrograph of heart section of (A): Control male rat, (B): control female rat, treated (C): male rat
and (D): female rats IP with 48600 mg/kg b.wt. Al,(SO,); showing the normal histological architecture of cardiac
myocytes. (H&E X200).
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Figure (6): Photomicrograph of a section of the lung from a control from a control (A): male rat and (B): female rats
showing normal histological structure of the thin walled alveoli (A): separated by interalveolar septa. Bronchiole (B): is
seen surrounded by blood vessels (BV) are seen. Histopathological examination of lung of treated (C): male rat and (D):
female rats IP with 48600 mg/kg b.wt. Al,(SO,4)s showing Congestion of the blood vessels (BV) and bronchiole together

with extravasation of RBCs. (H&E X200).
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Figure (7): A photomicrograph of Spleen section of (A): Control male rat, (B): control female rat, treated (C): male rat and
(D): female rats IP with 48600 mg/kg b.wt. Al,(SO,4)s showing the normal histological architecture of spleen with its two
major components; white pulp (WP) and red pulp (RP), separated by marginal zone. (H&E X200).
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Figure (8): A photomicrograph of a section in the testis of (A): control rats, (B): treated male rat IP with 200 mg/kg b.wt.
Al (SO,)3 (C): treated male rat IP with 16200 mg/kg b.wt. Al,(SO,4); and (D): treated male rat IP with 48600 mg/kg b.wt.
Al>,(SO,)3 showing the structure of the seminiferous tubules (ST) with the interstitial tissue. (H & E X 200)

Histological examination of the testicular sections of
the control group and treated male with Aly(SO,)s Fig. (8)
revealed similar appearance of the seminiferous tubules
and interstitial tissue in-between. Sections of the ovaries
and uterine of the control group and treated female with
Al,(SO,); revealed the absence of histological damage Fig.
(9). Histological findings of the ovaries presented with
regular features as shown by the appearance of all types of
follicles, healthy vascularity, compact stroma, complete
germinal epithelium with normal medulla. Uterine
histoarchitecture visualized with a normal endometrial
height of the uterus. The uterine glands had normal
morphology. The vascularity was rich.

Microscopic examination of the brain cerebral cortex
and hippocampus of control rats revealed normal
histological structure of the meninges, neurons of the
cerebral cortex, and smaller pyramidal cells of the
pyramidal layer of the hippocampus Fig. (10). Similar
normal structures were found in the brain sections of rats
injected IP with (23, 67, 200, 600 and 1800) mg/kg b.wt.
Al,(SO,); in both sexes. On the other hand, rats injected IP
with (5400, 16200, 48600) mg/kg b.wt. Alx(SO,4); exhibited
significant degeneration of the cerebral cortex neurons and
had no effect on the hippocampus cells Fig. (10).

Histological sections of stomach and small intestine of
control male and female rats and rats injected IP with (23,
67, 200, 600 and 1800) mg/kg b.wt. Al,(SO,)s in both
sexes showed normal histoarchitecture Fig. (11).The

stomach wall is composed of four main layers, The
surface of the mucosa is a layer of columnar epithelial
cells and under the present of lamina propria.

Epithelial cells extend down into the lamina propria the
gastric glands. The submucosa is lined with areolar
connective tissue. The musculature has an outer
longitudinal layer and inner layer of circular muscle fibers.
The serosa is made up of simple squamous epithelium.
Marked histomorphological changes in the mucosa layer
were observed in the stomach of treated rats with (5400,
16200, 48600) mg/kg b.wt. Al,(SO,4); characterized by
obvious degeneration of tissues, vacuolization in the
cytoplasm and pycnotic nuclei.

The small intestine of untreated male and female rats
and treated rats with (23, 67, 200, 600 and 1800) mg/kg
b.wt. Alx(SO,); in both sexes showed normal intestinal
histoarchitecture. The mucosa forms villi lining with simple
columnar epithelium. Crypts of Liberkuhn throughout the
mucosa and Brunner’s glands in the sub mucosa were
observed. The musculature showed an outer thinner
longitudinal and inner thicker circular layers of muscle
fibers. Severe histopathological changes were observed in
treating rats with (5400, 16200, 48600) mg/kg b.wt.
Al,(SO,); in the form of distortions and vacuolation of villi
Fig. (11).
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Figure (9): A photomicrograph of (A) the ovaries of control rats (D) the ovaries of treated female rat IP with 48600 mg/kg
b.wt. Al,(SO,4); showing the presence of all types of follicles (F), normal vascularity, compact stroma (S), intact germinal
epithelium and normal medulla (M). Histological features of (B) the uterus of rat control rats (C) the uterus of treated
female rat IP with 48600 mg/kg b.wt. Al,(SO,); showing normal endometrial height (E), normal muscle (M) and serous

membrane (S). H & E X 10.

Figure (10): A Photomicrographs of rat brain sections stained with haematoxylin and eosin (A) meninges and cerebral
cortex of Control male rat, (C) treated male rats IP with 48600 mg/kg b.wt. Al»(SO,); showing severe degeneration of
cerebral cortex («).(H&E X200). Hippocampus of (B) Control male rat, (H&E X100). (D) treated male rats IP with 48600
mg/kg b.wt. AL, (S04); showing normal histological structure. (H&E X200).
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Figure (11): A photomicrograph of (A) Section of stomach of control male rat showing normal histoarchitecture. (C)
Treated male rats IP with 48600 mg/kg b.wt. Al,(SO,4); showing degeneration of mucosa layer, cytoplasmic vacuolization
and pycnotic nuclei («). (B) Section of small intestine of control male rat showing normal musculature, villi and crypts of
Liberkuhn. (D) Treated male rats IP with 48600 mg/kg b.wt. Al,(SO,); showing atrophy, degeneration of villi («). (H&E

X100).

4. Discussion

The purpose of this experiment was to study the effects
of different single doses of aluminum sulphate on rat
organs in a short-term sample.This work shows data on
aluminum concentration associated with administering
Al,(SO4)3to rats. This study was described by some
other authors, but in different conditions (different
doses, different route and different time of sampling).
The increased absorption of aluminium was also
demonstrated by analysis of several tissues. In this work,
Intraperitoneal route was selected as the way of
Al,(SO,);  administration because it is one of the
most neglected routes for testing Al,(SO,); toxicity. While
intraperitoneal distribution is known to be a parenteral
route of administration, the pharmacokinetics of
substances administered intraperitoneally are more similar
to those seen after oral administration. However,
intraperitoneal route has the advantage of getting
substances into the circulation faster than oral route
[21]. This study may be considered a contribution in
the estimation of the histological inspection of Al,(SQO4)s
intraperitoneally administrated in  male and female
albino rats. As the histological examination of IP injection
Al,(SO,4); are not numerous and some were done in

relation to the neurotoxicity [22] and reproductive
toxicity [23] but in different route of administration.

The most pronounced accumulation of aluminium and
histological damage was observed in the lung, stomach,
intestine and brain, whereas in other organs the
aluminium levels and histological structure were
significantly altered only with very high dose of Al,(SOy)s.

The toxic symptoms were dose-dependent, as
increased by increasing the administrated dose. In this
study, liver, lung, cerebral cortex, stomach and intestine
were the main target organs of AL, (So,); histological
damage after intraperitoneal dosing of (5400, 16200,
48600) mg/kg b.wt. Al,(SO,4);. The severity of histological
damage of Al(SO,); inside rat body organs was
correlated to its concentration as it increased by
increased the concentration of the injected dose.

As expected, high dose of Al,(SO,4); administration
resulted in significant elevations of hepatic aluminium
concentrations. Previous studies on aluminum toxicity
have shown that the accumulation of aluminum in the liver
is correlated with histological changes in liver tissue. [24,
25].
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Our results, therefore, contribute to our current
knowledge of liver histopathology in terms of damage to
aluminum and are applicable in cases where liver tissue
was collected from male and female rats injected with
Al,(SO,); once time . According to Bogdanovi¢, Janeva et
al. (2008) the infiltration of inflammatory cells in the portal
area was a defense against Al metal. The above-
mentioned findings is in agreement with Bogdanovi¢,
Janeva [24] who suggested that injected intraperitoneally
Al resulted its accumulation in the liver of experimental
rats. Wen, [26] proposed that aluminium in high
concentration was toxic to the liver.

Aluminium level in the kidney of treated rats with small
doses of Al,(SO,): showed no significant difference
compared to the control animals. This is because the
aluminum is excreted through the urine from the body.
[27], only the highest dose Al,(SO,); treated male and
female rats accumulate the Al in the kidney. In addition,
the concentration of Al in the kidneys of Al,(SO,); treated
rats wasnot significantly increased, the kidney appeared
normal without pathological changes. The above results
are in line with Chagnac, Ben-Bassat [28] who found the
absence of histopthological changes of the kidney when
Aluminum chloride was injected intraperitoneally at doses
of 0.2 mg / day and 2 mg / day for 13 weeks and different
from the result obtained [29, 30].

The absence of histological abnormalities in the
cardiomyocytes were detected after injection with
Al>(SO4); even the significant increase of aluminum
content in the heart of treated male and female rats with
the highest dose. The obtained result is different from
observed by Ghorbel, Elwej [31] who found that rats
received AICl; (400 ppm) for 21 days via drinking water
induced cardiotoxicity. Novaes, Mouro [32] found that
three highest doses of Al for 120 days induced heart
toxicity and Gouda, EI-Nabarawy [33] found that
aluminium  phosphide caused significant cardiac
histopathological changes. These results are quite
different than current study due to variation in dose and
exposure duration.

Determination of aluminum in lung tissue provides
strong evidence that the histopathological change of lung
corresponds well with the AL concentration. The
pulmonary histopathological damage was restricted to the
high doses of Al,(SO,4)s. The present work revealed loss of
the normal alveolar architecture in response to the high
dose of aluminum administration. This result could be
explained in accordance with Riihimaki and Aitio [34] who
proposed that the produced lesion is produced due to the
lung epithelium is the site for the accumulation of
aluminum and a surface for its uptake into lung tissues.
Also, congested blood vessels with extravasations of
RBCs and hemorrhage were also observed in lung
sections of a rat injected with higher doses of Al,(SO,4)3in
the present work. Similar results were observed by
Buraimoh and Ojo [35] in aluminum treated rats.

In the present study, aluminium content in spleen was
significantly increased in male and female rats with 48600
mg/kg b.wt. Aly(SO,); compared to that of control groups.

This aluminum content not reflected on the histopathology
of the spleen in the treated groups. This contradict with
Stein, Laske [36] and HM, Hassan [37] that who reported
that high doses of aluminum induced damage to the
spleen of the rats.

The present study showed that the experimental
treated rats Aly(SO,)s; showd no testicular lesions and no
accumulation of aluminum in the testicular tissue.

Single IP injection of Al,(SO4); showed virtually no
influence on adult females’ reproductive histology (uterine
and ovarian tissue) with nonsignificant accumulation of
aluminum in both organs. This result is in agreement with
Miska-Schramm, Kapusta [41] and disagreewith Trif,
Dumitrescu [42] who found wuterine and ovarian
histological damage in receiving Al,(SO,); in water during
pregnancy until sexual maturity of the female rats.

Much focus has so far been paid to experimental
research on neurotoxic effects in Al. Mechanistic studies
of aluminum neurotoxicity have been performed [43]. In
the present study, sections of the cerebral cortex and
hippocampus were prepared from control and
Al (SO,4); treated male and female rats were
histologically examined in order to describe any observed
changes and aluminium content in the forebrain. The
aluminium content was significantly increased even in
small dose used of Al,(SO,)s; and that agree with
Abubakar, Taylor [44] that found the amounts of brain
tissue aluminum detected were increased in all brain
regions examined in rats given an intraperitoneal injection
of 10 mg/kg body weight aluminum lactate and Baydar,
Papp [45] found that brain tissue levels of aluminum were
increased when a low (50 mg / kg / d) or high (200 mg / kg
/ d) dose of aluminum chloride was applied to male Wistar
rats by gavage for 8 weeks. Histological changes are
found in the cerebral cortex of Aly(SO,)s treated groups
compared to the control groups. Severity of damage
increase by increasing the treatment dose. This research
work has demonstrated that rats treated once with
Alx(SO4)s and left for 2 weeks resulted in neuronal
degeneration of the cerebral cortex. The hippocampus of
male and female rat not affected histologically with the
single injection of higher dose of Al,(SO,)s; and that
disagree with Yuan, Lee [46] who reported the excess of
AL accumulates in the brain hippocampus, in rats after
intraperitoneal injection of high levels of Al showed
hippocampus damage. Cabus, Oguz [47] Found 3 mg / ml
of aluminum sulfate injected IP rats everyday for two
weeks of toxic effects of aluminum on hippocampus rats.
Kamel and Mostafa [48] Found histologically and
ultrastructure damage of hippocampous of rat received
aluminum chloride added to water for 8 weeks.

In the present study, single IP injection of higher doses
of Al,(SOy); resulted in significant aluminum content
increase histopathological anomalies in the stomach and
small intestines. Similar effects of aluminium on the
mucosa were reported by Pineton de Chambrun, Body-
Malapel [49], Buraimoh and Ojo [50], Eltahawy, Sarhan
[51]. As the majority of aluminium that enters the
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gastrointestinal tract excreted in the faeces [52] and that can
make it a chance to accumulate.
5. Conclusion

Overall, the results of this study showed that animals
were typically tolerant to (23, 67, 200, 600, 1800) mg/kg
b.wt. AlL(SO,); but substantially reacts to higher doses
(5400, 16200, 48600) mg / kg b.wt. Alx(SO,)s.

Short term use of (23, 67, 200, 600, 1800) mg/kg b.wt.
Al (SO,)3 is safe and induce mild histopathological
alteration for the different body organ. On the other hand,
severe histopathologial alteration synchronized with
aluminum accumulation in the body organ induced by
using a single dose of (5400, 16200, 48600) mg/kg b.wt.
Al,(SO,)s. Thus, the data presented in this study are very
useful for the utilization of experimental model in short
term study with the higher doses.
Abbreviations:
Al>(SO4)3: Aluminium sulfate
b.wt.: body weight
Al: Aluminium
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