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Introduction

Aluminum is the most abundant metal and the third most abundant element, after
oxygen and silicon, in the earth's crust. It is widely distributed and constitutes
approximately 8.8% of the earth's crust (ATSDR, 2008). It normally occurs in vegetable
and animal tissues, and is present in raw untreated water (Wills and Savory, 1988).

In 1886, the first practical and economic process for producing aluminum metal was
discovered. Cookware was the first commercial application for the new metal. Shortly
thereafter, claims of various adverse health effects from exposure to aluminum began to
appear, but they did not originate from nor were they supported by scientific literature
(Epstein, 1990). In recent years, the biological effects of aluminum have gained in
importance, since this element constitutes a potential toxin in the environment.

For many years it has been recognized that aluminum is toxic to aquatic organisms
(Muniz & Leivstad, 1980). When aluminum becomes available to organisms through
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acidification of surface waters, it is toxic to fish (Driscoll et al., 1980). The main effects
of aluminum exposure in fish are respiratory and ion regulatory disturbances (Gensemer
& Playle, 1999).

There are several evidences suggesting that the accumulation of aluminum causes
toxic effects in mammals (Cannata and Domingo, 1989). Human exposure to aluminum
is a consequence of the element presence in food, drinking water, air as well as its use in
preparations administered therapeutically in large quantities as antacids, buffered aspirin
and others (Epstein, 1990). The clinical toxic manifestations associated with an increased
body burden of aluminum include Alzheimer disease, encephalopathy, osteodystrophy,
and anemia. The aspects of aluminum toxicity have been reviewed by Hewitt et al.,
(1990).

Studies concerning the histopathological effect of aluminum on the testes are scarce. This
study designed to assess the effect of different levels of aluminum chloride on the testes
of mice as a part of the male reproductive system.

Materials and Methods

The experimental animals were obtained from the animal house of College of Science,
Baghdad University/ Irag. Sexually mature male albino mice (Swiss strain), weighing 25
gm, were housed in plastic cages in a room with controlled temperature (20 -25 C°) and
light cycle (14 h light and 10 h dark). Food and tap water were available ad libitum. The
animals were divided into six groups (25 mice each). The first five groups were injected
subcutaneously with aluminum chloride (AICIs) at different concentrations (80, 160, 240,
320 and 400 mg/kg body weight), while animals of the remaining groups were injected
with normal physiological saline and served as control. Each treated group was divided
into five subgroups (5 mice each) and the treatments were repeated 1,2,3,4 and 5 times
every other day on each subgroup.

The animals were euthanized 48 hours after the last treatment. The testes were
dissected out and fixed in Bouin’s fluid. Six micrometer paraffin sections were made and
stained with haematoxylin and oeosin for routine histological examination (Humason,
1967). Sections from testes of each animal were investigated histologically in order to
evaluate the histological features and severity and degrees of the structural changes.
Micrographs were done by camera mounted microscope (Polyvar compound
photomicroscope).

Results

The testes of control animals, displayed the histological features of the normal testes
(Figure 1). Each testis is enclosed in a thick, connective tissue capsule. This connective
tissue surrounds and supports the seminiferous tubules. These tubules are lined with a
germinal epithelium, which consists of two types of cells, the spermatogenic cells and
supportive cells (Sertoli cells). These cells rest on the basement membrane of the
seminiferous tubules. Located in the interstitial connective tissue numerous blood vessels
and clusters of interstitial cells (Leydig cells).
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Various histological features were seen in the testis sections prepared from the
treatment groups. All testes sections revealed presence of oedematous fluid in the tissues,
dilatation and congestion of blood vessels, irregularity of germ cell layers, pyknosis of
nuclei, giant cells and degeneration with clear necrotic debris in tubules. The changes
were more severe and prominent in the mice treated with high concentration of aluminum
chloride and showed inhibition of spermatogenesis and complete absence of sperms in
the lumen of the tubules (Figures 2-6).

Discussion

The present study was performed to investigate the possible effect of aluminum
chloride on testes of mice. Prominent histological changes were observed in the testes of
aluminum-treated mice. However, the severity of histopathological changes was related
to the duration, number of doses, and concentrations of aluminum chloride, which
probably indicate the possible accumulation effect of this metal.

Previous studies demonstrated that aluminum accumulate in the testes of rat
(Ondreicka et al., 1966). Another study showed that subcutaneous injection of rabbits
with aluminum chloride daily for 28 days was associated with significant accumulation
of aluminum in bone, renal cortex, renal medulla, liver, testes, skeletal muscle, heart,
brain white matter, hippocampus, and plasma (Du Val et al., 1986).

Gue et al., (2005) reported that the increase in the accumulation of the aluminum in

the testes led to significant decrease in the weights of the reproductive organs in the
experimental animals that treated with aluminum.
As an element, aluminum is always found attached to other chemicals and these affinities
can change within the body. In living organisms, aluminum is believed to exist in four
different forms: as free ions, as low-molecular-weight complexes, as physically bound
macromolecular complexes, and as covalently bound macromolecular complexes
(Ganrot, 1986).

The aluminum causes dilatation and congestion of blood vessels. This congestion is
attributed to hypertension in the surface blood vessels (Aoki and Hoffer, 1978). The
important effect of the metal on the cell membrane is the inhibition of ion-transporting
systems and the resultant disturbance in fluid movements (Rothstein, 1959). Therefore,
aluminum probably interferes with the cellular membranes of blood vessels causing
infiltration of a large amount of fluids and serum albumin to the interstitial spaces of
testes. The Shrunken tubules and reduction in diameters was related to a notable
increase in interstitial spaces between the tubules which appeared full of oedematous
fluid as a result of cellular degeneration in these tubules. Many other studies agree with
these findings (Kamboj and Kar, 1964; Hadi and Alwachi, 1995).

The results of the study demonstrated clearly the destructive effects of aluminum on
spermatogenic cells, since accumulation of aluminum in testes lead to spermatogenic
arrest and destruction of sperms particularly at the high concentrations. Similar results
were observed in testes of mice treated with aluminum. Kamboj & Kar, (1964) reported
that in rats, the testes were focally necrosed and spermatozoa were destroyed after
intratesticular injection of aluminum sulfate. An intermediate-duration oral study in male
rats found that sperm count was decreased following exposure to 2.5 mg Al/kg/day as
aluminum chloride for 6-12 months (Krasovskii et al., 1979).
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Fig. 1. Section in the testis of nontreated mice showing the normal structure of testis.
X156.

Fig. 2. Section in the testis of mice treated with one dose of 80 mg/kg AICIs showing
moderate congestion of blood vessel and infiltration of oedematous fluid in the interstitial
space.X156.

Fig. 3. Section in the testis of mice treated with two doses of 160 mg/kg AIClz showing
pyknotic nuclei of spermatogonia with necrotic debris in seminiferous tubules. X156.
Fig. 4. Section in the testis of mice treated with three doses of 240 mg/kg AIClz showing
shrunken tubules, lifting of basement membrane, and presence of oedematous fluid.
X156.

Fig. 5. Section in the testis of mice treated with four doses of 320 mg/kg AlClz showing
pyknosis of nuclei, severe damage in the tubule architecture, and inhibition of
spermiogenesis and complete absence of sperms in the lumen of tubules, and presence
the giant cells. X156.

Fig. 6. Section in the testis of mice treated with five doses of 400 mg/kg AlClz showing
dilatation and obvious congestion of blood vessels, severe degeneration in the germinal
epithelium lining of tubules, and deformation in architecture of tubules. X156.

Necrosis of spermatogenic cells were observed in the testes of male mice treated with
100 and 200 mg/kg/day of aluminum nitrate (Llobet et al., 1995). According to Gue et
al., (2005), the spermatogenetic impairment within the seminiferous tubules was apparent
when aluminum chloride administered subcutaneously to adult male mice.
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Kutlubay et al. (2007) noted in the aluminum -treated rats, the germinal epithelium of the
seminiferous tubules was thinner in places and spermatids were almost absent; sperm
numbers were low and there were no sperm in the lumen. Similarly, in the aluminum
chloride-treated rats, histopathological examinations revealed apparent alterations in the
testes, where it induced marked lesions in seminiferous tubules (Yousef and Salama,
2009). Moreover, the relatively mild effect of aluminum on the spermatogenic epithelium
of mice may be due to a disturbance in pituitary gonadotrophic activity (Kamboj and Kar,
1964). Aluminum exerted a significant adverse effect on the steroidogenesis, as well as
increased production of nitric oxide, induced by excessive aluminum, might inhibit
testosterone levels (Guo et al., 2001). Histopathological changes observed in the testes
of rats treated with aluminum included variable degree of cellular degeneration ranging
from vacuolation to complete focal destruction. Aluminum might play an important role
in several pathologies, which could be related to its interactions with cell membranes
(Suwalsky, 2004). Aluminum alters physical properties of membrane lipids (Viestra and
Haug, 1978). It is possible that the metal acted primarily on the cell membrane causing
its dissolution and eventually on the intracellular constituents to convert them into debris
(Kamboj and Kar, 1964). Aluminum interferes with important metabolic processes in the
cells (Rosseland, 1990). It may affect second messenger systems and calcium availability
(Birchall and Chappell, 1988). At the same time, the toxic influence of the metal is against
the enzyme systems (Passow et al., 1961). Based on this information, Yousef, (2004)
indicated that the aluminum chloride affect the activities of some enzymes in rabbit
plasma, liver, brain, testes and kidney.They also stated that aluminum binds to DNA
phosphate and nitrogenous bases in the nucleus (karlik, et al., 1980), irreversibly binds
to cell nucleus components (Crapper McLachlan, 1989), and decreases cell division
(Gelfant, 1963). In conclusion, treated male mice with aluminum chloride led to
destroyed of spermatogenic cells, the destruction effects were severe in the higher
treatment concentration due the accumulation of aluminum in testes that's led to
spermatogenic arrest and destruction of sperms.
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