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Abstract: Aluminium is a ubiquitous element and one of the trace elements with moderate toxic effect
on living organism. It is generally a recognized neurotoxin that is believed to be at the root cause of
Alzheimer’s disease and third most abundant element in the earth’s crust after oxygen and silicon.
Traditionally, aluminium has been considered as nontoxic to humans. However, in recent years,
increased attention is being focussed on possible adverse effect of aluminium on human health. The
epididymis is very important in the storage of sperm cell (spermatozoa). This study was conducted in
order to evaluate the histological appearance of the epididymis following the oral administration of
Aluminium Chloride. Ten wistar rats were used for this study. The wistar rats were divided into five
groups as follows: Group I was the control that received distil water only, group II received 475 mg
Kg−1, group III received 950 mg kg−1, group IV received 1,425 mg kg−1, group V received 1,900 mg
kg−1 for duration of eight weeks; after which the wistar rats were humanely sacrificed, the epididymis
removed and fixed in bouin’s fluid. The epididymis was processed and stained in Haematoxylin and
Eosin (H&E). The histological observations revealed that there were no significant histological
changes (effects) within the control and treated groups. Conclusion: Based on our observations, we
therefore conclude that aluminium chloride had no significant effects on the histology of the
epididymis and may not be detrimental to the cyto-architecture of the epididymis of wistar rats;
therefore, storage of sperm in the epididymis could be safe.
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histological by a thin myoepithelium.
concentration of the sperm here is dilute

INTRODUCTION
Epididymis is part of the male reproductive system
present in all male amniotes. It is a narrow structure
within the scrotum, with tightly-coiled tube connecting
the efferent ducts from the rear of each testicle to its vas
deferens (that is attached to the back side of the testis).
It is a coiled segment of the spermatic ducts that stores
spermatozoa while they mature and then transports the
spermatozoa between the testis and the tube connecting
the testes with the urethra (vas deferens).
The epididymis can be divided into three main
regions:
•

•
•

The

The body (Corpus)
The tail (Cauda)

This has a thicker myoepithelium than the head
region, as it is involved in absorbing fluid to make the
sperm more concentrated. In reptiles, there is an
additional canal between the testis and the head of the
epididymis, which is painful when hit and which
receives the various efferent ducts. This is, however,
absent in all birds and mammals (Romer and Parsons
1977). The epididymis is covered by a two layered
pseudo-stratified epithelium. The epithelium is
separated by a basement membrane from the connective
tissue wall which has smooth muscle cells. The major
cell types in the epithelium are:

The head (Caput). The head of the epididymis
receives spermatozoa via the efferent ducts of the
mediastinum of the testis. It is characterized
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•

•

•
•
•

region of the epididymis, all the ductuli efferentes
connect to one large vessel, the ductus epididymidis.
This duct is also extremely coiled, being about 4 to 5 m
(13 to 16 feet) long when stretched out. The ductus
epididymidis extends through both the body and the tail
region of the epididymis. In the tail region it becomes
thicker, less coiled and larger in diameter. As it
emerges from the end of the epididymis, it straightens
out to form the ductus deferens (Jones, 1999; Ross and
Pawlina, 2011).
Aluminium is one of the trace elements with
moderate toxic effect on living organism. It is the third
most abundant element in the earth's crust after oxygen
and silicon. It occurs in nature in combination with
other elements such as oxygen, silicon and fluoride.
Traditionally, aluminium has been considered as
nontoxic to humans. However, in recent years,
increased attention is being focussed on possible
adverse effects of aluminium on human health. Human
exposure to aluminium is from its natural occurrence in
the environment i.e. through food, water and air, as well
as, from aluminium deliberately introduced into the
environment by man. The main food sources of
aluminium are: hard cheese, grain products (flour),
herbs and tea leaves. Chronic exposition to this trace
element can cause alterations in skeletal, nervous,
hematopoietic and respiratory systems (Afifi, 2002;
Campbell, 2002; Chen et al., 2002; Plieth et al., 1999).
Aluminium compounds are used in pharmaceuticals
(antacids, analgesics, antiperspirants) in water treatment
processes (as coagulant) and as metal in consumer
products.
Aluminium is present in virtually all plants. Foods
naturally high in aluminium include potatoes, spinach
and tea. Processed dairy products, flour and infant
formula may be high in aluminium, if they contain
aluminium compounds as food additives (WHO, 1998).
Aluminium in natural waters depends on the source. It
was observed that ground waters had low aluminium
levels as compared to surface waters (Millar et al.,
1984). At neutral pH, it may range from 0.01 to 0.05
mg L−1, except in turbid waters (WHO, 1998). Higher
concentrations can be present in acidic water or in the
presence of organic compounds even at neutral pH.
There are several reports on the increase of total
aluminium concentration in treated water as compared
to raw water (Millar et al., 1984; Cech and Montera,
2000; Lettermann and Driscoll, 1988).
Aluminium is a possible contributing factor in
Alzheimer’s disease (Campbell, 2002). Evidence for the
contribution of Aluminium to Alzheimer’s Disease
(AD) remains contradictory (Flaten, 2001; Gupta et al.,
2005). However, epidemiological studies have

Principal cells: columnar cells, with the basal cells,
form the majority of the epithelium. These cells
extend from the lumen to the basal lamina. They
also have non-motile stereo cilia, which are long
and branching in the head region and shorter in the
tail region. They also secrete carnitine, sialic acid
glycoproteins and glycerylphosphorylcholine into
the lumen
Basal cells: shorter, pyramid-shaped cells which
contact the basal lamina but taper off before their
apical surfaces reach the lumen. These are thoght to
be undifferentiated precursors of principal cells
Apical cells: predominantly founud in the head
region
Clear cells: predominant in the tail region
Intraepithelial lymphocytes: distributed throughout
the tissue (Kierszenbaum, 2002)

Spermatozoa formed in the testis enter the caput
epididymis, progress to the corpus and finally reach the
cauda region, where they are stored. Sperm entering the
caput epididymis are incomplete-they lack the ability to
swim forward (motility) and to fertilize an egg. During
their transit in the epididymis, sperm undergo
maturation processes necessary for them to acquire
these functions. Final maturation is completed in the
female reproductive tract (capacitation). During
ejaculation, sperm flow from the lower portion of the
epididymis (which functions as a storage reservoir).
They have not been activated by products from the
prostate gland and they are unable to swim, but are
transported via the peristaltic action of muscle layers
within the vas deferens and are mixed with the diluting
fluids of the seminal vesicles and other accessory
glands prior to ejaculation (forming semen).
Sperm cells produced in the testes are transported
to the epididymis, where they mature and are stored.
Each epididymis has three regions, called, respectively,
the head, body and tail. The head is the uppermost and
largest part of the epididymis; it lies on the top surface
of the testis. The body is attached to the anal side of the
testis and extends the length of the gland. The smallest
region is the tail, which begins at the point of separation
of the epididymis from the testis. Sperm cells mature
primarily in the head and body of the epididymis and
are stored in the tail. The epididymis receives sperm
from the tubules in the mediastinum testis, the region in
the testis in which all its sperm-producing tubules
converge and empty. Leading from the mediastinum to
the head of the epididymis are 15-20 small, tightly
coiled ducts called the ductuli efferentes. The cells
lining the ductuli have pigment granules, secretory
granules and cilia (hair like structures). In the head
211
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indicated a link between Aluminium in drinking water
and AD and a variety of human and animal studies have
implicated learning and memory deficits after
Aluminium exposure (Buraimoh et al., 2011a; Exley,
2005; Yokel, 2000). The aim of this study was to
evaluate the histological appearance of the epididymis
following the oral administration of Aluminium
Chloride.

fitted to a laptop and digital camera for
photomicrographs at magnifications of X40 and X100
for each group.
RESULTS AND DISCUSSION
Epididymis is a narrow structure within the
scrotum, with tightly-coiled tube connecting the
efferent ducts from the rear of each testicle to its vas
deferens (that is attached to the back side of the
testis). It is a coiled segment of the spermatic ducts
that stores spermatozoa while they mature and then
transports the spermatozoa between the testis and the
tube connecting the testes with the urethra (vas
deferens) (Kierszenbaum, 2002; Jones, 1999).
Aluminium was said to have contributed to a
variety of cognitive impairments in mice, rabbits and
rat pups (Muller et al., 1990; Yokel, 1985, BilkeiGorzo, 1993; Mari et al., 2001). Behavioural
impairment has also been reported in wistar rats
exposed to soluble aluminium salts (chloride) in the
drinking water (Buraimoh et al., 2011b). Both rats
(Connor et al., 1988) and mice (Yen-Koo, 1992) have
demonstrated such impairments at doses exceeding 200
mg of aluminium per kg of body weight per day.
Aluminium chloride was said to have negative effects
on anxiety-related behaviour of wistar rats as indicated
by increased rate of anxiety in Aluminium treated rats
(Buraimoh et al., 2011c).
Other reports on occupational Aluminium exposure
and neurological impairments demonstrate mixed
findings (Sim et al., 1997). Despite strong experimental
and clinical evidence for Aluminum neurotoxicity, the
mechanism of Aluminium effects on the nervous
system is still not completely clear. Buraimoh et al.
(2012a) reported that Aluminium chloride exposure
has neurodegenerative effects on the histology of
cerebral cortex of adult wistar rats especially at
higher dose as evident in aluminium treated groups
which showed extensive neuronal vacuolation and
necrosis (neuro-degeneration) of the cerebral cortex
of wistar rats. It was also estimated that there was
graded increased in brain Aluminium uptake of
wistar rats across the groups as the group that
received the highest dose had highest brain
aluminium uptake which was dose dependent
(Buraimoh et al., 2012b).
In the present study, we observed normal
histological appearances (features) of the epididymis
of the control (Fig. 1 and 2) even when compared
with the aluminium treated groups (Fig. 3-10). There
was accumulation of spermatozoa seen in several
luminal spaces with well arranged ductulus efferens
around the lumens for both the control, i.e., group I
(Fig. 1 and 2) and aluminium treated groups, i.e.,
groups II-V (Fig. 3-10).

MATERIALS AND METHODS
This experiment was conducted in the Department
of Human Anatomy, Faculty of Medicine, Ahmadu
Bello University, Zaria, Kaduna State, Nigeria. The
rules and regulations governing animal care were
observed.
Experimental animals: Ten male wistar rats were used
for this experiment. The wistar rats were housed in steel
cages maintained at good environmental conditions
with sufficient food, water and under good ventilation.
The wistar rats were kept for two weeks before
commencement of Aluminium chloride administration.
This was to enable the wistar rats acclimatized to the
environment.
Experimental design: The wistar rats were divided
into five groups: group I (control) was given distil
water while the four Aluminium exposed groups were
given various concentrations of aluminium chloride as
follows:
Group II received
475 mg Kg−1
Group III received 950 mg kg−1
Group IV received 1,425 mg kg−1
Group V received 1,900 mg kg−1
The route of administration was through oral
intubation, LD50 was 3,800 mg kg−1 and the duration of
administration was Eight weeks. After eight weeks of
administration, the wistar rats were humanely sacrificed
and the epididymis was removed and immediately fixed
in bouin’s fluid. The epididymis was then transferred
into an automatic tissue processor where they went
through a process of dehydration in ascending grades of
alcohol 70, 80, 95% and absolute alcohol for 2 changes
each. The tissues were then cleared in Xylene and
embedded in paraffin wax. Serial sections of 5 micron
thick were obtained using a rotary microtome. The
tissue sections were deparaffinised, hydrated and
stained using the routine haematoxylin and eosin
staining method (H&E) (Gurr, 1962). The stained
sections were examined under the light microscope
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Fig. 1: Photomicrograph of the Epididymis of Wistar rats of group I (control) stained with H&E. X40

Fig. 2: Photomicrograph of the Epididymis of Wistar rats of group I (control) stained with H&E. X100
213
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Fig. 3: Photomicrograph of the Epididymis of Wistar rats of group II stained with H&E. X40

Fig. 4: Photomicrograph of the Epididymis of Wistar rats of group II stained with H&E. X100
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Fig. 5: Photomicrograph of the Epididymis of Wistar rats of group III stained with H&E. X40

Fig. 6: Photomicrograph of the Epididymis of Wistar rats of group III stained with H&E. X100
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Fig. 7: Photomicrograph of the Epididymis of Wistar rats of group IV stained with H&E. X40

Fig. 8: Photomicrograph of the Epididymis of Wistar rats of group IV stained with H&E. X100
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Fig. 9: Photomicrograph of the Epididymis of Wistar rats of group V stained with H&E. X40

Fig. 10: Photomicrograph of the Epididymis of Wistar rats of group V stained with H&E. X100
Our findings were in contrast to that of
Buraimoh et al. (2012d) which stated that aluminium
chloride exposure could be detrimental to the
integrity of the testes of wistar rats. However, the
findings of Buraimoh et al. (2012c) indicated that
although, aluminium chloride decreased the level of
sperm count, but it did not result into infertility; this

they reported could be as a result of the fact that the
wistar rats that received the highest dose of
aluminium chloride (1,900 mg kg−1) had an average
sperm count of 19.75 million (10 6) which was close
to 20 million sperm count required for fertility while
the other treated groups had sperm count above 20
million per milliliters.
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In our present study, we observed that the ductulus
efferens, interstitial connective tissue, as well as, the
spermatozoa in the lumen were intact (Fig. 110).
Our present study, therefore, affirmed that the
capability of the epididymis to store the sperm cell
despite the oral exposure to aluminium chloride could
be part of the reasons why the aluminium treated wistar
rats in Buraimoh et al. (2012c) study were said to be
fertile.
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CONCLUSION
Based on our observations, we therefore conclude
that Aluminium Chloride Exposure had no effects on
the histology of the epididymis and hence storage of
sperm cells (spermatozoa) by the epididymis could be
safe.
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