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SUMMARY

Aluminum (Al) is one of the trace clements that has no any biological
functon in the body. In this study, oral administration of Al chloride
(2mg/kg B.W) to 4 weeks immature male rats for two and three months
produced regression in testicular development and functions. In another
experiment adult rats ingested orally the same dosc of Al chloride for
one and two months, it produced suppression in testicular functions with
interruption in stages of spermatogenesis and reduced in the number of
levdig cells. The epididymal spermatozoa showed a significant
suppression in motility and alive percentage with significant elevation in
total abnormalities and protoplasmic droplets percentage in spermatozoa
in both immature and mature treated rats. Al significantly produced a
reduction in testosierone of serum and testicular tissue homogenates, in
both immature and adult treated rats. While serum LH levels were
reduced significantly in immature treated rats for three months. The
testicular superoxid dismutase (SOD) activities and zinc contents were
reduced significantly in all rats (immafure and adults). The levels of
malondialdehyde (MDA). as an indicator for lipid peroxidation, were
elevated significantly in testicular tissue homogenates in immature
treated rats for two and three months, while it was elevated significantly
in testicular tissues in adult rats treated for two months only. The
motility of spermatozoa regressed significantly with MDA levels in
immature treated rats and with testosterone levels in adult treated rats.
The alive percentage of spermatozoa was regressed significantly with
testicular SOD  activities in immature freated rats. The iotal
abnormalitiecs and protoplasmic droplets regressed significantly with
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testicular SOD activities, zinc content in immature treated rats while
protoplasmic droplets percentage regressed significantly with SOD
activities and zinc content and MDA levels of testicular tissues in adul¢
treated rats. The present study indicates that Al significantly induced
inbalance between antioxidant/prooxidant system in testicular tissue and
this cffects may be due to clevation of free radicals. There may be
affected the viability of leydig cells as well as disruption of
spermatogenesis. Moreover, elevation in sperm abnormalities due io
testicular and/or epididymal origin.

Key words: Aluminum, male rat reproduction, antioxidant, lipid
peroxidation, spermatozoa, leydig cells,

INTRODUCTION

Aluminum (Al) is abundant in the earth’s crust, but is present in
very small amounts in living organisms because of its insolubility of Al
hydroxide complexes at neutral pH (Ganrot, 1986, Mcdonald and
Martin, 1988). Al is not unessential element for mammals and
microorganisms but causes impairment of energy metabolism (Yashino
et al, 1998 and 1999) relation to some neurological and skeletal
disorders (Perl and Brody, 1980 and Perl et al., 1982). Naturally, tea,
some spices and herbs contain high Al concentration however, its
concentration increased dramatically in food kept in containers which
were  manufactured  from Al Tt is primarily absorbed in the
gastrointestinal tract and these is a relationship between amount which
ingested and amount absorbed (Skalsky and Carchman, 1983).

The effect of Al on body accompanied with increases in the rate
of lipid peroxidation (Parkinson et al., 1981). However, the effects on
male reproductive system was received a low attention from
investigators in comparison to its effects on nervous system. The relation
between  free radicals and reproduction was close related. The unusually
high content of phospholipid bound polyunsaturated fatty acids in the
sperm plasma membrane drew attention to their potential physiological
significance (Kim and Parthasarathy, 1998). They reported also, that
there high polyunsaturated fatty acids of sperm membranes makes them
vulnerable to peroxidative changes by oxygen radicals. Al was one of
the potent substances that increased free radicals in the body and
produce its damaging effects through its prooxidant action (Katyal et al.,
1997).
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In this study we will investigate the effects of Al on malc
reproductive system and on the devclopment of gonads when Al
administration started at immature stage. Moreover, the degree of lipid
peroxides and superoxide dismutase (SOD) as well as serum and
testicular tissue homogenate testosterone and serum LH were measured.
Also, histological examination were done for semineferous tubules and
levdig cells.

MATERIALS and METHODS
Animals:

Fourty eight male albino rats (Sprague Dawely), twenty four
immature and another twenty four adult, were used in this study. The
animals were purchase from animals house, Faculty of Medicine, Assiut
University.

Chemicals:

Al chloride, thiobarbituric acid, adrenaline and sodium citrate

were purchased from sigma chemical Co.
Study Protocol:
Two experiment sets were done as the following:

Experiment I: Immature (4 weeks) male rats were divided into
three groups, 8 each. The first kept as control and ingested the vehicle of
Al chioride. The second and third groups were ingested daily with
2mg/kg B.W Al chloride for two and three months respectively.

Experiment II: Adult (2.5 months) male rats were divided into
three groups (8 each). The first kept as control and rats were ingested
daily with the vehicle of Al chloride. The second and third groups tread
daily with 2mg/ke B.W Al chloride orally for one and two months
respectively.

Blood Samples:

At the end of cach experiment, blood samples were collected
from each rat in clean sterile centrifuge tubes without anticoagulant by
punciure of the retro-orbital sinus. Serum was scparated after
centrifugation for 5000 rpm for 7 min. and kept in aliquets at -20°C.
Sperm evaluation:

Testes and comresponding epididymis were collected from
sacrified rats directly alter blood collection. Within few minutes, testis
and its epididymis were carefully separated from surrounding tissue and
weighed. Each epididymis was carefully separated from testis and
weighed the testis only. The caudal epidiymis was squeezed on a clean
dry warm (37°C) slide then few drops of warm sodium citrate buffer
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solution (2.9%) were added as well as gently mixed and covered with a
cover-slip to be examined microscopically for the detection and
estimation of sperm motility. Thin smears were made from the squeezed
fluid and siained with alkaline methy! violet stain for detection of sperm
primary and secondary abnormalities. The alive and unripe (with
protoplasmic droplets) % were determined by using cosin-nigrosin and
Indian ink stains respectively. Testes specimens were rinsed with 6.3
mM  EDTA phosphate buffer and then absortbed excess buffer,
specimens were immediately frozen and kept at -80°C. Other specimens
were kept in Bouin’s fluid for histological examination.

Biological measurements:

At the time of lipid peroxidation assay, testicular samples were
thawed and homogenized in ice-cold phosphate buffer (pH 7.4) yielding
a. 1/10 homogenate, these were centrifugated at 3000 rpm for 30 min.
The supernatant were collected and assay immediately with the serum
samples, lipid peroxidation by measuring MDA by thiobarbituric acid
and provide a convenient index of lipid peroxidation according fo
(Thayer, 1985). The rest of supernatant and serum were kept at -20°C for
another assays. SOD activilies were measured in both supernatants of
testicular homogenate and serum using epinephrine according to (Misra
and Fridovich, 1973). Protein in testicular supematant were determined
by the Bradford method using bovine serum albumin as a standard
(Bradford, 1976).

Hormonal assay:

Testosterone levels in testicular homogenate and serum in each
rat were determined using ELISA kit (Biosource, Co.). The minimal
detection limit in the assay was 0.05 ng/ml and the intra-and interassay
coefficients of variation were 8.5% and 7.3% respectively. Serum LIT
levels were measured by rat RIA kit, the minimal dctection limit in the
assay was 0.02ng/ml and the intra-and interassay coefficients of
variation were 6% and 8% respectively.

Histological examination:

Immediately after sacrified animals, testes were removed and
fixed in Bouin’s fluid, dehydrated in ascending series of ethyle alcohol,
cleared in xylol and embedded in paraffin wax, Paraffin sections were
cut at 7y thickness and stained with haematoxylin and eosin according to
Drury and Wallington (1980).

Statistical analysis:

Data were expressed as the mean = SEM for all parameters in

both serum and tissue homogenates, then analyzed by using Analysis of
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Variance (ANOVA) with DBonferroni’s post-test for multiple
comparisons with confidence intervals at 90% as appropriate. Linear
analysis regression were also done using prism 3 Graphapad computer
programme,

RESULTS

The obtained results are presented in Tables 1-3 and Figures 1-3.

1. Effects of Al on gonads and epididymal spermatozoa (Tables 1&2):
i- Immature treated rats:

Al produced significant (P<0.001) decrease in testicular and
epididymal weights after two months of treatment while after three
months of trcatment, testicular and epididymal weight decreased
significantly at levels 0.05 and 0.001 respectively. Epididymal
spermatozoa showed a significant (P<0.001) decrease in motility and
alive % after two or three months of treatment. The total abnormalities
and protoplasmic droplet % were significantly (P<0.001) increased in
these rats treated for both two and three months.

ii- Adult treated rats:

The epididymal weighis were reduced significantly (P<0.001) in
rats treated for one months. The motility and alive % of the epididymal
spermatozoa showed significant decrease (P<0.05) after one month of
treatment, while they decreasc significantly (P<0.001 and P<0.01) after
two months of treatment respectively. The total abnommalities and
protoplasmic droplets were significantly (P<0.001) increased afler one
and two months of treatment.

11- Biological effects of Al treatment:
i- Immature treated rats (Fig. 1):

Serum testosteronc levels were reduced significantly (P<0.05 and
P<0.001) intwo and three months treated rats respectively. While it was
reduced significantly (P=0.001) in all rats in testicular tissue
homogenates. Serum LLH levels only decreased significantly (P<0.01) in
rats ireated [or three months. Testicular tissue homogenates showed a
significantly (P=0.0!1 and P<0.001) decrease in 8OD activities and zinc
concentration in rats ireated for two and three months respectively. The
levels of MDA as an indicator for lipid peroxidation were increased
significantly (P<0.05) in all rats.

ii- Adult treated rats (Fig. 2):

Al treatment for one month produce a significant (P<0.03}

decrease in both serum and testicular tissue homogenates of testosicrone,
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while it was (P<0.001) in serum and (P<0.01) testicular homogenates
after three months of treatment. 8OD activities in testicular tissue
homogenates decreased significantly (P<0.001) in one and two months
of treatment. The Ievels of MDA increased significantly (P<0.05) after
two months of treatment in tissuc homogenates. Zinc content in tissue
homogenates was decreased significantly (P<0.05 and P<0.01) in treated
rats for one and two months respectively. :
iti- Linear analysis of regression (Table 3):

It was found a significant regression in motility of epididymal
spermatozoa and testicular homogenates of MDA levels (P<0.05) and
testosterone levels (P<0.001) in immature treated rats, This relation of
linear regression were significantly (P<0.05) with testicular homogenate
for SOD activities, MDA levels and testosterone level in adult treated
rats, Alive % of epididymal spermatozoa werc significantly (P<0.035)
regressed with testicular homogenates of SOD activilies in immature
treated rats. The total abnormalities % in spermatozoa were rogressed
significantly (P<0.01, P<0.05, P<0.51) with SOD activities, zinc content
and testosteronc in tissue homogenates respectively in immature treated
rats. The protoplasmic droplets % in spermatozoa was regressed
significantly (P<0.05) with SOD activitics and zinc contents in tissue
homogenates in immature treated rats, while in adult treated rats it
significantly (P<0.01) regressed with SOD activities, zinc contents and
MDA Jevels.

IH1. Histological findings (Fig. 3):

The scmniferous tubules of control rats arc lined with
spermatogenetic cclls which is highly modified stratified cuboidal
epithelium. The semniferous epithelium contains two distinet calegories
of cells; Sertoli cells and the germ or spermatogenetic cells in various
stages of development. In between the seminiferous tubules, a layer of
loose connective tissue highly vascular containing a group of polyhedral
cells named the interstitial cells of leydig (A).

Treatment of immature rats with Al for 2 months showed
alternation  in the spermatogenetic and interstitial cells. The
spermatogenetic cells appear small in size with scanty and small deeply
stain cytoplasm. The spermatogenetic cells were scparated from each
other by irregular wide spaces. Few sperms were observed inside the
lumen of the seminiferous tubules. The interstitial cells of leydig showed
homogenous deeply stained cytoplasm with rounded nuclei (B). Treated
immature rats with Al for 3 months showed vacuoles of various shape
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and size between spermatogenetic cells with few sperms in fumen of
seminiferous tubules, The leydig cells smaller in size with more deeply
stained nuclei and cytoplasm (C).

Treatment of Al to adult rats for one month Icad to marked
histological changes in the seminiferous tubules. Decrease in the
diameter of the scminiferous tubules accompanied with decrease in the
interstitial conncetive tissue. The spermatogenetic cells loss in normal
arrangement with deeply stained nuclei and scanty cytoplasm. Vacuoles
were observed between the spermatogenetic cells (D).

Adult rats treated for 2 months showed similar observation of
those treated for one month but with marked changes. No sperms can be
detected in the seminiferous tubules and numerous detached cells were
observed in lumen of seminiferous tubules (E).

DISCUSSION

Al is one of the trace elements where it is present in very small
amounts in living organisms (Ganrot, 1986 and Mcdonald and Martin,
1988). The present study investigated the effects of Al chloride
administrated orally on male rat reproductive system. It was observed
that, Al produced marked interruption in the spermatogenesis and
reduced testicular and epididymal weights. Epididymal sperm
examination showed a marked decrease in motility and alive percentages
as well as elevated the total abnormalities and protoplasmic droplets in
spermatozoa. These results were inagreement with Hovatta et al. (1998).
They reported that reduction in semen qualities was observed with
elevation of Al concentration in seminal plasma and spermatozoa.
Moreover, the long-term ingestion of Al in rats affected sexual
behaviour and fertility (Batainch et al., 1998). They reported also, a
regression, in fertile capacity of testes after Al ingestion included
supprassion in spermatogenesis and dropped in seminal vesicles weight.

Al produced reduction in both scrum and testicular tissue
homogenates testosterone levels. From the histological point of view, the
number of leydig cells decreased with degenerating changes, as well as
failure in spermatogenesis. Morcover, these observalion were more
prominent in rats siart to receive Al in the immature stage. Llobet et al.
(1993) reported that Al produced changes in reproductive system of
male mice. They found a reduction in both testicular and epididymal
weights as well as significant deercases in testicular spermatid and
cpididymal spermatozoa counts. They added that necrosis of
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spermatocytes/spermatides were observed, whereas the tubular diameters
were unaffected.

To investigate the role of Al in inbalance betwesn
antioxidant/prooxidant, MDA levels and SOD activities were measured
in ftesticular tissue homogenates. The MDA levels were elevated in
tissue homogenates as well as reduction in SOD activities in immature
and adull {reated rats. Oteiza et al. (1993) and Abd-El-Fattah et al.
(1998) reported that one of the most important effects of Al in the body
is elevation of free radicals. Moreover, they reported that vitamin E as
antioxidant, could protect the body from oxidative stress induced by Al.

Sikka et al. (1995) investigated that spermatozoa possess an
inherent but limited capacity to gencrate free radicals to aid in the
fertilization process, but increase free oxygen which suppress the
functions spermatozoa and reduced their survival,

There is a relation between testosterone levels and antioxidant
system in spermatozoa and epididymal fluid. In this study, the reduction
in testosterone levels may be potentiate the elevation of free radicals.
Purohit et al. (2000) suggested that glutathione (antioxidant) content in
the spermatozoa and epididymal fluid were increased significantly after
testosterone treatment. Further, they reported that testosterone hormone
reduced superoxide anion generated by caudal epididymal spermatozoa,
The reduction in testosterone levels may be reduce sperm counts by two
mechanisms, the first through its dircct effects on spermatogenesis and
the second may be through elevation of superoxid anion and suppression
of SOD activities. Moreover, the elevation of protoplasmic droplets after
Al ingestion in rats may be due to elevation of free radicals in
cpididymal fluid as a result of Al The fertilizing capacity of sperm also
decreased as a results of elevation of free radicals in cpididymal fluid
where, zona-binding index were decreased.

In this study, Al ingestion produced damaging effects on malc
gonads particularly when administrated to immature rats. Samanta et al.
(1999) suggested that an antioxidant defence system plays a crucial role
in development and maturation of rat testis. They found that elevation of
lipid peroxidation in immature rats as well as reduction in SOD activities
retarded the testicular functions at puberty.

Oxidative stress not only affecled seminiferous tubules and
epididymal spermatozoa but also, it affects the number and viabilitis of
levdig cells. In the present study, elevation of MDA as a results of Al
ingestion produced reduction in number of leydig cells as well as
decreasc the levels of testosteronc. Moreover, LIT decreased but only in
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the immature treated rats for Tong period (three months). As carly, Myers
and Abney (1988) found areduction in testosterone synthesis in leydig
cells culture as a results to elevation of free radicals, They reported also,
{hat oxidative injury-mediated damage of enzymes responsible for
steroidogencsis in leydig cells. Recently, Mueller gt al. (1998) found a
close relation between testicular MDA levels and reduction in
testosterone synthesis.

Due to the close relation between Al and zinc and between zinc
content in testicular tissue and fertility, it was found that zinc contents
were dropped in testicular tissue homogenates in all rats ingested AL
SOD an important antioxidant enzymes in testicualr tissues and itis
zinc-dependent enzyme {Gutteridge and Halliwel, 1994). Scver zinc
deficient diet produced asospermia and depletion of testicular
steroidogenesis and may develop hypogonadism (Hamdi et al., 1997). Ai
et al. (1997) reported that zine deficiency decreased body weight, testes
and muscles of rats ‘with lower contents of testosterone in testes and
serum. The reduction of zinc levels in immature rats treated with Al
were  associated with testicular development. These resulls werc
inaggrement with observations by Li et al. (1998). They reported that
zinc was essential to testicular development at puberty. Moreover, they
added that this effects of zinc was perhaps carried out in different ways.
Zine deficiency also, reduced seminal plasma zine, which hasa positive
correlation with sperm counts and sperm viability (Fuse et al., 1999 and
Telisman, 2000).

In conclusion, the Al chioride produced a reduction in testicular
and epididymal functions, through decrease the lestosterone levels and
increase the protoplasmic droplets of spermatozoa. These effects were
morc prominant when Al ingested to immature rats till after puberty. The
damaging effecis of Al may be due to oxidative stress in testicular tissue
as well as epididymal fluids. These results indicate to the importance of
Al in foods as well as elevation of free radicals in the body asan
important for development of hypogonadism.
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LEGENDS OF FIGURES

Kig. 1: Testostcrone levels in serum (A) and in tissue testicular
homogenates (B), SOD activities (C), MDA levels (D), and
Zinc content (E) in tissue testicular homogenates and serum LH
levels (IY) in control and aluminum chloride treated immature
rates for two (Tam) and three (T3y,) months.

Fig. 2: Testosteronc levels in serum (A) and in tssue testicular
homogenates  (3). SOD activities (C), MDA levels (D), and
zine content (E) in tissue testicular homogenates and scrum LH
levels (F) in control and aluminum chloride treated adult rats
for one (Tm) and two (Tay,) months.

Fig. 3: T.S of testis of control rats stained with I and E showing the
seminiferous tubules with spermatogenic cells and interstitial
cells of control (A), immature treated rats for 2 months (B) and
3 months (C)., and adult treated rats for one month (D) and two
months () (X400).
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