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Effect of Aluminium Chloride on Sexual Efficiency in Adult Male Rats.

The study was conducted to reveal the effect of oral administration
of aluminium chloride on spermatogenesis and accessory sex organs in
adult male rats. Aluminium chloride was administrated by oral intubation
daily with two doses 40 and 80 mg/kg. body weight for periods 30 and 60
days for each. The results showed that aluminium chloride at both doses
caused a significant reduction in sperm counts and the percentage of live
sperm, with a significant increased in the percentage of morphologically
abnormal sperm, and a significant reduction in averages of body weights,
head epididymis, testis and prostate gland weights in rats treated with
aluminium chloride at dose 80 mg/kg. body weight during the
experimental period. While aluminium chloride at dose 40 mg/kg. body
weight had no changes in the percentage of the morphologically abnormal
sperm and in the body weight, testis and accessory reproductive organs
weights. Synchronized with the physiological changes, histological
alterations represented by vascular hyperemia, interstitial edema,
multiplication of Leydig cells, coagulative necrosis, hyperplasia and
sloughing of seminiferous tubular epithelium. The results concluded that
administration of aluminium chloride to adult male rats would cause
adverse effects on sexual efficiency.
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INTRODUCTION

Aluminium (Al) is one of the most common elements in the earth's
crust (1).1t is a widely distributed in the environment and is extensively
used in modern daily life. Aluminium enters into the body from the
environment and from diet (2). Al-containing diet is mainly corn, yellow
cheese, salts, herbs, spices, tea, (3) and cosmetics such as antiperspirant
and deodorant preparation (4). Moreover, it is incorporated in some
medications such as antacids, buffered aspirin, anti_diarrheal products,
vaccine and allergen injection (5,6,7), and it is used as acomponent of
veterinary medicine, glues and disinfectants (8). Al. sulphate is
extensively added as a coagulant aget during the purification process of
drinking water (9). Recently increased attention is being paid to
aluminium compound due to its serious effects on the central nervous
system (10), energy metabolism and hematology (11,12), fertility and
reproduction (13,14), embryotoxicity and teratogenic potent (15).

Aluminium chloride induced reproductive toxicity and exerted a
signifigant adverse effect on the steroidogenesis (16) and caused
deterioration in sperm motility and viability, enhancement of free radicals
and alterations in enzyme activities on rabbit sperm (17), with alterations
in the metabolism of testis, epididymis and vas deferens that led to poor
sperm motility and reduction in fertility rate in mice treated with
aluminium chloride (400mg/kg body weight) for 15 days or in chronic
treatment at dose (200 mg/kg body weight) for 60 days (18,19). Liobet et
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al.,(20) observed that some histological changes including necrosis of
spermatocytes and spermatids in the testis of male mice treated with
aluminium nitrate, and degeneration in structure of spermatogenesis and
formation of giant cells in mice testis treated with aluminium
chloride(21), severe damage within seminiferous tubules and vascular
degeneration on spermatogonic and Sertoli cells cytoplasm(22).

Furthermore  reduced testis  acetylcholinesterase  activity
presumably plays an important role in aluminium chloride (23).

The purpose of the present study is to evaluate the adverse effects
on spermatogenesis of aluminium chloride in adult male rats.

MATERIALS AND METHODS
Animals:

Adult male Albino rats (3-4 months age), weighing (190-215g) in
this study provided by the animal house unit in the college of Veterinary
Medicine at Mosul University. Animals were housed in polypropylene
cages under standard husbandary condition (12hr light/dark cycle:
25+3C9). The rats were supplied diet and water ad libitum.

Test chemical :

Aluminium chloride (AICI 3) was obtained from (BDH chemicals,
Ltd., Poole, England). It was administrated aqueous solution by using
distilled water.

Experimental design :

36 male rats of proven fertility were randomly divided into 6
groups of 6 rats each. All groups were given orally by gavage tube.
Group 1: rats served as control and received the vehicle (0.5 ml.distilled
water / day) for 30 days.

Group 2: rats received aluminium chloride (40 mg/kg. body weight/day)
for 30 days.

Group 3: rats received aluminium chloride (80 mg/kg. body weight/day)
for 30 days.

Group 4: rats served as control and received the vehicle (0.5 ml.distilled
water/day) for 60 days.

Group 5: rats received aluminium chloride (40 mg/kg. body weight/day)
for 60 days.

Group 6: rats received aluminium chloride (80 mg/kg. body weight/day)
for 60 days.

Sample collection and analysis:

The body weight of each animal was recorded initially and then at
the time of autopsy. On day 31 and 61 animals were sacrified under mild
either anesthesia (24). The testes and accessory sex organs (epididymis,
seminal vesicles and prostate gland) were dissected out, cleared and
weighed. Epididymis was dissected out, sectioned and immediately the
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content of the head of epididymis was squeezed gently in a clean watch
glass contained 9.8 ml. buffer formalin with 0.1 ml. eosin stain (5%).
This was used for counting the sperm using hemocytometric technique
(25,26). The percentage of live and morphologically abnormal sperms
were counted in smear prepared from epididymal tail content by using
eosin-nigrosin stain diluted with 3% sodium citrate (27).

Histological analysis :

Testes were fixed in Bouin's fluid, passed through ascending series
of ethanol and then through xylene and embedded in paraffin wax.
Tissues were sectioned at the thickness of 2-3um and stain with
hematoxillin and eosin (28).

Statistical Analysis :

The results were expressed as mean £ SE. Our data were analyzed
statistically using one and two_ways analysis of variance (Anova). Group
differences were determined using Duncan multiple range test.
Differences were considered significant when (P<0.05) (29).

RESULTS
The effects of aluminium chloride on body weight in rats.

The present investigation revealed that the B.W. in the group
treated with AICIl; at dose 80 mg/kg.B.W. showed a significantly
(P<0.05) decline at days 30 and 60comparison to control and AICl; —
treated group at dose 40 mg/kg.B.W. While body weight show no
signifigantly change in AICls;-treated group at dose 40 mg/kg.B.W. as
compared with the control group during the experimental period (table 1).

Table (1): effect of aluminium chloride on body weight in rats.

Treatment groups Initial body weight (g) | Final body weight (g)

Control
(0.5ml. D.W.) for 30 days

AICI; —treated
(40mg/kg. B.W.) for 30days)

AICI; —treated

195 +6.8a 230 +

183 + 5.8 a 224

188 + 15.8a 217 £7.1b

(80mg/kg. B.W.) for 30 days

Control
(0.5ml. D.W. for 60 days)

AICI; —treated
(40mg/kg. B.W.) for 60 days

AICI; —treated
(80mg/kg. B.W.) for 60 days

Number of animals 6 rats/ group.
Values were expressed as means + SE.
Values with different letters are significantly different (P<0.05).
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The effects of aluminium chloride on testes and accessory sex organs
weight in rats.

The results described in table (2) the oral administration of rats
with AICI; 40 mg/kg B.W. had no apparent significantly effective in
average weight of testis and accessory sex organs epididymal (head, body
and tail), seminal vesicle and prostate gland during the experimental
period as compared with control group.While AICIl; —treated groups at
dose 80 mg/kg. B.W. produced a significant (P<0.05) decrease in the
weight of epididymal head, testis and prostate gland during the
experimental period as compared with control group. While no significant
changes were obtained in weight of epididymal (body and tail) and
seminal vesicle as compared with control groups and with AICIl; —treated
groups at dose 40 mg/kg. B.W. during the experimental period. AICI; —
treated groups at dose 80 mg/kg. B.W. more effective on weights of the
testes and prostate gland at day 60 as compared with day 30 and with
AICls-treated group at dose 40 mg/kg. B.W. at day 60 of treatment.

Table (2) : effect of aluminium chloride on testis and accessory sex organs
weights in rats.

Treatment
groups

Epididymis weight
(mg/100gB.W)

Head

Body

Testis
weight
(mg/100g
B.W.)

Seminal
vesicle
(mg /100g
B.W.)

Prostate
gland
(mg /100g
B.W.)

Control (0.5ml of
D.W. for 30 days)

8l +
a

42 | 135+1.4
d

550+23
d

97 +20
d

491 £32
d

AICl; (40 mg/kg
B.W. for 30 days)

80.5+1.5

a

14.3+1.1
a

560 +24
d

111 +12
d

485142
ab

AICl;
B.W. for 30 days)

(80 mg/kg

65.4 +6.5

b

142 +1
a

447 £23
b

93.7+6
a

471 +40
b

Control (0.5ml of
D.W. for 60 days)

85+
a

3.1 13.9+1
a

530 £17
ab

120+ 2
a

510 +13
a

AICl; (40 mg/kg
B.W. for 60 days)

73+

ab a

0.6 12.2+2

465 27
b

99+10
d

480 +34
ab

AICl; (80 mg/kg
B.W. for 60 days)

68 +
b

3.7 12.6+1
a

Number of animals 6 rats/ group.

388 17
C

105 +9
a

395 +20
C

Values were expressed as means + SE.
Values with different letters are significantly different (P<0.05).

The effects of aluminium chloride on sperm characteristics in rats.

Treatment of rats with AICI; produced significant changes in sperm
characterstics as shown in table (3).

The groups treated with AICI; at doses 40 and 80 mg/kg.B.W.
caused a significant (P<0.05) decrease in both sperm counts and live
sperm percentage during the experimental period, and AICls-treated
groups at dose 80 mg/kg.B.W. the more effective it is observed a
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significantly (P<0.05) decreased in sperm counts and live sperm
percentage accompained a significant (P<0.05) increase in the percentage
of morphologically of abnormal sperm as compared with control group
during the experimental period (Fig 1,2).

Table (3) : effects of aluminium chloride on sperm characteristics in rats.

Treatment
groups

Sperm counts
spermx 10°/ml

Live sperm%b

Abnormal
sperm %

Control group
(0. 5ml of D.W. for 30 days)

285+ 0.1a

83 + 2.74a

10.8 +1.6b

AICl; —treated group
(40mg/kg. B.W. for 30days)

171+ 0.2b

69 + 2.39b

17 £09ab

AICl; —treated group
(80 mg/kg.B.W. for 30days)

095+ 0.1c

42 + 6 cd

19+ 3.3a

Control group
(0. 5ml of D.W. for 60 days)

25 + 03a

8l + 43a

12 £ 34D

AIClI; —treated group
(40mg/kg. B.W. for 60days)

1.54 +0.14b

53 + 54c

16+ 2.7 ab

AIClI; —treated group

0.83 £0.16¢

38 £ 1.3d

21+ 3.1a

(80mg/kg. B.W. for 60days)

Number of animals 6 rats/ group.
Values were expressed as means + SE.
Values with different letters are significantly different (P<0.05)

The effects of aluminium chloride on testes in rats.

Gross pathological examination showed congested testicular at the
AIClI;_treated groups for 30 and 60 days, other treated groups did not
showed any variation compared with control group.

Light microscope examination revealed many histological
alterations at AIClI; in treated groups (testicle histological sections), these
alterations include hyperemic blood vessels, interstitial edema,
multiplication of interstitial Leydig cells. (Fig. 4,5).

Most of seminiferous tubules of the testis of adult male rats treated
with AICI; showed hyperplasia of the germinal epithelium with obvious
decreased in sperm bundles within tubular lumen. Desquamate and
sloughing of spermatogonea into tubular lumen (Fig. 6,7,8). These
changes were noticed more severly of AICI; treated group at dose
80mg/kg. B.W. for 30 and 60 days. More dramatic changes represented
by coagultive necrosis of the spermatogenic epithelium with extensive
sloughing in to tubular lumen and absence of sperm bundles with
inflammation cells infiltration represented mild by lymphocytic
infiltration and few macrophages were noticed at some sections at AICl;
treated groups (40, 80 mg/kg.B.W.) for 60 days. (Fig. 9,10,11).

The control groups sections showed normal seminiferous tubules,
sperm bundles and interstitium. (Fig. 3)
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Fig.(1): Coiling tail in rats sperm treated with AICI; (80mg/gm B.W.) for 30 days
(eosin — nigrosin stain) 1300 x.

Fig.(2): Cytoplasmic droplet in rats sperm treated with AICI; (40mg/kg. B.W.)
for 60 days (eosin — nigrosin stain ) 1000 x.
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Fig. (3) :Normal histological section of testis from control group H.&E.
(Mag. 115 x)

Fig. (4) : Histological section of testis from AICI; treated group (80 mg/kg B.W.)
for 30 days showing hyperemic blood vessel (A), interstitial edema (B), Leydig
cell proliferation (c). H.&E. (Mag. 370 x).
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Fig. (5): Histological section of testis from AICI; treated group (80 mg/kg of
B.W.) for 30 days showing interstitial edema (A) with Leydig cells proliferation
(B). H.&E. (Mag. 900 x).

Fig. (6): Histological section of testis from AICI; treated group (40 mg/kg of
B.W.) for 60 days showing hyperplasia (A) and sloughing (B) of germinal
epithelium. H.&E. (Mag. 760 x)
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Fig. (7): Histological section of testis from AICI; treated group (80 mg/kg of
B.W.) for 30 days showing sloughing of germinal epithelium (A) and
oligospermia (B). H.&E. (Mag. 370 x).

Fig. (8): Histological section of testis from AICI; treated group (40 mg/kg of
B.W.) for 60 days showing sloughing of germinal epithelium
(A). H.&E. (Mag. 760 x).
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Fig. (9): Histological section of testis from AICI; treated group (80 mg/kg of
B.W.) for 60 days showing coagulative necrosis of seminiferous
epithelium with sloughing (A) and oligospermia (B). H.&E. (Mag. 370x)

Fig. (9): Magnified capture to the same previous figure showing different stages
of karioerhexis in necrotic epithelium (A) and infiltration of macrophages (B).
H.&E. (Mag. 760 x)
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Fig. (10): Histological section of testis from AICI; treated group (80 mg/kg of
B.W.) for 60 days showing orchitis manifested by hyperemic blood vessels
(A) profuse interstitial edema (B) inflammatory cells infiltration especially

macrophages (C) and extensive sloughing of seminiferous epithelium
(D). H.&E. (Mag. 450 x).

DISCUSSION

The present investigation revealed that the body weight was
significantly reduced in males treated with AICl; (80 mg/kg.B.W.) in
comparison to control group. Similar results about the body weight is in
agreement with those obtained by other investigators (14, 20). It appears
that this reduction in body weight reflects general toxicity condition, and
this will negatively affect on reproductive functions(30). The relative
weights of testis and accessory sex organs decreased in animals treated
with AICI; (80 mg/kg.B.W.), similar results were obtained in others
studies with AICI; that have reported a significant decrease in testis (13)
and testicular and epididymal weights in rats (20). The reduction in the
weight of testis and accessory sex organs in AICI3 treated rats, which
stems from reduced availability of androgens ( 31).

In the present study the administration with AICIl; caused a
significant decrease in both sperm counts and live sperm percentage, with
associated significant increase in the percentage of abnormal sperms as
compared with the control groups, which assure with those results
obtained by other investigators (14,16,20,32). These changes may be
attributed to impairment of sperm maturation and secretory functions of
epididymal cells which might be due to oxidative stress or to
insufficiency of androgens.
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Recent studies showed the AICI; caused a significant induction of
oxidative stress as evidenced by increasing thiobarbituric acid reactive
substances (TBARS) levels and inhibition of superoxide dismutase and
catalase activities (16,17,33) and decreased glutathione(33), furthermore
a significant decreased in sulphydryl groups and phosphorylase in rats
treated with AICI; (34). So that a generation of reactive oxygen species
(ROS) which may stimulates the glutathione peroxidase and inhibits
catalase which result in oxidation of proteins in the terminal stages of
sperm maturation (35), in addition to peroxidation of polyunsaturated
fatty acids in the plasma membrane of sperm and this causes disturbances
in sperm functions (36).

Ollero et al., (37) and Gil-Guzman et al., (38) showed that levels of
reactive oxygen species production in semen were negatively correlated
with the percentage of normal sperm forms as determined by World
Health Organization (WHO)(39). Results of the present study indicates
that there was a relationship between oxidative stress induced by
aluminium chloride and increased the percentage of morphologically
abnormal sperms. Furthermore ROS had an obvious toxic effect on
tissues, it will causes histological changes on testicular tissue (40), and
our observation gives an ascertainment for these results which included
coagulative necrosis, sloughing and falling of seminiferous epithelium in
tubular lumen, these results agreement with others studies (14,21,22).

Histological observation of testis showed absence of spermatic
bundles in seminiferous tubules lumen and this may results from
degenerative changes of spermatogonea which affect spermatogenesis
and maturation of sperms and this support our results which showing
decrease in sperm count and percentage live sperm with significant
increased in percentage of morphologically abnormal sperms.

Beside the role of AICI; in induction of oxidative stress, it's toxic
effect may result from its ability to bind to cellular DNA, RNA and
proteins leading to decrease their levels in different tissues(41). In
addition to those harmfull mechanisms when AICI; enters living tissues,
it will compete with nonheme iron to bind ferritin and lowering ferritin
levels decreasing the ability of cells in treating iron by protective
sequestration, turning the free iron to an oxidative agent (42). Those
mechanisms may explain the degeneration, coagulative necrosis and
epithelial sloughing in our results. Presence of interstitial edema may
result from the oxidative damage of capillaries endothelial cells through
interference with their membranes (43), increasing their permeability.
The increase in permeability and edema may also occur in inflammatory
responces because of libration of inflammatory mediators from
degenerative and necrotic paranchymatus cells (44), and this may explain
inflammatory cells infiltration within testicular parenchyma.
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AICI3 may be implicated in the induction of sex hormones
disorders, many studies recorded that AICIl; cause a reduction in
testosterone (45,46,47), that resulting to reduced activities of 34- and
17p- Hydroxy steroid dehydrogenase (35-and 174-HSD) in mice testis
after trearted with AICIl; + sodium fluoride correlates with the significant
accumulation of cholesterol, this in turn would reduce circulating
testosterone levels and alter the metabolism of all androgen — dependent
on reproductive organs in animals (45,46,47). This will gives an
interpreterships for the testicular sections changes which includes Leydig
cells multiplication and seminiferous tubules hyperplasia in testis, which
indicates testosterone biosynthesis either due to direct action on Leydig
cells or through affected the function of the hypothalamas. This may
result in alteration of gonadotropin releasing hormone (GnRH) levels
which may affect LH secretion from the anterior pituitary lobe (14), that
stimulate Leydig cells to proliferate as a compensatory mechanism. This
Is supported by the study of Chinoy et al. (21), who reported a significant
decline in blood testosterone in mice. Disturbance in testosterone and LH
levels after administration of AICI; suggested in the premature release of
spermatids that may cause the reduce testicular and epididymal sperm
counts. We conclude that AICI; adversely affects the reproductive
functions of male rats, probably by virtue of suppression of androgen
biosynthesis or oxidative stress.
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