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Abstract
This study was designed to evaluate the protective effect of Taurine and Zingiber officinale on aluminum chloride (AlCl3)
induced testicular damage and impaired spermatogenesis in adults male rabbits. Thirty adult male rabbits 1.5 -1.80 kg, 22-24
weeks old were used in this study. The animals were randomly and equally divided into five equal groups, 6 animals per each:
Control group (Control negative): received distilled water orally 5 ml/kg/day for 21 days. First treated group (Control positive
T1): received AlCl3 20 mg/kg/day (I.P)as a single dose for 21 days. Second treated group (T2): received AlCl3 20 mg/kg/day
(I.P)and after 1 hour later received Taurine orally200 mg/kg/day for 21 days. Third treated group (T3): received AlCl3 20 mg/
kg/day (I.P)and after 1 hour later received Zingiber officinale orally200 mg/kg/day for 21 days. Fourth treated group (T4):
received AlCl3 20 mg/kg/day I.P and after 1 hour later received a combination of half a dose of Taurine 100 mg/kg/day and
Zingiber officinale100 mg/kg/day for 21 days. The blood samples were taken after 21 days of treatment to evaluate biochemical
parameters includes reduced glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), and malondialdehyde (MDA).
Reproductive hormone FSH, LH, Testosterone and liver function enzymes AST, ALT and ALP were also evaluated. The
histopathological examination of testis and epididymis were done.The obtained results demonstrate that male rabbits treated
with AlCl3 revealed a significant (P< 0.05) increase in serum levels of MDA, AST, ALT and ALP, significant (P<0.05) decrease
in GSH, SOD, CAT, FSH, LH, and Testosterone. The histopathological study revealed that AlCl3 caused severe degeneration
of spermatogenic stage and complete loss of spermatozoa in the tubule of epididymis.In contrast, Taurine or Zingiber
officinale and their combination caused a significant (P< 0.05) decrease in MDA, AST, ALT and ALP, significant (P< 0.05)
increase in GSH, SOD, CAT, FSH, LH, and Testosterone with normal spermatogenesis stage and epididymal tubules filled
with spermatozoa. It has been concluded from the present study that combination of Taurine and Zingiber officinale
appeared the best protective effect against testicular and epididymal damage induced by AlCl3better than each drug alone
through improving antioxidant enzyme activities in AlCl3 treated group leading to declined MDA level and reduced lipid
peroxidation
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Introduction
Aluminum (Al) is the most abundant metal in the

environment, comprise about 8% of the earth’s crust (1).
It is widely distributed and used in the manufacture of
cosmetics, cookware, utensils, food additives, toothpaste,
and found in mixture with oxygen, silicon, fluorine and
other elements in the soil, rocks, clay and gems (2). It is
also used in medicines and added to the drinking water
for purification purposes (3). Aluminum enters into the

body from environment and from diet, mainly corn, yellow
cheese, salts, herbs, spices, tea, and cosmetics such as
antiperspirant and deodorant preparation and most of this
aluminum is quickly removed by the kidneys which leading
to renal dysfunction (4). AlCl3 induced reproductive
toxicity and adverse effect on steroidogenesis (5). The
major well-known toxicological properties of aluminum
included microcytic hypochromic anemia (6),
neurodegenerative disorders such as Alzheimer disease,
amyotrophic lateral sclerosis and dialysis encephalopathy
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(7), hepatotoxicity (8), genotoxicity (9), and toxicity both
male reproductive system (10) and female ovaries (11).
The toxic effects associated with aluminum are due to
generation of reactive oxygen species (ROS) (12) and
DNA oxidative deterioration (13). In the medicine field,
Al complexes are now commonly used in the composition
of many pharmaceutical conditions such as antacids,
phosphate binders, toothpaste, aspirins, vaccines and
antiperspirant. Furthermore, purification principles of
water and food additives making them a potential threat
(14). At the present time, the importance for utilize of
herbal remedies in place of chemical drugs is increasing
due to lesser side effects and their actions (15). In fact, a
number of herbs have defensive effect against cell
oxidative stress (16). Furthermore, Zingiber officinale
is one of the medicinal plant which is regarding as a safe
herbal medicine and usually used as a food spice and as
natural additive. It is a physically powerful antioxidant
agent may reduced generation of free radicals (17). The
antioxidant properties of Zingiber officinale was
attributed to its major ingredients namely zingerone,
gingerols, gingerdiol, shogoals and zingiberene (18). The
major pharmacological action comprised immune-
modulatory, anti-tumorigenic, anti-inflammatory, anti-
apoptotic, anti-hyperglycemic, anti-lipidemic and
antiemetic action (19). In general, it is companied a potent
anti-oxidant and anti-inflammatory actions and revealed
a significant anti-carcinogenic and anti-mutaginc activities
(20). Also, anti-platelet, anti-emetic, anti-diabetic, anti-
hypercholesterolaemia, anti-pyretic, anti-proliferation, and
anti-toxic agent (21 and 22). Taurine (2-
aminoethylsulphonic acid) is one of non essential, non
protein sulphur-containing amino acids in most mammal
tissues, which does not participate to protein synthesis, it
is inert molecule without any reactive groups (23). It is
synthesized either exogenously via dietary supply such
as poultry, beef, pork, seafood, and developed meats or
endogenously via biosynthesis from amino acids
methionine and cysteine precursor. Furthermore, it is found
in high concentrations in the heart, muscles, brain, liver,
kidney, pancreas, spleen, small intestine, lungs, male and
female reproductive organs and eyes of mammals, and
also in sea food (24). It is a powerful antioxidant (25),
anti-inflammatory and immune modulation (26) and anti-
apoptotic (27), improve mitochondrial dysfunction by
stabilized the mitochondrial electron transport chain and
inhibiting ROS generation (28), anti-hyperglycemia and
anti-lipidemia (29), anti-carcinogenic (30), anti-mutaginc
properties (31), anti-proliferation (32), antidiabetic (33).
It has been known that taurine can be synthesized by
male reproductive organs (34). It has been restricted to

testicular leydig cells, testosterone in male, and peritubular
cells surrounding seminiferous tubules. Moreover, it has
been identified in humans testes and recognized as the
most important free amino acid of sperm cells and seminal
fluid (35).

Materials and Methods
Ethanolic extract of Zingiber officinale rhizomes

The fresh rhizomes of Zingiber officinale were
obtained from the local market in Thi-Qar provenance /
Iraq, plant material was identified at college of science /
university of Thi-Qar. The plant material was washed
with distilled water and then dried at room temperature
for two days under shadow. The dried rhizome were cut
into small pieces and ground into powder by using electric
grinder for 3 minutes, 50 g of powder were put in round
bottle flask, 200 ml of ethanol (70%) were added to flask
and extracted for 12 hrs at 70ºC. The extract was filtered
by using white filter paper, then the extract were put in
petridish and left at room temperature under shadow.
The resulting was viscous substance with brown color,
collection extracts were kept in stretched closed container
and stored at 4ºC until using according to (36).
Chemical

The Zingiber officinale extract were dissolved in
distilled water and administrated orally as single doses
daily. Taurine, Kosher  98% obtained from (Sigma,
Aldrich, Switzerland), CAS No.107-35-7, EC No.203-
483-8, MDL No. MFCD 00008197 were dissolved in
distilled water (62.5 mg/ml at 20 °C), water (65 mg/ml at
12°C) and DMSO (<1 mg/ml at 25 °C) and administrated
orally as single doses daily. Aluminum chloride anhydrous
powder (AlCl3), 99.999%, CAS No.7446-70-0, EC
No.231-208-1, MDL No.MF.CD 00003422 were obtained
from (Sigma, Aldrich St. Louis, MO, USA) 2 gram of
AlCl3 was dissolved in 100 ml distilled water to prepare a
stock solution (20 mg/ml) and was administrated orally.
The working stock solutions was prepared weekly and
kept in a plane bottle at 4ºC.
Experimental animals

A total of thirty adult male rabbits (Lepus cuniculus)
with body weight ranged 1.5-1.80 kg, 22-24 weeks were
brought from the local markets in Basrah province.
Rabbits were kept for an adaptation period for 1 month
in animal house of College of Veterinary Medicine/
University of Basrah. The experimental animals were
kept in individual cages, provided with pellet foods and
tap water ad libitum. The animals were given
anticoccidosis drug (Amprollium) at a dose of 0.5 ml/L
and ivermectin at a dose of 0.1 mg/rabbit for control of
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internal and external parasites through drinking water daily
for 2 weeks. These animals are maintained in air-
conditioned quarters 24°C under standard husbandry
condition with alternate 12 hours light /dark by use of
two fluorescent lamps, and humidity rate was about 50%.
Experimental design

After acclimatization period, animals were randomly
and equally divided into five equal groups, 6 animals per
each: Control group (Control negative): received distilled
water orally 5 ml/kg/day for 21 days. First treated group
(Control positive T1): received AlCl3 20 mg/kg/day orally
as a single dose for 21 days. Second treated group (T2):
received AlCl3 20 mg/kg/day orally and after 1 hour later
received Taurine orally 200 mg/kg/day for 21 days. Third
treated group (T3): received AlCl3 20 mg/kg/day orally
and after 1 hour later received Zingiber officinale orally
200 mg/kg/day for 21 days. Fourth treated group (T4):
received AlCl3 20 mg/kg/day orally and after 1 hour later
received a combination of half a dose of Taurine 100 mg/
kg/day and Zingiber officinale 100 mg/kg/day orally for
21 days.
Blood samples collection

Each male rabbits before sacrifice were first weighed
and then anaesthetized by placing them in a closed beaker
containing cotton sucked with chloroform for anesthesia.
The abdominal cavity was opened up through a midline
abdominal incision to take samples. About 5ml fasting
blood were obtained by cardiac puncture. Samples were
allowed to clot, then all samples were separated by
centrifuge at 300 rpm for 10 minutes to obtained serum
samples immediately for detection MDA levels, and the
rest serum was stored at -20ºC until using for other
biochemical and hormonal studies. The serum samples
separated into many Eppendorf tubes to avoid repeated
thawing. All tubes were stored at (-4c) until they were
analyzed.
Estimation of reproductive hormones

Testosterone, follicular stimulating hormone (FSH),
and luteinizing hormone (LH) were analyzed by using
ELISA kit manufactured by human diagnostic company,
Germany. Measure  absorbance of all wells at 450 nm
and record absorbance values for each standard and
sample. calculate the mean absorbance values of all
duplicates.
Estimation of AST, ALT and ALP

The activity of serum transaminases activity AST or
ALT is determined by using a special kit obtained from
BIOMÉRIEUX ® SA Transaminases-Kit, France
according to method described by (37) and its absorbance

can be measured at 505 nm wave length. The serum
activity of ALP is determined according to method of
(38) by using a special kit obtained from Giesse, Italy,
and its absorbance can be measured at 405 nm wave
length.
Estimation of lipid peroxidation and oxidative stress
biomarker
Evaluation of serum malondialdehyde (MDA)

The principle was based on spectrophotometric
assessment. The thiobarbituric acid (TBA) obtained from
Fluka® analytical (Sigma-Aldrich) reacts with MDA to
form thiobarbituric acid reactive substance (TBARs). The
absorbance of the resultant pink product measured at
535nm.
Reagent preparation and procedure

Trichloroacetic acid (TCA) 75 ml of 20% obtained
from (Hopkin and Williams Company, Germany). 2 ml of
concentrated hydrochloric acid HCl (37%) obtained from
(Fisher Scientific chemical, UK). 0.375gm of thiobarbituric
acid (TBA) obtained from Fluka® analytical (Sigma-
Aldrich). All these substances were mixed and the final
volume was completed to 100 ml D.W to form TCA-
TBA-HCl reagent. 1ml of serum was combined with 2
ml of TCA-TBA-HCl solution and mixed carefully, after
that boiled for 15 minutes in water bath. After cooling,
precipitate was removed by centrifugation at 3000 rpm
for 10 minutes. The absorbance of solution was
determined at 535nm wave length against reagent blank
which was containing all the reagent minus serum, the
sample were measured spectrophotometerically.

Calculation of MDA values: [MDA (µmol / L) =
A1 – A0 / 1.56 × 10]
Evaluation of antioxidant enzymes activities (GSH,
SOD and CAT)

The activity of GSH was measured according to
method described by (39). This method based on the
reduction of 5,5 dithiobis (2-nitrobenzoic acid - DTNB)
obtained from (Fluka® analytical, sigma-Aldrich) with
glutathione (GSH) to product a yellow compound. The
reduced chromogen is directly relative to GSH
concentration and its absorbance can be measured at
412 nm wave length. The serum superoxide dismutase
(SOD) activity was determined according to a modified
photochemical nitroblue tetrazolium (NBT) method
obtained from(Sigma-Aldrich, St. Louis, MO, USA)
utilizing sodium cyanide as peroxidase inhibitor and its
absorbance can be measured at 560 nm wave length
before and after lighting (40). Furthermore, serum
catalase (CAT) activity was measured by the decrease
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in absorbance due to H2O2 consumption ( £ = 0.04 mmol¹
cm¹) according to Mueller and Riedel (1997) (41).
Histopathological examination

Testes and epididymis were collected from all groups
and prepared for histopathological study according to
method described by (42) and fixated in Bouin’s fluid for

24 hours and transferred into 10% formalin. They were
washed with water to remove the fixative to avoid the
interaction between the fixative and staining materials
used later. Water had been completely extracted from
fragments by bathing them successively in a graded series
of ethanol and water. Bathing the dehydrated fragments

Table 1 :The effect of aluminum chloride (AlCl3) and the ameliorating role of Taurine, Zingiber officinale and their combination
on antioxidant enzymes activities (GSH, SOD, CAT) and malondialdehyde (MDA) of adult male rabbits. Mean± SD.

                                      Parameters MDA (µmol / L) GSH (µmol / L) SOD (IU /ml) CAT (IU/ml)
Groups

Control 5 ml/kg D.W Control -ve 0. 50 ± 0.02a 8.46 ± 0.27b 7.13 ± 0.12b 62.24 ± 2.65b

AlCl3 20 mg/kg/day Control +ve T1 3.23 ± 0.24c 3.63 ± 0.16a 3.50 ± 0.23a 27.30 ± 0.15a

AlCl3 20 mg/kg/day+Taurine 200 mg/kg/day 1.23 ± 0.02b 6.67 ± 0.04b 5.35 ± 0.32b 48.83 ± 1.83b
orally T2

AlCl3 20 mg/kg/day + Zingiber officinale 1.22 ± 0.02b 6.69 ± 0.12b 5.38 ± 0.03b 50.32 ± 4.87b
200 mg/kg/day orally T3

AlCl3 20 mg/kg/day + Combination of 0.52 ± 0.05b 9.38 ± 0.34b 7.38 ± 0.38b 65.33 ±2.04b
Taurine 100 mg/kg +Zingiber officinale
100 mg/kg T4

LSD 0.7 1.77 1.75 11.92

Table 2 :The effect of aluminum chloride (AlCl3) and the ameliorating role of Taurine, Zingiber officinale and their combination
on some male reproductive hormones (FSH, LH, testosterone) of adult male rabbits. Mean± SD.

                                                Parameters FSH ng/ml LH ng/ml Testosterone ng/ml
Groups

Control 5 ml/kg D.W Control -ve 7.21 ± 1.18a 2.10 ± 0.23a   3.83 ± 0.03 a

AlCl3 20 mg/kg/day Control +ve T1 2.85 ± 0.54b 0.45 ± 0.38b 0.57 ± 0.02  b

AlCl3 20 mg/kg/day + Taurine 200 mg/kg/day orally T2 4.16 ± 1.03a 2.36 ± 0.42a 2.80 ± 0.02 a

AlCl3 20 mg/kg/day + Zingiber officinale 200 mg/kg/day orally T3 4.18 ± 1.06a 2.35 ± 0.40a 2.78 ± 0.02 a

AlCl3 20 mg/kg/day + Combination of  Taurine 100 mg/kg + 8.30 ± 1.39a 3.69 ± 0.38a 4.20 ± 0.06  a
Zingiber officinale100 mg/kg T4

LSD 1.31 1.65 2.21

Small letters means significant differences between treatment at (P0.05).

Table 3 :The effect of aluminum chloride (AlCl3) and the ameliorating role of Taurine, Zingiber officinale and their combination
on liver function enzymes AST, ALT, and ALP of adult male rabbits. Mean± SD.

                                                                      Parameter AST (U/L) ALT (U/L) ALP (U/L)
Groups

Control 5 ml/kg D.W Control -ve 6.74 ± 0.80 a 8.72 ± 0.82a 5.68 ± 0.42a

AlCl3 20 mg/kg/day Control +ve T1 34.78 ± 3.25c 30.33 ± 2.10b 24.22 ± 3.30b
AlCl3 20 mg/kg/day +  Taurine 200 mg/kg/day orally T2 13.36 ± 1.16  b 12.92 ± 0.64a 12.57 ± 0.43  a
AlCl3 20 mg/kg/day + Zingiber officinale 200 mg/kg/day orally T3 13.20±0.81b 12.86±0.61a 12.40 ± 0.65  a
AlCl3 20 mg/kg/day +   Combination of  Taurine 100 mg/kg + 9.68±0.74a 8.32±1.04a 8.21 ± 0.48 a
Zingiber officinale100 mg/kg T4
LSD 3.52 17.41 11.65

Small letters means significant differences between treatment at ( P0.05).



in solvent xylene for 30 - 60 minutes, this step was
repeated 3 times. As tissues were cleared, they generally
became transparent. Infiltrated and embedded in melted
paraffin in an oven, typically at 52-600C. The heat causes
solvent to evaporate, and space within tissues become
filled with paraffin. After hold from oven, specimen let at
room temperature to be solid and removed from their
containers in order to sectioning. They were put in the
rotary microtome and were sliced by microtome, steel
blade into sections 5 micrometers thick, then sections
were floated on water bath  (50-55 0C) and then
transferred into glass slides coated with Mayers albumin
as adhesive agent and left to dry. The histological section
of testes and epididymis were stained with Hematoxylin-
Eosin stain and microscopically analyzed.
Statistical analysis

In this study, one way ANOVA analysis and LSD
tests are used according to Statistical Package for Social
Sciences (SPSS, version 13) program. The data were
expressed as Mean ± standard deviation (Mean ± SD).
Least significant difference test (LSD) was used to test
the difference between groups; P 0.05 was considered
significant (SPSS, 2001).

Results
The obtained results indicate that male rabbits treated

with aluminum chloride (AlCl3) revealed a significant (P<
0.05) increase in MDA value, AST, ALT and ALP,
significant (P<0.05) decrease in GSH, SOD, CAT, FSH,
LH and Testosterone compared to control group. The
histopathological study revealed that AlCl3 caused severe
degeneration of spermatogenic stage and complete loss
of spermatozoa in epididymal tubules. While, groups of
animals treated with Taurine or Zingiber officinale and
their combination caused a significant (P< 0.05) decrease
in MDA value, AST, ALT and ALP, significant (P< 0.05)
increase in GSH, SOD, CAT, FSH, LH, and Testosterone
with normal spermatogenesis stages and epididymal
tubules filled with spermatozoa compared to groups that
treated with AlCl3. Furthermore, it was indicated that
combination of Taurine and Zingiber officinale caused
a highly significant decrease in MDA value, AST, ALT
and ALP, a highly significant increase in GSH, SOD, CAT,
FSH, LH and Testosterone and almost return to its normal
levels compared with control value. Normal primary and
secondary spermatocytes and spermatogenesis, with
epididymal tubules filled with spermatozoa.
Histopathological examination of testis

The results in fig. 2 indicate the male rabbits that
received AlCl3 dose 20 mg/kg caused severe degeneration

of spermatogenic stages represented by present only
sertoli cell with few spermatogonia and spermatid giant
cells after 21 days of exposure compared to control group
(fig. 1). While, the male rabbits that treated with Taurine
or Zingiber officinale revealed primary and secondary
spermatocytes with few spermatozoa in lumen of
seminiferous tubules compared to groups treated with
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Fig. 1 :Testis of normal male rabbit received 5ml/kg/day D.W
as a control negative (H&E Stain, 400 X) revealed
normal seminiferous tubule with complete stages of
spermatogenesis, spermatogonia (A), sertoli cell (B)
and leydig cell (C).

Fig. 2 :Testis of male rabbit received 20mg/kg/day AlCl3 as a
control positive (H & F Stain, 400 X) revealed severe
degeneration in spermatogenic stages with only sertoli
cell (B), spermatogonia (A) and spermatid giant cells
(C).

Fig. 3 :Testis of male rabbit received AlCl3 20mg/kg/day +
Taurine 200 mg/kg/day (H & F Stain, 400 X) revealed
primary and secondary spermatocytes (A), presence
of few spermatozoa (B).



AlCl3 (Figs. 3 and 4) respectively. It is also observe from
figure (5) that combination of Taurine and Zingiber
officinale give the best results with normal
spermatogenic stages, normal primary and secondary
spermatocytes compared to control and other treated
groups.
Histopathological examination of epididymis

The results in Fig. 7 indicate the male rabbits that
received AlCl3 dose 20 mg/kg revealed complete loss of
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spermatozoa in epididymis tubule after 21 days of
exposure compared to control group (Fig. 6). While, the
male rabbits that treated with Taurine or Zingiber
officinale showed reduced spermatozoa with only
spermatids in epididymis tubule compared to groups
treated with AlCl3 (Figs. 8 and 9), respectively. It is also
observe from fig. (10) that combination of Taurine and
Zingiber officinale give the best results with epididymal

Fig. 4 :Testis of male rabbit received AlCl3 20mg/kg/day +
Zingiber offinale 200 mg/kg/day (H & E Stain, 400 X)
revealed primary and secondary spermatocytes (A),
presence of spermatid giant cells (B).

Fig. 5 :Testis of male rabbit received AlCl3 20mg/kg/day +
combination of Taurine 100 mg/kg/day and Zingiber
offinale 100 mg/kg/day (H & E Stain, 400 X) revealed
primary and secondary spermatocytes.

Fig. 6 :Epididymis of normal male rabbit received 5ml/kg/day
D. W. as a control negative (H & E Stain, 400 x) revealed
epididymal tubules filled with spermatozoa.

Fig. 7 :Epididymis of male rabbit received 20mg/kg/day AlCl3
as a control negative (H & E Stain, 400 x) revealed
complete loss of spermatozoa in the tubule of
epididymis.

Fig. 8 :Epididymis of male rabbit received 20mg/kg/day AlCl3
+ Taurine 200 mg/kg/day (H & E Stain, 400 x) revealed
degenerative and reduced spermatozoa and spermatids
in the tubule of epididymis.

Fig. 9 :Epididymis of male rabbit received 20mg/kg/day AlCl3
Zingiber officinale 200 mg/kg/day (H & E Stain, 400 x)
revealed degenerative and reduced spermatozoa with
only spermatids in the tubule of epididymis.



tubules filled with spermatozoa compared to control and
other treated groups.

Discussion
It is clear from the obtained results that AlCl3 caused

a significant increased in serum levels of MDA, AST,
ALT and ALP and significant (P<0.05) decrease in GSH,
SOD, CAT, FSH, LH and Testosterone compared to the
control groups. These results of the present study was
agreed with those obtained by (43, 44, 45, 46), who
reported that AlCl3 toxicity causes lipid peroxidation and
reduced antioxidant enzymes activities. This may be due
to mechanism of Al-mediated suppression of antioxidant
enzymes by direct interaction of aluminum with
scavenging of free radical and increase lipid peroxidation
(47, 48). It has been known that aluminum accumulates
in every mammals tissues such as liver, kidneys, testis,
blood, heart, bones and brain (49). Furthermore, aluminum
cytotoxicity mediated through cell membranes damage
in which aluminum bind to ferric iron-carrying protein
transferring, as a result it decreases binding of ferrous
iron. The elevation of intracellular ferrous iron led to
membrane lipid peroxidation resulting membrane fluidity,
changes in membrane potential, an increase in membrane
permeability and changes in receptor functions (50). It is
also caused alteration in structure of cellular membranes,
inhibits various enzymes such as alkaline phosphatase,
acetylocholinesterase, and adenyl cyclase. Aluminum
antagonist with other elements such as calcium,
magnesium, iron, silicon, phosphorus, copper, and zinc
were observed in the biological systems (51). Also
aluminum generates reactive oxygen species, resulting
in oxidative damage of lipids, proteins and DNA
molecules (52). The increase serum levels of AST and
ALT may be attributed to escape of hepatic enzymes
from hepatocytes damage due to cellular degeneration
occurs in the liver (53). The hepatotoxicity induced by

aluminum causes accumulation of calcium ion in the
mitochondria and resulted in irreversible injury to its
membrane (54) leading to release of its enzymes content
to the circulation (55). Furthermore, increase of ALP
levels induced by exposure to Al may be attributed to
either elevation osteoblastic activity, provoked by trouble
of causative to increased plasma membrane permeability
or cellular necrosis of hepatic cell (56). In contrast,
decreased serum levels of FSH, LH and testosterone
after exposure to AlCl3 may be attributed to calcium ion
is important for FSH, LH and testosterone formation and
secretion, Aluminum cross blood brain barrier obstructed
voltage-sensitive calcium cannels in cells that are
responsible for gonadotropin releasing hormone (GnRH)
formation and secretion. These diminished luteinizing
hormone (LH) in the pituitary gland and then led to
significantly lowered testosterone (57). Decreased serum
levels of testosterone may be attributed to a direct damage
of AlCl3 on leydig cells,  which are major site of testicular
androgen biosynthesis through reduction of testicular
luteinizing hormone (LH) receptor (58). Other studies
showed that AlCl3 toxicity is associated with oxidative
damage in testicular leydig cell through of reactive oxygen
species (ROS) generation (59). While, (60) demonstrated
that AlCl3 causes loss in ability of plasma membrane to
acts as a barrier, leading to loss of catalytic enzymes and
substances from intracellular stores. The severe
degeneration in spermatogenic stages with only sertoli
cell in testicular tissue, hypoplasia, congested of blood
vessels, lack of distribution of epithelial lining, degeneration
of interstitial tissue, abnormal Leydig cells, degeneration
and complete loss of spermatozoa in tubule of epididymis
in AlCl3 treated male rabbits may be attributed to injury
of sperm progresses and secretory functions of epididymal
cells which might be due to oxidative stress or to
androgens insufficiency (61). (62) confirmed histological
alterations as damages within seminiferous tubules and
vascular degeneration of the germ cells and Sertoli cells
cytoplasm. The impairment caused by aluminum was
accompanied primarily by prolonged accumulation of
aluminum in the mice testes. (63) showed that AlCl3
caused testicular toxic as indicated by histological changes
in the seminiferous tubules of the testes. That is because
aluminum induced oxidative damage and the ability of
aluminum to cross the blood-testis barrier after inducing
oxidative stress and lipid peroxidation that damages the
biological membrane of the testes and cause modification
and atrophy of spermatogenic cells. (64 and 65)
demonstrate that intact mitochondria with active
respiration are essential for LH-induced leydig cell
steroidogenesis. Testosterone is essential for

Fig. 10 : Epididymis of male rabbit received 20mg/kg/day AlCl3
+ combination of Taurine 100 mg/kg/day and Zinger
officinale 100 mg/kg/day (H & E Stain, 400 x) revealed
epididymal tubules filled with spermatozoa.
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spermatogenesis from spermatogonium to spermatide
(66). (67) found that intraperitoneal injection with
AlCl3increased nitric oxide production and decreased both
testicular cAMP and testosterone levels of male mice.
The administration of ginger increase significantly sperm
count, motility, viability, and serum total testosterone due
to productive effect of ginger rhizome is reflected by the
decrease MDA and increase total antioxidant capacity
(68). The ethanolic extract of ginger contains a potent
antioxidant components such as oil ginger polyphenol (6-
gingerol), flavonoids, tannin, glycosides, saponins, and
alkaloids proteins which acts as good scavengers of ROS
and as powerful inhibitors of lipid peroxidation may be
due to rebuilding activities of nutrient and phytochemicals
found in extract (69). Ginger free phenolic and ginger
hydrolysed phenolic fractions of ginger exhibited free
radical scavenging, inhibit lipid peroxidation, DNA
protection, indicating strong antioxidant properties (70).
Furthermore, ginger reveals anti-inflammatory action by
direct inhibition of cytooxygenase -1 and cytooxygenase
-2 activity (71) also reveals larger inhibitory action toward
development of pro-inflammatory signaling compound
PGEs from Cox2 in LPS activated macrophages and tend
to normalize the apoptotic marker caspase -3 (72). The
ginger contains polyphenols which demonstrating a higher
chelato-forming capacity with regard to F+3, leading to
prevention of hydroxyl radicals initiation which are known
as inducers for lipid peroxidation (73). (74) confirmed
that ginger extract reduced lipid peroxidation by retaining
antioxidant enzymes activity, SOD and CAT in rats,
enzymes comprise the first line defense against free
radical induced damage and protection activity of
enzymes by ginger may explanation major active phenolic
ingredients remoted from Zingiber officinale (zingerone,
gingerols, shogaols, gingerdiol and zingibrene) have
antioxidant activity (75). The antioxidant activity of natural
poly phenols is mainly because of their redox properties,
which allow them to act as reducing agents, hydrogen
doners, free radical scavenger, singlet oxygen quenchers
and metal chelator (76). (77) have demonstrated that
Zingiber officinale increased the activities of antioxidant
enzyme may be due to ginger rhizome contains vitamins
and flavonoids which their antioxidant roles have been
thoroughly been proved. (78) stated that ginger contains
a high level of selenium and glutathione antioxidant, thus
it can be proved that these ingredients can increase level
of GSH by increased supply of GSH or selenium for the
activation of GPX, which can capable of reducing
peroxides and hydrogen peroxide. On the other hand,
other study showed that supplementation of ginger extract
and sodium arsenate produces significant prophylactic

properties against sodium arsenate induced oxidative
stress by means of  lowering lipid peroxidation and
increasing SOD, CAT and GSH content in male rats via
its potent antioxidant properties and androgenic activities
(79). In contrast, ameliorative effect of taurine on
reproductive hormones may attributed to role of taurine
to stimulate secretion of LH and FSH via its effect on
hypothalamo-pituitary gonadal axis and to regulate
production of testosterone from the testes by binding to
membrane receptors on leydige cells and stimulates them
to converted cholesterol to testosterone (80), and may
also had beneficial effect on testicular biochemical pointer
such as acid phosphatase (ACP), lactate dehydrogenase
(LDH), sorbitol dehydrogenase (SDH), AST and ALT.
On the other hand, taurine play an essential role in
protective male reproduction via modulation of calcium
level, osmoregulation, stability of membrane and
antioxidant. Furthermore, it can act as direct antioxidant,
neutralizes hydroxyl radicals and prevent lipid peroxidation
and increase glutathione level as enzymatic anti-oxidant
in addition to balance Na, K and Ca ATPase activity to
stabilize membrane, therefore protect cell from ROS
damage and oxidative stress (81), that may be significant
in the spermatogenesis by improving energy and lipid
metabolism to increase spermatogenic cells division and
acts as antioxidant in the testis which protects the testis
from oxidative stress to produced estrogen and
testosterone, and from other side, may be allow to LH
and FSH to regulate the increase in the levels of
testosterone (82). These finding agreed with those
obtained by (83) who reported that taurine believes as a
potential applicant for hostility apoptosis and abnormality
of testis which induced by doxorubicin and efficiently
attenuated oxidative stress and apoptosis due to its potent
antioxidant as well as membrane stabilizing effect. Taurine
counteracts Al-induced testicular injury. Orally
administration of taurine was efficient in counteracting
arsenic-induced oxidative stress and attenuating testicular
damage, and apoptosis of testicular tissue in Wistar rats
by controlling the reciprocal regulation of Bcl-2/Bad,
phospho-ERK1/2, phospho-p38, phospho-Akt, and NF-
kB (84). pre-treatment with taurine could prevent
cadmium-induced testicular pathophysiology in mice (85).
It has been shown that Taurine stimulate testicular
steroidogenesis in vivo and in vitro (86) and to encourage
spermatogonial proliferation and/or meiosis (87). It is
considered a capacitating agent (88), and as a sperm
motility factor (89). Taurine ameliorate nuclear and
mitochondrial damage may be due to antioxidant action
on DNA oxidative enzymes (90), mitochondrial
respiratory chain complexes (91), and keep cellular
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calcium homeostasis (92) due to anti-oxidative stress, anti-
inflammatory, and anti-apoptotic effects of Taurine
(93,94,95,96,97).

The histopathological and morphological changes
occurs in testicular and epididymal tissue after
administration of AlCl3 to male rabbits compared to normal
control. This indicate that AlCl3 induced damages in the
structural and functional units of testis and epididymis,
gonadotoxic, apoptosis in spermatogonia and primary
spermatocytes as a result of microtubule targeting and
mitotic arrest, cytotoxic effects in Leydig cells, reduced
steroidogenesis results in altered spermatogenesis and
spermatic failure. These morphological changes are
reliable with that confirmed by other studies such as  (98,
99, 100, 101, 102, 103, 104, 105). Several studies reported
that inflammation and oxidative damage are the main
mechanism of AlCl3 induced toxicity (106). There are
several source of ROS production by tissue inflammation,
lipid peroxidation, stimulation of free radicals generation
and a related decrease in tissue GSH content by AlCl3
lead to toxicity (107). Two recent studies (108, 109)
demonstrate that intact mitochondria with active
respiration are essential for LH-induced Leydig cell
steroidogenesis. Accordingly, mitochondrial membrane
potential, mitochondrial ATP synthesis, and mitochondrial
pH are considered the key elements mediating acute
steroid biosynthesis. However, tissues were improved
moderately when taurine and Zingiber officinale were
supplemented with AlCl3 and return to its normal structure
due to its antioxidant, anti-inflammatory and anti-apoptosis
activity (Pandey and Jain, 2017).
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