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ABSTRACT
Introduction: Several substances were likely to cause the decline in male fertility which could go up to the complete
sterility. The aim of this study was to assess the effects of Syzygium aromaticum essential oil on fertility in male rats
exposed to manganese. Materials and Methods: Twenty four male rats, 6 months old, were divided into 2 groups; 12
rats in one group received, by oral route, a water containing manganese chloride tetrahydrate (MnCl2·4H2O) is at the
dose of 4.79 mg·ml−1 for 12 weeks. The group of control male rats received a distilled water in the same conditions.
After a period of experimentation, each group was divided into two subgroups of 6 rats which received daily, by
intraperitoneal way, a 0.1 mg/kg body weight, of Syzygium aromaticum essential oil. Results: After a chronic exposure,
microscopic examination of the testes showed degeneration of the seminiferous tubules and the gremlin cell. Seminal
parameters indicated a decrease in the sperm levels (21.3 × 106 cells/ml) and a rise of morphological abnormalities
(66.1%). However, intraperitoneal administration of essential oil extracted from the flower buds of Syzygium
aromaticum, during 3 weeks, to the rats previously intoxicated with Mn, showed a significant rising of sperm
concentration (61.2 × 106 cells/ml) and a reduction of morphological abnormalities (10.8%). These changes were
associated with a significant regeneration of seminiferous tubules and interstitial cells. Conclusion: This study revealed
an ameliorative effect of essential oil Syzygium aromaticum in testicular tissue and the sperm quality.
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1. Introduction
Manganese (Mn) is one of the most abundant elements
and is widely distributed in soil, air, water, and food [1].
It is an essential element for humans in small quantities,
playing many roles for normal mammalian physiology
[2]. Several enzyme systems have been reported to interact with or depend on Mn2+ for their optimal catalytic or
regulatory function [3]. It has been reported that a
deficiency in intake of manganese can retard growth,
impair fertility and cause birth defects [4]. Conversely,
industrial use of Mn and Mn containing compounds (for
example, in the production of paint pigments, dry cell
batteries, glass and ceramics as well as mining of Mn
ores and welding of mild steel) may expose workers to
excessive amounts of this chemical [5].
Copyright © 2013 SciRes.

However, high dose of Mn seems to cause serious
neurotoxicity, immunotoxicity and developmental toxicity, particularly in male [6]. It is also known that Chronic
exposure to this metal can cause alterations in development as well as reproductive dysfunction [7]. In human
occupational exposure to Mn2+ decreased libido and impotency, and may result in lowered sperm count and semen quality [8,9]. It was reported that chronic administration of MnCl2 at low doses to female rats resulted in
increased serum levels of puberty-related hormones such
as luteinizing hormone (LH), follicle-stimulating hormone (FSH), and estradiol, and advanced the time of
vaginal opening [10].
The use of medicinal plants is a great contribution to
treat primary medical problems. A variety of plants are
claimed to have fertility regulating properties and a few
ASM
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have been tested for such effect [11-13]. The flower bud
of Syzygium aromaticum of the Myrtaceae family, commonly known as clove, is one of these plants. It is a small
or average size tree, terrestrial which can reach 8 - 12 m
in height, native to Indonesia. Syzygium aromaticum is a
well known food flavor for exotic food preparations and
a popular remedy for dental disorders, respiratory disorders, headache and soar throat in traditional medicines of
Australia, and Asian countries [14,15]. In addition to its
antimicrobial, antifungal and antiviral properties, clove
oil possesses anti-inflammatory and anesthetic properties
[16]. Because of its antiseptic and antibiotic properties,
clove is frequently used to treat toothache and as an ingredient in popular toothpastes and mouth fresheners in
India [17]. In Asian countries, the Syzygium aromaticum
(clove) is well known for its aphrodisiac property, and
used to treat male sexual disorders [18].
After a bibliographic record, our work tends to assess
the effects of Syzygium aromaticum essential oil on fertility in male rats exposed to manganese.

ET AL.

body weight.

2.4. Fertility Test
Just before the end of the experiment the animal of different groups were housed with female rats of the same
age in order to test their fertility. After a period of seven
days of cohabitation, the females have been separated
from the males. The number of females gravid and the
birth rate is unregistering.

2.5. Sacrifice of Animals and Collection of
Biological Samples
At the end of the experiment, the animals were sacrificed
in the morning after fasting for 12 hours, by IP injection
with a solution of chloral (C2H3C13O2) to 10%. After
incision of the abdomen, blood is collected by cardiac
puncture in heparin tubes for biochemical analysis. The
testicles are carefully removed, rinsed with cold saline,
dried and weighed. Then they were fixed in formalin, to
be studied by histological techniques.

2. Materials and Methods
2.1. Preparation of Plant Material
The essential oil (EO) of clove bud dried fruits from
Syzygium aromaticum was obtained by a conventional
hydro-distillation process with an excellent yield
(10.45%). However, in order to prepare the solution for
intra-peritoneal injection the clove bud oil was suspended
in double distilled water along with a few drops of
Tween 80 to prepare solution of the required dose
(0.1mL/kg) [19].

2.2. Biological Material
Experiments were carried out on 24 “Wistar” forty adult
male, aged of 6 months and weighing 280 ± 10 g. The
animals were housed in room with a 12/12-hour light/
dark cycle, at 22 ± 2˚C and had access to ad libitum water and food (15% protéins).

2.3. Experimental Protocol
The rats were distributed into two groups of twelve rats.
The first group is the control group (T) receiving distilled
water and the second group (M) is the lot of rats exposed
to manganese, receiving oral manganese chloride tetrahydrate (MnCl2·4H2O) at the dose of 4.79 mg Mn.l1 [20].
After twelve weeks of experimentation, the animals were
divided into four groups (6 rats per groups) in separate
cages. From the group (T) was obtained the group (T-EO)
which is the control group receiving essential oil by intra-peritoneal route (IP). And from the groups (M) was
obtained the group (M-EO) which is the lot treated with
essential oil for 21 days with a daily intake of 0.1 mg/kg
Copyright © 2013 SciRes.

2.6. The Effect of Manganese on the Testicles
Histological study was performed according to standard
techniques, after fixation in fixative (formalin 1/10), paraffin embedding and staining with hematoxylin-eosin.

2.7. Spermatozoa Count
Testis and epididymis each group of rats cut with scissors
and homogenized 10 to 20 ml of 0.9% NaCl containing
0.05% Triton X-100. The homogenate are placed in the
refrigerator at 4˚C for one hour. 400 ml of each homogenate of rat are diluted in 0.9% NaCl containing 0.05%
Triton X-100 and 500 ml of Trypan blue to 4%. The resulting mixture, 10 μl of sample is placed on a Thoma
cell [21].

2.8. Sperm Morphology
A drop of spermatozoal suspension was mounted between the slide and the cover slide. Each sample was
examined at 40× magnification. At least 200 spermatozoa were observed for the calculation of percentage of
the total numbers of spermatozoa. The percentage of abnormal sperm morphology was calculated from the following formula:
% = (Abnormal sperm/total sperm count) × 100
Abnormal sperm morphology the sperm cells were
categorised based on the presence of one or more abnormal features such as tail defects (short, irregular, coiled
or multiple tails); neck and middle piece defects (distended, irregular, bent middle piece, abnormally thin
middle piece); and head defects (round head, small or
ASM
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large size, double or detached head) [22].

2.9. Statistical Analysis
The mean ± SEM values were calculated for each group
to determine the significance of intergroup difference.
Each parameter was analyzed separately using two ways
analysis of variance (ANOVA). To find the difference
between the groups Student “t” test was used. p values
<0.05 were considered to be significant.

Table 1. Effect of manganese on the fertility of male rats.
Groups

The fertility test done can highlight the impact of manganese poisoning on the fertility of male rats. The results
in Table 1 indicate the existence of a dose effect relationship between dose and fertility in rats. We note later
that females coupled with intoxicated males have a reduced pregnancy rate 33.3%, compared to females mated
with control rats (75%).

3.2. Body Weight and Organ Weights
A statistically significant change in the body weight difference and organs weight of the expérimental animals
was showed. However, the results in Table 2 show a significant diminution body weight and Testis weights of
manganese-exposed groups. Compared to the control
group of rats (T and T-EO) and compared to the group of
rats treated with essential oil of clove Mn-EO.

3.3. Semen Parameters
Semen parameters in all the treatment groups (Groups
Mn and Mn-EO) decreased when compared with the control group (Groups T and T-EO) Table 3. Only a minimal decrease was observed in the percentage sperm concentration and in the percentage of morphologically abnormal spermatozoa of the groupe traited with essentiel
oil (Mn-EO) compared to group of rat exposed only to
manganese (Mn). The percentage of abnormal spermatozoa was markedly increased in the animals exposed to
daily concetration of manganese chloride (66.17 ± 2.93)
compared with animals that traited with daily concetration of essentiel oil during 21 days (57.17 ± 1.47) and the
control animals (10.83 ± 1.30) given distilled water and
those who reveived only essentiell oil of clove (13.92 ±
0.96).

3.4. Histological Study
Histological study in the testicles reveals normal architecture in the control animals (T and T-EO). Figures 1(a),
(b) showed that seminiferous tubules were richly popuCopyright © 2013 SciRes.

Number of pregnant females, (%) Number of newborns

Group (T)

9/12, (75%)

10 ± 2

Group (M)

4/12, (33.3%)

4±1

Table 2. Body weight and organ weights of the different
experimental groups.
Traitement
Initial body
Weight (g)

3. Results
3.1. Effect of Manganese on the Fertility of
Male Rats
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Final body Body weight
Testis
weight (g) difference (g) weight (g)

Groups
T

281.33 ± 3.01 376.67 ± 3.75 95.33 ± 4.05 3.32 ± 0.15

T-EO

280.34 ± 2.92 378.83 ± 3.03 98.50 ± 5.03 3.45 ± 0.18

Mn

280.29 ± 6.35 327.50 ± 6.95 47.17 ± 9.33*** 2.66 ± 0.20**

Mn-Eo

281.33 ± 1.96 338.51 ± 5.05 57.17 ± 4.04*** 2.72 ± 0.05

The comparison of means between groups was performed by the “t” test of
Student after analysis of variance (ANOVA): *p < 0.05, **p < 0.01, ***p <
0.001.

Table 3. Semen parameters of the different experimental
groups.
Groups

Parameters
Mn-OE

Mn

T

T-OE

Spem
concentration 50.20 ± 1.66** 21.3 ± 0.96*** 62.70 ± 3.22 61.20 ± 2.68
(106)/ml
Morphology
57.17 ± 1.47** 66.17 ± 2.93*** 10.83 ± 1.30 13.92 ± 0.96
(abnormal %)
The comparison of means between groups was performed by the “t” test of
Student after analysis of variance (ANOVA): *p < 0.05, **p < 0.01, ***p <
0.001.

lated and gave healthy appearance. All the cells of the
spermatogenic series such as spermatogonia, spermatocyte, spermatids and spermatozoa, even sertoli cells
could be identified in the tubules. Lumen could easily be
delineated in almost all the tubules and majority of them
were occupied by mature spermatozoïdes. While the
analysis of histological sections of the testes of manganese poisoning group (M) Figure 1(c) shows that these
stages are affected. Among the disturbances reported:
degeneration of the seminiferous tubules, a total absence
of sperm and/or a low sperm count, with large interstitial
spaces and lack of cells Lydig around basement membranes. However administration of essential oil
S.aromaticum, to rats previously poisoned by manganese
chloride Figure 1(d), shows a significant regeneration of
the majority of seminiferous tubules and interstitial cells,
with a good development of the spermatogenesis indicated by lumens of seminiferous tubes filled with sperm.
ASM
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(a)

(b)

(c)

(d)

Figure 1. (a)-(d) are Haematoxylin stained sections of rats testis. ×40. (a) Normal architecture and seminiferous tubes filled
with sperm (*) in the control group (T) (animals received distilled water). (b) Group (T-EO) received only essentiel oil, showing normal appearance of seminiferous tubules and seminiferous tubes filled with sperm (*). (c) Group (M) expose to manganese (4.79 mg Mn /ml during 12 weeks) testis showing degeneration of the seminiferous tubules (arrow), a total absence of
sperm and/or a low sperm count (-), with large interstitial spaces and lack of cells Lydig (arrow double sense). (d) Group
(Mn-EO) Previously expose to manganese and treated with essential oil of S.aromaticum (0.1 mg OE/KG BW) testis showing
regeneration of the majority of seminiferous tubules (arrow) and interstitial cells, with a good development of the
spermatogenesis and lumens of seminiferous tubes filled with sperm (*).

4. Discussion
Manganese is one of the most dangerous occupational
and environmental toxins. It accumulates in the human
organism mainly in brain, liver and kidneys, where it
causes functional changes [23]. Manganese exposure induced a significant decrease in weight of testis in rats
exposed to Mn compared with control rats, which is consistent with the work undertaken by Ajibade et al. [24],
indicating a significant reduction in organ weights of rats
exposed to oral concentrations of 5, 15 to 25 mg·Mn/kg.
However crosses between males exposed to manganese chloride and control male rats with healthy females,
showed a decrease of implantation sites per litter and
pregnancy rates and the number of births. These results
are consistent with those made by Elbetieha et al. [25],
which show that the manganese induced in mice deCopyright © 2013 SciRes.

creased fertility in males and decreased number of implantations in the uterus. Domenec et al. [26], indicate
that exposure of mice to manganese concentration of 8
and 16 mg/kg/day. Causes Foetotoxicity, consisting
mainly of a reduction in fetal weight and an increased
incidence of morphological abnormalities.
Otherwise, in our results, decrease in the number of
pregnant females is caused by the inability of a male to
fertilized, because of various defects in sperm morphology and/or decrease in the numbers of sperm. Confirmed
by Barber et al. [27], who reported that MnSO4 adversely
affected semen quality index and sperm viability in
broiler breeder semen in vitro.
In addition, we also suggest that the increased of abnormal sperm in intoxicated rats may be related to the
effect of manganese on the Sertoli cells, given their important role in the differentiation of sperm and spermatoASM
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genesis. The high percentage of anomalies can be explained by the cytotoxicity of manganese during spermiogenesis (transformation of the spermatid into sperm)
during which form the head, the middle part and the flagellum.
To confirm this suggestion, histological techniques
were used. The results clearly indicate a testicular damage characterized by remarkable disturbances at the
seminiferous tubules where the different stages of spermatogenesis were affected. This is confirmed by Ponnapakkam et al .[28], who shown that subcutaneous administration of Mn chloride for a period of three weeks
cause testicular damage in Sprague-Dawley rats. They
reported that Mn causes degeneration of the seminiferous
epithelium, a decrease of number of spermatids and
spermatocytes in the seminiferous tubules. The results of
the study showed that the male reproductive system is a
target of Mn exposure. However, the achievement of
Sertoli cells may also be explained by the disruption of
the functioning of Leydig cells, which have a direct role
in the regulation of spermatogenesis by producing hormones specifically testosterone. Indeed our observations
of histological sections have indicated low activity and a
decrease in interstitial cells (composed of cells Lydig).
This is consistent with the work of Jana et al. [29], who
suggest that decreased serum testosterone is due to inhibition of testicular steroidogenic enzymes such as delta
5,3 beta-hydroxysteroid dehydrogenase (Δ5, 3β-HSD)
and 17 beta-hydroxysteroid dehydrogenase (17β-HSD)
responsible for the synthesis of testosterone. In another
hand, in vitro studies conducted by Cheng et al. [30], on
the Leydig cells, indicate that exposure to manganese
from 2 to 4 hours disrupts steroidogenesis in Leydig cell
by decreasing the expression of StAR protein (steroidogenic acute regulatory protein), while exposition 24 to 48
hours cause of adverse effects on both StAR protein and
P450 as well as the enzymatic activity of 3b-HSD.
After administration of the essential oil Syzygium
aromaticum by intraperitoneal route to rats previously
intoxicated by Manganese, we noticed an improvement
in weight of rats treated with essential oil. This weight
regain recorded could be due to the presence of terpenoid
compounds that act by stimulating glucose transport into
cells. Given that changes in sugar and the hormone insulin in the blood are related to appetite, hunger and various food needs, particularly the need for carbohydrates.
By controlling the levels of these parameters in the blood,
so it is an effective complement to correct weight loss in
animals [31].
The administration of essential oil S. aromaticum, in
rats previously poisoned by manganese chloride, helped
save a significant regeneration of the majority of seminiferous tubules and interstitial cells, with a smoothly spermatogenesis resulted in lights seminiferous tubules filled
Copyright © 2013 SciRes.
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with spermatozoa, which can be explained by the therapeutic effect of HE of clove, widely used as a treatment
for male sexual dysfunction in Asian countries. These
results are consistent with those made by Mishra et al.
[32] reported that the essential oil of clove administration because of 15 mg/kg body weight to mice for 35
days, indicating an increase of enzyme activity (Δ5,
3β-HSD and 17β-HSD) and the rate of blood testosterone.
This explains the success of spermatogenesis and spermiogenesis. Shodehinde et Ganiyu Oboh. [33], indicate
that plants rich in polyphenols case of eugenol, is therefore a powerful antioxidant that inhibits lipid peroxidation prevents damage caused by oxidative stress in the
testes.
To conclude, this study revealed the ameliorative effect of the essential oil of Syzygium aromaticum in testicular tissue after the deleterious effect caused by manganese on male gonads.
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