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Abstract

The present study was conducted to determine the immunohistochemical expression levels of Luteinizing Hormone and
Follicle Stimulating Hormone in the anterior pituitary gland and testicular testosterone of male rats treated with Allium sativum
extract and Thymoquinone. Forty mature Waster male rats Rattus norvegicus, aged 60 days and weighed 140-150 g, were
randomly divided into control and three treatment groups (10 rats each). Control group males were orally supplemented with
500 pL of normal saline daily. The treated groups of males were orally supplemented with TQ suspension, 50 mg/ kg, B.Wt
(TQ group), Allium sativum aqueous extract, 50 mg/ kg bw (A group) and their combination (TQA group). At the end of
experiment, all male rats were sacrificed and pituitaries and testes were dissected and fixed in neutral formalin buffer 10% for
immunohistochemical examination of pituitary LH and FSH and testicular testosterone. The results demonstrated high
immunohistochemical density in treated male’s pituitary tissues for both LH and FSH compared with the control group. In
comparison with control, testicular tissues of treated group males showed stronger immune reaction for T especially around
Lydig’s and Sertoli cells. It can be concluded that TQ and Allium sativum have potent improving effects on reproductive
hormones production and could be increase the male fertility.
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Introduction

Medicinal plants and their components have been used
as medicines for health since ancient times and many
countries in the world rely on traditional medicine for
primary health care. Medical plants opened a new window
to research in disease prevention and treatment. Several
studies have been conducted to clarify the therapeutic
effects of black seed ingredients in the treatment and
prevention of infertility through their role in modifying
antioxidants, anti-inflammatory, liver and other genetic
activities (1).

Since TQ is the vital active compound of oils extracted
from the black seed, the last 15 years illustrated hundreds of
research reports on the knowledge of its therapeutic vitality
as anti-inflammatory, analgesic, anti-diabetic, anti-
histaminic and anti-cancer agent (2). TQ is a natural plant
chemical compound isolated from black seed oil (Nigella
sativa), a traditional herb from Southwest Asia, the main
ingredient of black bean, which accounts for about 50% of
volatile oils that have significant therapeutic properties such
as: analgesics, anti-inflammatory, protection of devices
against oxidative stress damage, as well as antibiotic
properties (3).

Garlic (Allium sativum) and its preparations have been
investigated extensively for health benefits, resulting in
numerous research reports over the last decade alone. It is
considered one of the best disease-preventive foods, based
on its potent and varied effects. Over the centuries, garlic
has acquired a special position in the tradition of many
cultures as a formidable prophylactic and therapeutic
medicinal agent (4). Its uses as a remedy for heart disease,
tumours, and headaches are documented in the Egyptian
Cordex Ebers dating from 1550 BC. Garlic has been used
as a traditional treatment in many countries notably the
Near East, China, and India (5,6). This plant has attracted
particular attention of modern medicine because it helps to
maintain good health by prevention and treatment of
cardiovascular diseases (7,8). Garlic has been used in
oriental medicine, to improve male sexual dysfunction
since ancient times, and it has beneficial effect in the
recovery of testicular functions (9), while other authors
reported the spermicidal effect of garlic (10,11).

The endocrine control of sperm formation and the
production of steroid in the testis is due to the action of
pituitary hormones on the cells in the testicle of Lydic cells
and sertoli cells (12). The frontal lobe of the pituitary gland
produces many hormones including LH and FSH (13). The
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function of the FSH in males is necessary to stimulate
reproduction, as it works on Sertoli cells, while LH plays an
important role in stimulating the Leydig cells to build
androgen hormones, mainly acting on the testosterone
hormone (14,15). The lipid hormone is the primary
hormone responsible for the development and maintenance
of secondary sexual characteristics (16,17).

The present study was designed to examine the role of
TQ and Allium Sativum extract on the reproductive
hormones production and their effect on male fertility, by
determining the immunohistochemical expression levels of
pituitary LH and FSH and testicular testosterone.

Materials and methods

Preparation of A. sativum extract
Allium sativum aqueous extract has been prepared
according to Harborne (18).

Preparation of TQ

TQ has been prepared by suspending 10 g ml of TQ
crystals (Sigma Aldrich, UK) in 100 mL of distilled water.
According to male rat’s body weight, the suspension was
used as 500 puL (50 mg)/ kg of body weight (19,20).

Experimental animals

Adult male Wistar rats (aged 60 days and weighted 140-
150 g) have been housed in a controlled ambient
temperature (22-25 °C) and 12:12 dark and light. The
animals were fed on standard food and drinking water ad
libitum.

Experimental design

Forty male rats have been assigned randomly to four
equal groups (10 for each) and treated as follow: Control (C
group): daily drenched with 500 uL of distilled water for 4
weeks. TQ treatment (TQ group): daily drenched with TQ
suspension (50 mg/ kg B.Wt) for 4 weeks. A. sativum
treatment (A group): daily drenched with A. sativum
aqueous extract (50 mg/ kg B.Wt) for 4 weeks.
Combination treatment (TQA group): daily drenched with
TQ suspension (50 mg/ kg B.Wt) plus A. sativum aqueous
extract (50 mg/ kg B.Wt) for 4 weeks.

After 24 hours of the last treatment, male rats have been
sacrificed, pituitary glands and testes were dissected and
fixed in neutral buffer formalin (10%) for ICH examination.
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Methods

Histological sections have been prepared and stained
with Haematoxylin and Eosin stains (21) and ICH
evaluation were performed in accordance to Abcam
company instructions. In the ICH analysis, positive
readings were indicated by a brown cytoplasmic stain,
whereas, negative readings were indicated by the absence
of immune reactions in the negative control.

IHC Kits

The following kits have been used in the present study:
Anti- FSH monoclonal mouse (5900) to FSH Reacts with
mouse, rat, human at -20 °C 0.2 mg/ mL (Abcam Co.),
Anti-LH monoclonal mouse (7500) to LH Reacts with:
mouse, rat, human at -20 °C 0.1 mg/mL (Abcam Co.), Anti
— Testosterone rabbit polyclonal to Testosterone 0.2 mg/
mL at -20 °C (Abcam Co.) and ICH detection kit (Abcam
Co.).

Results

IHC expression of FSH in the glandular tissues of the
pituitary gland

The THC results of pituitary FSH in the present study
showed strong positive immune response (high density of
interaction) in gonadotrophs as well as interstitial fluid of
the glandular partition of the gland. Stronger positive
interactions were shown in the TQ, A and TQA group male
rats in comparison with control group males (figure 1).

IHC expression of LH in the glandular tissues of the
pituitary gland

In figure (2), the three treated group male rats (TQ, A
and TQA groups) revealed high immune interaction with
LH in the gonadotrophs of the pituitary tissues, where the
IHC density of the positive immune reaction localized
mainly inside and around the gonadotrophs, whereas
control group males showed less strength and intensity of
the immune reaction.

IHC expression of T in the testes

The results demonstrated in figure (3) clarified higher
IHC expression levels of testosterone in the testicular
tissues of treated group males compared with control group
males. The positive immune reaction concentrated inside
and around Leydic and Sertoli cells.

Discussion

Medicinal herbal substances are important for
therapeutic uses, particularly in fertility cases, especially in
males, because these substances have natural and harmless
ingredients (1). Therefore, in our study we used TQ and A.
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sativum extract as single or in combination and has been
found to have a strong effect on reproductive hormones
production in mature male rats.

The results of adenohypophysis IHC examination of
FSH in all treated groups of male rats showed higher
density than control group males which was in agreement
with (22), where it has been noted that treatment with black
seed oil leads to increased concentrations of sex hormones
in cadmium exposed male rats. The increased density of
FSH and LH expression is clearly indicated by the action of
TQ, as it can be inferred by increasing the number of cells
producing or increasing their production, which may be
through the role of TQ on growth hormone production. It
has been described by Hull and Harvey (23) that growth
hormone is important in controlling the function of growth
and sexual maturity.

The present increase in the number of gonadotrophs and
observed IHC density in all groups due to the present
treatment may be through hypothalamic control on pituitary
gonagotropic hormones secretion. This is in agreement with
the study that conducted on mature rats treated with black
seed oil as the results showed that there is a significant
increase in levels of FSH and LH which can be attributed to
the direct effect of the active ingredient TQ on the

hypothalamus (24,25).

Regarding 4. sativum extract, several studies, in vivo
and in vitro, have reported the impairment of
spermatogenesis after treatment with garlic and its

metabolites. Dixit and Joshi (26) reported that chronic
administration of 50 mg of garlic powder to adult rat over
70 days induced a spermatogenetic arrest at the primary
spermatocyte stage. Moreover, aqueous garlic extract (11)
and the metabolite diathyltrisulphide (10) have spermicidal
effects on adult rats. In contrast, Al-Bekairi et al. (27)
reported an increase in epididymal spermatozoa after
feeding mice with 100 mg kg aqueous garlic extract over 3
months. Another study did not show any change in
epididymis sperm density after 1 month of treatment of
adult rat with 10%, 15% and 30% crude garlic (28). This
discrepancy in the studies could be linked to differences in
the garlic preparation, the period length and the dose of
treatment. In the present study, it can be agreed with that
reported by Al-Bekairi et al. (27) and Hammami et al. (28).

Testosterone is  essential for  spermatogenesis
completion because it stimulates the conversion of round
spermatids into elongated spermatids between stage VII and
stage VIII of the spermatogenetic cycle (29). A limited
number of studies investigated the effect of garlic on
testosterone. One study reported that the consumption of
crude garlic at 5%, 10%, 15% and 30%, by adult rats,
reduces testosterone secretion and alters spermatogenesis
(28). The reduction in circulating and intratesticular
testosterone levels was associated with elevated LH levels
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suggesting a diminished responsiveness of Leydig cells to
LH and/or a direct inhibition of testicular steroidogenesis
and as such a testicular alteration in the gonadotrophin—
testosterone axis. In contrast, Oi et al. (30) indicated that
increased testicular testosterone concentrations after
treatment with 8 g of garlic powder are associated with an
increase in LH plasma levels. This discrepancy could be
attributed to the different types of garlic preparations that
do not contain the same active compounds. Biosynthesis of
serum cholesterol, the vital testosterone precursor, was not
changed in the study by Hammami et al. (28), while Dixit
and Joshi (26) demonstrated an inhibition of cholesterol
biosynthesis in rat serum and liver. In this context, the
different steps of testosterone biosynthesis were evaluated.
Conversion of cholesterol to biologically active testosterone
is a multi-step enzymatic process, including Star that
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controls the transport of cholesterol from the outer to the
inner mitochondrial membrane, Cypllal, Hsd17b3 and
Hsd3b5 (31). Garlic was shown to alter testosterone
production, as Star, Cypllal, Hsd17b3 and Hsd3b5,
mRNA levels were decreased in a dose-dependent manner.
Given that testosterone protects germ cells, especially
spermatocytes and spermatids, against apoptosis (31-33), its
decrease induced by garlic consumption might be an
explanation for the death of spermatocyte and spermatid
cells via an apoptotic process, while interestingly, garlic
extract is known to reduce serum cholesterol levels and
inhibit cholesterol biosynthesis (34). Alteration in
testosterone production was not related to cholesterol
metabolism but to steroidogenic enzyme modification (35).

Figure (1): Sections obtained from adenohypophysis of control (C), TQ treated (TQ group), A. sativum extract treated (A
group) and their combination treated (TQA group) male rats for 4 weeks shows higher immune-reactivity of FSH (brown

color) in treatment groups than control. IHC staining, x400.
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Figure (2): Sections obtained from adenohypophysis of control (C), TQ treated (TQ group), A. sativum extract treated (A
group) and their combination treated (TQA group) male rats for 4 weeks shows higher immune-reactivity of LH (brown color)

in treatment groups than control. IHC staining, x400.

In terms of Sertoli cells, for the first time, in previous
studies, several Sertoli cell markers has been evaluated,
where it has been found that crude garlic at 10% and 15%
doses induced modifications in the expression of these
markers (36). These modifications were associated with
decrease in testosterone (28, 37) and FSH levels (36).
Concerning germ cells, the results of previous studies
revealed that the consumption of crude garlic over 1 month
induces apoptosis of spermatocytes (pachytenes stage) and
spermatids by the activation of caspase-3 and the increase
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in Smac (pro-apoptotic protein) and IAPs (anti-apoptotic
protein) (36). The apoptosis of germ cells was confirmed by
the study of Abdelmalik (36), who described morphological
aspects suggesting apoptosis of somatic and myoid cells of
adult rat after treatment with 20% of crude garlic during 4
months.

The results of the present study showed a high
expression of the testicular testosterone produced by the
Leydic cells in male rats treated with TQ. The intensity of
the immune reaction increased in TQ treated male rats, as
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the amount of the hormone lactic acid produced greater
than the quantity in the rest of the groups and the strength
of this reaction is due to the association of antibody to the
testicular steroid with the antigen located in the Leydic
cells. This is in agreement with Sasso-Cerri et al. (38), who
studied the THC of testicular steroids and primary germ
cells in Rana catesbeiana. They confirmed that the testicular
steroid hormones was excreted by the testicular interstitial
cells in all animals and observed when using the immune

reaction of Leydic cells. The results of the present study
were consistent with that referred to Haseena et al. (39),
who confirmed the effect of TQ in the improvement of
testicular functions and raise the level of testicular steroid
hormones in male rats.

In conclusion, TQ and Allium Sativum extract have
potent roles in male reproduction by increasing

reproductive hormones production which could improve the
male fertility.

Figure (3): Sections obtained from testes of control (C), TQ treated (TQ group), 4. sativum extract treated (A group) and their
combination treated (TQA group) male rats for 4 weeks shows higher immune-reactivity of testosterone (brown color) in

treatment groups than control. IHC staining, x400.
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