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Abstract

The reproductive hormones, sperm characteristics and testicular morphometric was evaluated
in heat-stressed rabbit bucks fed Nigella sativa (NS) supplemented diet. Thirty growing rabbit
bucks were assigned to five treatments of six rabbits each in a Completely Randomized Design.
The five treatments were designated as T1-Positive control (PC), T2-Heat stress (HS), T3-
rabbits fed NS before (HSbNS), T4-during (HSANS) and T5- after (HSaNS) HS inducement. At
the 14™ week of the experiment, Luteinizing hormone (LH) and Testosterone was evaluated.
Rabbits were humanely sacrificed, the testes, epididymis were weighed and the semen was
analyzed for sperm count. Luteinizing Hormone (LH), testosterone were significantly (p<0.05)
elevated at NS supplemented treatments (T3, T4 and T5) when compared to positive control
Article History (PC) and negative control (HS/-Control). The rabbit bucks on HS (-Control) had significantly
low (p<0.05) concentration for these hormones compared to every other treatments. Nigella
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supplemented treatments when compared to the controls (T1 and T2). Nigella sativa
Vol -2 Issue -3 supplementation in heat-stressed rabbit’s bucks’ diet enhanced reproductive hormone (LH,

PP: -09-16 testosterone) concentration, testicular and epididymal weight. Sperm count and in heat-
stressed rabbit bucks were improved by diet supplemented with Nigella sativa. Nigella sativa
demonstrates a prophylactic and therapeutic effect on reproductive hormones, testicular
morphometric and sperm parameters in heat-stressed rabbit bucks.
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evidence of climate change is high environmental temperature

INTRODUCTION thus heat-stress (DeCourten and Brander, 2017). Heat-stress
Climate change is one of the major challenges of our time and affects animals in different ways, such as reducing the feed
adds considerable stress to the environment. The impacts of intake (Sohail et al., 2010), increasing disease susceptibility
climate change are global in scope and unprecedented in scale (Pollaman, 2010), affecting productive and reproductive
(Adedeji et al., 2014). Recent evidence suggests even more efficiency (Hansen, 2009). In tropical and subtropical parts of
rapid change, which will greatly, and in some cases the world, heat-stress appears to be the major constraint to
irreversibly, affect not just people, but also animal species and livestock production (Najar et al., 2010) and it has the

ecosystems (Fuller et al., 2020). One of the compelling
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capability to adversely affect reproductive performance of
livestock and in extreme instances can result in animal death.

Fertility and reproduction can be managed to a great extent,
dietetically by antioxidants, because of their roles in free
radical removal, prevention of tissue and cellular lesion.
Plants are sources of important phytochemical compounds
that exhibit antioxidant properties (Bhadoriya et al., 2011).
One of such plants is Black seed (Nigella sativa). Black seed
is an important plant in medicine and it belongs to the family
of Ranunculaceae (Mahdavi et al., 2015). Most of the
pharmacological activities of Nigella sativa are attributed to
the presence of thymoquinone as an active component (Gilani
et al., 2004). Thymoquinone possesses antioxidant effects by
enhancing the oxidant scavenger system as well as its potent
anti-inflammatory mediators, prostaglandins and leukotriene
(Salem et al, 2007).

Rabbits are very sensitive to high temperatures since they
have few functional sweat glands limiting their ability to
eliminate excess body heat (Verga et al., 2007). High ambient
temperature can impair the reproductive performance of
rabbits, and 30 °C is considered as the threshold point beyond
which may result to infertility (Gacek, 2002). Often times, it
is not possible to achieve the thermo-neutral zone and,
consequently, rabbits are subjected to heat stress (Okab et al.,
2008) and perspiration (evacuation of water via the skin) is
low due to the presence of fur. Rabbit’s sensitivity to heat
stress is considered as the most important factor impacting
negatively on their fertility, reproductive and physiological
traits (Askar and Ismail, 2012)

Many additives have been reportedly added to rabbit feed or
water as a way to alleviate adverse heat-stress effects to
enhance reproductive performance of rabbits. Black seed
(Nigella sativa) is commonly used as feed additive. It contains
numerous minerals, nutrients and phytochemicals which
makes it to have many therapeutic effects such as antioxidant
and immune system stimulation.

However, there is dearth of information on the appropriate
dietary supplementation level of Nigella sativa to enhance
physiological, and most especially reproductive performances
in growing rabbit bucks under normal environment. There is
also paucity of information on the use of Nigella sativa to
mitigate the deleterious effect of heat-stress on the
physiological wellbeing and reproductive efficiency of
growing rabbit bucks.

This research leveraged on the numerous beneficial
phytochemicals embedded in Nigella sativa via appropriate
feed supplementation, this would avail the possibility to
mitigate the enormous deleterious effects of heat stress on the
physiological wellbeing and reproductive efficiency of rabbit
bucks.

MATERIALS AND METHODS

Experimental site

The experiment was carried out at the Rabbit Production and
Research unit, Teaching and Research Farm of the Ladoke
Akintola University of Technology, Ogbomoso. Ogbomoso is

situated in a derived savannah zone of southwest of Nigeria
and lies on lat. 8° 8' 31.7940" N and long. 4° 14' 42.6696" E.
The altitude is between 300m and 600m above the sea level
while the mean temperature and annual rainfalls are 270C and
1247mm respectively (Ayinla and Odetoye, 2015).

Experimental animals and Management

Thirty weaned rabbit bucks (Chinchilla X New Zealand white;
average body weight of 696.72g) obtained from a reputable
breeding farm in Ogbomoso, Oyo State, Nigeria were used for
the experiment. The bucks were individually housed in
wooden hutches and subjected to two weeks acclimatization
period. They were treated against potential endo- and ecto-
parasites and fed diet containing 16% crude protein and about
2300 kcal/kg metabolizable energy. They were balanced for
weight and assigned to five treatment groups of six rabbits
each in a Completely Randomized Design (CRD). The five
treatment groups were designated as T1, T2, T3, T4 and T5.
The rabbit bucks were weighed at the commencement of the
experiment and subsequently once per week. They were
offered measured quantity of pelletized feed but ad libitum
and cool, clean water was made available throughout the
experimental period. All routine management practices were
well observed.

Experimental treatments was partitioned as follow:

T1 (+Control): Heat stress was not induced and rabbits were
not fed diet supplemented with Nigella sativa.

T2 (HS/-Control): Heat stress was induced and rabbits were
not fed diet supplemented with Nigella sativa.

T3 (HSbNS): Heat stress was induced before rabbits were fed
diet supplemented with Nigella sativa for 2 weeks.

T4 (HSANS): Heat stress was induced while the rabbits were
being fed diet supplemented with Nigella sativa for 2 weeks.

T5 (HSaNS): Heat stress was induced after rabbits were fed
diet supplemented with Nigella sativa for 2 weeks.

Table 1: Gross composition of the experimental diets and
calculated nutrients

Feed Ingredients (%) Basal diet  Diet supplemented

with N.sativa
Maize 32.61 32.61
Soybean meal 16.39 15.39
N.Sativa 0.00 1.00
Brewry dry grain 15.00 15.00
Rice husk 30.00 30.00
Fish meal (72%) 3.00 3.00
Oyster shell 2.00 2.00
Bone meal 0.25 0.25
Vitamin premix* 0.25 0.25
Salt 0.25 0.25
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Lysine 0.15 0.15
Methionine 0.10 0.10
TOTAL 100.00 100.00

Calculated Nutrients

CP (%) 16.20 16.06
Metabolizable 2335.76 2336.24
Energy** (Kcal/kg)

CF (%) 13.75 13.74

*Vitamin Premix: Supply per kg diet: 2 000 000 iu vit. A; 400
000 iu Dg3; 8.0 g vit. E; 4 g vit. by; 1.0 g vit. By; 0.6 g vit.; 0.4
mg vit. Byp; 24.0 g Niacin; 0.2 g Folic acid; 8.0 g Biotin; 48.0
g Choline; 320.0 g BHT; 16.0 g Manganese; 8.0 g iron; 7.2 g]
Zinc; 0.32 copper; 0.25 iodine; 36. 0 mg cobalt; 16.0 mg
selenium. ** Metabolizable Energy calculated using
Pauzenga, (1985).

Construction of heat chamber (microclimate)

Ultraviolet radiation chamber by David (1997) was adapted
for the construction of heat chamber (microclimate) except
where otherwise stated.

Induction of heat stress

Heat stress was induced by introducing the experimental
rabbits into the specially constructed heat chamber
(microclimate) for a total of 2 weeks (weeks 4 and 5),
between the hours of 7:00 to 8:00 a.m. (Shebl et al., 2008) on
an alternate day basis (i.e. three times weekly).

The temperature and relative humidity of the heat chamber
(microclimate) were controlled to achieve thermal humidity
index (THI) of 32.00 +2.00. The experimental rabbits were
taken out of the heat chamber for the rest 46 hours period and
they were given freshwater ad libitum so as to be properly
hydrated.

The temperature and relative humidity of the heat chamber
were measured through the aid of a digital incubator thermo-
hygrometer. The thermal humidity index (THI) was studied
on 30 minutes basis. The THI of above 30 was considered to
induce very severe heat-stress in the experimental rabbits
(Marai et al., 2002). Nigella sativa was supplemented at 1.0%
(Hammed and Amao, 2022)

THI= t-[(0.31-0.31 x RH) (t-14.4); where RH is relative
humidity/100. t = ambient temperature

<27.8= absence of heat stress

27.8- 28.9= moderate heat stress;

29.0- 30.0= severe heat stress; and

>30.0 = very severe heat stress (Marai et al., 2002).

Data collection

Hormonal assays

At the end of the experiment, blood was collected via the
marginal veins of the rabbits for hormonal assay into plain
bottles. The protocol for the assays (Luteinizing hormone,
Testosterone, Follicle stimulating hormone and Inhibin B)
was carried out according to the method described for the kits
[Elabscience® ELISA Assay, USA].

Testicular morphometric

The rabbits were humanely sacrificed in accordance with the
ethics and regulation guiding the use of research animals as
approved by the Faculty of Agricultural Sciences, Ladoke
Akintola University of Technology, Ogbomoso, Oyo state,
Nigeria. Testes were carefully dissected from the sacrificed
animals and trimmed off adhering tissues. Testis length, testis
weight and testis volume were measured. The testis length
was measured with the aid of a pair of vernier calipers, testis
weight was determined using a sensitive digital scale and the
testis volume was measured by water displacement according
to Archimedes principle (Adu and Egbunike, 2010).

Semen collection and analysis

The semen was collected via the caudal epididymis according
to the procedure described by Mesbah et al., 2007. The sperm
count (round and elongated spermatids) and morphology was
determined as described by Seed et al., 1996. Live sperm and
sperm motility were determined using the procedures of
Bjorndahl et al., 2003 and Cheng et al., 2006 respectively.

Statistical analysis
Data collected were subjected to One-way Analysis of
Variance (ANOVA), using the procedure of Statistical
Analysis System (SAS, 2006) and means were separated
using Duncan’s multiple range test (DMRT) of the same
statistical package.

RESULTS AND DISCUSSION

The results of this experiment are presented in Tables 2, 3 and
4

The reproductive hormones of heat-stressed rabbit bucks fed
black seed (Nigella sativa) supplemented diet is shown in
Table 2.

Table 2: Reproductive hormones of heat-stressed rabbit bucks fed diets supplemented with black seed (Nigella sativa)

Hormones (ng/mL) T1 T2 T3 T4 T5 SEM
(n=30) (+Control) ~ (HS/-Control)  (HSbNS)  (HSANS)  (HSaNS)
Luteinizing hormone ~ 1.80° 1.07° 3.47° 3.47° 3.49° 0.21
Follicle stimulating 2.74° 1.76" 2.76° 2.76° 2.76° 0.08
hormone

Testosterone 0.90° 0.32° 1.40° 1.41° 1.43° 0.08
Inhibin B 0.63° 0.32° 2.99% 2.99% 2.99° 0.25

abc: Means on same row with different superscripts differ significantly (P<0.05)

*Corresponding Author: Opeyemi Oladipupo Hammed. @ [o)e)

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

© Copyright 2025 GSAR Publishers All Rights Reserved
Page 11




GSAR Journal of Applied Medical Sciences ISSN: 2584-2323 (Online)

SEM: Standard Error of Mean. HS: Heat-stress. HSbNS:
Heat-stress before N.sativa. HSANS: Heat-stress during
N.sativa. HSaNS: Heat-stress after N.sativa

Reproductive hormones of heat-stressed rabbit bucks fed diet
supplemented with black seed (Nigella sativa) is showed on
Table 2. The reproductive hormones were all significantly
(p<0.05) influenced by the treatments. Luteinizing Hormone
(LH), Follicle Stimulating Hormone (FSH), testosterone and
inhibin B concentrations were significantly (p<0.05) elevated
at T3, T4 and T5 (Nigella sativa supplemented treatments)
when compared to positive control (PC) and negative control
(HS/-Control). The rabbit bucks on HS (-Control) had
significantly low (p<0.05) concentration for these hormones
compared to every other treatments. The FSH however had
statistically similar values across the treatments except for
HS/-Control that recorded a significantly low (p<0.05)
concentration.

Activation of the hypothalamic-pituitary-adrenal axis and
consequent increase in plasma glucocorticoid concentrations
are two most important responses to heat-stress (Aggarwal
and Upadhyay, 2013). Heat-stress imparts detrimental effects
on male reproductive hormones partly by disrupting the
normal release of gonadotropin releasing hormone (GnRH)
from the hypothalamus as well as LH and FSH from the
anterior pituitary gland (Aggarwal and Upadhyay, 2013).

Hansen, 2010; Aggarwal and Upadhyay, (2013) have
indicated that heat-stress can lead to decline in the circulating
of testosterone and LH but increased serum cortisol. Heat-
stress also leads to leydig cell apoptosis and reduction in
testosterone biosynthesis in adult rat testes (Li et al., 2016).
The finding of the current experiment as heat-stressed rabbit

bucks had a significantly suppressed LH, FSH testosterone
and inhibin B concentration levels aligned with these latter
reports. Moreover, increased testicular temperature which
could be as a result of heat-stress, elevates the generation of
ROS in the male reproductive tract by directly affecting
cellular metabolism (Belhadj et al., 2014) and by influencing
stress hormone levels (Megahed et al., 2008). The resulting
increase in ROS production, in turn, damages testicular germ
cells and other endocrine cells to disrupt the hormonal
balance, thereby curbing male fertility (Aggarwal and
Upadhyay, 2013).

Dietary supplementation of Nigella sativa at T3, T4 and T5
caused a significant elevation in the reproductive hormone
concentration of bucks in these treatments compared to the
control treatments (T1 and T2). Consistent with this notion,
Gokce et al. (2010); Paradin et al. (2012) has demonstrated
that Nigella sativa exceptionally elevates LH, FSH,
testosterone and inhibin B concentration when administered to
animals. Gokce et al. (2010) confirmed that thymoquinone
has protective effect on testicular parameters and this
enhances production of LH which stimulates the production of
testosterone by leydig cells of the seminiferous tubules and
indirectly stimulates spermatogenesis via testosterone. Also,
Nigella sativa elevates inhibin B (Paradin et al., 2012) which
is important for leydig cells, sertoli cells and germ cells
proliferation and maturation. Inhibin B plays a key role in the
regulation of hypothalamic-pituitary-gonadal hormone axis
during animal sexual development (Chada et al., 2003).

The Testicular and epididymal morphometric of heat-stressed
rabbit bucks fed black seed (Nigella sativa) supplemented diet
is shown in Table 3.

Table 3: Testicular and epididymal morphometric of heat-stressed rabbit bucks fed diets supplemented with black seed
(Nigella sativa)

(HS/-Control)

Parameters (n=30) T1 T2
(+Control)

Mean testes weight (g) 1.04° 0.67°
Mean testes length (cm) 2.20° 1.06°
Mean testes width (cm) 0.75° 0.56°
Mean testes volume (cm?) 0.21° 0.16°
Mean epididymis weight (g) 1.09° 0.85°
Mean epididymis length (cm) ~ 10.52° 0.67°

T3 T4 TS5 SEM
(HSbNS)  (HSANS)  (HSaNS)

2.40° 2.40° 2.418 0.15
3.44° 3.46° 3.48° 0.58
0.98° 0.98° 0.98° 0.35
0.38% 0.37° 0.37° 0.02
2.67° 2.66° 2.65° 0.16
17.52° 16.98° 17.60° 1.34

abc: Means on same row with different superscripts differ significantly (P<0.05)

SEM: Standard Error of Mean. HS: Heat-stress. HSbNS:
Heat-stress before N.sativa. HSANS: Heat-stress during
N.sativa. HSaNS: Heat-stress after N.sativa

The testicular and epididymal characteristics of heat-stressed
rabbits as influenced by diet supplemented with black seed
(Nigella sativa) is shown in Table 3. All the testicular
variables evaluated were significantly (p<0.05) influenced by
the treatments. Nigella sativa supplemented treatments (T3,

T4 and T5) had significantly (p<0.05) higher values for mean
testes weight, mean testes length, mean testes width, mean
testes volume, mean epididymis weight and mean epididymal
length than T1 and T2. However, negative control (T2)
recorded a significantly (p<0.05) lower testicular and
epididymal parameters when compared to other treatments.

The testicular and epididymal characteristics of heat-stressed
rabbits in the present study was significantly low. This might
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be as a result of the adverse effect of induced heat-stress. This
is however in agreement with the report of Marai et al.
(2002), who reported that heat-stress caused deterioration of
germinal epithelium and partial atrophy of the seminiferous
tubules thus reduction in the testicular weight of heat-stressed
animals. Also, de Krester (2004) reported that heat-stress
increases temperature of the testes. This increasing
temperature of the testes can prevent spermatogenesis, reduce
testosterone secretion and cause degeneration of most
testicular cells like leydig cells and cell of the seminiferous
tubules beside the spermatogonia. Moreover, the trend in the
epididymal morphometrics of heat-stressed rabbits is a
reflection of the values for gonadal morphometrics. Heat-
stress may be responsible for the reduction in the weight and
length of both gonads and epididymis. Anoh, (2017) also
attributed the reduction in gonads and epididymis weight to
heat-stress caused by degeneration in the germinal epithelium
and partial atrophy of the seminiferous tubules. Ngoula et al.
(2020) further reported that weights of reproductive organs
including testes and epididymis decreased in animal exposed
to heat-stress compared to the control. Garrigue, (2017) also
reported a decreased reproductive organ weight in mice
exposed to high temperature for 60 days. The present study
however disagree with the report of Ngoula et al. (2017) who
reported that no significant difference in the relative organ
weights of younger guinea pigs exposed to induced heat-
stress.

Rodents such as guinea pigs and rabbits cannot produce sweat
to regulate their body temperature under heat conditions (Fiala
et al., 2005). They also lack ability to manufacture their own
vitamin C (Michel et al., 2011). This condition make them
susceptible to marginal increase in tolerable environmental
temperature. The decrease in testicular weight could also be

associated with decrease in number of sertoli and germ cells
within the seminiferous epithelium (Nicolino et al, 2001).
Exposure of animals to heat-stress can also result in
overproduction of ROS, which impairs cell membrane and
nucleic acids and subsequently induce apoptosis (Nicolino et
al, 2001).

On the other hand, increased testicular and epididymal
weights were observed in Nigella sativa supplemented groups
of the present study which might be as a result of
thymoquinone which is an active compound of Nigella sativa
thus confirming the trend from the previous (Mukhalad et al.,
2009; El-Tahomi et al., 2010; Paradin et al., 2012, Hammed
and Amao, 2022) studies. These researchers argued that
supplementing black seed (Nigella sativa) up to 1.0%
enhanced the testicular and epididymal characteristics of
rabbit bucks. Moreover, supplementing Nigella sativa could
enhance the overall reproductive performance in growing
rabbits. Paradin et al. (2012) further reported that
thymoquinone (an active compound in Nigella sativa)
enhances testosterone and other androgens. Moreover, the
testes, epididymis and other reproductive organs are
structurally and physiologically dependent on testosterone and
other androgens. Basically, testosterone stimulates growth and
secretory activities of reproductive organs (Nassar and Leslie,
2022). Therefore, a significant increase in these hormones
could increase the number and function of somatic and
germinal cells of testis thus result to an increased testes and
epididymis weight.

The sperm characteristics of heat-stressed rabbit bucks fed
diets supplemented with black seed (Nigella sativa) is shown
in Table 4

Table 4: The sperm characteristics of heat-stressed rabbit bucks fed diets supplemented with black seed (Nigella sativa)

Parameters (n=30) T1 T2 T3 T4 T5 SEM
(+Control) (HS/-Control) (HSbNS) (HSANS) (HSaNs)
Sperm count (x10°) 71.80° 40.60° 91.40° 91.60° 91.40° 4.07
Motile sperm (%) 71.76" 48.65° 86.22° 86.28° 86.75° 3.02
Non-motile sperm (%) 28.23° 51.34% 13.77° 13.71° 13.24° 3.02
Normal sperm (%) 74.28° 53.38° 88.05° 88.21° 88.01° 2.78
Abnormal sperm (%) 25.71° 46.61% 11.94° 11.78° 11.98° 2.78
Live sperm (%) 82.96° 61.98° 85.81° 86.13° 85.88° 1.92
Dead sperm (%) 17.03° 38.01° 14.18° 13.86° 14.11° 1.92
Round spermatids 65.40° 38.40° 98.00% 96.60% 97.60% 4.90
Elongated spermatids 59.20° 37.20° 97.40% 98.80% 98.00% 5.22

abc: Means on same row with different superscripts differ significantly (P<0.05)

SEM: Standard Error of Mean. HS: Heat-stress. HSbNS:
Heat-stress before N.sativa. HSANS: Heat-stress during
N.sativa. HSaNS: Heat-stress after N.sativa

The sperm characteristics of heat-stressed rabbit bucks as
influenced by black seed (Nigella sativa) supplemented diet is
presented in Table 4. Significant (p<0.05) differences were
observed in all gonadal sperm variables evaluated. Significant
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(p<0.05) increases were recorded for sperm count, percentage
motile sperm, percentage live sperm, round spermatids and
elongated spermatids at the N.sativa supplemented treatments
(T3, T4 and T5) when compared to the controls (T1 and T2).
On the other hand, non-motile sperm, abnormal sperm and
dead sperm were significantly (p<0.05) decreased at the
N.sativa treated groups (T3, T4 and T5) when compared to the
controls (T1 and T2). The HS/-Control (T2) had significantly
(p<0.05) lowest values in terms of sperm count, percentage
motile sperm, percentage live sperm, round spermatids and
elongated spermatids when compared to other treatments.
This treatment however, had significantly (p<0.05) higher
values for percentage non-motile sperm, percentage abnormal
sperm and percentage dead sperm in comparison to the rest of
the treatments.

The gonadal semen analysis carried out in the present
experiment revealed that fundamental sperm parameters-
sperm count, sperm motility, sperm viability, and sperm
morphology (W.H.O, 2010) were all significantly but
adversely affected by heat-stress. The sperm count reflects
semen quality and male reproductive potential whereas sperm
motility, viability and morphology are able to predict fertility
(Kompanje, 2013). However, exposure of animals to heat-
stress could lead to thermo-dysregulation which might result
to adverse significant changes in the sperm characteristics
(Hjollund et al., 2002) as observed in the present study. Heat-
stress can also result in testicular hyperthermia which thus
causes adverse modification of sperm characteristics (reduced
sperm count and overall poor semen quality) and overtime
may result in infertility (Durairajanayagam et al., 2014).
Hyperthermia could elevate testicular and epididymal
temperatures thus decrease the synthesis of sperm membrane
coating protein, resulting in higher amount of morphologically
abnormal sperm (Durairajanayagam et al., 2014). Sperm
motility is also suppressed in hyper-thermic testes
(Wechalekar et al., 2010) Furthermore, heat-stress has been
reported to suppress spermatogenesis hence decreasing sperm
production (Durairajanayagam et al., 2014). Basically,
exposure of animals to heat-stress causes deterioration of
sperm morphology and impairs motility as well as sperm
production which has a deleterious effect on the overall male
fertility.

On the other hand, the present experiment also revealed
significant increase in sperm count, sperm motility, sperm
viability, and sperm morphology in Nigella sativa treated
groups. The percentage increase of these parameters probably
demonstrate the effect of Nigella sativa supplementation in
the feed offered to these treatment groups of heat-stressed
rabbits. This is consistent with the report of Al-Sa’aidi et al.
(2009) that daily oral administration of Nigella sativa extract
led to a clear improvement in sperm motility and overall
fertility of male rats. Also, supplementing Nigella sativa led
to increase testosterone level (Al-Sa’aidi et al., 2009;
Mclachlan et al., 2002). The increased testosterone can in turn
enhance spermatogenesis and spermiogenesis in seminiferous
tubules. Moreover, testosterone is responsible for epididymal
function and sperm maturation (Haseena et al., 2015). This

testosterone increment might however due to the effect of
Nigella sativa on the main enzymes which affect metabolism
and steroid secretion in the testes.

The result of the present experiment further agrees with
previous studies (Haseena et al., 2015; Sevim et al., 2021)
that Nigella sativa contains alkaloid and phenols which
stimulates the secretion of testosterone and FSH. Paradin et
al. (2012) showed that Nigella sativa seeds could increase
fertility in male rats. This implies that Nigella sativa has the
potential to protect rabbit’s sperm characteristics from the
adverse effect of heat-stress.

CONCLUSION

It can be concluded from this research that, black seed
(Nigella sativa) supplementation in heat-stressed rabbit’s
bucks diet enhanced testicular and epididymal morphometric.
Sperm count, sperm motility, sperm morphology, sperm
viability, and reproductive hormone (LH, testosterone, FSH
and inhibin B) concentration in heat-stressed rabbit bucks
were improved by diet supplemented with Nigella sativa.
Nigella sativa demonstrates a prophylactic and therapeutic
effect on reproductive hormones, testicular morphometric and
sperm parameters in heat-stressed rabbit bucks.

REFERENCES

1. Adedeji, O., Ruben, O. and Olatoye, O. (2014).
Global Climate Change. Journal of Geoscience and
Environment Protection, 2:114-122.
http://dx.doi.org/10.4236/gep.2014.22016

2. Adu, O.A and Egbunike, G.N. (2010). Fertility,
Semen quality and Reproductive organ weights of
boars fed dietary copper. Journal of Applied
Agricultural Research, 2: 61-76.

3. Aggarwal, A. and Upadhyay, R. (2013). Heat stress
and hormones, in heat stress and animal
productivity. India: Springer, 18 (2):27-51.

4. Al-Sa‘aidi, J. A. A.,, Al-Khuzai, A. L. D. and Al-
Zobaydi, N. F. H. (2009). Effect of alcoholic extract
of Nigella sativa on fertility in male rats. Iraq
Journal of Veterinary Science, 23: 123-128.

5.  Anoh, K.U. (2017). Alleviating heat stress with
Baobab fruit pulpmeal: Effect on testosterone
concentration  and  gonadal  andepididymal
morphometry of adult rabbit bucks. Academia
Journal of Agricultural Research, 5(8): 178-182.

6. Askar, A. A. and Ismail, E. I. (2012): Impact of heat
stress exposure on some reproductive and
physiological traits of rabbit does. Egyptian Journal
of animal production, 49(2):151-159

7. Ayinla, AK. and Odetoye, A.S. (2015). Climatic
pattern and design for indoor comfort in Ogbomoso,
Nigeria. Journal of Enviromental and Earth
Science, 5(17):30-37.

8. Belhadj, S.I., Najar, T., Ghram, A., Dabbebi, H.,
Ben Mrad, M. and Abdrabbah, M. (2014). Reactive
oxygen species, heat stress and oxidative-induced
mitochondrial damage. Review: International
Journal on Hyperthermia, 30(7):513-23.

*Corresponding Author: Opeyemi Oladipupo Hammed. @ [o)e)

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

© Copyright 2025 GSAR Publishers All Rights Reserved

Page 14


http://dx.doi.org/10.4236/gep.2014.22016

GSAR Journal of Applied Medical Sciences ISSN: 2584-2323 (Online)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bhadoriya, S.S., Mangal, A., Madoriya, N. (2011).
Bioavailability and bioactivity enhancement of
herbal drugs by “Nanotechnology”: a review.
Journal of Current. Pharmaceutical. Research,
8(1): 1-7.

Bjorndahl L, Soderlund I, Kvist U. (2003).
Evaluation of the one-step eosin-nigrosin staining
technique for human sperm vitality assessment.
Human Reproductive, 18(4):813-816

Chada, M., Pru, R., Bronsky, J., Kota.Ka, K.,
idloval, K., M. Pechov4, M. and Lisa L. (2003).
Inhibin B, Follicle Stimulating Hormone,
Luteinizing Hormone and Testosterone during
Childhood and Puberty in Males: Changes in Serum
Concentrations in Relation to Age and Stage of
Puberty. Physiology Research, 52: 45-51.

Cheng D, Zheng XM, Li SW, Yang ZW, Hu LQ.
(2006) Effects of epidermal growth factor on sperm
content and motility of rats with surgically induced
varicoceles. Asian Journal Andrology, 8(6):713-7
David, M. Hillham. J.L. (1997). Instruction for
building U.V radiation chamber. Physics. Kansas
State University

de Krester, D.M. (2004). Is Spermatogenic Damage
Associated with Leydig Cell Dysfunction? The
Journal of Clinical Endocrinology & Metabolism,
89(7):3158-3160 https://d0i:10.1210/jc.2004-074
DeCourten, B.M. and Brander, S.M. (2017).
Combined effect of increased temperature and
endocrine disrupting pollutant on sex determination,
survival, and development across generations.
Scientific Reports, 7: 9310

Durairajanayagam, D., Sharma, R.K., du Plessis,
S.S. Agarwal, A. (2014). Testicular Heat Stress and
Sperm Quality. Male Infertility: A Complete Guide
to Lifestyle and Environmental Factors. Springer
Science  Media  New  York, 34:105-124
https://doi.org/10.1007/978-1-4939-1040-3 8
El-Tahomi, M.M., El-Nattat, W.S. and El-Kady,
R.I. (2010). The benifical effects of Nigella sativa,
Raphanus sativus and Eruca sativa seed Cakes to
Improve Male rabbit fertility, Immunity and
production. Journal of Animal Science, 6: 1247-
1255.

Fiala, E.S., Sohn, O.S., Wang, C.X., Seibert, E.,
Tsurutani, J. and Dennis, P.A. (2005). Induction of
preneoplastic lung lesions in guinea pigs by
cigarette smoke inhalation and their exacerbation by
high dietary levels of vitamins C and E.
Carcinogenesis, 26:605-12.
https://doi:10.1093/carcin/bgh341

Fuller, A., Maloney, S.K., Blache, D. and Cooper,
C. (2020). Endocrine and metabolic consequences
of climate change for terrestrial mammals. Current
Opinion in Endocrine and Metabolic Research, 11:
9-14.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Gacek, C. (2002). Effect of visual contact on
reproductive and rearing performance of rabbits.
Animal Science, 2(1):181-184.

Garrigue M. (2017) Effet du stress thermique sur les
paramétres séminologiques de taureaux de centre
d’insémination  (Thése d’exercice, Médecine
vétérinaire). Ecole Nationale Vétérinaire de
Toulouse, Toulouse, France, 61: 223-226

Gilani, A.-H., Aziz, N. and Khurram, I.M. (2004).
Bronchodilator, spasmolytic and calcium antagonist
activities of Nigella sativa: A traditional herbal
product with multiple medicinal uses. Journal of
Pakistan Medical Association, 51: 115-120

Gokce, A., Oktar, S., Koc, A., Gonenci, R.,
Yalcinkaya, F. and Yonden, Z. (2010). Protective
effect of thymoquinone in experimental testicular
torsion. European Urology, 9:56-78.

Haseena, S., Aithal, M., Das, K.K. and Saheb, S.H.
(2015). Effect of nigella sativa seed powder on
testosterone and LH levels in sterptozotocine
induced diabetes male albino rats. Journal of
Pharmaceutical Sciences and Research, 7(4): 234-
237.

Hjollund, N.H., Storgaard, L., Ernst, E., Bonde, J.P.
and Olsen, J. (2002). Impact of diurnal scrotal
temperature on semen quality. Reproduction and
Toxicology, 16: 215-221.

Kompanje, E.J.O. (2013). ‘Real men wear Kilts’.
The anecdotal evidence that wearing a Scottish kilt
has influence on reproductive potential: how much
is true? Scott Medical Journal, 58(1):1-5.

Li, Z., Tian, J., Cui, G., Wang, M. and Yu, D.
(2016). Effects of local testicular heat treatment on
Leydig cell hyperplasia and testosterone
biosynthesis in rat testes. Reproduction, Fertility
Development, 28(9):1424-32.

Mahdavi, R., Heshmati, J. and Namazi, N. (2015)
Effects of black seeds (Nigella sativa) on male
infertility: A systematic review. Journal of Herbal
Medicine, 5(3):133-9.
https://d0i:10.1016/j.hermed.2015.03.002

Marai, I.F.M., Habeeb, A.AM. and Gad, A.E.
(2002). Rabbits” productive, reproductive and
physiological performance traits as affected by heat
stress: a review. Livestock Science, 78:71-90.
https://doi:10.1016/S0301-6226(02)00091-X
Mclachlan, R. I., O' Donnell, L., Meachem, S. J. and
Stanon, D. M. (2002). Identification of specific
sites of hormonal regulation in spermatogenesis.
Journal of Clinical Endocrinology and Metabolism,
57: 149-179.

Megahed, G., Anwar, M. Wasfy, S. and
Hammadeh, M. (2008). Influence of heat stress on
the cortisol and oxidant-antioxidants balance during
Oestrous phase in buffalo-cows (Bubalus bubalis):
Thermo-protective role of antioxidant treatment.
Reproduction in Domestic Animals, 43(6):672—7.

*Corresponding Author: Opeyemi Oladipupo Hammed. @ [o)e)

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

© Copyright 2025 GSAR Publishers All Rights Reserved

Page 15



https://doi:10.1210/jc.2004-074
https://doi.org/10.1007/978-1-4939-1040-3_8
https://doi:10.1093/carcin/bgh341
https://doi:10.1016/j.hermed.2015.03.002
https://doi:10.1016/S0301–6226(02)00091-X

GSAR Journal of Applied Medical Sciences ISSN: 2584-2323 (Online)

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Mesbah S, Shokri S, Karbalay-Doust S, Mirkhani
H. (2007). The effect of nandrolone decanoate on
the body, testis and epididymis weight and semen
parameters in adult male rats. Iran Journal for
Medical Science, 32(2):93-9

Michel, C.L., Chastel, O. and Bonnet, X. (2011).
Ambient temperature and influence cortisol levels in
female guinea pigs and entail long-term effects on
the stress response of their offspring. General
Comparative  Endocrinology, 171:275-  82.
https://doi:10.1016/j.ygcen.2011.02.007

Mukhalad, A.M., Mohamad, M.J. and Darka, H.
(2009). Effects of black seeds (Nigella sativa) on
spermatogenesis and fertility of male albino rats.
Research Journal of Medical Science 4: 386-390.
Najar, T., Rajeb, M. and Ben M’Rad, M. (2010).
Modelling the effect of heat stress on some behavior
and physiological parameters in cows. In: Sauvant,
D., VanMilgen, J., Faverdin, P. and Friggens N.
(Eds). Modelling Nutrient Digestion and Utilization
in Farm Animals. Wageningen Accademic
Publishers. The Netherlands. Pp. 130-139.

Nassar, G.N. and Leslie, S.W. (2022). Physiology,
Testosterone. In: StatPearls [Internet]. Treasure
Island (FL): StatPearls Publishing, 1-9.

Ngoula, F., Guemdjo, M., Kenfack, A., Tadondjou,
C., Nouboudem, S. and Ngoumtsop, H. (2017).
Effects of heat stress on some reproductive
parameters of male cavy (Cavia porcellus) and
mitigation strategies using guava (Psidium guajava)
leaves essential oil. Journal of Thermal Biology,
64:67—72. https://d0i:10.1016/j.jtherbio.2017.01.001
Ngoula, F., Lontio, F. A., Tchoffo, H., Manfo
Tsague, F. P., Djeunang, R. M., Vemo, B. N,
Moffo, F., & Djuissi Motchewo, N. (2020). Heat
Induces Oxidative Stress: Reproductive Organ
Weights and Serum Metabolite Profile, Testes
Structure, and Function Impairment in Male Cavy
(Cavia porcellus). Frontiers in Veterinary Science,
7: 37. https://doi.org/10.3389/fvets.2020.00037
Nicolino, M., Forest, M.G. and La puberté, S.
(2001). In: La reproduction chez les mammiféres
domestiques et chez 1’homme. Thibault C,
Levasseur MC, editors. Paris: INRA Editions,
24:655-79.

Okab, A.B., El-Banna, S.G and Koriem, A.A.
(2008). Influence of environmental temperatures on
some physiological and biochemical parameters of
male New-Zealand rabbits. Slovak Journal of
Animal Science, 41: 12-19.

Paradin, R., Yousof, N. and Ghorbani, R. (2012).
The enhancing effects of alcoholic extract of
Nigella sativa seed on fertility potential, plasma
gonadotropins and testosterone in male rats. Iranian
Journal of Reproductive Medicine, 10(4): 355-362.
Pauzenga, U. (1985). Feeding parent stock.
Zootecnia International, 22-25

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Pollaman, D. (2010). Seasonal effects on sow herds:
Industry experience and management strategies.
Journal of Animal Science, 88:9

S.A.S (2006). Statistical Analysis System Institute
Inc. User’s Guide. Statistic version 6th ed. Carry.
North Carolina, U.S.A.

Salem, A.Z.M., Salem, M.Z.M.., El-Adawy, M.M.
and Robinson, P.H. (2007). Nutritive evaluations of
some browse tree foliages during the dry season:
Secondary compounds, feed intake and in vivo
digestibility in sheep and goats. Animal Feed
Science Technology, 127:251-267.

Seed J, Chapin RE, Clegg ED, Dostal LA, Foote
RH, Hurtt ME. (1996) Methods for assessing sperm
motility, morphology, and counts in the rat, rabbit,
and dog: a consensus report. ILSI Risk Science
Institute Expert Working Group on Sperm
Evaluation. Reproductive Toxicology, 10(3):237—
244,

Sevim, B., Cufadar, Y., Bahtiyarca, Y., Gokmen,
S.A., Curabay, B. and Ayasan, T. (2021). The Effect
of Adding Different Levels of Black Cumin
(Nigella Sativa L.) Seed to the Feed on
Performance, Serum Parameters and Reproductive
Hormones in Male Japanese Quails (Coturnix
Coturnix  Japonica). Osmaniye Korkut Ata
Universitesi Fen Bilimleri Enstitisii Dergisi, 4(3):
441-451.

Shebl, H.M., Ayoub, M.A., Kishik, W.H., Khalil, H.
A. and Khalifa, R.M. (2008). Effect of thermal
stress on the physiological and productive
performance of pregnant doe rabbits. Agricultural
Research Journal, 8(1): 15-24.

Sohail, M. U., ljaz, A., Yousaf, M. S.; Ashraf, K.,
Zareb, H., Aleem, M. and Rehman, H. (2010)
Alleviation of cycle heat stress in broilers by dietary
supplementation of mannan-oligosaccharide and
lactobacillus- based probiotic: dynamic of cortisol,
thyroid hormones, cholesterol, creative protein and
humoral immunity. Poultry Science, 89:1934-1938.
Verga, M., Luzi, F and Carenzi, C. (2007). Effect of
husbandry and Management systems on physiology
and behavior of farmed and laboratory rabbits.
Hormones and Behavior, 25: 122-129

Wechalekar, H., Setchell, B.P., Peirce, E.J., Ricci,
M., Leigh, C. and Breed, W.G., (2010). Whole-body
heat exposure induces membrane changes in
spermatozoa from the cauda epididymidis of
laboratory mice. Asian Journal of Andrology, 12:
591-598.

WHO.  (2010).World  Health  Organization
Department of Reproductive Health and Research.
WHO laboratory manual for the examination and
processing of human semen. 5th ed. Geneva,
Switzerland.

*Corresponding Author: Opeyemi Oladipupo Hammed. @ [o)e)

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

© Copyright 2025 GSAR Publishers All Rights Reserved

Page 16



https://doi:10.1016/j.ygcen.2011.02.007
https://doi:10.1016/j.jtherbio.2017.01.001
https://doi.org/10.3389/fvets.2020.00037

