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Abstract

Male infertility is a growing problem worldwide. There are many risk factors, including cancers and cancer-causing agents.
The 1,2-Dimethylhydrazine (DMH) is a cancer-causing agent that harms the reproductive system. This study examines the
impact of B-caryophyllene (BCP), a molecule possessing antioxidant and anti-inflammatory characteristics in counteracting
DMH-induced sperm quality alteration and testicular oxidative injury in a rat model. Thirty (30) Sprague Dawley rats were
allocated into six (6) equal groups. They were administered distilled water, 20 mg/kg DMH, 5 mg/kg BCP, 10 mg/kg BCP, 5
mg/kg BCP + DMH, and 10 mg/kg BCP + DMH. The BCP was administered orally, while DMH was injected
intraperitoneally throughout the 20 weeks of treatment. After treatment, sperm motility, viability, count, and total aberration
were evaluated in test and control rats. The absolute and relative testis weights as well as testicular malondialdehyde (MDA),
superoxide dismutase (SOD), and reduced glutathione (GSH) were determined. Histopathological evaluation of the testis was
also carried out. Administration of DMH led to alteration of sperm quality parameters and oxidative stress as evidenced by
elevation of MDA coupled with decline SOD activity and GSH level. Testicular germ cell depletion and atrophy was also seen
in the DMH group. However, BCP restored the sperm quality parameters as well as MDA, SOD and GSH towards control
values. Additionally, the testicular lesions were prevented by BCP. The data suggests that BCP mitigated DMH-induced sperm

quality alteration and protected against testicular damage by suppressing oxidative stress.
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INTRODUCTION

Infertility is an escalating global issue, impacting 1 in 6
couples (Harris, 2023), with a notably greater incidence in
certain locations, especially Africa (Cox et al., 2022).
Infertility is the inability to attain a clinical pregnancy
following a minimum of twelve months of consistent
unprotected sex (WHO, 2019). The condition is not life-
threatening, but it is frequently connected with physical,
emotional, and psychological stress as well as socioeconomic
burdens in affected couples (Thoma ef al., 2021). In Africa, it
is a major source of worry in affected couples mostly because
of the adverse social impacts including, isolation,
disinheritance, stigmatization, and even divorce in some
cases (Roomaney, 2024). In many parts of the continent, it is
erroneously believed that infertility issues are only
attributable to the female. However, recent research from
Africa and other parts of the world revealed that male factors
contribute substantially to infertility (Igibah et al., 2023;
Vander et al., 2018). Male factors encompass a variety of
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conditions including reproductive tract obstruction, endocrine
disorders, testicular failure, and low sperm quality (Sharma et
al., 2021). Various health challenges including infectious
diseases, diabetes, and cancers are also known to increase the
frequency of male infertility. In addition, exposure to some
drugs and environmental agents negatively impacts male
infertility through mechanisms such as endocrine disruption,
and interference with the regulation of spermatogenesis
(Walker et al., 2024; Wdowiak et al., 2024).

1,2-Dimethylhydrazine (DMH), a hydrazine derivative, is
widely used in military, aviation, agriculture, and medical
research sectors (Venkatachalam et al., 2020). It serves as a
rocket propellant component. Human exposure primarily
occurs occupationally through inhalation or dermal contact
among aerospace and chemical industry workers
(International Agency for Research on Cancer, 2001). It may
be unintentionally encountered in contaminated food and
environmental sources due to industrial activities. The DMH
is used to induce colon cancer in experimental animals. Mice
and rats that were injected with DMH developed tumors of
the colon and rectum. In addition, rats with DMH-induced
colon cancer exhibited perturbation of sperm quality and
testicular damage (Freitas et al., 2013). Moreover, DMH-
induced tissue damage is associated with oxidative stress
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(Hassan et al., 2023; Allal et al., 2023). Relieving oxidative
stress may be a strategy for protecting the testes against
DMH-induced toxicity. Dietary compounds with antioxidant
values are currently being utilized as a measure against free
radicals and oxidative stress-mediated male infertility in
human and experimental models (Kaltsas, 2023).
B-caryophyllene (BCP), a sesquiterpene, is currently
receiving attention because of its valuable medicinal
properties, including antigenotoxic, anticancer, and
antioxidant properties. The multi-faceted phytocannabinoid is
found in large quantity in essential oils of many edible and
nutritional plant including spices like cloves, black pepper,
basil, hops, breakfast mint, thyme, oregano, rosemary,
coriander, curry leaves and Cannabis sativa (Jha et al.,
2021). The BCP received FDA approval as a food additive,
after it was deemed generally safe (He ef al., 2021). Previous
studies have demonstrated the anti-inflammatory, anti-
arthritic, anticancer, antibacterial, cardioprotective, and
anticholinesterase effects in cultured cells and rodents
(Klauke, 2014). Recent studies have demonstrated the
modulatory and pharmacological effects of BCP on various
organ pathologies, including the liver, kidney, brain, and
reproductive organs (Amorati et al., 2023). In addition, it was
recently shown that BCP protected against the toxicity of
some environmental toxicants in reproductive organs
(Espinosa-Ahedo et al., 2022). However, information is
scarce on its effect on DMH-induced toxicity in the testes.
Consequently, the current investigation sought to ascertain
the protective influence of BCP against the detrimental
effects of DMH on sperm quality indices, testicular oxidant-
antioxidant balance and histology.

MATERIALS AND METHODS

Chemicals: The B-caryophyllene (BCP), 1,2-
Dimethylhydrazine, 2-thiobarbituric acid, epinephrine, and
reduced glutathione were purchased from Sigma-Aldrich (St.
Louis, MO, USA). Other chemicals and reagents used for the
experiments were of analytical grade.

Animal and Treatment: Thirty adult male Sprague Dawley
rats that weighs ranging from100-130g were obtained from
the Central Animal House at the Faculty of Basic Medical
Sciences, University of Ibadan, Ibadan, Nigeria. The rats
were kept and acclimatized at the vivarium of the Bells
University of Technology for one week as documented by
Obernier and Baldwin (2006) before the commencement of
treatment. They were housed in well-ventilated polystyrene
cages maintained at standard atmospheric temperature and
humidity, with a 12-hour light/dark cycle. During the
experimental period, the rats were given free access to water
and a rat standard feed obtained from Hybrid Feeds Limited
(Ibadan, Oyo State, Nigeria). All animal procedures were
done following established guidelines (National Research
Council, 2011), and ethical approval
(FMCA/470/HREC/01/2023/12) was obtained from the
Federal Medical Centre, Abeokuta before the commencement
of the study.

After the period of acclimatization, all the experimental rats
were healthy and selected for the experiment. They were
randomly assigned into six equal groups such that the
difference between the average weight of the groups did not
exceed 0.5 g. The animal received the following treatments:

distilled water (control group); 5 mg/kg BCP; 10 mg/kg
BCP; 20 mg/kg DMH; 5 mg/kg BCP + DMH and 10 mg/kg
BCP + DMH. The two doses of BCP were selected based on
previous literature (Ceccarelli et al., 2020; Gertsch et al.,
2008) and were orally administered once daily for twenty
weeks. The DMH was dissolved and administered
subcutaneously once a week at a dose of 20 mg/kg as earlier
reported (Abdel-Rasol ef al., 2022). A day following the last
administration of test and control substances, rats were
weighed before anesthesia with 45 mg/kg ketamine and
Smg/kg xylazine recently described (Akinwumi et al., 2024).
Subsequently, the rats were sacrificed by cervical dislocation
and the left and right epididymis and testes were removed
following laparotomy.

Determination of Relative Testicular Weight: The fatty
tissues around the testes of each rat were trimmed before the
paired testes were weighed. Subsequently, the testicular-
somatic index was evaluated using the formula:

RTW: TW/BW *100

Where RTW: relative testes weight
TW: paired testes' weight
BW: final body weight

Determination of Sperm Parameters: The right caudal
epididymis was excised, placed in 1 ml normal saline, and
incised to release spermatozoa. The suspension was
incubated at 37°C for fifteen to liquefy and used for
assessing motility, viability, and morphology. Motility was
evaluated within few minutes after liquefaction. Exactly
10 puL of the suspension was mixed with two drops of pre-
warmed 2.9% sodium citrate on a slide, covered with a cover
slip, and examined under a light microscope at x40
magnification. Progressive motility was scored across four
fields and averaged.

Sperm viability was evaluated using the eosin-nigrosin
staining method (Moskovtsev and Librach, 2013). Fifty
microlitres of liquefied semen was immediately mixed with
an equal volume of eosin—nigrosin, incubated for 30 seconds,
air-dried on slides and examined under x100 magnification.
Dead spermatozoa appeared pink or red, while live cells
remained unstained. Viability was calculated from 200
spermatozoa per rat as previously reported (Akinwumi et al.,
2021). The sperm count was assessed following WHO
guidelines (2021). Liquefied sperm from the left epididymis
was diluted 1:20 with a diluent (5% sodium hydrogen
carbonate, 0.35% formaldehyde, 0.25% trypan blue). Ten
microlitres of the mixture was loaded into an improved
Neubauer hemocytometer, settled for 15 minutes, and
counted at x40 magnification. Morphological abnormalities
were evaluated as described by Narayana et al. (2002) with
minor modifications. The left epididymis was crushed in 1 ml
saline, filtered through an 80 pm nylon mesh, stained with
1% Eosin-Y, and incubated for 40 minutes. A 10 puL aliquot
was air-dried on a pre-labelled slide and examined at x100
magnification (Akinwumi et al., 2021). Morphological
defects were scored in 500 spermatozoa per animal.

Determination of Malondialdehyde and Endogenous
Antioxidants: The right testis of each rat was immediately
homogenized in 10X its volume in a cold Tris-HCI1 (pH=7.4)
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buffer using a Teflon pestle fitted to a homogenizer.
Homogenates were spun and preserved at -20°C as in our
previous report (Akinwumi et al., 2021). The supernatant
from each testis was separated and utilized for the
spectrophotometric measurement of oxidative stress indices.
The level of testicular MDA was determined in the
supernatant according to the method previously established
by Estabeur and Cheeseman (1990), while SOD was
measured following the method Sun and Zigma (1978). GSH
was determined using Elliman's reagent as earlier described
by Beutler ef al. (1963).

Testicular Histological Evaluation: Testicular histology
was performed as earlier described (Akinwumi et al., 2021)
with minor modification. Briefly, the left testis was lightly
nicked before being lightly fixed in Bouin's reagent.
Following fixation, testes underwent ethanol serial
dehydration before being cleared with xylene. The tissues
were paraffin-embedded and cut into 3-4 pm sections.
Sections were mounted on slides and stained with
Hematoxylin and Eosin. A qualified pathologist who was

blinded to the treatment used light microscopy to analyze and
score the stained tissues.

Statistical Analysis: Data were represented as the mean =+
standard error of the mean. The differences between means
were tested for statistical significance using one-way analysis
of variance (ANOVA) in the 17th version of SPSS, while the
difference between test and control groups was evaluated
using the Duncan Multiple Range Test. The p-value was
deemed significant p < 0.05.

RESULTS

Absolute and Relative Testis Weight: The result of the
testis weight (TWT) and relative testis weight (RTW) is
shown in Figure 1. The values of TWT and RTW were
markedly (p< 0.05) reduced in the group injected with DMH
alone compared to the control. In contrast, BCP increased
TWT and RTW towards control values. The groups treated
with either of the two doses of BCP alone had similar TWT
and RTW values with the control.
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Figure 1:

The effect of BCP on DMH-induced reduction of absolute and relative testicular weight. BCP: B-caryophyllene, DMH: 1,2 dimethyl

hydrazine. *Significantly different from control.

Sperm Quality Indices: The effect of BCP on sperm quality
measures in rats administered DMH is presented in Figure 2.
Administration of DMH markedly (p <0.05) decreased sperm
motility and count compared to values obtained for the
control. It also significantly increased the morphological
aberration in comparison with the control. Supplementation
with BCP reversed the trends in sperm quality parameters by
increasing motility and counts, while morphological
aberration was significantly (p<0.05) decreased. The three
parameters were similar to control values in the rats treated
with either of the two doses of BCP alone. Viability values
were identical across all the groups.

Lipid Peroxidation and Endogenous Antioxidants: The
effects of DMH on testicular MDA, SOD, and GSH with or
without the two doses of BCP are shown in Fig. 3. The DMH
alone group showed a significant (p < 0.05) 2.4-fold increase
in MDA levels in comparison with the control. Conversely,
the testicular MDA was significantly (p<0.05) reduced dose-
dependently by simultaneous administration of BCP. The
MDA levels in the groups that received only one of the two
BCP dosages were comparable to the control. Testicular

SOD and GSH activities were significantly (p <0.05)
diminished following DMH administration compared to the
control value. Simultaneous exposure to either of the two
doses of BCP enhanced SOD activity and GSH levels in the
testes and returned them to near-control values. When either
of the two doses of BCP were administered simultaneously
with DMH, testicular SOD and GSH increased and
approached control values. The SOD activity in the rats that
were treated with BCP doses alone was comparable to the
control. A similar trend was also observed for GSH.

Testicular Histopathology

The impact of BCP and DMH on the testicular architecture in
rats is presented in Plate 1 (A-F). The testes of the control
rats displayed normal testicular structure (A). A similar
observation was made in the BCP groups (B and C). The
group treated with 20 mg/kg DMH however, showed germ
cell depletion (red arrow) and atrophy of tubules (blue arrow)
(D). In contrast, rats in the combined exposure groups (E
and F) showed preserved testicular architecture.
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Figure 2:
The impact of BCP on DMH-induced induced alteration of sperm quality indices in rats. BCP: B-caryophyllene, DMH: 1,2 dimethyl
hydrazine. *Significantly different from control
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Figure 3:
The effect of BCP on DMH-induced disturbance of some oxidative stress parameters in rats. BCP: B-caryophyllene, DMH: 1,2 dimethyl
hydrazine. Values with the same alphabet are similar
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Plate 1:
Prevention of DMH-induced testicular degeneration and atrophy by
BCP in rats. (A) Control: No visible Lesion; (B) 5 mg/kg BCP No
visible lesion; (C) 10 mg/kg BCP: No visible Lesion; (D) DMH:
germ cell depletion (red arrow) and tubular atrophy (blue arrow);
(E) 5 mg/kg BCP + DMH: No visible Lesion.; (F) 10 mg/kg BCP +
DMH: No visible Lesion

DISCUSSION

The BCP has various beneficial pharmacological effects
including, anticancer, anti-inflammatory, and antioxidant
properties. The capacity of BCP to prevent DMH-induced
alteration in sperm quality and its deleterious effect on
testicular histology was investigated in this study. The results
showed that BCP improved sperm quality and protected the
testes against damage caused by DMH exposure.

The reduction in actual and relative testicular weight in the
DMH-treated group is suggestive of testicular toxicity. A
comparable drop in testes weight was reported in a previous
study (Freitas et al., 2013). It has been documented that
DMH reduction of testis weight might cause a reduction in
testicular parenchyma weight (Freitas et al., 2013).
Alteration of testicular parenchyma is a vital marker of
testicular function in testosterone production and
spermatogenesis (Spaggiari et al., 2020). In addition, the
decreased testis weight after DMH administration is
suggestive of germinal depletion and cellular constriction.
This would reduce secretory activities in the testes and could
have an adverse impact on the quality of sperm and male
fertility. In the current study, DMH- induced perturbation of
sperm quality was confirmed by a reduction of motility and
sperm count together with increased sperm morphological
alteration. Rats injected with DMH exhibited reduced
seminiferous tubular volume and length (Freitas et al., 2013),
which can negatively impact spermatogenesis and could have
contributed to the reduction of semen quality observed in the
DMH group.

Although the mechanism by which DMH induces toxicity in
the testes and sperm quality is poorly understood, its
metabolism results in DNA methylation, and induction of
oxidative stress in tissues (Spencer and Kisby, 2021).
Moreover, the mammalian testis is oxidant-sensitive and
susceptible to oxidative damage. In the present investigation,
DMH increased testicular lipid peroxidation was
demonstrated by elevated testicular malondialdehyde. Raised
lipid peroxidation modifies membrane fluidity and
permeability, perhaps resulting in diminished sperm

movement and male infertility (Mannucci et al., 2022).
Additionally, the raised lipid peroxidation was accompanied
by a reduction of GSH and SOD in the DMH-treated group.
Reduced levels of GSH and SOD observed herein were
consistent with earlier findings in other tissue of
experimental models (Afzal et al., 2021; Caetano et al.,
2020). The SOD is a crucial antioxidant involved in the
direct removal of superoxide anion, while GSH is a
sulthydryl donor and cellular reductant that is used in
neutralizing many oxidants including ROS, and detoxifying
several toxicants. Reduction of both antioxidants could
therefore further expose the testes to the damaging effect of
free radicals and lipid peroxidation. The reduction of both
antioxidants could be due to their expenditure in
counteracting free and/ or suppressing excessive free radical
production. The increment in lipid peroxidation and
reduction of SOD and GSH is indicative of oxidative stress in
the testes of DMH-treated rats, which could negatively
impact its histoarchitecture and output. In the current study,
the disruption was manifested by the degeneration of
germinal cells and seminiferous tubular atrophy in the DMH-
treated. A similar observation was noted in an earlier study
(Freitas et al., 2013). The viability of germ cells is critically
dependent on the synchronized operation of diverse cellular
components and processes within the testicular environment.
Any disruption to this delicate ecosystem typically leads to
apoptosis of germ cells, and their subsequent expulsion into
the seminiferous tubule lumen (Mao et al., 2018). Moreover,
oxidation of the membrane lipid matrix of spermatozoa
reduces sperm quality (Alahmar et al., 2019) as also obtained
in this study.

However, the BCP seemed to counter the adverse effects of
DMH on testes and sperm quality by improving the testicular
weight and relative testicular weight as well as sperm quality
parameters toward the value of the control. The augmentation
of testicular weight and relative testicular weight may
indicate a reduction of testicular cell loss and improvement
of testicular secretory activities. Moreover, simultaneous
administration of BCP remarkably relieved DMH-induced
testicular oxidative stress by reducing malondialdehyde
levels and augmenting SOD activity as well as GSH
concentration in the testes. Thus, suggesting the alleviation of
oxidative stress and restoration of redox balance are
important mechanisms underlying the protection offered by
BCP against DMH in the testes. Similar antioxidant action
was displayed by BCP against other toxicants in recent
studies (Espinosa-Ahedo et al., 2023; Refaat and El-Boshy,
2022; Da Silveira et al., 2021). The potent scavenging action
of BCP against free radicals (Yovas et al., 2023) may be
responsible for the observed action. The BCP has double
bonds in its structure that permit the incorporation of free
radicals that could prevent the breakdown of the
prooxidant/antioxidant balance in tissues (Villalobos-
Gutierrez et al., 2022). Apart from its antioxidant properties,
BCP exhibits selective CB2R activity and rat's testis is rich in
CB2R (Brown et al., 2002). Activation of CB2R by BCP in
the testis could promote germ cell differentiation and
compensate for cellular disruption encountered during DMH
intoxication. Furthermore, the CB2R controls Sertoli cell
survival and exerts protection against apoptosis with a
favorable effect on the spermatogenic output (Maccarrone,
2008). Moreover, the absence of testicular lesions in the co-
exposed rats further corroborates the beneficial effects of
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BCP in countering the deleterious effects of DMH in the
testes.

CONCLUSION

Overall, our research showed that 1,2-dimethyl hydrazine
deteriorated sperm quality and induced oxidative damage in
the testes. However, these adverse effects were reversed by
concurrently administration BCP through its antioxidant
action.
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