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ABSTRACT
Background: Long-term ethanol consumption causes pathological alterations to the male reproductive system, possibly resulting
in infertility. Myrrh is a resin with antioxidant properties that is produced from the bark of Commiphora tree species. This
research aimed to observe the protective impact of myrrh extract supplementation on male reproductive injury and toxicity induced
by ethanol treatment.
Methods: Adult male Sprague Dawley rats were orally treated with 40% ethanol (3 g/kg) in combination with myrrh extract (500 mg/kg)
for four weeks to investigate the curative efficiency of myrrh extract against ethanol toxicity from physiological, histopathological and
genetic aspects.
Result: The findings revealed that the sperm count, testosterone level and DNA concentration diminished significantly in the ethanol-
treated rats compared to control rats, while the contents of malondialdehyde (MDA), heat shock protein 70 (HSP70) and proinflammatory
mediators, including tumor necrosis factor-α (TNF-α) and nitric oxide (NO), were elevated significantly; severe degenerative changes
in the testicular structure and strong testicular DNA fragmentation were also observed. Co-treatment with myrrh attenuated lipid
peroxidation and improved testicular histomorphology, testosterone levels and DNA concentrations and pattern, while at the same
time, the levels of both HSP70 and TNF-α levels were increased. Our results provide insight into the curative impacts of myrrh on
ethanol toxicity resulting from the rich content of curzerene in myrrh, which has antioxidant activities.
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INTRODUCTION
Infertility is usually described as a reproductive disorder
characterized by the inability to achieve pregnancy after one
year of frequent unprotected intercourse (Vander and Wyns,
2018). Approximately 15% of all couples of reproductive
ages worldwide suffer from infertility. About 20-30% of
infertility is thought to be associated with male factors such
as declining semen quality (Kumar and Singh, 2015).
Reproductive health is influenced by several factors,
including environmental, hereditary, physiological and social
variables. Chemicals, radiation and heavy metal exposure
are among the environmental factors. In addition, lifestyle
choices such as nutrition, smoking and alcohol consumption
significantly impact reproductive health due to their crucial
influences on spermatogenesis and hormonal regulation
(Sharma et al., 2013).
     Chronic ethanol exposure in the male reproductive
system is known to produce toxic impacts, leading to sexual
impairment that may result in infertility (Agbodjento et al.,
2021). Chronic ethanol exposure has been shown to
promote germ cell death, leading to sterility through various
pathways, including oxidative stress, mitochondrial
malfunction and the overexpression of inducible nitric oxide
synthase (iNOS) (Eid et al., 2018). Other studies in adult
male rats reported that acute exposure to ethanol leads to
an increase in the rate of autophagy in Sertoli cells, which
is accompanied by elevated apoptosis of germ cells,
inhibition of androgen receptors in somatic cells of testes
and improved iNOS production in Sertoli cells (Horibe

et al., 2017). The process associated with ethanol intake
and decreased sperm integrity is linked to the depression
of nicotinamide adenine dinucleotide along with the
synthesis of reactive oxygen species (ROS), subsequently
affecting testosterone metabolism and spermatogenesis
(Muthusami and Chinnaswany, 2005).
     There has been significant interest in many medicinal
plants in the field of bioremediation because they contain
active compounds and antioxidants that reduce the oxidative
damage caused by free radicals (Akbari et al., 2017). In
Saudi society, myrrh is a commonly used herb in traditional
medicine. It is a yellowish aromatic oleo gum resin produced
from the tree bark of Commiphora species, endemic to dry
areas such as the Middle East, India and Africa (Haffor,
2010). Since ancient times, myrrh resin has been utilized
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as a traditional drug to treat various conditions, such as
wounds, stomach pains, fever, obesity and gynecological
diseases (Lebda et al., 2021). In addition, a literature review
revealed that myrrh has anti-inflammatory, anticancer,
antimicrobial and antioxidant properties (Khalil et al.,
2020). These activities may be associated with many of
the active compounds found within them. According to
previous studies, myrrh is composed of approximately
30% - 60% gum, 25% - 40% resin and 3% - 8% odorous
oil (Cao et al., 2019).

The discovery of novel curative agents against gonadal
toxicity remains a challenge. Despite the interest, no
scientific studies have been conducted on the impacts of
myrrh on male reproductive disorders caused by alcohol
consumption. Therefore, the current study was the first
attempt to study myrrh extract’s ability to mitigate the adverse
effects of ethanol on male gonads in adult rats of
physiological, histopathological and genetic aspects.

MATERIALS AND METHODS
The experiment was conducted during the period (2022, April
to 2023, January) at Central Lab, Science College, King
Khalid University (KKU), Saudi Arabia, Abha. All procedures
were performed by the associated EU and ARRIVE
guidelines and approved by the Research Ethical Committee
of KKU, Abha (approval No. 2022-2125).

Myrrh extract preparation and analysis
The method by which the myrrh extract was prepared was
described by El-Sherbiny et al. (2013). Myrrh was purchased
in resin from a local market in Khamis Mushait, Saudi Arabia.
The parts of the myrrh were washed well with distilled water
and then ground into fine pieces. Ten grams of ground myrrh
were weighed and transferred to a flask filled with 200 ml of
deionized water, which was thoroughly mixed and placed in
an 80C water bath for 7 hours. The formed solution was
centrifuged for 15 min at 4,000 rpm, filtered with filter paper
and stored at 4C until use. The chemical contents of myrrh
were previously analyzed using gas chromatography-mass
spectrometry (GC–MS) (Alahmari et al., 2022).

Animals and experimental design
Twenty-eight adult male Sprague Dawley rats, 2-3 months
old (250-270 g), were acquired from the animal house of
the Science College at KKU. The rats were transferred to
cages in the animal house under humidity and temperature
control (22±2C) with 12 h light-dark cycles. Then, they were
provided ad libitum access to food and water throughout
the experiment. The rats were randomly divided into four
groups (7 rats each) and orally treated by gastric tube for
four weeks. Group I (control): Rats received physiological
saline (0.9% NaCl). Group II (Ethanol): Animals received
40% ethanol (3 g/kg). Group III (Myrrh): Animals received
500 mg/kg of myrrh extract. Group IV (Ethanol+Myrrh):
Animals received myrrh extract (500 mg/kg) two hours after
the administration of 40% ethanol (3 g/kg). The doses of

ethanol and myrrh were determined based on previous
studies (Hosseini et al., 2017; Shalaby and Hammouda,
2014), respectively.
     Twenty-four hours after the end of treatment, the rats in
all groups were sacrificed under ether anesthesia. Blood
samples were collected by heart puncture and then serum
was separated and stored at -80C until use. The testes
and epididymis were removed and prepared for the following
analysis.

Epididymal sperm count
For sperm count, the caudal epididymis was ground in 5 mL
of saline, placed in a rocker for 10 minutes and incubated
for 2 minutes at room temperature. The resulting supernatant
was diluted 1:100 with a solution containing 100 mL of
distilled water, 1 mL of 35% formalin, 5 g of NaHCO3 and
25 mg of eosin. Approximately 10 μL of the diluted sperm
suspension was placed on a Neubauer hemocytometer and
left for 5 minutes. Then, the sperm were counted under a
light microscope at high magnification and the results were
expressed as 106 sperm/mL (Yokoi et al., 2003).

Testicular tissue homogenization
The right testis of each rat was rapidly excised and washed
with saline to remove any blood. Then, each testis was
homogenized in 100 mM phosphate buffer containing 1 mM
EDTA (pH 7.4) and centrifuged at 12000 g for 30 min at 4C
(Shahin et al., 2018). The supernatant was stored at -80C
until use in the following biochemical examination.

Biochemical analysis
Testosterone assay
The serum testosterone concentration (ng/mL) in rats was
measured using a Testosterone ELISA kit (cat. no.
ab108666; Abcam, Cambridge, England) following the
manufacturer’s protocol. The amount of testosterone in
serum was determined by measuring the intensity of the
signal at 450 nm.

Estimation of lipid peroxidation
The malondialdehyde (MDA) level in the testicular tissue
supernatant was measured as markers of lipid peroxidation
(LPO) using commercial kits (cat. nos. ab238537; Abcam,
Cambridge, England) according to the manufacturer’s
instructions. Using a microplate reader, the quantities of MDA
were determined by measuring the absorbance at 450 nm
and expressed as pmol/mg.

Measurement of heat shock protein 70 (hsp70) levels
Quantitative measurements of HSP70 levels (ng/mg) in
testicular tissue obtained from all rats were determined using
an HSP70 ELISA Kit (cat. no. ab133060; Abcam, Cambridge,
England) to evaluate the cellular response to stress factors
following the manufacturer’s protocol. The optical density
(OD) (absorbance) was measured at 450 nm using a
microplate reader.
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Measurement of proinflammatory mediator production
The production of tumor necrosis factor-α (TNF-α) and nitric
oxide (NO) were assayed as indicators of inflammation using
commercially available ELISA kits (cat. nos. ab236712 and
ab65328, respectively; Abcam, Cambridge, England)
according to the manufacturer’s protocols. The quantities
of TNF-α and NO in the testicular samples were determined
by measuring the absorbance at 450 nm using a microplate
reader. TNF-α and NO values are expressed as pg/mg and
nmol/mg, respectively.

Histological examinations
Portions of the left testis of each animal were rapidly removed
after euthanasia. The tissues were immediately fixed in 10%
formalin for at least 48 hours, dehydrated in a graded series
of alcohol, embedded in paraffin wax and cut using a
microtome into 5 ìm thick sections. For photo-microscopic
assessment, paraffin-embedded sections were stained with
hematoxylin and eosin (H&E). The observed histopathological
changes and damage in testicular tissue and
spermatogenesis were analyzed according to Johnsen’s
mean testicular biopsy score (MTBS) criteria. For these
assessments, the MTBS was estimated from 100
seminiferous tubules in each group (5 rats each) by a digital
microscope (Omax-M837ZL, China). Each tubule was given
a score from 1 (no cells in the seminiferous tubules) to 10
(complete spermatogenesis) (Johnsen, 1970).

Testicular DNA content and fragmentation
To determine whether co-treatment with myrrh would protect
DNA from degradation, DNA was extracted from tissue
sections obtained from testicular biopsies of all rats. Multiple
5-µm thick sections from each block were placed into
DNAse-free RNAse-free 1.5 mL microcentrifuge tubes. The
GsyncTM DNA Extraction Kit (Geneaid Biotechnology, New
Taipei City) was used according to the manufacturer’s
recommendations to extract genomic DNA from each of the
pelleted cell suspensions. The concentration and purity of
each DNA sample were assessed by analyzing 1 µL of elute
with a NanoDrop 1000 UV VIS spectrophotometer (Thermo
Fisher Scientific, Massachusetts). To evaluate the integrity

of the extracted DNA, we loaded 5 µL of each sample onto
a 1.5% gel using the M12 Complete Electrophoresis
Package (Edvotek Inc., Washington) for 40 min at 90C.
The bands were visualized under UV light using the
ChemiDoc-It2 Imaging System (Analytik Jena, Thuringia).

Statistical analysis
All data are expressed as the mean ± standard error (SE)
using one-way analysis of variance (ANOVA) in SPSS 16
statistical software (Chicago, Illinois, USA). Statistical
differences were considered significant at the P0.05 level
by using Tukey’s multiple range test procedure.

RESULTS AND DISCUSSION
Epididymal sperm count
As shown in Table 1, ethanol intake significantly decreased
the sperm count (P0.0001) in rats compared with the
control. However, myrrh treatment alone had no significant
effect on sperm count and this parameter was too close to
the control. Additionally, administering myrrh with ethanol
revealed a slight improvement in sperm count.

Testosterone level
The results presented in Table 1 show a statistically
significant reduction in serum testosterone levels (P 0.0001)
in ethanol-treated rats compared to those in control animals.
In contrast, treatment with myrrh alone resulted in no
significant change in the level of testosterone in comparison
to the control. Overall, coadministration of myrrh and ethanol
significantly improved testosterone levels (P0.01)
compared to those in the ethanol group.

Estimation of lipid peroxidation
The levels of lipid peroxidation marker (MDA) in the testicular
tissues of all experimental animals are summarized in Table 1.
MDA level was significantly increased (P0.0001) in the
ethanol-treated group compared to those in the control
group. Compared to ethanol intake alone, this level was
depleted considerably after combined ethanol and myrrh
treatment (P0.05). No significant difference in MDA level
was observed between the myrrh-treated and control groups.

Table 1: Effects of treatment with ethanol and/or myrrh on sperm count, testosterone, MDA, HSP70, TNF-α, NO and DNA values.

Parameters
                                   Experimental groups

Control Ethanol Myrrh Ethanol+myrrh

Sperm count (106 sperm/mL) 97.08±3.99 68.10±5.09**** 93.45±3.50 78.10±1.84
Testosterone (ng/mL) 2.67±0.12 1.60±0.06**** 2.79±0.17 2.38±0.15##

MDA (pmol/mg) 16.73±1.43 41.78±5.90**** 18.84±3.06 32.22±6. 46#

HSP70 (ng/mg) 60.66±3.75 94.36±5.38** 61.72±4.94 111.85±7.14
TNF-α (pg/mg) 143.5±5.2 195.6±9.32**** 225.99±7.88 309.91± 9.97####

NO (nmol/mg) 100.9±7.02 136.88±6.17** 98.58±7.97 123.14±6.86
DNA concentration (ng/µL) 151.04±39.88 65.69±36.45* 157.82±13. 48 143.75±20.05#

Means±SE of 7 animals in each group. Significant differences are statistically indicated by (*) vs. control group; (#) vs. ethanol-
treated group.
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Measurement of HSP70 production
In the ethanol-treated group, the concentration of HSP70
was found to be significantly (P0.0001) elevated compared
with that in the control group. Co-treatment with myrrh did
not attenuate the effect of ethanol on HSP70 production, as
its level was significantly increased (P0.0001) compared
with that in the control group. There was no significant
difference between the concentration of HSP70 after
treatment with myrrh only when compared with the control
group (Table 1).

Measurement of TNF-α and NO production
The data indicated a significant increase in the production
of TNF-α in the testes obtained from all experimental groups
compared to control (P0.0001). Regarding the NO level,
the ethanol administration induced a significant increase in
NO production (P0.01) compared to the control. No
significant change was recorded in this parameter after
treatment with myrrh alone compared to the control. On the
other hand, the combined treatment of ethanol with myrrh
slightly attenuated the production of NO when compared
with the ethanol intake only (Table 1).

Histological analysis
The mean MTBS values for the testes obtained from the
control and experimental groups are illustrated in Fig 1. The
MTBS of the ethanol-treated testes was significantly lower
than that of the control and ethanol-myrrh-treated groups.
However, co-treatment of ethanol with myrrh resulted in a
significant increase in MTBS. On the other hand, the MTBS
value for the rat testes after treatment with myrrh alone was
near that in the control group.
     The testes from the control rats appeared to have a
normal histological morphology with a regular seminiferous
tubule structure. The seminiferous tubules were rounded
and surrounded by interstitial connective tissue containing

interstitial Leydig cells and blood vessels (Fig 2a).
Additionally, the germinal epithelium lining each
seminiferous tubule was thick and intact and cells in different
phases of spermatogenesis (spermatogonia, primary and
secondary spermatocytes, spermatids and sperm) were
buried closer to the lumen with the outermost layer of
supporting Sertoli cells (Fig 2b). Similarly, no significant
histological changes were observed in the testes of the rats
treated with 500 mg/kg myrrh only compared to those in the
control tissue sections (Fig 2c and d).
     In contrast, treatment with ethanol caused severe
degenerative changes in the testicular structure represented
by erosion in some regions of the tunica albuginea, the
absence of septa between the seminiferous tubules, which
led to interference in the tubules, intertubular edema,
necrosis of the seminiferous tubules with increased empty
areas and a lack of several types of spermatogenic cells
(incomplete spermatogenesis) with cleavage of cohorts of
germ cells from the seminiferous epithelium released into
the lumen as clusters (Fig 3 a-d). Additionally, the interstitial
tissue was expanded and vacuolized. However, co-treatment
with myrrh led to a significant reduction in the
histopathological changes caused by ethanol and
significantly improved the pattern of the seminiferous tubules
and phases of spermatogenesis, with mild necrosis
remaining in some areas (Fig 4 a and b).

Effects of different treatments on testicular DNA content
and fragmentation
The data presented in Table 1 illustrate that treatment with
ethanol harmed the DNA in testicular tissue; ethanol induced
a significant decrease in testicular DNA content (P0.05)
compared to the control. Moreover, the concentration of
testicular DNA from rats treated with myrrh alone was near
that of the untreated control group (P>0.05). On the other
hand, co-treatment with myrrh extract plus ethanol led to a

Fig 1: The mean Johnsen’s testicular biopsy score (MTBS) in the control and experimental groups.

All values are expressed as the mean±SE of n=5. ****p0.0001 vs. control; ####

p0.0001 vs. ethanol-treated rats.
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significant restoration in the concentration of DNA compared
to ethanol intake only (P0.05).
     Moreover, DNA fragmentation in testicular tissue was
examined using gel electrophoresis (Fig 5) as a DNA ladder
showing a range of fragments (b and 1). When comparing
the bands among the experimental groups, the band of the
control group (b and 2) was clear and showed more integrity.
Ethanol intake (b and 3) resulted in a noticeable pattern of
DNA damage, which showed remarkable smearing. In
contrast, ingestion of myrrh alone (b and 4) had no adverse
effects on the pattern of DNA and did not cause its
fragmentation. Co-treatment with myrrh extract plus ethanol
improved the pattern of DNA (b and 5) towards more
similarity to the control.
     The current study’s primary purpose was to evaluate
myrrh extract’s protective effect on male reproductive toxicity
induced by ethanol intake. In this research, 40% ethanol
administration at a dosage of 3 ml/kg for four weeks led to a
significant decrease in the concentration of testosterone in
conjunction with a reduction in the count of epididymal sperm
compared to the control group. Several scientific researchers
have reported similar findings in animals and humans
(Borges et al., 2018; Sadeghzadeh et al., 2019). The release

of testosterone is known to be regulated by the
hypothalamic-pituitary-gonadal axis (HPG) (Stamatiades and
Kaiser, 2018), in which the hypothalamus releases a
gonadotropin-releasing factor (GnRF) to bind with its pituitary
gland receptors. Consequently, follicle-stimulating hormone
(FSH) and luteinizing hormone (LH) are produced. FSH acts
on Sertoli cells to enhance sperm production, while LH binds
to Leydig cells to promote testosterone synthesis (MacLean
et al., 2022). Previous research has indicated that alcohol
consumption may negatively affect the efficiency of the
endocrine system, including the HPG axis, thus inhibiting
the production of LH and testosterone (Enebeli et al., 2022).
     Moreover, other mechanisms may explain how
testosterone is reduced after ethanol intake. The harmful
impact of ethanol may occur via modification of the NO
pathway, which eventually indirectly leads to the prevention
of GnRH secretion (Finelli et al., 2021). In addition, ethanol
is involved in increasing the rate of testosterone removal as
well as suppressing testosterone synthesis-related enzymes
(Talbi et al., 2022). Additionally, ethanol intake can stimulate
the production of prolactin, causing hypogonadism and the
subsequent reduction in gonadal hormones and impaired
spermatogenesis (Rachdaoui and Sarkar, 2017).

Fig 2: Photomicrographs of transverse testicular sections stained with HandE from control and myrrh-treated rats.

(a) Tissue from the control rats show normal testicular structure, regular seminiferous tubules
(ST) and interstitial tissue (IT) (100). (b) High-magnification image of the control section of
seminiferous tubules in which the spermatogenic layers and spermatozoa appeared normal.

Spermatogonia (1), 1st spermatocytes (2), 2nd spermatocytes (3) and spermatids (4). The
interstitial tissue (IT) contains Leydig cells (LC) (400). (c) Tissue from the myrrh-treated rats
shows an intact seminiferous tubule (ST) structure, as shown in the control (100). (d) High-
magnification image of the seminiferous tubule sections from rats treated with myrrh showing
intact germinal epithelium containing cells in various stages of spermatogenesis, as shown in

the control (400). Scale bar= 400 µm.
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     On the other hand, the above findings were confirmed
by the observed severe degenerative changes in the
testicular structure along with elevated levels of MDA in
testicular tissue after four weeks of ethanol intake as an
indicator of oxidative stress. Our findings agree with a
previous study performed on rats (Nishi et al., 2018), which
demonstrated that ethanol induces oxidative stress, resulting
in severe consequences on the male reproductive system.
Oxidative stress can be stimulated by ethanol through
various mechanisms. It promotes reactive oxygen species
(ROS) production, essential mediators in different biological
events, such as resistance to toxic agents and cell signaling
(Yang and Lian, 2020). Several cellular macromolecules,
including proteins and lipids, react with ROS, making them
very unstable and harming the histological structure of the
testes, hence deteriorating the cellular integrity and
preventing tissue recovery. Furthermore, the overproduction
of ROS alters the redox balance in the cell to create oxidative
stress, which is the main factor involved in several
pathophysiological disorders (Hussain et al., 2021).
Additionally, metabolites of ethanol, such as acetaldehyde,
apparently induce cellular redox disequilibrium by raising

the levels of peroxidation indicators and by lowering cellular
antioxidant activities, thereby stimulating germinal cell
apoptosis and causing incomplete spermatogenesis and
testicular atrophy (Cui et al., 2019).
     Under oxidative conditions, HSP70 is usually expressed
in response to cellular alterations from exposure to toxic
agents. Additionally, HSP70 plays an active role in the repair
mechanisms of macromolecules and the disposal of
unrepairable peptides (Sable et al., 2018). Moreover, HSP70
protects cells from apoptosis by binding to the active sites
of caspases (Purandhar et al., 2014). Thus, HSP70 works
together with the active compounds in myrrh to inhibit the
ROS that causes cellular insult, which explains the significant
increase in the levels of HSP70 in the testicular tissues in
both the ethanol-treated and ethanol+myrrh-treated groups
in this study. The current findings revealed that ethanol
treatment not only promotes oxidative injury but also leads
to increased production of NO and TNF-α. According to
several studies, we think the oxidative stress produced after
ethanol administration can stimulate an inflammatory
response that is apparent in the elevation of NO and TNF-α
levels in testicular tissues (Horibe et al., 2017; Zhang et al.,

Fig 3: Photomicrographs of transverse testicular sections stained with H and E from ethanol-treated rats.

(a) The testicular tissue shows erosion (arrow) in the tunica albuginea layer and necrosis (*) of
seminiferous tubules with interference in some seminiferous tubules due to the absence of the

septum (double arrow) (100). (b) High-magnification image of the seminiferous tubules
displaying necrosis (*) with increased empty areas and a lack of several spermatogenic cells,

as well as intertubular oedema in the interstitial tissue (IT) (400). (c) High-magnification
image of the seminiferous tubules showing severe vacuolated degeneration and a loss of
several spermatogenic cells (*) (400). (d) High-magnification image of the seminiferous

tubules illustrating erosion in the septa (arrow), empty space in interstitial connective tissue
(IT) and the separation of germ cells and their sloughing off into the lumen (headed arrow)

(400). Scale bar = 400 µm.
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2022). Additional research confirmed that TNF-α is a crucial
activator of inflammatory responses and has a broad range
of biological impacts, including the induction of NO synthesis
(Lampiao and du Plessis, 2008). Elevated TNF-α secretion
may ultimately be responsible for increased NO release
noticed after ethanol consumption.
     Regarding genotoxicity, ethanol treatment caused a
significant decrease in testicular DNA concentration along
with DNA fragmentation, consistent with the results of
Peccerella et al. (2018). This finding could be due to the
accumulation of ethanol metabolites such as acetaldehyde,
which can enhance DNA damage and modify the mRNA
expression of specific genes responsible for hormonal
control of spermatogenesis, thereby affecting the
mitochondrial RNA of spermatozoa and reproductive
capacity (Rompala and Homanics, 2019). Moreover,
acetaldehyde interacts with DNA and proteins, forming
adducts that can promote testicular tissue injury (Zhang
et al., 2022).
     Despite various studies on myrrh’s use in treating several
diseases, its protective role against testicular toxicity induced
by ethanol is not yet clear. Our results showed that the
administration of myrrh extract alone did not cause any
significant changes in the biochemical parameters, testicular
structure, or DNA content compared with those in the control
group. This suggests that the intake of myrrh at specific,
regulated doses is safe for male gonads. According to
Weber et al. (2020), myrrh has various therapeutic benefits
on the body if used at specific dosages for particular
durations. On the other hand, co-treatment of ethanol with
myrrh extract maintained the functional cytoarchitecture of
the testis, as evidenced by increases in sperm count and
testosterone levels. In addition to its influential role in
mitigating oxidative and genotoxicity, myrrh improved the
histological pattern of the seminiferous tubules. The current
results are consistent with previous research (Hassanzadeh

-Taheri et al., 2019), suggesting that the administration of
myrrh can be advantageous against reproductive disorders
induced by various toxic agents, including elevated sperm
concentration and sex hormones as well as decreased
testicular peroxidation and germinal cell apoptosis. In this
study, myrrh extract caused a slight decrease in NO levels
in testicular tissues, reflecting the initiation of its anti-
inflammatory activity against ethanol toxicity. In addition,
myrrh mitigated the MDA level and restored the DNA content
and testicular tissue appearance, which are indicators of its
crucial role in attenuating ethanol-induced oxidative stress.
     The cytoprotective activities of myrrh illustrated in the
current research could be due to the presence of several
pharmacologically active components, including terpenoids,
flavonoids, lignans and various steroids (Shekhawat and
Sisodia, 2021). According to the phytochemical analysis of
myrrh using GC/MS in our previous study, curzerene is the
predominant component in the extract (Alahmari et al.,
2022). Curzerene is a sesquiterpenoid isolated from some
medicinal plants (Wang et al., 2017). In this study, we
suggested that the high content of curzerene in the myrrh
may have an influential role in the possibility of the myrrh
extract in reducing ethanol toxicity and improving testicular
tissue. This suggestion is compatible with previous in-vivo
and in-vitro studies (Wang et al., 2017; Kumar et al., 2017).
Also, other studies have demonstrated that some essential
oils containing curzerene as a major component showed
significant antioxidant activity against free radicals from
exposure to toxins (Li et al., 2010). In addition, other minor
elements in myrrh extract could be participating in an
ameliorative effect of myrrh against ethanol toxicity.
According to a previous study, myrrh and its components
have suggested their efficiency in attenuating pathological
conditions by suppressing ROS production and decreasing
the concentration of LPO markers in damaged tissues, thus
interrupting the feedback cycle of oxidation and mitigating

 (a) The testicular tissue shows a marked reduction in histopathological alterations (100). (b)
High-magnification image of the seminiferous tubules displaying improvements in the
seminiferous tubule structure and stages of spermatogenesis. Spermatogonia (1), 1st

spermatocytes (2), 2nd spermatocytes (3) and spermatids (4) (400). ST, seminiferous tubule;
IT, interstitial tissue. Scale bar = 400 µm.

Fig 4: Photomicrographs of transverse testicular sections stained with H&E from ethanol+myrrh-treated rats.
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tissue injury (Fatani et al., 2016). In addition, myrrh and its
constituents play a significant role in removing ROS by
promoting the upregulation of the nuclear factor erythroid
2–related factor 2 (Nrf2) pathway (Lebda et al., 2021). Nrf2
acts as a regulator of cellular defense against oxidants by
controlling the transcription of antioxidant enzymes and
suppressing proinflammatory mediators, thus remodeling
and repairing damaged tissues (Chen, 2021). Scientific study
has also shown the ability of these materials to enhance
the expression of antioxidant genes to control physiological
resistance during toxic exposure (Mirzaei et al., 2021). All
of the above pathways could explain the ability of myrrh to
protect against ethanol toxicity, which was represented by
the improvements in histopathological and biochemical
alterations caused by ethanol.

On the other hand, the level of HSP70 in testicular tissue
remained high after co-treatment with myrrh, along with the
high level of testicular TNF-α. According to previous studies,
the HSP70 level is elevated in response to stress or the
overproduction of ROS, as noted by Ibrahim et al. (2016).
The production of HSP70 is an efficient mechanism by which
cells protect themselves from cytotoxic agents. Several
studies illustrated that HSP70 has essential roles in

Fig 5: Effect of myrrh consumption on ethanol-induced testicular
DNA fragmentation using agarose gel electrophoresis.

Band (1) DNA ladder size is illustrated in base pairs.
Band (2) shows no DNA fragmentation in the testicular

tissue of control rats. Band (3) shows no DNA
fragmentation in the testicular tissue of myrrh-treated
rats. Band (4) shows strong DNA fragmentation in the

testicular tissue of ethanol-treated rats. Band (5)
shows slight DNA fragmentation in the testicular tissue

of rats after ethanol plus myrrh cotreatment.

adaptation, inflammation and the expansion of the physio-
pathological events of tumor creation and oxidative stress.
In the current study, myrrh protected testicular tissues from
ethanol by upregulating HSP70, which regulates the internal
immune response and inhibits cellular apoptosis.
Additionally, the high level of TNF-α in this study may suggest
an adaptive immune process to keep sufficient ROS levels
for cell signaling (Kurashova et al., 2020). All of these
activities against ethanol toxicity may be related to the
bioactive content in myrrh extract, which possesses
antioxidant and antiapoptotic properties.

CONCLUSION
In conclusion, the findings of the current study reveal the
harmful impacts of ethanol intake on testicular tissue, which
was represented by spermatogenesis inhibition, diminished
testosterone production, oxidative stress, inflammation and
DNA fragmentation accompanied by histopathological
alterations that occurred through possible cellular
dysfunction mechanisms, such as the overproduction of
ROS, which alters the redox balance in the cell. Co-treatment
with myrrh protected the cells of the testes. These findings
provide insight into the curative impacts of myrrh on ethanol-
induced testicular toxicity and its benefits to counteract
oxidative stress in rat testis and restore spermatogenesis.
These pharmaceutical effects may be related to the high
content of curzerene in the myrrh extract, which has
antioxidant and anti-inflammatory properties to remove ROS
and promote the upregulation of the Nrf2 pathway. Therefore,
myrrh could be a promising therapeutic in future clinical
research to attenuate the gonadal toxicity caused by alcohol
consumption.
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