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Male infertility is a complex multifactorial disease and a real health problem; 50% of infertile men have identifable causes
detectable by fundamental sperm analysis. Numerous research studies have shown the possibility of treating abnormal semen
samples with some drugs before artifcial insemination, yet evidence of the drug’s efectiveness remains minimal. In our previous
work, we tested the efectiveness of some essential oils, such as eucalyptus (Eucalyptus globulus Labill.), oregano (Origanum
vulgare L.), and sage (Salvia ofcinalis L.) on sperm parameters.Te essential oil of oregano showed the best ameliorative efect. In
present, we examined the efect of the essential oil ofO. vulgare on the physiological parameters and the specifc activity of certain
antioxidant enzymes such as catalase (CAT), superoxide dismutase (SOD), lipid peroxidation rate (MDA), and GAPDH and
antioxidant and metabolic biomarkers, characterizing the quality of human sperm. Te results showed that in vitro supple-
mentation of oregano signifcantly improves the mobility and antioxidant activities, without harmful efects on the integrity of the
sperm’s DNA, and that the selected concentration of oregano EO is nontoxic and may be considered a therapeutic alternative to
heal sperm motility problems in asthenozoospermic patients.

1. Introduction

Infertility is a disease that afects the reproductive systems of
both men and women and is characterized by the inability to
conceive a child after having frequent, unprotected sex for at
least a year [1]. Te male component is the main contrib-
uting factor in about 50% of infertility cases [2], afecting
8–12% of couples worldwide [3]. Te causes of infertility in
men are diverse and varied, including sexual problems,
hormonal disorders, psychological problems, physical
problems, lifestyle problems, and chromosomal
abnormalities [3].

Te primary technique used to assess male fertility is
semen analysis [4]. In addition to assessing semen quality,
the semen analysis can be used to screen patients for in vitro

fertilization (IVF) or intracytoplasmic sperm injection
treatment (ICSI), since the latter requires a sperm sample
with a concentration of 10×106 sperm/mL of which at least
30% are mobile and 15% have progressive motility [5].
Indeed, several studies have shown that reactive oxygen
species (ROS) play an essential role in the success of IVF [6].
Teir abundance in sperm and seminal plasma is in negative
correlation with IVF/ICSI fertilization, embryo quality, and
live-birth rates [7].

On the other hand, abnormal sperm parameters, for
example, low sperm concentration, poor motility, and poor
morphology, have positive correlations with an increase in
the level of reactive oxygen species in the sperm [8].
Nonetheless, to support healthy reproductive processes such
as sperm capacitation hyperactivation and acrosome
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response, ROS are essential at normal physiological levels
[9]. Terefore, a balance between ROS and the antioxidant
system is essential for the proper performance of sperm and
successful fertilization [10].

To treat sperm quality problems before IVF, our labo-
ratory carried out a series of studies, mainly devoted to test
the efects of sage (S. ofcinalis), oregano (O. vulgare), and
eucalyptus (E. globulus) on the improvement of spermatic
mobility and vitality.

For a better understanding of the action mechanism
behind the ameliorative efect of these oils, especially their
control of oxidative stress, we initially studied the main role
of oregano supplementation on physiological parameters
(mobility and vitality) and sperm DNA quality (DNA
fragmentation index). Ten, we measured some antioxidant
and metabolic biomarkers (SOD, catalase, MDA, and
GAPDH).

2. Materials and Methods

2.1. Plant Material. Te essential oil of O. vulgare was
supplied by the Laboratory of Physiopathology, Genetic
Molecular, and Biotechnology, Ain Chock Faculty of Sci-
ences, Morocco.

2.2. Data Collection. Tis study was conducted following
ethical guidelines, and informed consent was obtained from
all recruited individuals. Te samples were collected at the
Laboratory of Medical Analysis and Reproductive Biology,
“Labomac,” Casablanca, Morocco.

Sperm samples are obtained by masturbation after 3-
4 days of abstinence. Tey were then liquefed at 37°C under
5% CO2 until they were used. All samples were prepared and
analyzed according to the current World Health Organi-
zation (WHO) guidelines and standards.

Te study was divided into two groups: Group A (n� 12)
consisted of samples from men classifed as normozoo-
spermic (20×106/mL concentration, 32% progressive mo-
tility) and Group B (n� 12) composed of patients who are
classifed as asthenozoospermic (20×106/mL concentration,
the progressive motility is <32%).

2.3. Preparation of Samples. After 30minutes of ejaculate
collection, the samples of asthenozoospermic sperm were
divided into two equal aliquots in 1.5mL Eppendorf tubes:
the frst tube was identifed as a control and the second was
incubated with oregano oil at a fnal dilution of 10−2. Four
incubations were performed for (5, 10, and 30 at 60min) at
37°C below 5% CO2.

2.4. Analysis of the Spermatic Parameters

2.4.1. Analysis of Mobility. Te efect of oregano oil on the
advanced parameters of human sperm mobility was eval-
uated at diferent incubation intervals: (t� 0min), 10min
later (t� 10min), and (t� 30min), and the impact of
oregano oil on sperm mobility was manually evaluated
according to the 2021 WHO recommendations.

2.4.2. Analysis of Vitality. Sperm vitality was assessed using
the WHO values. To achieve our objective, we used a 2%
eosin staining immediately after stabilization. Te slides
were examined under an optical microscope.

2.4.3. Analysis of DNA Fragmentation. Te integrity of the
spermatic DNA was assessed by the TUNEL test using
a commercial kit (Roche Diagnostics, Lewes, UK).

2.5. Enzymatic Bioassays

2.5.1. Separation of Spermatozoa and Lysis. Te sperm was
separated from seminal plasma by centrifugation (600g for
10min), the sperm pellet was recovered, and a sperm lysate
in distilled water was prepared for biochemical analysis.

2.5.2. Determination of CATActivity. Te activity of catalase
was determined by the Aebi method [11].

Following the consumption of peroxide hydrogen at
240 nm, catalase activity was measured. Te reaction mix-
ture contained 7.5mMH2O2 in 50mM potassium phos-
phate bufer (pH 7.0) and 50 μL enzyme extract. CATactivity
was calculated using the molar extinction coefcient of H2O2
(0.0394mM−1 cm−1) and expressed as μmol H2O2 con-
sumption/min/mg of protein.

2.5.3. Determination of SOD Activity. Te technique of
measuring the SOD activity was identifed in 1986 by
Paoletti and his collaborators [12].

Tis method is based on the inhibition of NADH oxi-
dation by superoxide dismutase. Te decrease in the oxi-
dation rate of NADH is proportional to the concentration of
the enzyme. Te measurement of activity is determined by
a spectrophotometer at 340 nm. Te molar extinction co-
efcient of the NADH is 6220M−1 cm−1. Enzyme activity is
expressed in SOD unit/min/mg protein.

2.5.4. Determination of GAPDH Activity. Te enzyme ac-
tivity of NAD+dependent phosphorylating GAPDH is
determined by using a spectrophotometer at 30°C by
measuring the occurrence of NADH at 340 nm [13]. Te
enzyme preparation is added to the reaction mixture that
contains tricine-NaOH bufer (50mM, pH 8), sodium ar-
senate 10mM, NAD+ 0.4mM, andD-G3P 0.4mM.Te total
volume of the reactionmixture is 1mL.Temolar extinction
coefcient of NADH is 6220M−1 cm−1. Enzyme activity is
expressed in units of activity/mg protein.

2.5.5. Determination of MDA Activity. Te level of lipid
peroxidation is quantifed in terms of substances reacting
with thiobarbituric acid (TBARS) according to the Samo-
kyszyn and Marnet method [14]. 100 μL of the crude extract
is added to 900 μL of a solution consisting of 0.375% thi-
obarbituric acid and 15% trichloroacetic acid. Temixture is
then placed in a 100°C waterbath for 15minutes and cooled
in the ice to stop the reaction. Centrifugation at 1000g for
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10min was carried out, and the optical density of the su-
pernatant was measured at 535 nm.Te degradation product
of polyunsaturated fatty acids was calculated using the ex-
tinction coefcient of 1.56 105M−1 cm−1.

3. Results

3.1. Te Efect of Origanum vulgare on Sperm Motility and
Vitality. Te efect of supplementation of oregano essential
oil on sperm motility and vitality in the studied and control
groups is reported in (Figure 1). Tis fgure shows that the
incubation of human sperm with oregano OE for all holding
times (5, 10, and 30min) signifcantly increases the fraction
of mobile sperm compared to the asthenozoospermia group.
In addition, when comparing our results to the normal
group, we notice a convergence of the mobility of the
spermatozoa of the asthenozoospermic group treated with
EO with the normozoospermic group (Figure 1(a)). How-
ever, no signifcant efect of oregano was observed on sperm
vitality after one hour of incubation at 37°C (Figure 1(b)).

3.2.TeEfect ofOriganumvulgareon theDNAFragmentation
Index. Te proportion of DNA-fragmented sperm in the
two control and treated groups has revealed no signifcant
diference in the proportion of DNA fragmentation: 12% and
13%, respectively (Figure 2).

3.3. Te Efect of Origanum vulgare on the Antioxidant Ac-
tivities of Sperm. By analyzing the results reported in Fig-
ure 3, we found a signifcant increase in SOD activity in the
asthenozoospermic group compared with the control group.
However, the specifc activity of this enzyme (SOD) has been
signifcantly decreased after the in vitro supplementation of
oregano EO on asthenozoospermic patients, compared to
the asthenozoospermic group.

As illustrated in Figure 4, the normal group exhibited the
best activity of catalase compared to asthenozoospermic
samples. However, treating asthenozoospermic samples with
oregano EO signifcantly increased the activity of this
enzyme.

Indeed, the measurement of GAPDH reveals a signif-
cant decrease in the activity of this metabolic enzyme in
asthenozoospermic samples compared with the normo-
zoospermic group (Figure 5). However, the supplementation
of oregano EO has signifcantly restored the activity of this
enzyme.

Likewise, the presence of the oregano EO induced
a signifcant decrease in the MDA level in the astheno-
zoospermic group compared with the untreated group
(Figure 6).

4. Discussion

Te efect of in vitro supplementation of oregano essential oil
(O. vulgare) on advanced parameters of the mobility of
asthenozoospermic sperm has shown that the 10−2 dilution
of this essential oil, used during 5, 10, and 30min of in-
cubation at 37°C and under 5% CO2, can increase sperm

mobility by 14% compared to the control group. Tis
allowed the samples to go from asthenozoospermic to
normozoospermic samples. However, there was no dis-
cernible diference between the two DFIs when the efect of
oregano oil supplementation on DNA integrity was assessed
after 60min of incubation at 37°C with 5% CO2. It could be
argued that oregano essential oil has no efect on the DNA
fragmentation index.

For biochemical analysis, the results showed a signifcant
increase in the main enzymatic antioxidant defenses (CAT
and GAPDH) as well as a decrease in SOD and MDA after
supplementation with oregano essential oil. We also ob-
served that treated groups of asthenospermia returned to
normal values compared to untreated groups.

Tese results are in accordance with the published work
of [15], which showed that the supplementation of EO of
oregano has improved advanced parameters of human
sperm mobility.

Other studies on rabbit semen that the spermatic pa-
rameters of the rabbit semen have improved when incubated
with O. vulgare extract in a capacitating medium [16]. Tis
ameliorative activity of OE may be related to the abundance
of some bioactive compounds such as thymol and carvacrol,
and the authors in [17] reported in their study that oral
treatment of rats with diferent doses of thymol and car-
vacrol signifcantly increased sperm motility compared to
the control group [17]. Güvenç et al. also demonstrated the
protective efect of these biomolecules against lipid
peroxidation [17].

However, assessing the efect of oregano oil supple-
mentation on DNA integrity at 60min incubation at 37°C
under 5% CO2 did not produce a signifcant diference in
DFI values. According to several studies, a high level of
sperm fragmentation, as evidenced by the TUNEL test,
appears to be associated with low fertility rates and a sig-
nifcantly lower pregnancy rate following IVF [18, 19].
Damage to sperm DNA can be caused by a number of
conditions, including recombination defciencies, aborted
apoptosis, and oxidative stress with reactive oxygen species
production (ROS) [15, 19]. Te integrity of the sperm DNA
and especially its mobility is an essential component of male
fertility as it allows sperm to move efciently across the
female reproductive system to reach and fertilize the egg
[20]. In addition, the presence of reactive oxygen species
(ROS) in sperm functions is a main second messenger in the
fertilization process at low levels, including capacitation,
hyperactivation, acrosome reaction, and sperm fusion-
oocytes [21]. Nevertheless, several studies have shown
that mean levels of ROS are signifcantly higher in the sperm
of men with abnormal parameters [22]; therefore, a balance
of ROS and antioxidants is necessary for efcient sperm
activity and fertilization [23].

According to several studies, the proportions of
normal mobility and morphology of sperm were positively
related to CAT activity [24]. Tis positive correlation
between CATactivity and sperm motility can be explained
by the importance of this enzyme in the protection of
sperm from potentially toxic ROS levels [25]. Treatments
with H2O2 produced an increase in MDA levels and
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inhibited advanced sperm motility parameters [26].
However, the incubation of human sperm with H2O2
revealed that human catalase was able to counteract the
adverse efects of H2O2 on sperm motility [12]. Tis can be
related to the role of this antioxidant enzyme in the
conversion of H2O2 into molecules of water and molecular
oxygen [27].

2H2O22H2O + O2. (1)

On the other hand, in human sperm, the main ROS
produced is the superoxide anion, which is the subsequent
conversion of the hydrogen peroxide, and that is catalyzed
by superoxide dismutase (SOD) [23]. In fact, numerous
studies have shown a negative correlation between SOD
activities and diferent aspects of sperm quality examined

[28, 29]. Tis observation can be explained by the elimi-
nation of superoxide anion which is important for the
normal function of human sperm [30]. Based on this fnding,
it may be suggested that the increase in SOD activity and the
decrease in CAT activity are related to low semen
parameters.

2O•–
2 + 2H+⟶ O2 + H2O2. (2)

In this study, we reported that MDA levels in the
asthenozoospermic group have increased in comparison
with the normozoospermic group. Several studies in the
literature have shown that lipid peroxidation impacts the
concentration, motility, and morphology of sperm and is
associated with poor sperm quality [31, 32] and detected that
theMDA level in normospermicmen was signifcantly lower
than those in asthenoteratospermic and oligoasthenoter-
atospermic groups. Indeed, it is suggested that a negative
correlation has been highlighted by sperm counting,
studying motility, and morphology.
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Figure 1: Te efect of in vitro supplementation of EO of O. vulgare on progressive motility (grade “A” + “B”) (a) and vitality (b) of human
spermatozoa from asthenozoospermic samples. A 0.2% (w/v) agar solution was used to dilute the EO.
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Figure 2: Te efect of in vitro supplementation of the essential oil
of oregano on DNA fragmentation of samples asthenozoospermic.
A 0.2% (w/v) agar solution was used to dilute the EO. Te DFI
percentages of each aliquot were evaluated after the addition of the
essential oil over a period of 60minutes. Te results reveal that the
oil oregano has no efect on DNA fragmentation in human sperm.
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Figure 3: Te specifc activity of SOD in the group of astheno-
zoospermic samples, the group asthenozoospermic treated with the
essential oil of oregano, and the normozoospermic group.
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According to the obtained results, we detected an in-
crease in the GAPDH activity in treated samples compared
to untreated asthenozoospermic samples. 3-Phosphate de-
hydrogenase is a glycolytic pathway enzyme that catalyzes
the conversion of 3-phosphate glycerol into 1,3-bisphos-
phoglyceride [33]. Tis glycolytic enzyme is an essential
biomarker that actively contributes to the formation of cell
energy in the form of ATP. Tis production of glycolytic
ATP is necessary for sperm motility and male fertility [34].

5. Conclusions

Tis study highlighted the efects of in vitro supplementation
with the essential oil of oregano on the advanced parameters
of spermmotility and also infuenced the antioxidant activity
of human sperm. Te results allowed us to observe an
improvement in these parameters. Based on the current
results, we can conclude that oregano oil could be a great
tool for the management of motility dysfunction in asthe-
nozoospermic patients.

Data Availability

Te biochemical data used to support the fndings of this
study are included within the article.
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“Efects of thymol and carvacrol on sperm quality and oxi-
dant/antioxidant balance in rats,” Archives of Physiology and
Biochemistry, vol. 125, no. 5, pp. 396–403, Oct. 2019.

[18] A. Ferrigno, G. Ruvolo, G. Capra, N. Serra, and L. Bosco,
“Correlation between the dna fragmentation index (df) and
sperm morphology of infertile patients,” Journal of Assisted
Reproduction and Genetics, vol. 38, 2021.

[19] L. G. A. Campos, L. C. Requejo, C. A. R. Miñano, J. D. Orrego,
E. C. Loyaga, and L. G. Cornejo, “Correlation between sperm
dna fragmentation index and semen parameters in 418 men
seen at a fertility center,” JBRA Assisted Reproduction, vol. 25,
no. 3, pp. 349–357, 2021.

[20] R. Dcunha, R. S. Hussenin, and H. Anand, “current insights
and latest updates in sperm motility and associated appli-
cations in assisted reproduction,” Reproductive sciences,
vol. 29, 2022.

[21] T. Takeshima, “Oxidative stress and male infertility,” Re-
productive Medicine and Biology, vol. 20, no. 1, pp. 41–52,
2021.

[22] A. Agarwal, I. Ikemoto, and K. R. Loughlin, “Relationship of
sperm parameters with levels of reactive oxygen species in
semen specimens,” in Journal of Urology, Elsevier, Amster-
dam, Netherlands, 1994.

[23] S. Tafuri, F. Ciani, E. L. Iorio, L. Esposito, and N. Cocchia,
“Reactive oxygen species (ROS) and male fertility,” in New
Discoveries in Embryology, InTech, London, UK, 2015.

[24] B. M. Ayad, I. P. Oyeyipo, G. van der Horst, and S. S. du
Plessis, “Cementing the relationship between conventional
and advanced semen parameters,” Middle East Fertility So-
ciety Journal, vol. 26, no. 1, 2021.

[25] N. Rubio-Riquelme, N. Huerta-Retamal, M. J. Gómez-Torres,
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