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ABSTRACT

Buffalo bulls frequently present with infertility, and reproductive
improvement in such animals is of great importance. The present study
aimed to investigate the effects of dietary propolis supplementation on
semen characteristics, including volume, sperm motility, viability,
physiological abnormalities, sperm count, seminal antioxidant level,
seminal a-glucosidase activity, and serum testosterone level. This study
was carried out on nine buffalo bulls divided into three groups
supplemented daily with 150 mg/kg DM/head propolis, 100 mg/kg
DM/head propolis, or fed a basal control. After 2 months, semen samples
were collected for biochemical analysis of various parameters and serum
samples were collected for measuring total testosterone levels. Results
showed that propolis supplementation increased semen volume, sperm
motility, and live sperm percentage, with a concomitant reduction in the
percentage of abnormal sperm. Antioxidant activity of glutathione
peroxidase and superoxide dismutase increased in groups that received
propolis, with a concurrent decline in malondialdehyde concentration.
Also, a-glucosidase activity in seminal plasma and serum testosterone
levels showed a marked increase after propolis supplementation. In
conclusion, these results suggest that dietary propolis may enhance semen
characteristics in Egyptian buffaloes.
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1. Introduction

Buffaloes (Bubalus bubalis) are a major source of meat, milk, and leather
in many developing countries (Sarwar et al., 2009). Fertility of buffalo
bulls is a very important factor for the success of any breeding program, as
well as for improving the milk yield of a herd. Reduced fertility can result
in massive economic losses to livestock owners (Blaschek et al., 2011).
Fertility is a multifactorial issue influenced by herd population genetics,
environmental conditions, nutrition, and herd management procedures
(Rekwot et al., 1988).

Propolis is a resinous material produced by honeybees that can be obtained
from a variety of plant sources. It contains a multitude of
pharmacologically active compounds, such as polyphenols, terpenoids,
steroids, and amino acids, and has been used for decades in traditional
medicine (Burdock, 1998). A wide range of biological activities have been
reported for propolis, including antibacterial, antiviral, antiinflammatory,
and potent antioxidant properties (Medi¢-Sari¢ et al., 2009). Propolis also
has a strong cytoprotective effect against a wide range of toxic stimuli
(Rizk et al., 2014).
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It has been reported that propolis showed protective effects against
aluminum chloride-induced reproductive toxicity in males which causes
testicular dysfunction, reduced testosterone levels, and low-quality semen
(Yousef and Salama, 2009, Ogretmen et al., 2014). Propolis may
specifically enhance synthesis of proteins and metabolites that regulate
male fertility (Fernandez-Gago et al., 2013). Metabolic products in
seminal plasma serve multiple purposes related to sperm function,
including ATP assembly, sperm motility enhancement, various functions
in cellular immunity, control of biochemical reactions, and regulation of
metabolic rates (Bieniek et al., 2016).

Tiny amounts of free radicals are present in seminal plasma,
including hydroxyl radicals, superoxide anions, and hydrogen peroxide,
which are produced continually by sperm in response to environmental
and endogenous stimuli (de Lamirande and Gagnon, 1993). Low levels of
free radicals are necessary for critical processes such as intracellular
signaling and sperm maturation (Suarez, 2008). Alternatively, excessive
output of reactive oxygen species (ROS) results in oxidative stress,
leading to diminished sperm motility, viability, and aberrant
spermatogenesis that contributes to infertility or impaired acrosome
reactions (Aitken, 1997). Sperm are rich in polyunsaturated fatty acids,
and are therefore vulnerable to ROS interference (Shen and Ong, 2000).
To combat the drawbacks of ROS, seminal plasma contains a wide variety
of both enzymatic and metabolic antioxidants (Agarwal et al., 2014).
Furthermore, propolis has been reported to reduce production of ROS and
free radicals, including superoxide anions, hydrogen peroxide, and
hydroxyl radicals (Olczyk et al., 2017).

Neutral a-glucosidase (NAG) breaks down a-glycosidic bonds of
maltooligosaccharides and maltodextrins resulting from glycogen
metabolism by a-amylase enzymes (Karpiak et al., 1977, Martiniuk and
Hirschhorn, 1981). a-glucosidase hydrolyzes a-1,2-, o-1,3-, and a-1,6-
glycosidic bonds (Chiba, 1997), though at high substrate concentrations,
the enzyme also exhibits transferase activity and can synthesize
oligosaccharides such as maltodextrins. Distinct from lysosomal o-
glucosidase (acidic type), neutral a-glucosidase is a cytosolic enzyme that
is active at pH 6-7. This enzyme is broadly conserved among living
organisms, and is ubiquitously expressed in diverse body tissues and
organs, including in blood sera (Richter, 1990). Recently, several studies
have focused on the activity of neutral a-glucosidase in human semen and
its value in determining semen quality (Levrant et al., 2009, Vivas-
Acevedo et al., 2014).

This study explores the effect of dietary propolis
supplementation on characteristics of buffalo semen, including volume,
sperm motility, count, viability, and abnormalities of sperm, in addition to
activity of both seminal antioxidants and o-glucosidase and serum
testosterone level.

2. Material and methods

All experiments were performed in accordance with the Guidelines for the
Care and Use of Animals approved by the Animal Production Research
Institute, Ministry of Agriculture, Egypt.

Nine Egyptian buffalo bulls (average 450 kg, 24-30 months old) were
used in this study. This study was conducted at the Animal Production
Experimental ~ Station, Mehallet Moussa village, Kaferelsheikh
Governorate, Animal Production Research Institute, Agricultural Research
Center, Ministry of Agriculture, Egypt. Animals were divided into three
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groups (three bulls each); group | was supplemented daily with propolis
(Sigma  Pharmaceutical  Industries for International  Business
Establishment Co., Egypt, 400 mg capsules) at a dose of 150 mg/kg dry
matter (DM)/head; group Il was supplemented daily with propolis at a
dose of 100 mg/kg dry matter/head; group Il (control) was fed only a
basal diet without propolis supplementation. All bulls were fed the
recommended ration according to the instructions of NRC (NRC, 1984).

1.Experimental procedures.

1.1.Semen collection and evaluation.

Semen samples were collected after two months of dietary propolis
supplementation using an artificial vagina. Bulls were allowed two false
mounts on teaser bulls prior to ejaculation. Semen was evaluated using the
following parameters: ejaculate volume, percentage of sperm motility,
percentage of live versus dead sperm, percentage of sperm bearing
physiological abnormalities, and sperm cell concentration (Salisbury et
al., 1978). Ejaculate volume (mL) was determined using a graduated
cylinder. Sperm motility was scored using a drop of undiluted fresh semen
on a warm glass slide that was viewed under a heated-stage microscope at
37°C. For determination of live/dead sperm and abnormalities (double-
headed sperm, elongated head, bent tail, proximal protoplasmic droplet,
etc.), a drop of fresh semen was stained by eosin-negrosin mixture (5%)
and then dried at room temperature. Counting of live, dead, and abnormal
sperm (200 per slide) was performed manually. Concentration of sperm
cells (x109/mL) was measured using spectrophotometer (JENWAY 6305,
Dunmow, United Kingdom) at 550 nm wavelength using a mixture of 4
mL of sodium chloride solution (0.9%) and 20 pL of semen.

1.2. Measurement of seminal antioxidants.

Total superoxide dismutase (T-SOD) and glutathione peroxidase (GSH-
Px) activities, as well as malondialdehyde (MDA) concentrations, were
determined in seminal plasma using a commercially available kit
(Biodiagnostic, Cairo, Egypt). Sperm were homogenized in phosphate-
buffered saline using an ultrasonic disintegrator, centrifuged at 1000 rpm
for 10 min at 4°C, and supernatant was collected. T-SOD activity was
normalized to the amount of sample protein required to inhibit the
reduction of nitro blue tetrazolium by 50% of maximum inhibition. GSH-
Px activity was normalized to the amount of enzyme necessary to oxidize
1 pmol NADPH/min at pH 7.0 and 25°C. Malondialdehyde (MDA)
concentration was determined using the thiobarbituric acid method, based
on the colorimetric reaction of MDA with thiobarbituric acid (Fan et al.,
2011), and expressed as nmol/mg protein.

1.3. a-glucosidase activity in seminal plasma.

a-glucosidase activity was determined via the glucose oxidase method
(Mahmoud et al., 1998) using a commercially available EpiScreen Plus-a-
glucosidase assay (FertiPro, Beernem, Belgium) according to the
manufacturer’s instructions. Optical density was measured at 505 nm, and
enzymatic activity was normalized to the volume of sample that produced
1 umol of D-glucose/min at pH 6.8 and 37°C.

1.4.Blood sampling.

Blood samples were taken from the jugular vein of each bull. Samples
were incubated at 37°C until blood clotted, then centrifuged to separate
the sera, which was used for measuring total testosterone levels. Total
testosterone hormone levels were measured via enzyme-linked
immunosorbent assay (BioVendor) in accordance with previous reports
(Snowdon and Ziegler, 2007). Data was measured using an ELISA reader
(Spectra).

1.5.Statistical analysis.

Data were analyzed by one-way analysis of variance (ANOVA) and
Turkey’s post hoc test for multiple comparisons using SPSS (version 22)
software (Richmond, VA, USA). Biochemical results were statistically
analyzed by one-way ANOVA using GraphPad Prism 5 (San Diego,
USA). Significance was determined by p values <0.05.

3. Results:

3.1. Evaluation of semen characteristics

Dietary supplementation with propolis resulted in significant increase (p <
0.05) in semen volume compared to the control group (Table 1). In
addition, sperm motility increased significantly (p < 0.05) in groups | and
Il as compared with control group, with group | displaying the highest
motility. Also, the percentage of live sperm increased significantly (p <
0.05) in group | as compared with group Il and the control group;
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conversely, the percentage of dead sperms was significantly higher (p <
0.05) in the groups Il and 111, with the lowest percentage of dead sperm
found in group I. Similarly, there was significant increase (p < 0.05) in
percentage of abnormal sperm in both the control group and group Il as
compared with group I. Total sperm count was not significantly different
among these groups.

3.2. Seminal antioxidants status

Propolis dietary supplementation in bulls caused a significant increase of
GSH-Px activity in seminal plasma (Fig. 1). The largest increase of GSH-
Px activity occurred in group |, followed by group II. Furthermore, T-
SOD activity in seminal plasma was significantly increased in both
propolis-treated groups as compared to the control group. MDA
concentration in seminal plasma was highest in the control group; propolis
supplementation caused a significant decline in MDA concentration in
group | compared to the control group.

3.3. a-glucosidase activity

A significant increase in a-glucosidase activity was observed in seminal
plasma in group I as compared to control group. A-glucosidase activity
was also increased in group Il, although to a lesser degree than in group |
(Fig. 2).

3.4. Testosterone levels

A significant increase of serum testosterone levels were observed in group
I as compared to the control group (Fig. 3). Group 1l displayed increased
serum testosterone as well, although to a less degree than group I.

4. Discussion
Reproductive efficiency of buffalo bulls can be affected by inherited
defects of the genital tract, hormonal imbalance, contagious diseases of
the reproductive system or other systems, imbalanced rations,
psychological defects, and harsh climate conditions (Perumal, 2017).
Propolis is a resinous substance collected from trees and leaf buds that
are rich in enzymes secreted in the saliva of honeybees. It contains more
than one hundred active ingredients, including phenolic acids and
flavonoids (Kocot et al., 2018, Gunduz et al., 2005). Propolis has recently
gained popularity due to its antioxidant properties (Borges et al., 2011).
Also, it is commonly used as a feed additive for prevention against disease
conditions such as diabetes, cancer, inflammations and heart diseases
(Meurer et al., 2009).
Our results demonstrate that administration of propolis may cause a
significant increase in semen volume, sperm motility, and the percentage
of live sperm, with a reduction in percentage of abnormal sperm. Sperm
counts were unaffected by propolis treatment. The positive effects of
propolis on semen parameters measured were more apparent in group |,
which received 150 mg propolis/kg DM/head, as compared with group II,
which received 100 mg/kg DM/head. The results of this study are in
agreement with a previous study, which reported that propolis induced a
decline in the number of abnormal and dead sperm (Elmazoudy et al.,
2011). Propolis treatment was also shown to lead to increased weight of
reproductive organs, total body weight, percentage of motile sperm, levels
of seminal plasma enzymes, and number of normal-shaped sperm (Yousef
et al., 2010). In addition, administration of propolis to rats reduced both
testicular injury and effects of toxic compounds on reproductive function
(Ball et al., 2001).
Sperm cell membranes contain abundant unsaturated fatty acids, which
predisposes them to lipid peroxidation. This higher rate of lipid
peroxidation contributes to membrane damage as well as decreased sperm
motility (Sharma and Agarwal, 1996). Our data demonstrate that dietary
supplementation with propolis may improve antioxidation in seminal
plasma via the elevated activities of both glutathione peroxidase and super
oxide dismutase, concurrent with a decline in lipid peroxidation.
ROS, particularly hydrogen peroxide and superoxide, are major causes of
defective sperm in infertile males (Goyal et al., 2007). Oxidative stress
can stimulate lipid peroxidation, which is especially relevant as
unsaturated fatty acid content is higher in sperm. Lipid peroxidation can
result in less fluid volume in sperm or dysfunctions of the plasma
membrane, which can contribute to male infertility (Tavares et al., 2007).
Decreased oxidative stress and increased seminal quality induced by
propolis may be a result of phenolic compounds, such as caffeoylquinic
acid and prenylated cinnamic acid, which may have the ability to
neutralize free radicals produced by sperm (Moura et al., 2011).
Neutral a-1,4-glucosidase has two forms, an acidic isoform originating
from the prostate and a neutral isoform originating from the epididymis.
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The neutral isoform secreted mainly in the epididymis plays a role in the
maturation of sperm (Loko et al., 1997). Although L-carnitine and
glycerophosphorylcholine have been used as biomarkers of epididymis
function, NAG is considered the most sensitive and specific epididymis
marker (Camargo et al., 2018).

The epididymis can produce antioxidants necessary to counteract harmful
products of excessive ROS production. Decreased NAG activity in semen
has been shown to contribute to DNA fragmentation, decreased integrity
of the sperm membrane, and reduced binding to hyaluronic acid (Depuydt
et al., 1996). To our knowledge, this study is the first to portray the impact
of propolis on NAG in buffalo semen. Our data revealed a marked
increase in NAG activity in both propolis-treated groups as compared to
the control group.

Low levels of seminal a-glucosidase activity are possibly linked to
epididymitis and inflammation of the genital tract (ALI et al., 1994,
Mahmoud et al., 1998), and have also been associated with defective
maturation of sperm in the epididymis. Higher enzymatic activity
correlated with strong binding efficiency of sperm to the oocyte zona
pellucida (Henkel et al., 2006). It has been demonstrated that activity of a-
glucosidase in seminal plasma strongly correlated with sperm
concentration, ejaculate volume, and the acrosome reaction (Lemmens et
al., 2016). In the same way, a-glucosidase activity may possibly be used
to determine probability of in vitro fertilization success (Elzanaty, 2007).
Dietary propolis significantly increased the level of testosterone; this
finding is in agreement with a previous study which reported that propolis
treatment resulted in a decline in abnormal and dead sperm and increased
testosterone levels in male rats (Zahmatkesh et al., 2014). In addition, it
was shown that increased steroid reductase enzymatic activity and total
testosterone concentration in groups that received propolis correlated with
improved sperm proliferation and increased fertility in rats (Yousef and
Salama, 2009).

5. Conclusion

In conclusion, these data reveal that oxidative stress may play a negative
role in reproduction in sexually mature bulls due to adverse effects on
sperm characteristics and testosterone production in these animals.
Propolis, due to beneficial biological properties of its components,
exhibits antioxidant capabilities, and was shown to boost semen
characteristics in Egyptian buffaloes, along with improvement of seminal
antioxidant status. Furthermore, propolis treatment increased the activity
of seminal a-glucosidase and serum testosterone levels.
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Table 1. Effect of propolis supplementation on volume of semen (ml),
mass motility (%), live (%), dead (%) spermatozoa, abnormalities (%) and
concentration of spermatozoa (x 109/ml).

Parameter (Mean = SE)
Mass Concentrati
Volum o S o Abnormalit on
Group e (ml) motilit Live % Dead % ies % (millions/
Y ml)
Contro | 2.8%0. 61.7+1 | 73.3xl1. | 26.7+2. 18.7+1.4 240.2
| 1 .9 8 1
Pr_op_ol 36%0. 71.}t3 82.2:;1. 17.8;1. 114117 2140.2
isi 1 8 8
Prop_ol 3.420. 63.9+3 | 76.2+2. | 23.8+2. 15.742" 2140.2
is i 2 3 3 3

Means (+ SE) in the same column within the same category carrying
different superscripts are significantly different when (P<0.05).

A B

Glutathione peroxidase Superoxide dismutase

. CONTROL
PROPOUS |

= PROPOUS 1| . PROPOUS Il

U /ml
U/ ml

W CONTROL
PROPOUS |
N PROPOUS I

umol / ml

Fig.1. Effect of propolis in comparison to control on seminal plasma
oxidative markers; A) GPx (glutathione peroxidase) activity, B) SOD
(superoxide dismutase) activity and C) MDA (malondialdehyde) levels.

Alpha glucosidase
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Fig . 2. Effect of propolis in comparison to control on seminal plasma
alpha glucosidase activity
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Fig . 3. Effect of propolis in comparison to control on plasma testosterone
levels
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