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SUMMARY

Two experiments were carried out to evaluate the dual purpose potential of type-13 Brazilian red propolis
extract; i.e. anti-oxidant and anti-microbial capacities, on enhancing short-term chilled preservation of ram
semen. A total of 60 ejaculates were collected from five adult Barki rams, 12 ejaculates each, by an artificial
vagina twice-weekly during the period from January to February, 2017. After collection and initial evaluation,
ejaculates of each collection session were pooled, diluted (1:10) with Tris-citric acid egg yolk extender. In the
first experiment, the diluted specimens were split into four aliquots using a split sample technique. The first
aliquot served as control (untreated), whereas the other three aliquots were supplemented with 5, 7.5 and 10
ul/mL propolis extract, respectively. All control and supplemented groups were evaluated for sperm physical
and morphological traits immediately after dilution (T,), then after 24 (T»,) and 48 h (T, of chilled
preservation at 4°C. Oxidative stress indices and enzymatic activities in medium throughout preservation period
were also determined. In the second trial, microbial contamination throughout a 48 h period of chilled storage
was investigated in specimens supplemented with the same previous levels of propolis extract and were
compared against control (antibiotic-free) and specimens supplemented with a mixture of synthetic antibiotics;
i.e. Penicillin procaine (500 iu/mL) and Streptomycin (500 ug/mL). The results revealed that, over time of
storage, positive correlations (P<0.05) were observed between level of propolis in medium and each of sperm
motility, viability, intact acrosome, sperm membrane integrity and total antioxidant capacity (r= 0.52, 0.45,
0.48, 0.55 and 0.77, respectively). Contrarily, negative correlations were recorded between propolis level and
enzymatic activities of AST and ALP (r= -0.45 and -0.58, respectively). Simultaneously, the control group
developed the highest (P<0.05) colony forming unit (CFU) count compared to all semen specimens. These
results explicate efficiency of incorporating type-13 Brazilian red propolis extract in the diluent on maintaining
sperm traits during chilled preservation. Additionally, our results spotted the light on the possibility of
substituting synthetic antibiotics in semen extenders, with all the constraints of their utilization, with type-13 red
propolis extract as a sufficient natural alternative.
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INTRODUCTION initiates oxidative reactions that eventually lead to

the death of the sperm cells (Guerra et al., 2004).

Propolis is natural resinous products which is
collected by honeybees from several plants and mix it
with beeswax and _ glucosidase (salivary enzymes)
(Cardoso et al., 2011). Propolis possesses a unique
chemical composition that comprises complexity of
compounds; i.e. polyphenols, which makes it a potent
antioxidant (Scalbert et al., 2005; Almaraz-Abarca et
al., 2007 and Nader et al., 2010). Moreover, it
exhibits major effects against several bacterial strains
and fungi as well as antiviral activity (Scazzocchio et
al., 2006). Therefore, propolis has been used by
humans to benefit from its broad spectrum of
biological properties particularly of clinical interest
(Fokt et al., 2010).

Generally, liquid-chilled preservation of semen
has been reported to reduce the fertilizing capacity of
spermatozoa along with both sperm motility and
morphology over time of storage (Munsi et al.,
2007). Accumulation of reactive oxygen species
(ROS) in medium during liquid storage of semen

Therefore, application of antioxidants to semen
diluents gained considerable attention in assisted
reproductive technology (ART’s) practices (Hashem
etal., 2017).

On the other side, microbial contamination of
either fresh or preserved semen represents another
constrain in application of ART’s, and may
paradoxically contributes in wide spread of
pathogens (Foote, 2002). In addition, microbial
contamination of semen may lead to rapid decline in
sperm motility and subsequent fertility (Shukla, 2005
and Morrell, 2006).

Using antimicrobials in semen diluent may have
detrimental effects on sperm survival, motility,
vitality and subsequent fertility due to their toxic
effects (Shukla, 2005; Morrell, 2006 and Aurich and
Spergser, 2007). Therefore, a cocktail of agents has
been commonly used in semen extenders to reduce
the effect of each individual component. However,
the choice of agents that can be added to semen
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extenders is limited. In well-developed countries,
addition of antibiotics to semen diluents is stipulated
by national and international  guidelines.
Nevertheless, although many countries are trying to
reduce the general use of antibiotics, the addition of
antibiotics  to  semen  extenders  increases
(Morrell and Wallgren, 2014). In this regard, finding
natural alternative agents to antibiotics will be useful
to improve sperm quality during preservation.

Therefore, the present study aimed to investigate
the effect of supplementing semen diluent with type-
13 Brazilian red propolis extract on maintaining ram
sperm traits during 48 h of chilled preservation at
4°C. The antimicrobial potential of propolis extract
throughout the period of chilled storage was also
determined.

MATERIALS AND METHODS

Animals and management

The current study was conducted at the Artificial
Insemination Lab., Mariout Research Station
(Latitude 31° 00' N; Longitude 29° 47" E), Desert
Research Center, Egypt. Five adult Barki rams, Ovis
aries, aged 28-40 months and an average body
weight of 45.0 £ 2.0 kg were used from January to
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February, 2017. Throughout the experimental period,
the rams were housed in a fenced open yard. They
were allowed to graze daily from 8:00 to 14:00 h,
thereafter Egyptian clover, Trifolium alexandrinum,
hay was provided ad libitum, and a concentrate
mixture was presented to meet their requirements
(NRC, 2007). Fresh water was available once daily
after returning from the pasture. Prior to executing
the experiment, all rams were clinically examined to
be sure that they were free of disease or reproductive
disorders. The experimental procedures were
conducted in conformity with the European Union
Directive for the protection of experimental animals
(2010/63/EU).

Propolis extraction, purification and chemical
composition determination

A modified technique for type-13 Brazilian red
propolis extraction was used as described by Morsy
et al. (2013). The chemical composition of the
purified propolis extract was determined by gas
chromatography—mass spectrometry (Morsy et al.,
2013 and Morsy et al., 2015). The identification and
quantitative measurements of type-13 Brazilian red
propolis extract constituents are presented in figure 1.

[ =N Sofnesdl

EEEEREE P ] Lup-20029)-en-3-vl acetats

LI L

%{})L‘J/ﬁ 9,19-ey 3-ol, 24-methylens-, (3 beta)

P P
T

e

acid, bis[(tr

Silane, (9,19-cyclo-9 bata lanost-24-en-3 beta-yloxy)trimathyd

Beta-amirin trimethylsilyl ether

oxy]-. bi

imetindsilyl) ester

Silane, trimethyI[1-{(timethyisilyl)etym]-2-naphthalenyi]

2-Propenoic acid, 3-(3,4,5-trimethoxyphenyl}-, methyl ester

= S
% /?f’lé Isoliquiritigerin
ﬁ% ;’f’ﬁj R RRRARE Lot s PRt
?/?/’5 HEHHES Silane, Oh Fuoren-9-ylidenebis(trimetint)
g/;;;g HEHHHEE ' ’
(ﬁ / 5}/ 2 Formecnonetin
. = —
? / = Sh-Fluorene-4,5-diamine, NN, N1 N1 -tetrametini
SO 3,8-Dihy droxy-9-methorypterocapan P
.. LIS ’ " e
AR S 3,4-Dihydroxy-9.methoxyp P
o =
Rt Hyd ic acid, P-(trim V), tri ylsilyl ester
4,41 _Bis[(rri 1 34]-2.21 -bithiephenes-5.51 -di
Vestitol
- propmoic acid, 3,3-bis| MsilyDoxy] iyl ester

Benzenepropancicacid, 3,4-bis[[tnmethylalyl)oxy]-, tnmethylsilyl ester

Medicarpin
Silane, trimethyl[S-methryl.2-{1-methyletinphenoxy]
p———— 4,41 Bis[(t: 1silyTyeth 1-2.21 -bithioph 5,51 dicarbaldetrede
Areaunder each Retention
component peak e

Fig. 1. Identification and quantitative measurements of typel3 Brazilian red propolis extract constituents
as determined by gas chromatography-mass spectrometry
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Semen diluents:

All chemicals used in the present experiment
were obtained from Sigma (Sigma-Aldrich). A tris-
citric egg yolk extender was prepared for dilution
of ram semen by slightly modifying the extender
reported by Kulaksiz et al. (2012). The extender
was composed of tris buffer (0.25 Mol, 3.63 %),
citric acid (1.99 %), glucose (0.5 %), and was
further supplemented with egg-yolk (40 %).
Immediately after preparation the diluents was
centrifuged at 2400 g for 15 min, and the clarified
supernatant was aspirated. The extender was
prepared 24 h prior to each collection session and
was stored at 4 °C until used.

Semen collection:

A total of 60 ejaculates were collected from the
rams, 12 ejaculates each, throughout the two
months of the study period. Collection of semen
was performed at 7 a.m. twice weekly by an
artificial vagina as previously described (El-
Bahrawy et al., 2004).

Semen evaluation and experimental design:

Immediately after collection, raw semen
samples were transported to the laboratory, and
ejaculate volume (mL) was recorded using the
graded collection tube. In addition, pH, mass
motility, and sperm concentration were recorded
for each raw ejaculate. The mean values of the
aforementioned criteria throughout the
experimental period were 0.99 +0.04 mL, 6.85
+0.08, 4.47 +0.07 and 234021 +15.29 x10°
sperm/mL, respectively. Thereafter, all good
quality specimens (4-5 mass motility score; David
et al., 2015) were pooled and were further diluted
(1:10) with Tris-citric egg yolk extender.

Two experiments were carried out in the present
study to evaluate the dual purpose potential of type-
13 Brazilian red propolis extract; i.e. anti-oxidant
and anti-microbial capacities, on enhancing short-
term chilled preservation of ram semen. In the first
experiment, the diluted specimens were split into 4
aliquots using a split sample technique. The first
aliquot served as control (untreated), whereas the
other 3 aliquots were supplemented with 5, 7.5 and
10 pl/mL propolis extract, respectively. All diluted
semen specimens were evaluated for sperm
physical and  morphometric  characteristics
immediately after dilution (T,) then after 24 (T,,)
and 48 h (T,g) of preservation at 4 °C.

Semen assessment:

Total sperm motility was assessed using a
phase-contrast microscope (Leica) at 400 x
magnification, while sperm vitality (live and dead
sperm, %) were examined by the differential
staining technique where a mixture of 10 ul of
semen and 5 ul of freshly-prepared eosin-nigrosin
stain was smeared on a warm stage, and were
examined at 1000 x magnification. Sperm
abnormalities and acrosome integrity were

evaluated using Romanowski’s triple-
stain technique (DIFF-QUICK III, Vertex, Egypt).
Smears preparation and staining procedure were
conducted following instructions provided by the
manufacturer, and the stained smears were
evaluated using a phase-contrast microscope at
1000x magnification. Sperm plasma membrane
integrity was determined by the hypo-osmotic
swelling test (HOST) as described by Mosaferi et
al. (2005), where at least 200 sperm were evaluated
at 400 X magnification.

Determination of antioxidant capacity and
enzymatic activities in medium:

A 2 mL portion of each semen group was
obtained and centrifuged (1000 g for 10 min) at
times parallel to those of semen assessment (T, To4
and T4g). The supernatant was collected and stored
at -20 °C until oxidative stress indices and
enzymatic  activities were analyzed. Total
antioxidant capacity (TAC) was analyzed using
colorimetric kits (Biodiagnostic, Egypt). The
changes in alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) concentrations
were analyzed by colorimetric kits (Spectrum,
Egypt). Activity of alkaline phosphatase (ALP) was
determined colorimetrically using kits obtained
from Biodiagnostic, Egypt. All procedures were
conducted according to the manufacturers’
instructions.

Determination of microbial load:

In the second experiment, microbial
contamination throughout a 48 h period of chilled
storage ~ was  investigated in  specimens
supplemented with the same previous levels of
propolis extract and were compared against control
(antibiotic-free)  and  synthetic  antibiotics-
supplemented groups. The diluent of the latter
group was supplemented with a mixture of
Penicillin procaine (500 iu/mL) and Streptomycin
(500 ug/mL) before being preserved at 4 °C as
previously described. Within 15 min after the
periodic evaluation of semen characteristics (T,
Ta4, Tyg), a sample of each chilled specimen was
transported, in a portable cooling cabinet (5 °C), to
a well-equipped medical lab. The specimens were
subjected to automated determination of colony
forming unit (CFU) and microbial identification
using the VITEK® 2 system (VITEK® 2,
BioM¢érieux, USA). The determination procedure
was conducted according to the manufacturer’s
instruction.

Statistical analysis:

The data were arcsine transformed to improve
the approximation of normality. Mean values of
raw semen characteristics were obtained by simple
student’s t-test. The changes in sperm physical and
morphological traits, as well as oxidative indices
and enzymatic activities, throughout the period of
chilled preservation were statistically analyzed by
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repeated measures analysis of variance (ANOVA)
to determine the fixed effects of level of treatment,
time (T, — T4g) and treatment by time interaction
according to the following model:

Yij =p+A+ Bj + ABij + Cijk

Where, Yj; is the value of treatment (i) measured at
a time (j); p is the overall mean; (4;) is a fixed
effect describing variation among levels of
treatment; (B;) is a fixed effect describing variation
among times of observation; (AB;) describes the
interaction between levels of treatment and time of
observation; and (e;;) is the residual variation.

A similar procedure and statistical model was
used to determine the changes in developing colony
forming unit among control and treated specimens
over time of storage. The differences between
means were detected by Duncan’s post-hoc test.
The correlations between level of propolis in
medium and both sperm traits and enzymatic
activities were obtained by rank correlation
coefficient. Significance was set at 5% and data
were analyzed by IBM-SPSS statistics program
(IBM-SPSS, 2013). The results are expressed as
means + standard error (SEM).
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RESULTS AND DISCUSSION

Effects on chilled semen traits

The results showed that mean values of sperm
motility drastically declined (P<0.05) over time of
preservation in control specimens compared to all
propolis-supplemented  groups, recording the
lowest (P<0.05) values at Tys (Fig. 2). A similar
trend was also observed in sperm viability, where
all propolis-supplemented specimens recorded
higher (P<0.05) values of live sperm percent at 48
h of chilled storage compared to control (Fig. 2). In
the meantime, the percent of normal sperm in the
control group was affected (P<0.05) by time of
storage, recording the lowest (P<0.05) values at T,
compared to all treated specimens (Fig. 2).
Contrariwise, the highest (P<0.05) percent of
secondary sperm abnormalities was observed in the
control group compared to propolis-supplemented
specimens at T, (Fig. 2). Regarding sperm
acrosomal status and membrane stability, the
results illustrated that both criteria declined
(P<0.05) over time of preservation in the control
group compared to all other specimens, and
recorded the lowest (P<0.05) values at Ty45 (Fig. 2).
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The fertilizing capacity of chilled-preserved
spermatozoa has been reported to decrease over time
of storage along with both sperm motility and

morphology (Munsi et al., 2007), since cooled
storage exposes spermatozoa to the drastic effects of
spontaneous lipid peroxidation (Foote et al., 2002;
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Agarwal et al., 2003). The increased LPO reaction in
addition to capacitation and hyperactivation of
spermatozoa over time of cooled preservation
increase production of free radicals (Mathur and
D'Cruz, 2011). Overproduction and accumulation of
ROS in preservation medium has been reported to
impair sperm integrity (Paul et al., 2009) and
eventually lead to the death of the sperm cells
(Guerra et al., 2004).

Effects on oxidative status during preservation

The results also showed a severe decline (P<0.05)
in total antioxidant capacity (TAC) level in sperm
medium of control specimens over storage period
(Table 1). At Tyg, the highest (P<0.05) values of TAC
in the diluent was observed in specimens
supplemented with high propolis level, whereas the
lowest (P<0.05) was recorded in the control group
with values 0.83 +0.08 and 0. 35 +0.03 mM/L,
respectively. On the other hand, neither time of
storage nor sperm groups were significantly affected

level of ALT in medium (Table 1). However, the
highest (P<0.05) level of AST was recorded in
medium of control group at T4, while the lowest
level (P<0.05) was observed in the high-propolis
level group (Table 1). Likewise, levels of ALP
followed the same trend with corresponding values
255.6 £8.9 and 168.4 +13.3 U/L, respectively (Table
1). Malondialdehyde (MDA) is commonly analyzed
to measure peroxidative damage in spermatozoa
since it is a byproduct of lipid peroxidation (Makker
et al., 2009). Furthermore, the increased activities of
both AST and ALT in medium directly indicate
sperm membrane damage (Pesch et al., 2006), and
reflect increased percentages of dead and abnormal
spermatozoa (Gundogan et al., 2010). Likewise, a
high positive correlation has been reported between
ALP activity released by spermatozoa and semen
quality when sperm cells were subjected to sever
stress (Ciereszko et al., 1992).

Table 1. Effect of supplementing ram semen medium with type-13 Brazilian red propolis extract on total
antioxidant capacity and enzymatic activities during 48 h of chilled storage at 4 °C (Mean+ SEM).

Time of preservation
Parameter

Level of propolis extract

(hrs) Control Low Medium High
(5uL/ml) (7.5uL/ml) (10pL/ml)
T, 0.65+0.06 4 0.62 +0.06 0.82 £0.09 0.92 +0.08
TAC Ty 0.36£0.02>%  0.54+0.02° 0.49+0.07° 0.84+0.06
(mM/L) Tus 0.35+0.03>%  0.51+0.05° 0.41+0.03° 0.83 +0.08°
To 95.97 +3.9 96.45+2.2 102.49 £2.6 103.29 0.7
Tas 104.23 £2.4 10535 +1.0 105.58 £0.9 101.37 £1.5
ALT (UL) T 10202452 10203452 9132425 99.00 2.3
To 213.34+5.6%  223.55+103  216.5749.7 233.15+5.7
AST (U/L) Tas 240.99 5.9 24089435 233.59 £10.5 237.63 +7.5
Tus 247.60 £3.8%" 24239420  247.59 +4.5° 23526 +4.1°
T, 253.11 5.3 16146 +£3.9%8  21737+123™8 2334663
ALP (UL) Ty 24825 +3.8 25279 £5.04 24244 £3.148 233.38 £11.9
Tas 255.5948.9%  255.85+4.9%" 257.93+43.5%*  168.35+13.3°

AB Values in the same column with different superscript letters differ significantly (P < 0.05).
b Values in the same row with different superscript letters differ significantly (P < 0.05).
TAC= Total antioxidant capacity; ALT= Alanine Aminotransferase; AST= Aspartate Aminotransferase; ALP= Alkaline

phosphatase.

Effects on
preservation

Initial results of microbial contamination showed
that type of supplementation in sperm medium
affected (P<0.05) total colony forming unit (CFU)
count over time of preservation in all semen groups.
The highest (P<0.05) CFU count was recorded in
both control (untreated) and low-propolis level
groups, over time of storage, compared to all semen
specimens (Fig. 3). Microbial contamination of
semen also leads to rapid decline in sperm motility
(Shukla, 2005; Morrell, 2006) and sperm quality,
either by directly competing with spermatozoa for
nutrients supplied by the extender or by the
production of toxic metabolic byproducts and

microbial contamination during

endotoxins (Morrell and Wallgren, 2014).
Collectively, the results of the current study
showed that inclusion of type-13 Brazilian red
propolis extract in ram sperm medium improved
(P<0.05) sperm physical properties and reduced level
of microbial contamination over a 48 h period of
chilled storage. This was clearly evident since a
positive correlation (P<0.05) was observed between
level of propolis in medium and each of sperm
motility, live sperm, intact acrosome, sperm
membrane integrity and total antioxidant capacity (=
0.52, 0.45, 0.48, 0.55 and 0.77, respectively) over
time of storage. Contrarily, a negative correlation
was recorded between propolis level and enzymatic
activities of AST and ALP (r=-0.45 and -0.58,
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Propolis is a natural resinous substance that
contains more than 300 identified phenolic
compounds belonging to three major groups; i.e.
flavonoids, phenolic acids and esters (Simoes et al.,
2004). These components are responsible for propolis
antioxidant, antimicrobial, anti-parasitic, antiviral
and anti-inflammatory properties (Kumazawa et al.,
2004; Paulino et al, 2008). The GC-MS
spectrophotometry analysis of type-13 Brazilian red
propolis  extract conducted in the current
investigation revealed that the extract contained high
concentrations of flavones, flavonoids and long chain
fatty acids. The isoflavonoid vestitol represented the
major constituent of the extract (24.6%) followed by
both benzenepropanoic acid, 3,5-
bis[(trimethylsilyl)oxy]-, trimethylsilyl; ie.
hydrocinnamic acid (16.5%) and medicarpin
(13.5%). Recently, vestitol isolated from Brazilian
red propolis methanolic extract has been reported to
exhibit in vivo anti-inflammatory and in vitro
antimicrobial properties (Bueno-Silva et al., 2013;
Franchin et al., 2016). Meanwhile, the
phenylprobanoid, hydrocinnamic acid, has been
utilized in food industry as an antioxidant and
antimicrobial additive to prolong shelf life of foods
(Korneev, 2013). Further, the pterocarpan,
medicarpin, is an isoflavonoid derivative that belongs
to the phytoalexins group (Hargreaves et al., 1976)
and is considered a powerful antifungal compound

(Martinez-Sotres et al., 2012).

Along with other antioxidant bioactive agents that
comprise Brazilian red propolis extract, the
aforementioned components are capable of
scavenging free radicals thereby providing protection
against lipid peroxidation (Paulino et al., 2008;
Yousef and Salama, 2009). Propolis has been also
reported to induce activation of antioxidant enzymes;
such as superoxide dismutase and catalase, against
free radicals (Jasprica et al., 2007). This could
explain the enhancement in sperm motility, vitality
and membrane integrity in propolis-supplemented
specimens compared to control over time of chilled
preservation.

CONCLUSIONS

It can be inferred from the current results that
supplementing ram semen extender with type-13
Brazilian propolis extract sufficiently mitigated the
deleterious effects of chilled preservation and, thus,
enhanced preservation capacity of ram spermatozoa.
The results also spotted the light on the possibility of
substituting synthetic antibiotics in semen extender
with type-13 red propolis extract as natural
alternative antibiotic.
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