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ABSTRACT

Diluents and various biological products have been used in different animal species, with promising out-
comes in post-thaw sperm quality. Nevertheless, only a few reports are available for the semen of Arabian
horses. Edible bird’s nest (EBN) - a product of the salivary secretions of swiftlet species is widely known
to have both antioxidant and anti-inflammatory properties. Presently, there is no data available on the
role of EBN supplemented in different extenders and its effect on semen quality in stallion semen. Two
in vitro experiments were conducted to examine the effects of edible bird’s nest (EBN) on the quality
of chilled and post-thawed cryopreserved Arabian stallion spermatozoa. In experiment one, 10 ejaculates
were collected, divided into two equal parts, diluted using EquiPlus® and INRA 96® and supplemented
with 0 % (control), 0.12 %, 0.24 % EBN concentrations. The semen samples were stored at 5 C and
observed at 0, 24, and 48 h. Sperm Kkinetics variables (% total motility [TM] and progressive motility
[PM], curvilinear velocity; VCL, straightness; VSL, average path velocity; VAP) were analyzed using com-
puterized assisted sperm analysis. For chilled semen, there was no significant difference in any of the
sperm quality parameters between control (0 %), 0.12 %, and 0.24 % EBN supplementation either in
INRA96® or EquiPlus®. In experiment two, nine ejaculates were diluted and cryopreserved using
EquiPlus Freeze® and INRA Freeze® containing 0 %, 2.4 %, and 4.8 % EBN, and evaluated after thawing.
Sperm Kkinetics, DNA integrity and antioxidant capacity - Biological Anti-oxidant Potential (BAP) and
Reactive Oxygen Metabolites (d-ROMs) test were evaluated. In chilled semen, there was no significant
difference in any of the sperm quality parameters between control (0 %), 0.12 %, and 0.24 % EBN supple-
mentation either in INRA96® or EquiPlus®. For frozen semen supplemented with 2.4 % and 4.8 % EBN had
higher sperm motility parameters compared to control in INRA Freeze® and EquiPlus Freeze®, but the val-
ues were not statistically significant (P > 0.05). Also, EBN supplementation had no significant effects on
the DNA integrity, biological antioxidant potential, and reactive oxygen metabolites. EBN supplementa-
tion had no significant effects on sperm quality and antioxidant status in chilled and frozen Arabian
Stallion semen. Future studies might consider different methods of EBN preparation and concentrations
to elucidate the potential biological impact of EBN in Arabian stallion semen.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Abbreviations: EBN, Edible Bird Nest; ROS, Reactive oxygen species; d-ROMs,

Determination of Reactive Oxygen Metabolites; BAP, Biological Anti-Oxidant
Protection; DNA, Deoxyribonucleic Acid; AS, Arabian Stallion.
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Advances in the cryopreservation of stallion semen have led to a
significant improvement in equine breeding over the past years.
With the worldwide demand for stallion spermatozoa, cryopreser-
vation is beneficial in terms of long-term preservation, transporta-
tion, and availability of important genetic resources, as well as
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reducing the chances of disease transmission associated with nat-
ural breeding (Alvarenga et al. 2016). Nevertheless, there are con-
cerns regarding the low fertility of frozen-thawed stallion,semen
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compared with other domestic species (Gibb et al. 2017; Gibb,
Lambourne, and Aitken 2014). Fertility problems arise from the
low survival of stallion spermatozoa during freezing (Alvarenga
et al. 2016), which are attributed to alterations such as osmotic
stress, the formation of intracellular ice crystals, and toxicity of
cryoprotectants (Alvarenga et al. 2016). The underlining mecha-
nisms related to the variability are not fully understood (Ortega
Ferrusola et al. 2009). There are various degrees of damage experi-
enced by cooled or frozen-thawed spermatozoa ranging from
reduced sperm motility to defective membrane integrity or even
sperm death (Gibb et al. 2013).

Oxidative stress is one of the events affecting the fertility and
physiology of frozen spermatozoa (Aitken and Krausz 2001).
Oxidative stress results from an overproduction of reactive oxygen
species (ROS) beyond the antioxidant capacity of the body cells
(Halliwell 2006), thereby leading to substantial damages of sper-
matozoa such as lipids peroxidation (Ball 2008) protein oxidation
(Morielli and O’Flaherty 2015) deoxyribonucleic acid (DNA) frag-
mentation (Rui et al. 2018), and reduced activity of the mitochon-
drial membrane(Len, Koh, and Tan 2019; Lopez-Fernandez et al.
2008). Endoplasmic reticulum is a known source of ROS (Tu and
Weissman 2004), and its hemostasis is also perturbed during cry-
opreservation (Zhao et al. 2015). Detection of oxidative damage
in cryopreserved spermatozoa is an important parameter to quan-
tify the extent of the damage. The degree of DNA damage in cells
was significantly increased by cryopreservation as assessed by
DNA fragmentation. However, it is proven that using slow-
freezing rate of cells can reduce the damage of DNA due to the acti-
vation of p53 and RAD51 which considered to be the guardians of
the genome (Xu et al. 2010).

Edible bird’s nest (EBN) - a product of the salivary secretions of
swiftlet species is recognized for its medicinal and nutritional ben-
efits and demonstrated as a potential antioxidant (Ghassem et al.
2017; Marcone 2005). Several authors have reported that EBN pos-
sesses anti-aging, anti-cancer, antioxidative, and anti-
inflammatory properties (Hamzah et al. 2013; Hou et al. 2015;
Yida et al. 2015). EBN contains numerous components such as car-
bohydrates which make up 27-58% of the constituents (Yida et al.
2015). Specifically, the carbohydrates elements consist of 9.0% sia-
lic acid, 7.2% galactosamine, 5.3% glucosamine, 16.9 % galactose,
and 0.7 % fructose. Sialic acid (SA) is also considered an immune
moderator which affects mucus ' ability to remove harmful
microbes (Yagi et al. 2008). Sialic acid is well-known to have both
metabolic enhancing (Abdul Khalid et al. 2019; Yusop et al. 2016)
and antioxidative ability (Ghassem et al. 2017; Hou et al. 2015).
This antioxidative property contributed to the preservation of mor-
phological characteristics of stallion semen during cryopreserva-
tion (Yusop et al. 2016). Also, monosaccharide (glucose) and
disaccharide (trehalose) combinations increased semen perfor-
mance after cryopreservation (Naing et al. 2010). Moreover, several
studies have reported the beneficial effects of sugars on the post-
thawed viability of animal sperm in semen-freezing extenders
(Panyaboriban et al. 2015). A maximum of 18 amino acids has been
identified in EBN(Abdul Khalid et al. 2019). Amino acids are impor-
tant for energy production, facilitating cell function regulation, and
building the immune system through the production of
immunoglobulins and antibodies (Chua and Zukefli 2016). Reports
suggested amino acid supplementation enhanced sperm motility,
viability, and acrosome integrity (KKhalili et al. 2010). Szczesniak-
Fabianczyk et al. found that the addition of cysteine in semen
extender improved the viability, structure of chromatin, and integ-
rity of boar sperm cells during liquid preservation (Szczesniak-Fa
bianczyk et al. 2003).

In line with the benefits stated above, there is an evidence sug-
gesting that a combination of different antioxidants could induce
additive protective effects against cryopreservation compared with
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those used solely (Uysal and Bucak 2007). For instance, a combina-
tion of superoxide dismutase (SOD) and catalase led to a significant
improvement in oocyte survivability compared to when the two
treatments were used individually (Dinara et al. 2001). Relating
this to human sperm cryopreservation, a combination of SOD and
catalase enhanced sperm motility, which was far better than the
sole supplementation of each treatment (Trzcinska and Bryta
2015). In stallion semen, freezing extenders made up of INRA96®
+ INRA Freeze® or BotuSemen + BotuCRIO led to improved semen
quality than those containing EquiPlus® and Gent® (Neuhauser
et al. 2019).

Most Arabian mares in the Kingdom of Saudi Arabia are bred
naturally and a considerable number of stallions were reported
to have poor semen quality and fertility after thawing (Ali,
Alamaary, and Al-Sobayil 2014; Waheed et al. 2016). Diluents
and several biological products have been used in different animal
species, with promising outcomes in post-thaw sperm quality, but
only a few reports are available for the semen of Arabian horses.
Presently, there is no data available on the role of EBN supple-
mented in different extenders and its effect on semen quality in
stallion semen. We hypothesized that the addition of EBN to
extended semen would limit oxidative damage and osmotic shock,
which are the main events responsible for sperm damage during
the freezing and cooling process. The present study aimed to eval-
uate the effect of different concentrations of EBN added into Equi-
Plus®, EquiPlus Freeze®, INRA 96® and INRA Freeze® extenders on
the quality of chilled and cryopreserved Arabian stallion
spermatozoa.

2. Materials and methods
2.1. Animals

A convenient sample size of nine Arabian stallions aged
between 6 and 13 years (median 9 years) with weight ranging from
400 to 540 kg were enrolled in this study. Prior to the experiment,
the stallions were examined for semen quality which included
total motility (TM), progressive motility (PM), morphology, and
concentration. Each stallion was housed in 20 m? stables at the
Mounted Police Division in the Royal Oman Police area, Muscat,
Oman. They were all provided with food and water. The daily diet
was made up of dry grass Katambora, oats, and concentrated ration
cubes of HAVENS® basis-sport which contain carbohydrates (51 %),
crude protein (12.6 %), crude fat (3.4 %), calcium (10.4 g) and phos-
phorus (4.7 g). The experiment was conducted during the breeding
season between January to May 2019. All the procedures involving
animal use were approved by the Animal Welfare Committee at
Animal Health Research Center (AHRC) No 54.

2.2. Preparation of EBN and extenders

EquiPlus® - Equiplus Freeze® (Minitube, Germany) and INRA
96® - INRA Freeze® (IMV Technologies Group, France) were the
four commercial extenders used in this experiment. The supple-
ment was a hydrolyzed form of EBN (a product from house nest
swiftlet [Aerodramus fuciphagus]) obtained from the University
Kebangsaan Malaysia. To prepare stock A, B, and C of hydrolyzed
EBN solutions, 0.48 g (480 mg), 0.24 g (240 mg), 0.12 g (120 mg)
of hydrolyzed EBN were added, respectively into corresponding
10 ml of physiological buffer saline (PBS) leading to the formation
of 4.8 %, 2.4 %, and 1.2 % concentrations of hydrolyzed EBN solution
aliquots.

Ten ml of stock A, B and C were refrigerated at — 20 °C in smaller
fractions of 40 pl and 400 pl Eppendorf tubes before use. The ali-
quots were introduced into a water bath at 37 °C for 3 min before
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Table 1a
Semen extenders used for chilled and frozen stallion semen in the present study.
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Components

Manufacturer

Extender for chilled semen
INRA 96°

EquiPlus®

Extender for frozen semen
INRA Freeze®

Purified fractions of the milk micellar protein, penicillin, gentamicin, and amphotericin B.
Caseinates derived from various fractions of milk casein, lincomycin and spectinomycin.

Purified fractions of the milk micellar protein, sterilized egg yolk plasma (2%),

IMV technologies, France
Minitub, Tiefenbach, Germany

IMV technologies, France

Sugars, Salts, Buffer, penicillin, gentamicin, and amphotericin B, Glycerol (2.5%).

EquiPlus Freeze®

Skim milk, Sugars, Buffer, Gentamicin sulfate Glycerol (3%)

Minitub, Tiefenbach, Germany

Table 1b

Composition of bioactive edible bird’s nests (EBN) hydro-peptides analyzed in UKM UNIPEQ.

Parameter, Unit Result Test Method

Sialic Acid, % 16.4 HPLC

Protein, g/100 g 64 Method No. STP/Chem/A03 based on AOAC 16th Edi. 981.10

Total Fat, g/100 g 0.6 Method No. STP/Chem/A02(ii) based on the Chemical Analysis of Food, David Pearson, 6th Edition: Page13
Total Carbohydrate, g/100 g 26.6 Method No. STP/Chem/A06 based on Promerance Food Analysis: Theory and Practice, 2nd Ed. (pg 637)
Total Ash, g/100 g 2.2 Method No. STP/Chem/A05 based on AOAC 16th Edi. 923.03

Moisture, g/100 g 6.6 Method No. STP/Chem/A04 based on AOAC 16th Edi. 950.46

Energy, kcal/100 g 368 (1546 k]) Method No. STP/Chem/A03 based on Person’s The Chemical Analysis of Foods (6th Edition, page 578)

adding them into the extenders. For chilled semen experiment,
40 pl of the hydrolyzed EBN (24 pg/ul) from stock B solution
was added into 3,960 pl of each extender (EquiPlus® and INRA
96®) to make the 0.24 % hydrolyzed EBN treatment. The same
quantity of EBN from stock C solution (12 pg/ul) was added to
3,960 pl of each extender to make the 0.12 % of hydrolyzed EBN
treatment. For the frozen semen experiment, 400 p of the hydro-
lyzed EBN (48 pg/ul) from stock A solution was added into 3600 pul
of each extender (EquiPlus Freeze® and INRA Freeze®) to make the
4.8 % hydrolyzed EBN treatment. About 400 pl of the hydrolyzed
EBN (24 pg/ul) from stock B solution was added into 3600 pl of
each extender to make the 2.4 % hydrolyzed EBN treatment. The
components and Physico-chemical properties of the extenders
and EBN used in this study are presented in Table 1a and 1b.

2.3. Semen collection and processing

A total of 19 ejaculates were collected from 9 stallions using a
Hannover model artificial vagina (AV; Mini-tube of America, Ver-
ona, WT), lubricated using a non-spermicidal lubricant (Minitube,
Germany), and pre-warmed at 48 °C. An inline filter fitted into
the artificial vagina (Mini-tube, Germany) was employed in sepa-
rating the ejaculate from the gel. A phantom was used to stimulate
the stallion in the presence of an estrous mare. Thereafter, the sam-
ples were transported to the laboratory immediately before pro-
cessing. The semen volume was read using a graduated cylinder
and inspected for contaminants, residue, odor, or abnormal
appearance.

The ejaculates were checked for sperm kinetic parameters using
the Computer-Assisted Sperm Analyzer (CASA; CEROS, Version12,
Hamilton Thorne Biosciences, USA). Sperm concentration was
determined using SDM1-Photometer (REF. 12300/0101, Minitube,
Germany). Only ejaculates with sperm motility higher than 60 %
and concentrations of 200 x 10° sperm cells/ml were used for
the experiment.

2.4. Experimental design

To evaluate the effect of EBN in the extenders used for liquid
storage and cryopreserved semen, the samples were divided and
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allocated to two main groups for both extenders (EquiPlus® and
INRA 96®). Each sample was diluted with semen extenders and
divided into two parts for two corresponding tests. For the first
experiment, 10 selected ejaculates from five stallions were divided
into two equal parts and diluted using extenders EquiPlus® and
INRA96® to obtain semen concentration of 50 x 10°. Both exten-
ders contained 0 % (control), 0.12 %, and 0.24 % of EBN and were
stored at 5 “C with a cooling rate of 0.3 °C/min for 48 h (0 h after
equilibration period of 90 min at 5 °C).

In Experiment two, nine selected ejaculates from four stallions
were divided into two equal parts and diluted at 1:1 with INRA
96® and EquiPlus® extenders. The samples were then centrifuged
at 1,000 g for 10 min to remove 90 to 95 % of seminal plasma.
The supernatant was removed and the sperm pellets containing 5
to 10% of seminal plasma were resuspended with specific freezing
extenders (INRA freeze® + 0 % [control], INRA freeze® + 2.4 %, INRA
freeze® + 4.8 %, EquiPlus freeze® + 0 % [control], EquiPlus freeze® +
2.4 %, and EquiPlus freeze® + 4.8 %) to obtain 200 x 10° sperm/ml.
Each diluted aliquots were cooled in a cold handling cabinet rate
0.3 °C/min (IMV, France) for equilibration to 5 °C over 2 h. Equili-
brated semen samples were filled in 0.5 ml French straws (IMV,
France) and frozen using programmable freezer - equine fast rate
(5 °C/minute from + 4 °C to —10 °C, 60 °C/minute from —10 °C to
—140 °C) (Minitube, Germany) and the straws were plunged into
LN2 (-196 C) for storage. Thereafter, the samples were thawed
after a week at 37 °C for 30 sec. Sperm motion kinetics (CASA),
Reactive Oxygen Metabolites (d-ROMs), Biological Antioxidant
Potential (BAP) (Diacron, Grosseto, Italy) and sperm DNA integrity
(Halomax DNA integrity test kit, Minitube, Tiefenbach, Germany)
were assessed at 37 °C immediately after thawing.

2.5. Analysis of sperm motility and sperm kinetics

Diluted, liquefied semen samples were further diluted with
extender to 50 x 10° spermatozoa/ml. Three microliters of semen
was placed on a pre-warmed 20 pm standard count analysis cham-
ber (Leja, Nieuw-Vennep, The Netherlands). Six randomly selected
microscopic fields were scanned and approximately 600 spermato-
zoa counted. The total motility (TM), progressive motility (PM),
average path velocity (VAP), progressive velocity (VSL) and track
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speed (VCL), lateral head amplitude (ALH), beat cross frequency
(BCF), straightness (STR) and linearity (LIN) of spermatozoa were
analysed. The CASA settings are summarized in Table 2.

2.6. Sperm viability and DNA integrity (DNA fragmentation)

Hoechst33342/PI fluorescent staining kit (Minitube, Tiefenbach,
Germany) was applied to assess sperm viability. The staining was
used to distinguish semen cells from the intact and damaged mem-
brane and analyzed with the module “Membrane Integrity” (Via-
bility) of AndroVision®. Initially, the semen sample (50 ul; 200
million spermatozoa/ml concentration) was warmed at 38 °C. Then
1.5 ul of stain was added to the 50 pl sample and mixed well before
incubation for 15 min. A drop of the mixed semen sample was
added onto a microscope slide. Six randomly selected microscopic
fields were scanned and approximately 600 spermatozoa counted
using AndroVision® Florecent microscope — Neofluar objective
(20x) (Minitube, Tiefenbach, Germany).

DNA sperm integrity was analyzed using the Halomax DNA
integrity kit (Minitube, Tiefenbach, Germany) by following the
manufacturer’s description. The sperm DNA fragmentation was
performed immediately after warming and thawing of the samples
prepared in experiments 1 and 2, respectively. The lysis solution
was prepared by setting the base lysis solution (BLS), reconstituted
to lysis solution (LS), followed by the addition of 3 ul of reducing
agent (RA), and mixed to ensure homogenization. An agarose
microgel was used to measure the final LS and prepared samples.
The semen samples were further diluted to a concentration of
15-20 million sperm/ml. An Eppendorf tube (ACS) containing agar-
ose (500 pl) was placed in the float and incubated in a microwave
oven. About 25 pl of each semen sample was transferred to an
empty Eppendorf tube, 50 ul of liquefied agarose was added and
mixed. Next, a drop of 2 ul of cell suspension was dropped unto
the marked wells and covered with glass coverslips, placed on a
glass plate before removing the coverslips. The slide was placed
horizontally on the float into a petri dish, followed by applying
LS over the wells. The sample was incubated for 5 min, drained,
and staged horizontally again directly on the float. The slide was
washed for 5 min with distilled water using a disposable pipette,
rinsed, and placed horizontally on top of the float. Dehydration
was conducted for 2 min using 10 % ethanol, drained, and allowed
to dry. The slides were stained using 2 ul of sybergreen prepared at
a final 40x concentration in distilled water, and mixed with
antifading mounting media (i.e. vectashield). The stained slides
were views under the AndroVision® Florecent microscope — Neo-

Table 2
Settings of the Hamilton Thorne CEROS animal soft-
ware (Version 12) used to assess stallion sperm

kinematics.
Variable Setting
Frame rate 60 Hz
Number of frames required 45
Minimum contrast 55
Minimum cell size (pixels) 6
Progressive path velocity cut-off 30 um/s
Progressive straightness 60%
Slow average path velocity cutoff 10 pm/s
Slow straight-line velocity cutoff 5 um/s
Static average path velocity cutoff 4 pm/s
Static average line velocity cutoff 1 pm/s
Non-motile head size (pixels) 0.5-4.8
Non-motile head intensity 0.25-1.8
Non-motile head intensity 1.87 x
Video frequency 60
[llumination intensity 2300
Temperature 37 °C
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fluar objective (20x) (Minitube, Tiefenbach, Germany). The analysis
of sperm DNA fragmentation entailed a minimum number of 300
sperm/sample. Interpretation of results was based on sperm with
fragmented DNA; sperm indicating nucleoids having a large and
spotty halo of chromatin, and sperm without fragmented DNA;
those showing nucleoids with a small and compact halo of dis-
persed chromatin.

2.7. Reactive oxygen Metabolites (AROMs) and biological antioxidant
potential (BAP) test

Frozen stallion semen samples were thawed at 37 °C for 30 sec
before conducting d-ROMs and BAP tests. A 500 ul of thawed
semen sample (200 x 10° sperm/ ml) was centrifuged at 14,000
g for 10 min, and the supernatant was collected and stored at
—20 °C until analysis. The concentration of extracellular ROMs
was determined using the d-ROMs commercial kit and FREE Sys-
tem (Diacron, Grosseto, Italy). The results were expressed in arbi-
trary units called ‘Carratelli unit’ (U CARR), where 1 Carratelli
unit corresponds to 0.08 mg/100 ml of hydrogen peroxide
(Ferramosca et al. 2013).

Total antioxidant capacity or biological antioxidant potential
(BAP) was measured by a spectrophotometric assay method using
the Free Radical Elective Evaluator (FREE) photometer (Diacron Inter-
national, Grosseto, Italy). The reagent consisted of 10 plof the diluted
sample, 1 ml of antioxidant solution, and 10 pl of chromogenic sub-
stance (N, N-diethyl paraphenylenediamine). Also included was a
standard and a blank reagent obtained after replacing the sample
with distilled water. Absorbance was measured at 505 nm by using
the same FREE System. The absorbance of the blank reagent was sub-
tracted from those of the samples and standard. Results were
expressed as moles of HCIO consumed per ml of the sample.

2.8. Data analysis

All the data were analyzed using the statistical package for
social science (SPSS, Version 24, IBM, USA). The data were checked
for normality based on the level of kurtosis and skewness. Log
transformation was conducted when necessary. All the CASA
parameters were analyzed using repeated-measures analysis of
variance (ANOVA) under the General linear model. For variables
that failed to conform to normal distribution after log transforma-
tion, Kruskal-Wallis test to determine the difference in the means
between various EBN concentrations. Time (0, 24, and 48 h), exten-
ders (EquiPlus® and INRA 96®), EBN concentration (0 %, 0.12 %, and
0.24 %), and temperature for chilled and frozen semen were treated
as fixed effects in the model. Replicates were considered as random
effects. P < 0.05 was considered for statistical significance in all the
analyses. Possible interactions between the fixed factors were
checked.

3. Results

3.1. Effects of supplementation of semen extender with EBN on the
quality of chilled Arabian stallion spermatozoa.

Table 3 shows the average sperm kinetics following 0, 24, and
48 h storage. The TM and PM values were not significantly different
(P > 0.05) between the control and EBN supplementation irrespec-
tive of storage time. Likewise, EBN supplementation of semen
extended with INRA 96® had no significant effect on any of the
other sperm quality parameters. For EquiPlus®, similar findings
were observed as sperm quality parameters were not significantly
different (P > 0.05) between the control and higher EBN
supplementations.
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3.2. Effects of supplementation of semen extenders (INRA Freeze® and
EquiPlus Freeze®) with EBN on frozen-thawed sperm kinetics and
antioxidant properties

Table 4 shows the comparisons of sperm kinetics of frozen-
thawed semen extended with INRA Freeze® and EquiPlus Freeze®
and supplemented with 0 % (control), 2.4 %, and 4.8 % EBN. There
was no significant difference (P > 0.05) in any of the sperm motility
parameters between the control, 2.4 %, and 4.8 % EBN supplemen-
tation in the semen extended with INRA Freeze® or EquiPlus
Freeze®. Table 5 shows the comparisons of sperm kinetic parame-
ters between the different concentrations of EBN after equilibra-
tion period and before freezing. For INRA Freeze®, both TM and
PM were not different (P > 0.05) between the control and various
EBN supplementation Numerically, VAP, VSL, and VCL were higher
in 4.8 % EBN compared to the control, but the differences were not
statistically significant (P > 0.05). Likewise, for the frozen semen
diluted with EquiPlus Freeze®, no significant difference (P > 0.05)
was observed in any of the sperm motility parameters between
the control, 2.4 %, and 4.8 % EBN supplementation. Comparisons
of DNA integrity, BAP, and d-ROMs between the control and vari-
ous EBN treatments are shown in Fig. 1. There was no significant
difference in any of the antioxidant indicators between the various
EBN treatment and control for frozen semen either diluted with
INRA Freeze® or EquiPlus Freeze® (P > 0.05).

4. Discussion

To the best of our knowledge, there is no available data on the
impact of EBN on the quality of either chilled or frozen equine
semen treated with commercial extenders (i.e., INRA 96®, INRA
Freeze® and EquiPlus Freeze®). In chilled semen, the majority of
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sperm kinetics were maintained at various storage times following
dilution with both extenders and EBN supplementation. These
results highlighted the beneficial effect of extenders on sperm
kinetics, which is consistent with reports from other studies (Al-
Bulushi et al. 2019; Alamaary et al. 2019; Contri et al. 2010). The
findings may be associated with the composition of INRA 96®
and EquiPlus®, which could be protective to sperm membranes
during preservation (Pillet et al. 2008).

The protective effects of INRA96® on sperm membranes during
preservation have been reported in previous studies (Pillet et al.
2008). Semen extenders have intrinsic features that result in vary-
ing effects on the percentage of viable spermatozoa in horses
(Alamaary et al. 2019; Waheed et al. 2016). For instance, the integ-
rity of the acrosome membrane may be compromised by the local
production of ROS (Len et al. 2019; Whittington and Ford 1999) ,
which leads to oxidative stress and marked reductions in sperm
viability (Aitken and Krausz 2001). The capacity to reduce or limit
these underlying mechanisms varies between extenders (Alamaary
et al. 2019; Neuhauser et al. 2019). In previous studies, there was
no significant difference in post-thawed TM, PM, and membrane
integrity between stallions’ semen extended with INRA 96® and
E-Z mixin®(Alamaary et al. 2019). A recent study conducted in Ara-
bian stallion found that INRA Freeze® and EquiPlus® performed
similarly in improving PM compared to HF-20 extender (Glucose
5 g, Lactose 0.3 g, Raffinose 0.3 g, Sodium citrate 0.15 g, Sodium
phosphate 0.05 g, Potassium sodium tartrate 0.005 g and egg yolk
10%) (Alamaary et al. 2019).

However, EBN had no significant effect on the sperm quality of
chilled Arabian stallion semen in this study. Furthermore, when
sperm kinetics were compared between the various EBN concen-
trations and control in both extenders, although some of the sperm
motility parameters had higher values at higher EBN concentration

Table 3
Effects of supplementation of semen extender with EBN on the sperm kinetics and viability of chilled Arabian stallion spermatozoa.
INRA 96® EquiPlus®
Variable Time Control 0.12 % 0.24 % Control 0.12 % 0.24 %
Total motility (%) 0 96.2 + 1.7 96.8 + 1.8 92.8 +2.7 95.7+1.5 96.4 + 0.8 94.7 + 1.1
24 83.0+6.4 79.2 + 8.6 84262 67.5+7.8 67.0+ 7.5 70.1 £ 8.1
48 63.4 + 16.5 62.8 +15.6 68.2 +13.3 345+79 29.5+93 38.0+124
Progressive motility (%) 0 54.0+7.0 55.0 + 6.4 49.1+6.1 55.1£2.1 582 +18 548 £2.7
24 38.0+5.1 36.7 + 5.7 38.8+49 20.7 + 4.2 232+ 46 28.0 2.0
48 21.0+6.8 214+ 6.5 24.6 +5.83 6.8+22 55+2.1 8.7+33
Path Velocity (VAP, um/s) 0 159.2 + 235 165.1 £ 26.1 158.9 £ 19.3 161.5 £5.8 172.9 + 4.6 161.0 £ 6.4
24 1302 +9.4 1329 +£11.9 1325 +9.6 81.5+48 88.6 £8.4 93.8 + 10.0
48 87.1+11.7 98.0+7.2 99.4 + 4.0 64.7 + 1.6 58.6 +1.7 60.7 + 3.7
Progressive velocity (VSL, pm/s) 0 127.1 £203 131.4 £ 22.5 126.2 £ 16.7 126.7 £5.8 136.5 £3.7 1269 £ 5.9
24 1014 + 8.0 105.2 + 10.6 104.1 £9.4 592 +44 648 £7.8 703 £9.0
48 64.2 +9.7 73.4+56 73.8 +4.1 404 £2.3 383 +1.0 38.7 +3.7
Curvilinear velocity (VCL, pm/s) 0 257.7 £41.3 263.2 £45.5 255.0.8 £ 32.8 259.6 £ 13.9 288.5 8.5 260.5 + 16.7
24 2247 + 14.0 227.8+19.3 226.1 + 149 142.1+£7.6 153.8 £13.5 161.5 £16.5
48 161.0 + 214 1744 £12.2 177.5 £16.8 1104 £ 6.5 107.4 £ 3.1 108.7 £ 6.1
Lateral head amplitude (ALH, um) 0 8.6+1.3 83+13 89+1.0 94+04 9.8 +0.5 9.6 £ 0.5
24 88+04 89+03 85+03 6.4+0.2 6.6 £ 0.4 6.7+04
48 73+0.8 8.0+04 7.8 +0.4 6.0 +0.4 57+0.2 53+0.1
Beat cross frequency (BCF, Hz) 0 13.1+25 13.9+22 134+1.9 21.7 £3.0 205+29 220+29
24 16.1+£1.3 17.0+£ 1.5 16.1+£1.3 14.2 £ 0.8 139+ 1.1 142 £1.1
48 11223 154 +1.2 148 + 1.6 14.7 £ 0.9 15.0+ 2.2 144+24
Straightness (STR, %) 0 756 £1.6 76.6 £2.1 756 £1.3 745 £23 752 £2.1 743 £23
24 724+ 13 731+15 735+1.7 57.7+1.6 67.0+1.9 69.0+1.9
48 65.6 + 1.8 70.0 £+ 0.7 74.0 £3.9 62.7 £3.0 63.7 £2.5 63.7+ 1.6
Linearity (LIN, %) 0 486+ 1.6 502 24 478+ 16 447 + 1.8 45.7+15 447 + 1.6
24 42.7 £1.2 433 £09 441 +1.2 40.5 £ 1.1 40.1 + 1.1 41.7 £1.2
48 38.8+05 40.8 + 0.7 41.0+14 38.0+1.5 39.0+26 385+13
Viable spermatozoa (%) 0 758 +7.6 68.2 £8.7 67.4 £8.3 533 +83 59.3+9.7 60.3 £8.3
24 502 + 8.2 42.1£6.0 49.1+84 44.5 £ 9.0 35.7+84 38.5+5.3
48 36.6 + 8.2 424 £10.9 364 +94 244 +124 252 +11.7 322+143

Note: Comparisons are between groups of treatment across the rows for each extender and storage time. For all the variable assessed, no significant difference were found

between supplemented and control groups.
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Table 4
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Comparisons of frozen-thawed sperm kinetics processed with INRA Freez® and EquiPlus Freeze® extenders supplemented with EBN.

INRA Freeze®

EquiPlus Freeze®

Variables Control 2.4 % EBN 4.8 % EBN Control 2.4 % EBN 4.8 % EBN
Total motility (%) 63.6 £ 8.5 56.1 £7.1 534 + 8.6 442 +93 539+ 6.6 50.5£9.2
Progressive motility (%) 253 %35 19.6 + 3.0 212+34 13.6 +3.7 16.5 +3.7 16334
Path Velocity (VAP, um/s) 99.1+78 89.3+438 97.1+5.1 732 t45 744 £ 2.6 78.7 +4.2
Progressive velocity (VSL, um/s) 775+72 69.6 + 4.3 76.8 + 4.0 544 + 3.7 562 +2.2 609 +34
Curvilinear velocity (VCL, pm/s) 170.1 £+ 11.3 1534+ 7.1 165.0 + 7.7 126.7 £ 8.2 1299+3 136.2 +6.8
Lateral head amplitude (ALH, pm) 72 +0.3 7.0+0.2 7.3+0.2 6.5 +0.3 6.3+0.1 6.8 £0.2
Beat cross frequency (BCF, Hz) 149+ 0.9 159 +1.2 16.0 £ 1.2 139+14 147 £ 0.9 16.1+£1.2
Straightness (STR, %) 73.1+14 726 £0.9 744 £1.2 69.7 £ 1.0 705 £ 1.1 720+1.2
Linearity (LIN, %) 440+ 1.6 437 £ 0.7 45.1 + 0.8 427 £ 0.9 420+ 1.1 42.7 + 0.6

Note: Comparisons are across the rows between the various EBN concentrations for each extender. Means were not statistically different between control and EBN

concentrations in both extenders.

Table 5

Comparisons of sperm kinetics between INRA Freeze® and EquiPlus Freeze® following supplementation of frozen-thawed Arabian stallion semen with 0 %, 2.4 % and 4.8 % EBN.

Variables INRA Freeze® EquiPlus Freeze®

Control 2.4 % EBN 4.8 % EBN Control 2.4 % EBN 4.8 % EBN
Total motility (%) 92.7+29 96.0+1.5 948 +5.6 85.7 +6.7 92.0+21 89.3+34
Progressive motility (%) 594 + 6.6 719 43 67.8 6.7 41.7 £44 40.7 £2.3 413 +34
Path Velocity (VAP, um/s) 165.1 £ 10.1 1736 £7.5 1785+ 8.3 131.3 £8.0 1259 £ 45 128.7 £7.7
Progressive velocity (VSL, pm/s) 122.0+8.2 129.6 £ 5.6 130.5 5.5 99.2 + 4.6 943 £ 1.9 96.3 £3.9
Curvilinear velocity (VCL, pm/s) 2834+ 148 2927 £ 15.2 303.0 £ 169 225.0 £ 16.7 2194+ 113 2215+17.1
Lateral head amplitude (ALH, pm) 113 £ 0.6 11.2£0.7 114 £0.7 9.0 £0.7 9.0+£0.7 8.9+0.38
Beat cross frequency (BCF, Hz) 152 +3.7 143 2.7 12628 18227 182 +33 18.2+3.0
Straightness (STR, %) 69.0 +2.0 70.6 + 2.1 69.7 + 2.1 716 £2.2 69.5+23 703 £2.1
Linearity (LIN, %) 40.6 £ 2.0 426 1.9 416 +£1.8 43.0+1.9 40.8 £2.0 422 £ 1.7

Note: Comparisons are across the rows between the various EBN concentrations for each extender. Means were not statistically different between control and EBN
concentrations in both extenders. Values within a column with different superscripts differ (P < 0.05).

compared to the control, the results were not statistically signifi-
cant. These results indicate that EBN supplementation did not yield
better sperm motility in any of the extenders. These outcomes
were not expected based on the positive effects of EBN reported
in several animal models, which include potent antioxidative and
anti-inflammatory properties (Hamzah et al. 2013; Yida et al.
2015). The constituents of EBN such as sugar fractions, proteins,
sialic acid are expected to interact positively to improve the quality
of chilled semen during storage (Hou et al. 2015; Yagi et al. 2008).
For instance, sialic acid has been reported to enhance metabolism
and antioxidant capacity (Abdul Khalid et al. 2019; Yagi et al.
2008), as seen in the preservation of sperm morphology and better
performance in other animal species such as bovine semen during
freezing (Naing et al. 2010; Yusop et al. 2016) Likewise, an example
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of the sugars present in EBN, treehouse, was demonstrated to
improve semen performance post-freezing (Panyaboriban et al.
2015). Moreover, the commercial extenders used in this study have
been shown to be effective not only for the preservation of stallion
semen but also improving semen quality during chilled and frozen
storage.

We designed this study to elucidate if EBN supplementation in
extenders will improve semen quality and antioxidant properties
during chilled and frozen storage based on earlier reports suggest-
ing additive protective effects of such combination (Szcze$niak-F
abianczyk et al. 2003). For instance, the combination of SOD and
catalase significantly improved the survival rate of oocytes com-
pared to individual treatments (Dinara et al. 2001). Also, stallion
semen quality was enhanced following the combined effects of

100 -

- —
DNA Integrity (%)
8 8

—

EquiPlus Freeze INRA Freeze EquiPlus Freeze

mControl ©24%EBN m4.8%EBN

Fig. 1. Comparisons of the antioxidant properties and DNA integrity of frozen thawed Arabian stallion sperm processed with INRA Freeze® and EquiPlus Freeze® extenders
supplemented with EBN. A = d-ROMS (Reactive oxygen metabolites), B = BAP (Biological antioxidative potential), C = DNA integrity. U CARR = Caratelli Units (1U
CARR = 0.08 mg/100 ml H,0,). Note: Comparisons are between results (mean * S.E) of the control and various EBN dose supplemented groups of the same extender. No

significant difference (p > 0.05) were found for all the three variables (A, B, C) assessed.
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freezing extenders, INRA96® + INRA Freeze® (Neuhauser et al.
2019). However, despite the numerous and promising findings in
our experiment associated with EBN, its various constituents, and
combined effects, semen quality and antioxidant properties were
not significantly affected in the present study.

The reasons for the current findings which are against our
hypothesis are not clearly understood. Nevertheless, certain factors
such as the preparation of EBN, concentration of EBN, its compat-
ibility with the commercial extenders may contribute to the
results. EBN was prepared as described in our previous study (Al-
Khaldi et al. 2021). The EBN was in a hydrolyzed form obtained
from a reliable source and corresponding concentrations were pre-
pared by adding 10 ml of PBS to produce the aliquots used in this
study. Different concentrations ranging from 0.12 % to 0.24 % and
2.4 % to 4.8 % were used for the experiment one and two, respec-
tively. These concentrations represent both low and high levels
to elucidate whether the effects of EBN on Arabian stallion semen
were dose-dependent. Such a dose-dependent effect was reported
after investigating EBN supplementation in diabetic-induced rats
(Yida et al. 2015). In our previous study, that supplementation with
higher EBN concentration (0.24 %) had no significant effect on the
total sperm motility. Moreover, extreme doses of antioxidants may
not be effective in antagonizing the oxidative stress associated
with the storage of chilled and cryopreserved semen.

The choice of extenders for stallion semen and their compatibil-
ity with EBN supplementation requires further investigation. Pre-
vious studies have demonstrated that the EquiPlus® extender
was ineffective in preserving sperm quality after 24 h of storage
(Neuhauser et al. 2019; Ghallab et al. 2017). Thus, the limitations
of certain extenders in improving the semen quality may con-
tribute to low synergic effects when combined with potential
antioxidant agents such as EBN. In addition, the supplementation
of extenders with antioxidants was shown to induce significant
and positive effects on sperm quality at specific concentrations
(Ghallab et al. 2017; de Oliveira et al. 2013). This reinstates the
need for further research regarding EBN concentrations as a sup-
plement for stallion semen either during cooling or freezing.

Sperm cryopreservation is associated with increased production
of ROS, lower antioxidant levels and increased susceptibility of
semen to lipid peroxidation (LPO) (Aitken and Krausz 2001; Len
et al. 2019). These events precipitate premature aging and frag-
mentation of DNA in frozen equine spermatozoa.(Len et al. 2019;
Ortega Ferrusola et al. 2009). The d-ROMs test is vital for the iden-
tification of oxidative stress markers including malondialdehyde
(an end product of LPO) and organic hydroperoxides (Costantini
2016). The BAP test uses photometrical reactions to quantify bio-
logical antioxidant potential in plasma based on the capacity to
reduce iron from ferric (Fe3 + ) to ferrous form (Fe2 + )(Celi,
Sullivan, and Evans 2010; Tafuri et al. 2019). These events justified
why we attempted to quantify the proportion of DNA fragmenta-
tion, BAP, and d-ROM:s in this study.

The second experiment assessed sperm kinetics and antioxidant
properties in frozen Arabian stallion semen extended with INRA
Freeze® and EquiPlus Freeze® and supplemented with higher
EBN concentrations (2.4 % and 4.8 %). In both extenders, no signif-
icant difference was observed in any of the sperm kinetic variables
between the various EBN supplementation. In terms pf sperm
kinetics, although the variables were not significantly affected by
EBN supplementation, the sperm quality was preserved during
freezing. This finding highlights that EBN had no negative impact
on sperm quality in Arabian stallion semen. However, the potential
beneficial role of EBN supplementation requires further
investigation.

The present study also revealed that EBN supplementation in
extended semen had no significant impact on the proportion of
fragmented DNA. DNA fragmentation results from high production
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of ROS, reduced antioxidant levels and increased susceptibility of
frozen semen to LPO (Aitken and Krausz 2001). EBN has been
demonstrated in experimental studies to reduce inflammation
and oxidative stress (Abdul Khalid et al. 2019; Yida et al. 2015).
These mechanisms enhance the preservation of sperm membrane
integrity and regulation of influx of intracellular ions during cryop-
reservation (Alvarenga et al. 2016). Furthermore, such an effect
reduces the formation of intracellular ion crystals, cell death, and
subsequently lower rates of DNA fragmentation (Lopez-
Fernandez et al. 2008). It could be inferred from this study that
antioxidant indicators were not significantly affected by EBN sup-
plementation, however, no detrimental effects were observed.
Other indications of antioxidant status such as BAP and d-ROMs
were not significantly different between the various EBN supple-
mentation. This result could have been influenced by the fact that
the experimental animals were not randomly selected, test proto-
col, and the suitability of the test to assess antioxidant status in
frozen semen. Various measurements such as BAP and d-ROMs
tests provide a complete picture of antioxidant status in stallion
semen (Tafuri et al. 2019). Hence, other parameters need to be con-
sidered in future research.

In conclusion, EBN supplementation had no significant effect on
sperm motility parameters in both chilled and cryopreserved
semen during the various storage times. Similarly, antioxidant
properties were not significantly enhanced following EBN supple-
mentation in cryopreserved semen. Future studies might consider
different methods of EBN preparation and concentrations to eluci-
date the potential biological impact of EBN in Arabian stallion
semen.
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