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SUMMARY

There are many research articles on using antioxidants, regardless of its source of synthesis, in semen
cryopreservation against the hazards of free radicals. Two types of natural antioxidants and synthetic one were
added to Tris based extender in the current research. Semen samples were collected biweekly from thirty five
local Friesian bulls, pooled, then divided into seven groups (Basic) and three supplementations with two levels
of each; Ubiquinone-10 (0.02mM and 0.03mM), L-Carnitine (2mM and 3mM) and N-Acetyl-L-Cysteine (1.0mM
and 1.5mM). All groups were packed and cryopreserved in 0.5 ml French straw under LN,. Sperm assessment
parameters were estimated after dilution and after thawing. Recovery rates and enzymatic activities of AST,
ALT and LDH were evaluated after thawing. Generally, addition of antioxidants significantly enhanced all
sperm assessment parameters and recovery rates with delayed activity of seminal enzymes than control group.
However; the best semen characteristics (P<0.05) were found in both UB-10 (0.03mM) and NAC (1.0nM)
additions with an advantage to UB-10 (0.03mM) in motility and livability of spermatozoa. Also, treatment of
diluted semen with LC enhanced post-thawing recovery rates (P<0.05) of all semen assessment parameters than
BE group only. Current results revealed the promising improvements of UB-10 as a natural antioxidant and
NAC as a synthetic one that able to enhance mobility, viability and maintains acrosomal integrity of
cryopreserved local Friesian bull’s spermatozoa.
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INTRODUCTION hand, N-Acetyl-L-Cysteine that known as N-

Acetylcysteine was initially patented in 1960 and

During semen cryopreservation, the spermatozoa
are subjected to chemical, toxic, osmotic, thermal,
mechanical and oxidative stresses during dilution,
cooling, equilibration, or freezing and thawing stages
that delays its motility and viability. Hence, sperm
plasma membrane has abundant polyunsaturated fatty
acid; makes them potentially susceptible to reactive
oxygen species (ROS); induces lipid peroxidation
(LPO) to sperm membranes, damage to proteins,
DNA fragmentation and enzyme inactivation; leading
to a decrease of post-thawing sperm motility and
viability of bull semen (Dos Santos ef al., 2009 and
Gualtieri et al., 2014).

Regardless of its original source, antioxidants are
used as a scavenging tool against the hazards of free
radicals in semen cryopreservation. Further research
investigated whether enzymatic or not; but none of
which discussed its synthesis origin; if it is natural or
synthetic. The aim of the current research is to study
Ubiquinone-10 and  L-Carnitine as  natural
antioxidants from different sources versus N-Acetyl-
L-Cysteine synthetic non-phenolic one; in Tris based
extender. The Ubiquinone-10, known as Co-Enzyme
Q10, is a cellular antioxidant produced especially
from mitochondria and found in the middle-piece of
spermatozoa as well (Tariq et al, 2015). In the
meantime, L-Carnitine is found with high
concentration in epididymis and secreted in seminal
plasma (Matalliotakis ef al., 2000). On the other

licensed for use in 1968 (Fischer and Ganellin, 2006)
and has many medicinal benefits.

MATERIALS AND METHODS

Both Ubiquinone-10 (UB-10), ¢9538 and N-
Acetyl-L-Cysteine (AC), A7250 were obtained from
Sigma Aldrish Co. St. Louis, MO, USA. Meanwhile
L-Carnitine (LC) was purchased from Roche
Diagnostics GmbH, Mannheim, Germany.

Animals and semen collection:

A total of 35 sexually mature local Friesian bulls
(350-400+£50kg) were maintained at El-Gemmezah
Animal Production Research Station, Animal
Production Research Institute, Agricultural Research
Center, Egypt. Ejaculates more than 70% mass
motility were collected biweekly, for five successive
weeks, using an artificial vagina; then taken
immediately to the laboratory for semen evaluation
and processing.

Preparation of cryopreservation medium:

The experimental basic extender of bull semen
was Tris-citric acid-egg yolk extender. The extender
was divided into seven groups; control (BE, Basic
Extender) and three treatments with two levels of
each; Ubiquinone-10 (UB-10, 0.02 mM and UB-10,
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0.03 mM), L-Carnitine (LC, 2 mM and LC, 3 mM)
and N-Acetyl-L-Cysteine (NAC, 1.0 mM and NAC,
1.5 mM), per 100 ml., extender.

Semen processing, cryopreservation and thawing
processes:

The collected semen was pooled and divided
equally according to above mentioned seven groups
with evaluated dilution rate 1:10 then packed into 0.5
ml medium- sized French straws and cryopreserved
into liquid nitrogen (LN,) at -196°C after 4h
equilibration time at 5°C. One month later; frozen
straws were thawed at 37%C for 30s in water bath to be
evaluated.

Semen evaluation and enzymatic activity:

Semen extended with each treatment level was
evaluated in post- dilution and post-thawed semen
samples according to Salisbury et al (1978).
Percentage of progressive motility was held using
stage microscope at X20 objective lens. Meanwhile;
viability and morphological abnormalities, of at least
200 spermatozoa, were done using Eosin (0.5%)-
Nigrosin (0.1%) staining mixture; dead cells were
stained by the Eosin (Barbas, and Mascarenhas,
2009). In the meantime, the counting of acrosomal
membrane intact was done by immerging of air dried
30 ul of thawed semen into previously prepared
Giemsa’s stain solution and kept at 37°C for 2 hrs
(Chowdhury et al., 2014). Membrane permeability
(Hypoosmotic Swelling Test, HOST) in 100 mOsm/L
was held to evaluate the functional intact sperm
plasma membrane, based on swollen tails (Hufana-
Duran et al., 2015). The hypo-osmotic solution
consisted of 7.35 g sodium citrate and 13.51 g
fructose dissolved in one liter of distilled water.
Concisely, 500 pl of hypo-osmotic solution was
mixed with 50 pl of frozen-thawed semen and was
incubated at 37°C for one hour. Thereafter, a drop of
well mixed semen was placed on a glass slide and
covered with a cover slip. At least 200 spermatozoa
were counted in different fields under 400x phase
contrast microscope. The recovery rate after thawing
was estimated for each parameter according to Zhang
el al. (2012) except for sperm abnormalities as
follows:

% Sperm parameter after thawing

Parameter recovery rate % = —
% Sperm parameter post dilution

Seminal aspartate- (AST) and alanine- (ALT)
aminotransferases ~ enzymatic  activities  were
estimated (Schmidt and Schmidt, 1963) and lactate
dehydrogenase (LDH) was also determined as well
(Howell et al., 1979).

Statistical analysis:

Data were statistically analyzed by the least
square analysis of variances ANOVA using SAS
(2009) software. Duncan multiple range test was used
to test the differences among means (Duncan, 1955).

RESULTS

Generally, after dilution, BE enriched with
antioxidants significantly enhanced progressive
motility (P<0.001), livability (P<0.0001), sperm
membrane permeability (P<0.05) and intact of sperm
acrosome (P<0.0001); while sperm abnormalities
was minimum (P<0.0001) as presented in Table (1).
Meanwhile, after thawing, (Table 2); all sperm
assessment parameters were significantly enhanced
(P<0.0001) as a result of antioxidants
supplementation. However; the best semen
characteristics were found in both UB-10 (0.03mM)
and NAC (1.0nM) additions with advantage (P<0.05)
to UB-10 (0.03mM) in motility and livability of
spermatozoa. Same results were obtained for
enzymatic activity as shown in Table (3). The
0.03mM concentration of UB-10 shares the
significant best sperm recovery rate for motility with
NAC; 1.0mM (85.28% and 79.5% respectively) and
livability with LC; 3mM (87.55% and 87.27%,
respectively) as presented in Figs. (1 and 2).
Furthermore, both UB-10 concentrations displayed
the better sperm membrane permeability (88.45%
and 87.09% respectively; Fig. 3). In addition, the best
acrosomal intact recovery rate was for LC levels
(95.30% and 94.38%, respectively; Fig. 4), although

insignificant  difference among all extender
treatments were observed.
Ubiquinone-10 known as a bioenergetic

compound responsible for electrons and protons
transport in the process of energy production, leading
to ATP synthesis within mitochondrial membrane
needed for maintaining and enhancing sperm motility
(Lenaz and Genova, 2009).

Table 1. Post dilution impact of different levels of antioxidants enriched extender on sperm assessment

parameters (Mean=SE) on local Friesian bull’s semen

Sperm parameters (%)

Ex.t ender - o . Hypoosmotic Swelling Acrosomal
Enrichment Motility livability Abnormality Test Intact

Basic Extender  68.40°:1.03  66.00%t1.45  28.40°+1.72  69.60°+1.40 74.40° +0.93
UB-10 (0.02mM) 75.00™ £1.58 72.40°+0.68  18.60°+1.21  73.80"+1.20 80.00° +£0.84
UB-10 (0.03mM) 77.40°¢1.12  78.40°+1.75  13.60*+0.68  77.00%1.22 83.60%+0.51
LC (2mM) 70.00°£1.58  68.60°° +0.81  24.40°t1.17  71.20%+0.97 73.40° +0.51
LC 3mM) 72.00°£2.00 68.80"™ +1.02 22.60°+1.60  72.40°°+1.25 74.20° +0.37
NAC (1.0mM)  75.00™+1.58 76.80°+1.32  17.20°:0.86  76.20™+1.85 81.60°+0.51
NAC (1.5mM) 74.00™ £1.87 71.80°+1.07  19.20™+0.86  73.80°"+1.88 77.40° £0.51

a, b, ¢, d and e: Means within each column followed by different letters differ at P<0.05.
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Table 2. Post-thawing sperm assessment parameters (MeanSE) of local Friesian bull’s semen extender

as affected by different levels of antioxidants

Sperm parameters (%)

Extender

Enrichment Motility livability Abnormality gxgl‘l’l"nsgmg‘:t Aclrlft?c‘:‘al
Basic Extender 48.40°£0.75  54.40%+1.63 47.00+2.10  57.00*t1.26 53.60°+£2.89
UB-10 (0.02mM) 54.80™42.42  62.60°+1.33 28.00"+0.71  64.20°1.20 71.40°+0.75
UB-10 (0.03mM) 66.00+1.30  68.60°1.17 23.00%0.71  68.00"+0.84 76.60°1.40
LC 2mM) 50.00"£2.24  56.80"+0.80 33.60%1.03  58.60"+0.87 67.00"+£0.84
LC 3mM) 52.00™41.22  60.00"°+0.32 31.40°+1.03  59.60°°+0.24 68.20°°+1.16
NAC (1.0mM) 59.60£1.03  64.00%+1.61 26.00°£0.32  66.00°+1.14 73.40%+0.40
NAC (1.5mM) 57.00°£2.00  61.20°+0.58 29.20™+0.37  60.80°+0.66 68.80™+0.66

a, b, ¢, d and e: Means within each column followed by different letters differ at P<0.05.

Table 3. Enzymatic activity (Mean+SE) of post-thawed local Friesian bull’s seminal plasma supplemented
with different levels of antioxidants

Extender Enzyme concentration (IU/1)
Enrichment AST ALT LDH
Basic Extender 40.20°+1.56 28.80%:1.07 315.40°+9.81
UB-10 (0.02mM) 23.80°+0.66 21.00b°+1.30 247.20*+7.55
UB-10 (0.03mM) 21.40%1.12 17.20%1.02 215.00°+6.71
LC 2mM) 29.20°+0.66 23.20%1.50 274.00°+4.79
LC (3mM) 30.00"+1.38 23.60°1.03 281.40%+5.98
NAC (1.0mM) 22.20%1.11 19.00°+0.71 240.80°+4.77
NAC (1.5mM) 24.40%0.93 22.00°+0.84 265.40+5.25

90 4

88
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a, b, ¢, d and e: Means within each column followed by different letters differ atP<0.05.
UB-10= Ubiquinone-10), LC =L-Carnitine, NAC=N-Acetyl-L-Cysteine, AST=Aspartate Aminotransferase ALT=Alanine
Aminotransferase and LDH=Lactate dehydrogenase.
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DISCUSSION

Current experimental results support the fact that
naturally or  synthetic  phenolic  butylated
hydroxytoluene antioxidants systems are the defense
functioning mechanisms against LPO of oxidative
stressed spermatozoa (Shoae and Zamiri, 2008), and
thus improve the quality of cryopreserved semen
(Tariq et al., 2015).

The continuous production of ROS leads to
imbalance with endogenous antioxidants from sperm
cells and seminal plasma which are in low
concentrations,  whether  enzymatic or not
(O’Flaherty, 2014). These events increased the
number of abnormal and immature sperm cells that
adversely affecting sperm motility, viability and
fertilizing potential (Sikka, 2004).

Based on previous facts, current study results
point to that cellular originated antioxidants like UB-
10 has the most powerful influence on the quality of
Egyptian bull’s sperm after freezing-thawing process
when compared to all experimental groups. It might
act at both intra- and inter-cellular levels.

On the other hand, UB-10 supports and stabilizes
the mitochondrial oxidative phosphorylation against
free radicals (Miles, 2007) that provides the
protective benefits for bull spermatozoa against
damage (Gualtieri et al, 2014). That was clearly
observed with 0.03mM concentration of UB-10
(Fatimah et al, 2011). Current findings are in
agreement with those reported by Saeed ef al. (2016)
who found that UB-10 (30pM) enhanced both
buffalo and cattle sperm motility, livability,
membrane integrity with a great reduction in sperm
abnormalities and damaged acrosome.

Similar enhancements on semen assessment
parameters were observed for the synthetic
antioxidant focused in the concentration of 1.0mM of
NAC. It seems that NAC probably works at the
intracellular level; since there is evidence that the
neutral form of NAC has that ability to penetrate cell
membrane by passive diffusion because of its low
molecular weight (Samuni et al., 2013).

N-Acetyl-L-Cysteine known as scavenger of
ROS, as a precursor of L-cysteine, the precursor of
the biologic antioxidant glutathione (Rushworth and
Megson, 2014) in human (Ciftci et al., 2009) and
canine (Michael et al., 2007) semen. Hence, the
higher progressive motility, plasma membrane,
acrosomal integrities are correlated to L-cysteine
levels (Patel et al.,, 2016). However, some studies
found that NAC did not improve Post-thawing
motility in bull (Pinto et al., 2017) or ram (Ari et al.,
2016) spermatozoa. Additionally, NAC found to
exert attenuated action on both TGF-Bl anti-
proliferative and glutathione-depleting effects that
delay cellular proliferation of endothelial cells (Das
et al., 1992) and enhance the secretion of both IL-10
and IL-12 of human alveolar macrophage (Cu ef al.
2009); assuming that NAC is not only acting as an
antioxidant but also as preventive compound against

cell apoptosis (Dhouib et al, 2016). Further
researches could be a clue for the supported effect/s
of NAC on bull spermatozoa.

On the other hand, addition of LC to semen
extender improves sperm motility and viability not
only for post-thawing recovery rates but also for
diluted semen just than BE group. Current results are
supported by several studies on the ameliorative
impact of LC on the quality of bull spermatozoa
(Sato et al., 2008 and Abdel-Khalek ef al., 2015).

Finally, in relation to antioxidant defenses,
current results showed a significant (P<0.0001)
lower leakage of enzymatic activity of diluted
seminal plasma after thawing which were in
agreement with Patel ef al., (2016). Low incidence of
acrosomal changes of current results is evidenced by
the lower AST, ALT and LDH activities due to
antioxidant enrichment to semen extender than BE
group. Good semen quality is characterized by lower
AST, ALT and LDH activities (Taha et al., 2000 and
El-Harairy et al., 2011), that could be due to lower
injuries occurred to sperm membrane (Borah et al.
2015) as evidenced by significantly low acrosomal
changes occurred in the current study.

CONCLUSION

There is a broad range of antioxidants but which
is suitable and with what concentration? Present
study revealed promising results for UB-10
(0.03mM) as a natural antioxidant and NAC (1.0mM)
as a synthetic one which are able to enhance sperm
progressive mobility and viability with a strong
protective power against acrosomal damage of local
born Friesian bull’s spermatozoa. However, more
research is needed to investigate the addition
efficiency of both UB-10 and NAC and their mixture
in semen extender and at which supplementation
limit.
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