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RESUMO

LOSANO, J. D. A. Papel da mitocéndria na homeostase oxidativa e na

funcionalidade de espermatozoides ovinos submetidos a criopreservagao
[Role of mitochondria in oxidative homeostasis and functionality of ram sperm
submitted to cryopreservation]. 2016. 111 f. Tese (Doutorado em Ciéncias) -
Faculdade de Medicina Veterinaria e Zootecnia, Universidade de Sdo Paulo, Séao
Paulo, 2016.

Estudos tém demonstrado a importancia da mitocondria para a funcionalidade do
espermatozoide, referindo-a como a principal fonte de energia para a motilidade e a
homeostase celular. No entanto, para algumas espécies animais, estudos recentes
indicam que a glicOlise parece ser o principal mecanismo de producédo de ATP para
a motilidade espermética, superior a fosforilagdo oxidativa. Em ovinos estudos
envolvendo o metabolismo energético do espermatozoide sdo necessarios nao
apenas pelo seu interesse zootécnico, mas também como modelo experimental para
bovino, espécie na qual este mecanismo € também pouco conhecido. Apesar da
importancia da mitocondria para o metabolismo celular durante a fosforilagao
oxidativa, sdo produzidos metabdlitos denominados Espécies Reativas de Oxigénio,
as quais possuem um papel fundamental em diversos processos fisioldégicos. No
entanto, um eventual desequilibrio entre a producdo de EROs e 0s mecanismos
antioxidantes caracteriza o estresse oxidativo, que pode ser letal para as células
espermaticas. Ademais, estudos anteriores relacionam as disfun¢cées mitocondriais
causadas pela criopreservacao espermatica ao estresse oxidativo e a diminuicéo da
atividade mitocondrial. Desta forma, acreditamos que injdrias mitocondriais durante a
criopreservacao sdo a origem da producédo excessiva de fatores pro-oxidativos e, em
altima analise, causadores dos danos espermaticos poés-descongelacdo e
diminuicdo da motilidade. Em face do exposto, a hipotese central do presente
experimento é que o espermatozoide ovino, apos despolarizacdo mitocondrial por
desacoplamento da fosforilazagdo oxidativa e suplementacdo para a glicélise, €
capaz de manter a producdo de ATP e, consequentemente, a motilidade
espermatica. Ainda, um leve desacoplamento mitocondrial € benéfico para os
espermatozoides durante a criopreservacao por diminuir as crioinjurias mediadas por
disrupcdes mitocondriais. Em relacdo aos nossos estudos de fisiologia, observamos
no experimento 1 que 0s espermatozoides ovinos, mesmo apresentando suas

mitocondrias despolarizadas sédo capazes de manter a motilidade total. Este
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resultado nos sugere que a via glicolitica possivelmente é capaz de manter a
motilidade espermatica. Por outro lado, o desacolpamento mitocondrial alterou os
padrées do movimento espermatico, nos sugerindo que a mitocondria possui um
papel mais importante na qualidade do movimento espermatico do que na motilidade
total. Ainda, no experimento 2 observamos que a via glicolitica, apds ser estimulada,
€ capaz de manter os niveis de ATP, os padrbes de cinética espermatica e a
homeostase oxidativa dos espermatozoides epididimarios bovinos submetidos ao
desacoplamento mitocondrial. Em relacdo ao nosso estudo aplicado (experimento
3), observamos que 0s espermatozoides ovinos criopreservados submetidos a um
leve desacoplamento mitocondrial concomitantemente a estimulacdo da via
glicolitica apresentaram maior motilidade, menor peroxidacdo lipidica, menor
susceptibilidade da cromatina a denaturacdo acida e maior potencial de membrana
mitocondrial. Estes resultados nos indicam que um leve desacoplamento
mitocondrial durante a criopreservacdo espermatica € capaz de proteger as
mitocondrias contra as crioinjurias e consequentemente melhorar a qualidade

espermatica pés-descongelacao.
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Glicolise. Fosforilagio oxidativa



ABSTRACT

LOSANO, J. D. A. Role of mitochondria in oxidative homeostasis and
functionality of ram sperm submitted to cryopreserv ation . [Papel da mitocondria
na homeostase oxidativa e na funcionalidade de espermatozoides ovinos
submetidos a criopreservacdo]. 2016. 111 f. Tese (Doutorado em Ciéncias) -
Faculdade de Medicina Veterinaria e Zootecnia, Universidade de S&o Paulo, S&o
Paulo, 2016.

Studies have demonstrated the importance of mitochondria in the sperm
functionality, referring to it as the main source of energy for motility and cellular
homeostasis. However, for some animal species, recent studies indicate that
glycolysis seems to be the main mechanism ATP production for sperm maotility,
higher than the oxidative phosphorylation. In ovine studies involving energy
metabolism of sperm are required not only for their livestock interest, but also as an
experimental model for bovine species in which this mechanism is also unknown.
Despite the importance of mitochondria for cellular metabolism during oxidative
phosphorylation, they are produced metabolites called reactive oxygen species,
which have a key role in many physiological processes. However, any imbalance
between ROS and antioxidant mechanisms characterizes oxidative stress, which
may be lethal for the sperm cells. Moreover, previous studies relate to mitochondrial
dysfunction caused by oxidative stress on sperm cryopreservation and decreased
mitochondrial activity. Thus, we believe that mitochondrial injury during
cryopreservation are the source of excessive production of pro-oxidative factors and
ultimately, causing the post-thaw sperm damage and decrease in motility. In view of
the above, the central hypothesis of this experiment is that the ovine sperm after
mitochondrial depolarization by uncoupling of oxidative phosphorylation and
glycolysis supplementation is capable of maintaining the ATP production and
consequently sperm motility. Additionally, a mild mitochondrial uncoupling is
beneficial for spermatozoa during cryopreservation by decreasing the cryoinjuries
mediated by mitochondrial disruption. Regarding our physiology studies, we
observed in experiment 1 that the ovine sperm, even with their depolarized
mitochondria are able to maintain total motility. This result suggests that the glycolytic
pathway is possibly able to maintain motility. Moreover, the fact that mitochondrial
uncoupling altered sperm movement patterns suggests that mitochondria has a more
important role in the quality of sperm kinetic than the total motility. Furthermore, in the

experiment 2 we observed that glycolytic pathway, after being stimulated, is able to



maintain ATP levels, sperm kinetics patterns and oxidative homeostasis of bovine
epididymal spermatozoa submitted to mitochondrial uncoupling. Regarding our
applied study (Experiment 3), we observed that cryopreserved ovine sperm
submitted to mild mitochondrial uncoupling concurrently with glycolysis stimulation
showed increased motility, lower lipid peroxidation, lower susceptibility of chromatin
to acid denaturation and higher mitochondrial membrane potential. These results
indicate that a slight mitochondrial uncoupling during sperm cryopreservation can
protect mitochondria against cryoinjuries and hence improve the post-thaw

spermatozoa quality.

Keywords: Spermatozoa. Ruminants. Sperm metabolism. Glycolysis. Oxidative

Phosphorylation
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1 INTRODUCTION

The nuclear power plant Chernobyl, located in the Ukraine and considered a
worldwide reference on energy production, was capable of generating an amount of
four megawatts of electric energy. In 1986, a serious accident in reactor no. 4 led to
release of radioactive material equivalent to 400 times than was observed in the
atomic bombing of Hiroshima. As a result, approximately 3.900.000 Km? of the
European and Asian continents were contaminated with cesium - 137 (FAIRLIE;
SUMNER, 2006). Despite the obvious difficulties on estimating the casualties directly
or indirectly linked to the accident (FAIRLIE; SUMNER, 2006), millions of people
were exposed to radioactive material leading to high incidence of mutation, several
types of cancer, especially in the thyroid (KAZAKOV; DEMIDCHIK; ASTAKHOVA,
1992; KLUGBAUER et al.,, 1995), as well as infant leukemia after intrauterine
exposure (PETRIDOU et al., 1996). Until now, some areas near the power plant
cannot be inhabited due to isotopes still present in the environment.

Similarly to a nuclear power plant, mitochondria exhibit high energy production
capacity; however, in situations which the structure of this organelle is compromised,
the potential to release extremely toxic products is also injurious. Such toxic
substances may lead to damages in the surrounding cells and other tissues. In fact,
several studies have linked mitochondrial dysfunction to some pathological
conditions such as neurodegenerative diseases (LIN; BEAL, 2006), type 2 diabetes
(LOWELL; SHULMAN, 2005) and neoplasia (MODICA-NAPOLITANO; SINGH,
2004).

In relation to the spermatozoa, several studies have referred mitochondria as the
main source of energy, also playing important role on the cellular homeostasis
maintenance and motility (TRAVIS et al., 1998; ST. JOHN, 2002). However, for some
species, evidences suggest that glycolysis may be the main source of ATP
production for sperm motility, superior to oxidative phosphorylation (MUKAI; OKUNO,
2004; FORD, 2006; NASCIMENTO et al., 2008).

Despite the importance of mitochondria to sperm metabolism, during oxidative
phosphorylation are produced metabolites called reactive oxygen species (ROS),
substances with important role on several reproductive physiological mechanisms
(DE LAMIRANDE et al.,, 1997). Nevertheless, an unbalance between ROS
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production and mechanisms aiming to avoid their powerful oxidative potential (i.e.,
antioxidants), may be extremely harmful to the spermatozoa (HALLIWELL, 1999;
NICHI et al., 2007b).

As the main source of pro-oxidative factors, mitochondria has been found as
crucial on the disruption of oxidative homeostasis (AGARWAL et al., 2014). In fact,
several studies have demonstrated correlations between impaired mitochondrial
activity with both oxidative stress and sperm DNA fragmentation, indicating a close
relationship between these variables on the sperm damage pathogenesis (BARROS,
2007; NICHI et al., 2007a; BLUMER et al., 2012).

Since the Chernobyl accident, the main concern of nuclear energy specialists and
the community in general is on the approaches to avoid the destruction caused by an
eventual nuclear disaster. If it was possible, the deactivation of the power plant would
probably avoid most of the damages prior a predictable stressful event. Similarly, the
reversible inhibition of mitochondrial activity in situations where this organelle
dysfunction is known (i.e., sperm cryopreservation) (O'CONNELL; MCCLURE;
LEWIS, 2002; SARIOZKAN et al., 2009; THOMSON et al., 2009) would probably
improve sperm viability by decreasing the amount of pro-oxidative factors available
for release. Actually, a few studies have suggested that, for some cellular types,
uncouplers of the oxidative phosphorylation are capable of reducing oxidative stress
(VINCENT et al., 2004; MAILLOUX; HARPER, 2011).

This review aims to provide a brief introduction to cellular respiration, compile
literature data about the role of mitochondria in oxidative homeostasis and sperm

functionality as well as suggest some tools to assess sperm mitochondrial function.
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6 CONCLUSION

In conclusion, we observed that the glycolytic pathway is as important as
oxidative phosphorylation for motility and ram sperm functionality. On the other hand,
oxidative phosphorylation seems to have more influence in the sperm movement
patterns than motility. In addition, we verified that the glycolytic pathway, after
stimulation, is able to maintain sperm Kkinetic patterns, ATP levels and oxidative
homeostasis of bovine epididymal spermatozoa submitted to mitochondrial
uncoupling. Furthermore, we observed that the mitochondrial uncoupling associated
with the glycolysis stimulation during the ovine sperm cryopreservation prevents

oxidative injuries and then improving the post-thawing sperm quality.
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