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Superoxide dismutase and catalase activity in collared peccary 
(Pecari tajacu) seminal plasma and their relation to sperm quality

Atividade da superóxido dismutase e catalase no plasma seminal de 
catetos (Pecari tajacu) e sua relação com a qualidade espermática

Érika Aparecida Araújo dos Santos1; Patrícia da Cunha Sousa1; Andréia Maria da 
Silva2; Ariana Lopes Correia Paiva2; Arthur Emannuel de Araujo Lago3; Valéria 

Veras de Paula4; Alexsandra Fernandes Pereira4; Arlindo de Alencar Araripe 
Noronha Moura5; Alexandre Rodrigues Silva4*  

Abstract

The study of the seminal plasma help us to understand the mechanisms by which reactive oxygen 
species (ROS) affect the sperm. The antioxidant enzymes, as the superoxide dismutase - SOD and 
catalase - CAT, are capable of removing the oxidative agents before they produce injuries. The aim 
of the current study was to investigate the activity of antioxidant enzymes SOD and CAT in seminal 
plasma, and their association with sperm quality in collared peccaries. Study was conducted during the 
dry period (August and September) on a region characterized by a semiarid climate, with an average 
annual temperature of 27°C and irregular rainfall (Mossoro, RN, Brazil; 5°10´S and 37°10´W). Nine 
ejaculates were obtained from sexually mature males (1 sample per animal) by electroejaculation. 
Semen was evaluated for microscopic parameters and the activity of SOD and CAT was measured by 
spectrophotometry. All ejaculates were white in color. Mean values for concentration were of 207 ± 160 
x106 sperm/mL, motility of 83.0 ± 20.9% and viability of 72.5 ± 10.4%. In regards to the enzymatic 
activity, none was observed for the CAT enzyme. Trace levels of SOD (0.033 ± 0.049 AU/mgP) were 
detected in the ejaculates of all individuals; however, no correlation was observed between SOD levels 
and the sperm motility (R = 0.35; P = 0.931), vigor (R = 0.29; P = 0.133), viability (R = 0.16; P = 0.29), 
functional membrane (R = 0.04; P = 0.617) or morphology (R = 0.03; P = 0.637). In conclusion, we 
demonstrated the first description of antioxidant enzyme activity in seminal plasma of fresh ejaculates 
obtained from collared peccaries. SOD antioxidant activity was evident during the dry period of a semi-
arid region, but no relationship between SOD and semen parameters was observed. 
Key words: Oxidative stress. Semen. Wild mammals. Biobank.

Resumo

O estudo do plasma seminal nos auxilia a compreender os mecanismos pelos quais as espécies reativas 
de oxigênio (EROs) afetam o espermatozoide. As enzimas antioxidantes, como a superóxido dismutase 
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- SOD e a catalase - CAT, são capazes de remover os agentes oxidativos antes que causem injúrias. 
O objetivo deste estudo foi investigar a atividade das enzimas SOD e CAT no plasma seminal, e sua 
associação com a qualidade espermática em catetos. O estudo foi conduzido durante o período seco 
(agosto a setembro) em uma região caracterizada pelo clima semiárido, com temperatura média anual 
de 27°C e pluviosidade irregular (Mossoró, RN, Brasil; 5°10´S e 37°10´W). Nove ejaculados foram 
obtidos de machos sexualmente maduros (1 amostra por animal) por eletroejaculação. O sêmen foi 
avaliado quanto aos parâmetros microscópicos e a atividade da SOD e da CAT foi mensurada por 
espectrofotometria. Todos os ejaculados apresentavam coloração branca. Os valores médios para a 
concentração foram de 207 ± 160 x106 espermatozoides/mL, motilidade de 83,0 ± 20,9% e viabilidade 
de 72,5 ± 10,4%. No que diz respeito à atividade enzimática, nenhuma foi observada para a enzima 
CAT. Traços de SOD (0,033 ± 0,049 AU/mgP) foram detectados nos ejaculados de todos os indivíduos; 
entretanto, nenhuma correlação foi observada entre os níveis de SOD e a motilidade espermática (R 
= 0,35; P = 0,931), o vigor (R = 0,29; P = 0,133), a viabilidade (R = 0,16; P = 0,29), a função de 
membrana (R = 0,04; P = 0,617) ou a morfologia espermática (R = 003; P = 0,637). Em conclusão, 
nós demonstramos a primeira descrição da atividade enzimática antioxidante no plasma seminal de 
ejaculados frescos obtidos de catetos. A atividade da SOD foi evidente durante o período seco de uma 
região semiárida, mas nenhuma relação entre a SOD e os parâmetros seminais foi observada.
Palavras-chave: Estresse oxidativo. Sêmen. Mamíferos silvestres. Biobanco.

Introduction

Seminal plasma serves as a carrier of sperm 
through the female reproductive tract, providing 
conditions necessary for the maintenance and 
viability of the sperm in order for fertilization 
to occur. In this sense, the composition of the 
seminal fluid, which results from the prostate, 
seminal vesicle, and bulbourethral gland secretions 
(GARCIA et al., 2000), has a significant influence 
on semen quality (KAZIOROWSKA-GILUN et 
al., 2016). Seminal plasma contains sugars, lipids, 
electrolytes (LEAHY; DE GRAAF, 2012), fertility-
associated proteins (MONTANHOLI et al., 2016), 
and antioxidant enzymes (ZAJA et al., 2016). The 
seminal plasma components have a positive effect 
on sperm quality, and a protective effect on seminal 
functions (KAZIOROWSKA-GILUN et al., 2016). 
Previous studies in several species suggest that 
seminal plasma also contains antioxidant factors 
that may influence sperm motility and viability 
(MARTI et al., 2007; ZAJA et al., 2016).

The ability of sperm to fertilize an oocyte is 
affected by motility, concentration, and morphology, 
which all may be negatively impacted by oxidative 
stress (VERNET et al., 2004). Therefore, the 
antioxidant properties of seminal plasma have 

an important role in the protection of sperm 
against damage caused by reactive oxygen species 
(ROS) that are normally produced in all living 
cells (STRZEZEK et al., 2005). The study of the 
antioxidant enzymes helps to define the mechanisms 
by which sperm is influenced by ROS.

ROS may have both positive and negative 
effects on sperm. Positive examples include roles in 
regulating sperm hyperactivation due to acrosome 
reactions, and in the interaction of sperm with the 
oocyte (SENGOKU et al., 1998). On the other 
hand, a negative impact occurs when excessive 
amounts of ROS promote oxidative stress, resulting 
in damage to sperm membranes through lipid 
peroxidation (AITKEN et al., 1993). This damage 
may be lessened by an antioxidant system, such 
as the action of superoxide dismutase (SOD) and 
catalase (CAT), which are capable of removing 
the oxidizing agents before they cause injuries 
(VALENÇA; GUERRA, 2007).

Antioxidant enzyme activity in seminal plasma 
has been described in several species, including 
humans (SANOCKA et al., 1996), canines 
(CASSANI et al., 2005), equines (KANKOFER et 
al., 2005), sheep (MARTI et al., 2007), and swine 
(KAZIOROWSKA-GILUN et al., 2011). It is also 
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known that factors associated with the species 
(STRZEZEK et al., 2009; KAZIOROWSKA-
GILUN et al., 2011), the breed (ZAJA et al., 2016), 
the season (STRZEZEK et al., 2002), nutrition 
(BINDER et al., 2015), and thermoregulation 
(ROCHA et al., 2015) may affect the activity of 
antioxidant enzymes in seminal plasma. In this 
regard, the identification of antioxidant enzyme 
activities is an important step in defining the 
reproductive physiology of a species, especially 
for a wild animal such as the collared peccary 
(Pecari tajacu Linnaeus, 1758). Such knowledge 
is important for the improvement of sperm 
cryopreservation (CASTELO et al., 2010; ALVES 
et al., 2012; SOUZA et al., 2016) and artificial 
insemination (PEIXOTO et al., 2017) protocols, 
which are essential for the reproduction and 
conservation of the species.

Several factors justify the studies related to 
the use of assisted-reproductive technologies in 
collared peccaries. This wild porcine species is 
highly adaptable to captivity, and is of economic 
interest due to the commercial potential of its meat 
(REDFORD, 1992) and leather (BODMER; PEZO, 
1999). Moreover, its management in captivity using 
sustainable practices may serve as an alternative 
for rural producers (SANTOS et al., 2009). Beyond 
commercial benefits, collared peccaries may be 
useful as experimental models because of their 
close relation to endangered species such as Tayassu 
pecari and Catagonus wagneri (IUCN, 2017).

Further understanding of the reproductive biology 
of peccaries will be beneficial in the development 
of conservation and husbandry strategies. The aim 
of the current study was to investigate the activity 
of antioxidant enzymes SOD and CAT in seminal 
plasma, and their association with sperm quality.

Material and Methods

This study was approved by the Ethics Committee 
of Animal Use of the Federal Rural University of 
Semiarid (CEUA/UFERSA, n° 23.091.0254/11-

88). All procedures were designed according to the 
guidelines for the ethical use of animals in research 
(ASSOCIATION FOR THE STUDY OF ANIMAL 
BEHAVIOUR, 2006). 

Experimental location and period

All procedures for semen collection and 
evaluation were performed in the Center of Wild 
Animals Multiplication (CEMAS) and Laboratory 
of Animal Germplasm Conservation, both of the 
Federal Rural University of Semiarid and located 
at the semiarid region of Brazil (Mossoro, RN: 
5°10’S, 37°10’W). This region presents an annual 
average temperature of approximately 27°C and 
it is characterized by irregular rainfall that is 
usually distributed in a short period of only three 
months, followed by a large dry period (SILVA et 
al., 2011). All enzyme analysis were conducted in 
the Department of Animal Science of the Federal 
University of Ceará, Brazil. The semen collection 
was conducted during the peak of the dry period 
(August and September).

Animals and management

Nine sexually mature male collared peccaries 
with an average (± SD) age of 21.0 ± 1.0 months 
and weight of 20.0 ± 0.1 kg were isolated from 
females 6 months before the commencement of 
the experiment. They were maintained outdoors 
in groups of 4 and 5 in paddocks (20 x 3 m) with 
a covered area of 3 x 3 m under a 12 h natural 
photoperiod. Animals were fed with swine food and 
fruits and water was provided ad libitum.

Semen collection and evaluation 

For semen collection, animals were fasted 
12 h before the experiments began. Then, they 
were physically restrained using a hand net and 
anesthetized using intravenous administration of 
propofol (Propovan, Cristalia, Fortaleza, Brazil), 
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given as a bolus at 5 mg/kg (SOUZA et al., 2009). 
The individuals were kept in lateral recumbency, and 
semen was collected by electroejaculation (Autojac, 
Neovet, Campinas, Brazil) as described by Castelo 
et al. (2010). Semen was collected in plastic tubes 
and immediately evaluated. 

All semen samples were evaluated for aspect and 
volume. Then, a 5 µL aliquot was diluted in 10% 
buffered formalin (1 mL) and sperm concentration 
was determined using a Neubauer counting 
chamber (SILVA et al., 2014). Sperm motility was 
assessed by evaluating a sample (5 µL) using light 
microscopy under ×100 and ×400 magnification. 
The sperm vigor was evaluated using a scale of 0 
to 5, with 0 and 5 characterized by no movement 
and progressive forward movement, respectively. 
Brome-phenol blue-stained smears were prepared 
with 5 µL of semen for evaluating sperm viability 
and morphology using light microscopy (×1000), 
counting 100 cells (CAMPOS et al., 2017). Finally, 
the functional integrity of the sperm membrane was 
evaluated by its osmotic response to a hyposmotic 
swelling test, using distilled water (0 mOsm/L) as 
the hyposmotic solution, counting 200 cells per 
slide (SANTOS et al., 2013).  

After initial analysis, the seminal plasma was 
obtained by centrifugation at 700 × g for 10 min. 
The supernatant was transferred to microtubes (1.5 
mL) and stored at -20°C until enzyme assays. 

Antioxidant enzymatic assays

Antioxidant enzymatic activity of each seminal 
plasma sample was measured. The activity of two 
enzymes, superoxide dismutase (SOD) and catalase 
(CAT), was analyzed using 40-50 µL of seminal 
plasma. 

SOD activity

SOD activity was measured according to the 
protocol used by Kaziorowska-Gilun et al. (2011) 

for porcine seminal plasma. The reaction mixture 
consisted of 0.5 M sodium phosphate buffer (pH 
7.8), 0.50% Triton X-100, 130 mM L-methionine, 
2.0 mM EDTA, 0.75 mM nitro blue tetrazolium 
(NBT), 1.0 mM riboflavin and milli-Q water. This 
mixture was exposed to light (32 W fluorescent 
circular lamp) for five minutes to initiate the 
reaction. The production of blue formazan was 
measured by the absorbance that was read under 
630 nm wave provided by an ELISA reader 
(Automated Microplate Reader, model ELX800-
Bio-Tek Instruments®, Inc.). A blank control test 
was performed, in which all reagents were used, 
except the seminal plasma, when the maximum 
reduction of NBT occurs. The enzyme activity was 
determined according to its capacity of inhibiting 
the formation of blue formazan. The activity unity 
(AU) was defined as the necessary quantity of 
the sample to inhibit 50% of the photo reduction 
(related to the positive control) of NBT to blue 
formazan (BEAUCHAMP; FRIDOVICH, 1971) 
and expressed as activity unity per milligrams of 
protein (AU/mgP).

CAT activity

CAT activity was measured according to the 
methods designed by Kaziorowska-Gilun et al. 
(2011) for porcine seminal plasma. The enzymatic 
activity was determined by following the decrease 
in absorbance at 240 mm (Genesys 10S UV-VIS 
spectrophotometer  of Thermo Scientific), with 
30 sec interval at 30°C, using 36 M-1 cm-1 molar 
extinction coefficient, expressed by micromoles 
of H2O2 per protein milligram (µmol H2O2/mgP). 
The reaction mixture consisted of 75 mM sodium 
phosphate buffer (pH 7.0) and 12.5 mM H2O2. 

Data analysis

The results were expressed as means (± S.D.) and 
analyzed by Statview 5.0 software (SAS Institute 
Inc., Cary, USA). For all evaluations, nine replicates 
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(1 animal/1 ejaculate/1 replicate) were considered 
for the analysis of data. A simple linear regression 
model was used to identify associations between 
enzyme activity (independent variables) and sperm 
parameters (dependent variables). P<0.05 was 
considered significant.

Results

Fresh ejaculates obtained from nine male collared 
peccaries presented as fluid with a watery aspect, 
white in color, and an average volume of 2.0 ± 1.1 
mL. The mean concentration of the specimens was 
207×106 (± 160.7×106) sperm/mL. The quantitative 
aspects of the sperm, including motility, vigor, 
viability, morphology, and functional, membrane 
are shown in Table 1.

Table 1. Sperm characteristics (mean ± S.D.) observed in fresh ejaculates derived from collared peccaries (n = 9) 
collected by electroejaculation during the dry period in a semiarid region.

Sperm characteristics Mean ± S.D.
Motility (%) 83.0 ± 20.9
Vigor (0-5) 4.2 ± 1.1

Viability (%) 72.5 ± 10.4
Cells with functional membrane (%) 80.4 ± 14.1

Normal morphology (%) 80.0 ± 21.0

In regard to enzymatic activity, none was 
detected for the CAT enzyme. Trace levels of SOD 
(0.033 ± 0.049 AU/mgP) were detected in the 
ejaculates of all individuals (Table 2). No correlation 
was observed between SOD levels and the sperm 

quantitative parameters of motility (R = 0.35; P = 
0.931), vigor (R = 0.29; P = 0.133), viability (R = 
0.16; P = 0.29), functional membrane (R = 0.04; P = 
0.617) or morphology (R = 0.03; P = 0.637). 

Table 2. Superoxide dismutase (SOD) activity in the seminal plasma derived from collared peccaries (n = 9) during 
dry period in a semiarid region.

Animals SOD (AU/mgP)
1 0.11
2 0.03
3 0.03
4 0.02
5 0.05
6 0.03
7 0.03
8 - 0.07
9 0.07

Mean ± S.D. 0.033 ± 0.049
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Discussion

To the best of our knowledge, this is the first study 
to investigate the activity of antioxidant enzymes in 
the seminal plasma of collared peccaries detecting 
no activity for the CAT enzyme and only traces of 
SOD activity. Because this study was conducted 
during the dry period of a semi-arid region, CAT 
may not have been synthesized, or may have been 
inactive. Other compensatory mechanisms that 
protect sperm cells from ROS attack are likely. 
This is supported by the significant presence of 
glutathione peroxidase (GPx) found in the seminal 
plasma proteome of the same species that was used 
in the current study (SANTOS et al., 2014), and in 
domestic swine (KAZIOROWSKA-GILUN et al., 
2011). It is well known that in biological systems, 
SOD activity is usually associated with GPx or CAT 
activity (KAZIOROWSKA-GILUN et al., 2016). 
In this context, we hypothesize that the antioxidant 
system in the seminal plasma of collared peccaries 
requires the association of both GPx, as previously 
described for this species (SANTOS et al., 2014), 
and SOD activity, newly identified in the present 
study.

Many factors such as the breed (ZAJA et 
al., 2016), photoperiod (SANCHO et al., 2004), 
season (STRZEZEK et al., 2002) and temperature 
(KAZIOROWSKA-GILUN et al., 2011) influence 
the composition of swine seminal plasma. Swine 
is the domestic species most phylogenetically 
related to the peccaries (BENIRSHCHKE, 1974), 
and their seminal plasma compositions may 
be similarly influenced. Strzezek et al. (2002) 
found that the protein quantities in swine seminal 
plasma are reduced during the warm period of 
the year, and increase during winter and autumn; 
providing protectant effects to the sperm and 
assisting to maintain sperm function. In swine, 
SOD is highly requested during the sperm stocking, 
which provides greater protection during spring 
and summer compared to winter and autumn 
(KAZIOROWSKA-GILUN et al., 2011). This may 
also occur in collared peccaries, which may explain 

the low enzyme activity detected in their seminal 
plasma during the dry period in a semiarid region 
(0.033 AU/mgP), when compared to domestic 
swine (39.4 U/mL) using the same methodology 
(KAZIOROWSKA-GILUN et al., 2011). It is 
important to note, however, that species-related 
factors may also influence the levels of SOD in 
seminal plasma. Wild boar/domestic pig hybrids 
have low SOD levels (1.47 U/mL) (DZIEKOŃSKA 
et al., 2014) compared to domestic swine (0.79-1.44 
U/mL), which have levels close to those found in 
rams (MARTI et al., 2007).

In a previous study performed in Texas in 
subtropical weather, sperm motility of individual 
collared peccaries varied from 5% to 90% with 
higher proportions of motile cells being present 
during spring, and lower proportions during summer 
(HELLGREN et al., 1989). On the other hand, 
in the Brazilian Amazon in equatorial weather, 
reproductive seasonality does not occur in collared 
peccary males (KAHWAGE et al., 2010). In collared 
peccaries raised under semiarid conditions of the 
Caatinga biome, in the same biome as our work, 
preliminary results suggest a possible influence of 
seasonality on the efficiency of semen collection in 
eleven, sexually mature males that were monitored 
monthly from September 2015 to June 2016 
(MAIA et al., 2017). Although more studies are 
needed, seasonal effects on seminal composition in 
collared peccaries may be similar to that of swine 
(KAZIOROWSKA-GILUN et al., 2011).

As previously mentioned, we detected no 
CAT activity in the seminal plasma from collared 
peccaries. Various levels of CAT are described in 
studies using several different species. In domestic 
swine, SOD activity demonstrates marked variations 
in the seminal plasma according to the seasonal 
period, but the same is not observed for CAT activity, 
which is steady and at extremely low levels of 1.6 to 
2.1 U/mL (KAZIOROWSKA-GILUN et al., 2011). 
These values in swine seminal plasma are the lowest 
observed compared to those in reproductive-tract 
fluids collected from the cauda epididymis (4.2-
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18.9 U/mL) or vesicular glands (2.4-9.0 U/mL), 
which seasonally vary (KAZIOROWSKA-GILUN 
et al., 2011). Consistent with our findings, Strzezek 
et al. (2009) failed to detect CAT activity in dog 
semen. Moreover, the yellow fraction of red deer 
semen exhibits SOD activity, but not CAT activity 
(KAZIOROWSKA-GILUN et al., 2016). Contrary 
to this, CAT activity in ram seminal plasma varies 
during seasonal periods with values ranging 
from 8.73 to 16.7 U/mL (MARTI et al., 2007). 
Differing origins of the enzymes may account for 
the variations observed. For instance, SOD may be 
primarily secreted by the prostate, while CAT may 
be from a multi-glandular origin (YEUNG et al., 
1998).

SOD is the most abundant enzyme in biological 
systems (HALLIWELL, 2006) and acts in the 
dismutation of the superoxide anion (O2

-) in oxygen 
(O2) and hydrogen peroxide (H2O2), metabolites 
that participate in OH production (NISHIKIMI; 
MACHLIN, 1975). This action prevents lipid 
peroxidation in spermatozoa of several species 
(VALENÇA; GUERRA, 2007). On the other 
hand, CAT is an intracellular enzyme belonging 
to the subclass of oxidoreductase enzymes that 
use peroxide as a receptor and electron donor 
(BARREIROS et al., 2006) and catalyzes the 
reduction of H2O2 to H2O and O2 (FERREIRA; 
MATSUBARA, 1997). Both enzymes act to 
detoxify the oxidizing agents before they cause cell 
damage (GUERRA et al., 2012). Halliwell (2006) 
showed that CAT, while not directly involved in the 
elimination of ROS, inactivates H2O2, inhibiting its 
conversion to OH, which may attack spermatozoa 
molecules. CAT acts only when there are elevated 
H2O2 levels (VERNET et al., 2004).

Importantly, ROS may have beneficial 
effects when present in adequate levels (DE 
LAMIRANDE; GAGNON, 1993). Studies on 
bovine sperm suggest that oxygen derivatives 
are involved in sperm capacitation, and that low 
concentrations of H2O2 modify the membrane 

and induce acrosome reactions (O’FLAHERTY 
et al., 1999). In murine sperm, low peroxidative 
conditions, which do not alter sulfhydryl groups or 
in sperm motility, increase the fertilizing potential 
of these cells by increasing their capacity to bind 
to the zona pellucida (KODAMA et al., 1996). The 
seminal plasma mechanisms that regulate ROS must 
equilibrate by occasionally degrading themselves 
to avoid excessive levels. However, under certain 
situations, these mechanisms must be attenuated in 
order for ROS to perform its contributory role in 
reproductive physiology.

Results from our study found no relationship 
between SOD and spermatozoa in collared 
peccaries. Nevertheless, previous studies report 
a role for antioxidant systems in the maintenance 
of seminal conditions. In humans, disturbances 
between ROS levels and seminal plasma antioxidant 
contents lead to oxidative stress and male infertility 
(DOROSTGHOAL et al., 2017). Furthermore, 
Zaja et al. (2016) observed differences in semen 
variables among boar breeds and hybrids, and in 
their correlation to semen quality, demonstrating 
that biochemical and antioxidant defense indicators 
are probably inheritable traits.

The present study helps to define the 
reproductive physiology of collared peccaries, 
and to generate new insight into what is needed 
in order to reveal the processes behind sperm 
protection in this species. For instance, studies 
aimed at identifying the enzymatic activity during 
different periods of the year, or investigation 
of other reproductive fluids may be appropriate 
for future studies. Understanding the enzymatic 
protectant mechanisms of sperm may aid in the 
establishment of more efficient chilling or freezing 
protocols; improvements in sperm purification; 
and development of enzyme supplementation into 
sperm extender as needed, ultimately increasing 
sperm longevity and enhancing sperm conservation.
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Conclusions

This study demonstrated the first description of 
antioxidant enzyme activity in seminal plasma of 
fresh ejaculates obtained from collared peccaries. 
SOD antioxidant activity was evident during the 
dry period of a semiarid region, but no relationship 
between SOD and semen parameters was observed. 
Other compensatory mechanisms protecting 
collared peccaries sperm from ROS attack are likely.
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