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Does supplementation of vitamin C, reduced glutathione or their  

association in semen extender reduce oxidative  

stress in bovine frozen semen? 
 

[A suplementação de vitamina C, glutationa reduzida ou sua associação no diluidor  

de sêmen reduz o estresse oxidativo no sêmen congelado bovino?] 
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ABSTRACT 

 

The aim of this study was to evaluate the addition of vitamin C, reduced glutathione and the association 

thereof to the bovine semen cryopreservation extender. The ejaculate from nine bulls were divided into 

four fractions, each corresponding to a treatment, namely: control group–semen diluted with Tris-yolk 

extender; vitamin C group–semen diluted in Tris-yolk extender supplemented with vitamin C 

(2.5mmol/mL); glutathione group-semen diluted in Tris-yolk extender supplemented with reduced 

glutathione (2.5mmol/mL) and associated group-semen diluted in Tris-yolk extender supplemented with 

vitamin C (1.25mmol/mL) and reduced glutathione (1.25mmol/mL). Afterwards, the semen was packed 

into French straws and submitted to cryopreservation using automated equipment. After cryopreservation, 

the semen was thawed and evaluated considering sperm motility, morphology, plasma membrane, 

acrosome, mitochondrial potential and oxidative stress, as well as the thermo resistance test. Extender’s 

supplementation with the association of vitamin C and reduced glutathione showed benefic effects on 

sperm motility and preservation of plasma and acrosomal membranes during semen cryopreservation, 

being also the group that showed higher values of reactive oxygen species. Thus, the association of both 

antioxidants contributed to the preservation of sperm cells in every analyzed characteristic, suggesting its 

use on bovine semen cryopreservation. 
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RESUMO 

 

O objetivo deste estudo foi avaliar a adição de vitamina C, glutationa reduzida e sua associação ao 

diluidor de criopreservação de sêmen bovino. O ejaculado de nove touros foi dividido em quatro frações, 

cada uma correspondendo a um tratamento, a saber: grupo controle – sêmen diluído em Tris-gema; 

grupo vitamina C – sêmen diluído em Tris-gema, suplementado com vitamina C (2,5mmol/mL); grupo 

glutationa – sêmen diluído em Tris-gema, suplementado com glutationa reduzida (2,5mmol/mL) e grupo 

sêmen associado – diluído em Tris-gema, suplementado com vitamina C (1,25mmol/mL) e glutationa 

reduzida (1,25mmol/mL ). Posteriormente, o sêmen foi envasado em palhetas francesas e submetido à 

criopreservação por meio de equipamento automatizado. Após a criopreservação, o sêmen foi 

descongelado e avaliado quanto à motilidade espermática, à morfologia, à membrana plasmática, ao 

acrossoma, ao potencial mitocondrial e ao estresse oxidativo, bem como pelo teste de resistência térmica. 

A suplementação de extensor com a associação de vitamina C e glutationa reduzida mostrou efeitos 

benéficos sobre a motilidade espermática e a preservação das membranas plasmática e acrossomal 
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durante a criopreservação de sêmen, sendo também o grupo que apresentou maiores valores de espécies 

reativas de oxigênio. Assim, a associação de ambos os antioxidantes contribuiu para a preservação dos 

espermatozóides em todas as características analisadas, sugerindo sua utilização na criopreservação de 

sêmen bovino. 

 

Palavras-chave: espécies reativas de oxigênio, membranas espermáticas, espermatozoides 

 

INTRODUCTION 

 

The use of cryopreserved semen allows the 

choice of best breeders that meet farm needs, 

being indispensable in artificial insemination, 

and in vivo and in vitro embryo transfer 

programs (Leite et al., 2011). An adequate 

process of semen cryopreservation ensures the 

success of the reproductive techniques (Duarte-

Junior et al., 2015). Despite broadly used, semen 

cryopreservation is a process that causes great 

stress to the spermatozoa, which can occur 

during cooling, freezing and thawing, thus 

diminishing sperm quality compared to fresh 

semen (Maia and Bicudo, 2009). 

 

Oxidative stress occurs when there is an 

imbalance between the production of reactive 

oxygen species (ROS) and the protective action 

of the antioxidant system, responsible for its 

neutralization and removal (Jedrzejowska et al., 

2013). All radicals and non-radicals from oxygen 

are considered ROS, which has high electron 

reactivity and instability. The ROS can react with 

a great number of compounds, acting as donors 

or receivers of electron (Agarwal et al., 2005), 

and they are considered the main prompters of 

damage to living organisms (Bernard and 

Krause, 2007). Main ROS includes oxygen ions, 

free radicals and peroxide, and are naturally 

formed as sub-products of oxygen metabolism 

and play an important role in cellular 

signalization (Paparella et al., 2015). 

 

To avoid oxidative stress, the cell has a defense 

system compound by antioxidants, which are 

divided into enzymatic and non-enzymatic 

substances with low molecular weight (Halliwell 

and Gutteridge, 1999). However, during semen 

cryopreservation, antioxidant concentrations are 

reduced during the dilution stage, which results 

in the imbalance and, consequently, in cellular 

and oxidative stress (Bilodeau et al., 2000). 

 

One of the main enzymatic antioxidants is the 

glutathione, as peroxidase and reduced forms, 

which is responsible for the reconstruction of 

thiol groups (-SH) in proteins that can be 

eliminated during the oxidative stress, and 

protects cellular membranes from lipids 

oxidation, thus preventing the formation of free 

oxygen (Lenzi et al., 1994). As for the non-

enzymatic antioxidants, vitamin C is one of the 

main substances (Jedrzejowska et al., 2013). The 

antioxidant function of Vitamin C is the 

inhibition of lipid peroxidation by the action of 

ions Fe
2
+ and Cu

1
 (Halliwell and Gutteridge, 

1999). 

 

Studies performed by Turcer et al. (2010) and 

Gadea et al. (2004) demonstrated that 

supplementation of extenders with vitamin C and 

reduced glutathione has shown inconstant results 

on the preservation of sperm characteristics after 

cryopreservation. In addition, there is no study 

comparing the combination of these antioxidants 

in bull’s semen. Therefore, this study aimed to 

determine the effects of the addition of vitamin 

C, reduced glutathione, or the combination 

thereof to the cryopreservation semen extender 

on the bovine sperm motility, vigor, integrity of 

plasma and acrosome membranes, mitochondrial 

function and oxidative stress. 

 

MATERIAL AND METHODS 

 

This study was approved by the Ethical 

Committee on Animal Use (CEUA) at the 

Federal University of Acre, under the registration 

number 50/2015. Nine Nellore bulls, average age 

of 2 years old and mean weight of 545kg, were 

used. Semen collection was done using an electro 

ejaculator (Boijector
®
), and fresh semen was 

evaluated according to volume (mL), 

concentration (spermatozoa/mL), motility (%), 

vigor (1-5 score), and sperm morphology (%). 

For the cryopreservation, the ejaculates used 

showed a minimum of 70% of sperm motility 

and maximum of 30% of abnormal sperm 

morphology. 

 

Each ejaculate was divided into four equal 

fractions, corresponding to the treatments: 1) 

Control Group (CON) – only Tris-yolk extender; 
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2) Vitamin C Group (VTC) – Tris-yolk extender 

supplemented with Vitamin C (2.5mmol/mL); 3) 

Reduced Glutathione Group (GSH) – Tris-yolk 

extender supplemented with reduced glutathione 

(2.5mmol/mL); and 4) Associated Group (ASS) 

– Tris-yolk extender supplemented with vitamin 

C (1.25mmol/mL) and reduced glutathione 

(1.25mmol/mL). 

 

After the dilution, according to each group, 

semen was packed into 0.25mL French straws, at 

the concentration of 50x10
6
 sperm cells/mL, and 

frozen using a programmable equipment, TK 

3000
®
 (TK Equipment for Reproduction). The 

cooling rate was 0.5°C/min until reaching 5°C, 

remaining for 2 hours in stacking, followed by a 

negative curve 15°C/min of five at -80°C, then 

10°C/min until reaching -120°C. The final step 

of the process was to immerse the straws in 

liquid nitrogen (-196
o
C). After cryopreservation, 

the straws were kept in canisters, in a cryogenic 

container. 

 

For post-cryopreservation semen evaluation, two 

straws from each treatment and bull were thawed 

in a water bath at 37ºC for 30 seconds, then 

placed into a 1.5mL centrifuge tube and 

homogenized. For analyses of sperm motility 

(%) and vigor (1 to 5 score, where 1 is the 

slowest spermatozoa movement and 5 the 

maximum rectilinear and high speed of sperm), 

10µL of semen was placed between pre-warmed 

slide and cover slip, and evaluated under phase 

contrast microscopy (Nikon, Eclipse 80i Model), 

at a magnification of 100x. 

 

The rapid thermo resistance test (RTT) was 

performed using a test adapted from the 

proposed by Dimitropoulos (1967). Thereafter, 

0.25mL French straws were thawed in a 37ºC 

water bath for 30 seconds, transferred to a 45ºC 

water bath and kept for 30 minutes, thus sperm 

motility and vigor were assessed every 10 

minutes. 

 

For sperm morphology, 100µL aliquot of semen 

was placed in a micro tube and 50µL of 4% 

buffered saline formalin was added, 

homogenized and stored at 5ºC for assessment. 

Then, 3µL of the diluted sample was placed 

between a slide and coverslip to count 200 cells, 

being evaluated by differential interference 

contrast microscopy (DIC), under 1000x 

magnification. Abnormal spermatozoa were 

classified as major and minor defects, according 

to Blom (1973). 

 

Sperm membranes were evaluated using 

techniques described by Celeghini et al. (2007). 

Briefly, a sample of the semen was diluted in 

TALP sperm media to obtain a concentration of 

10x10
6
 spermatozoa/mL. After the dilution, 2µL 

of Hoechst 33342 (H342, 0.5mg/mL in DPBS), 

3µL of propidium iodide (PI, 0.5mg/mL in 

DPBS), 6µL of tetrachloro-

tetraethylbenzimidazolocarbocyanine iodide (JC-

1, 153µM in DMSO) and 20µL of fluorescein 

isothiocyanate-conjugated Pisum sativum 

agglutinin (FITC-PSA, 100µg/mL in DPBS) 

were added in 150µL of the diluted semen. The 

samples were incubated for 8 minutes at 37ºC, in 

the dark. After incubation, a 4µL drop was used 

to prepare the wet chamber, between the pre 

heated slide and coverslip (37ºC), and the 

evaluation was done under epifluorescence 

microscopy (Nikon, Eclipse 80i Model) in a 

triple filter (D/F/R, C58420) presenting the 

groups UV-2E/C (340-380nm excitation and 

435-485nm emission), B-2E/C (465-495nm 

excitation and 515-555nm emission) and G-2E/C 

(540-525nm excitation and 605-655nm 

emission), under 1000x magnification. 

 

Two hundred cells were counted and classified 

according to Celeghini et al. (2007), in IPIAH 

(intact plasma membrane, intact acrosomal 

membrane and high potential of mitochondrial 

membrane), IPIAL (intact plasma membrane, 

intact acrosomal membrane and low potential of 

mitochondrial membrane), IPDAH (intact 

plasma membrane, damaged acrosomal 

membrane and high potential of mitochondrial 

membrane), IPDAL (intact plasma membrane, 

damaged acrosomal membrane and low potential 

of mitochondrial membrane), DPIAH (damaged 

plasma membrane, intact acrosomal membrane 

and high potential of mitochondrial membrane), 

DPIAL (damaged plasma membrane, intact 

acrosomal membrane and low potential of 

mitochondrial membrane), DPDAH (damaged 

plasma membrane, damaged acrosomal 

membrane and high potential of mitochondrial 

membrane), and DPDAL (damaged plasma 

membrane, damaged acrosomal membrane and 

low potential of mitochondrial membrane). For 

the results, the percentage of cells for IPIAH, 

intact plasma membrane (PI), intact acrosome 
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(AI) and high potential of mitochondrial 

membrane (HP), were considered. 

 

To assess the oxidative stress, 50µL of semen 

diluted in TALP media sperm (20x10
6
 

spermatozoa/mL) was used. 1µL of H33342 

(2.5mg/mL in DPBS) and 2µL of CellROX 

(1mmol in DMSO) was added before it was 

incubated at 37ºC for 30 minutes. Afterwards 

evaluation was conducted under epifluorescence 

microscope (Nikon, Eclipse 80i Model) in a 

triple filter (D/F/R, C58420) presenting the 

groups UV-2E/C (340-380nm excitation and 

435-485nm emission), B-2E/C (465-495nm 

excitation and 515-555nm emission) and G-2E/C 

(540-525nm excitation and 605-655nm 

emission), at magnification of 1.000x, according 

to Alves et al. (2015), adapted to the bovine 

species. 

 

The experiment was conducted in randomized 

blocks, where the parametric variables were 

tested by ANOVA, comparing means thru 

Tukey’s test. All variables passed the Shapiro-

Wilk and Lilliefors normality tests. The variables 

with subjective variables or that did not meet 

normality after transformation were analyzed as 

non-parametric, and ranked data was compared 

by the Friedamn’s test. Dichotomous variables 

were evaluated by Fisher’s exact test. The 

interval of confidence used was 95% and the Bio 

Estat 5.0 program was used for data analysis. 

 

RESULTS 

 

Mean values for progressive motility before 

semen cryopreservation processes were 

81.1±3.33% and 3.0±0.0 for vigor. Means and 

standard deviation for sperm motility of bovine 

cryopreserved semen without supplementation 

(control) and supplemented with Vitamin C, 

reduced glutathione and association of vitamin C 

+ reduced glutathione were 35.00±2.65b, 

40.00±2.79ab, 42.22±2.51ab and 44.44±3.11a, 

respectively. Higher sperm progressive motility 

was observed for the ASS group when compared 

to the control group (P< 0.05); however, no 

difference was observed for other treatments. 

 

There was no difference (P> 0.05) in sperm vigor 

among semen extenders. The mean values for 

CON, VTC, GSH and ASS groups were, 

respectively, 2.11±0.33, 2.00±0.00, 2.00±0.00 

and 2.11±0.33. When sperm motility was 

assessed after the RTT test, within each post 

thawing time, there was no statistical difference 

between treatments in relation to the CON group 

(P> 0.05). (Table 1). 

 

Regarding major defects, the ASS group 

presented lower percentage of sperm defects 

when compared to thtr GSH group (P< 0.05); 

however, this did not differ from the other 

groups. Evaluated separately, the antioxidants 

had no influence on major sperm defects 

percentage after the process of cryopreservation 

(P> 0.05). Minor defects had similar response, as 

an interaction between antioxidants or the main 

effect of each substance was not observed (Table 

2). 

 

Table 1. Mean and standard deviation for sperm motility after rapid thermal resistance (RTT) evaluation 

time in bovine cryopreserved semen without supplementation and supplemented with Vitamin C, reduced 

glutathione and association of vitamin C + reduced glutathione (Association) 

Treatment 
Evaluation time after RTT 

10min 20min 30min 

Control 36.66±10.30 24.44±8.81 2.22±4.40 

Vitamin C 43.33±7.90 30.00±10.00 8.88±12.69 

Reduced Glutathione 42.77±8.33 31.66±15.81 6.66±8.66 

Association 40.55±9.16 30.00±11.18 13.33±12.24 

There was no statistical difference (P> 0.05) between treatments when the means were compared by Friedman’s test.  
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Table 2. Mean and standard deviation for sperm morphology in bovine cryopreserved semen without 

supplementation and supplemented with Vitamin C, reduced glutathione (GSH) and association of 

vitamin C + reduced glutathione (Association) 

Treatment 
Sperm Morphology (%) 

Major Defect Minor Defect 

Control 6.27±0.60
ab

 3.22±0.75
a
 

Vitamin C 6.5±0.63
ab

 2.72±0.41
a
 

Reduced Glutathione 6.66±0.81
b
 2.88±0.64

a
 

Association 4.88+0.55
a
 2.11±0.32

a
 

a,b different letters in column represent statistical difference by the Tukey test (P< 0.05). 

 

Mean and standard deviation of integrity of 

plasma and acrosomal membranes of bovine 

cryopreserved semen without supplementation 

and supplemented with Vitamin C, reduced 

glutathione and association of vitamin C + 

reduced glutathione were 22.55±4.19b, 

30.66±4.18ab, 27.22±5.10ab and 37.77±2.29a, 

respectively. For integrity of the plasma and 

acrosomal membranes, reduced cell damage was 

observed in the ASS group compared to the CON 

group (P< 0.05). 

 

When evaluated separately for plasma 

membranes, as for the acrosomal integrity and 

mitochondrial potential categories, it was 

observed that there was no statistical difference 

(P> 0.05) for the supplementation of the 

antioxidants used experimentally (Table 3). 

 

Interestingly, although ASS had shown better 

results for sperm motility, major defects and 

integrity of plasma and acrosomal membranes, a 

higher oxidative stress was observed in the 

semen from the ASS group (P< 0.05) compared 

to CON, VTC and GSH groups (Figure 1). 

 

 

Table 3. Mean and standard deviation of for the acrosomal integrity (AI) and mitochondrial potential 

(HP) categories of bovine cryopreserved semen without supplementation (Control) and supplemented 

with Vitamin C, Reduced glutathione and association of vitamin C + reduced glutathione (Association) 

Membranes 
Treatments 

Control Vitamin C Reduced Glutathione Association 

HP (%) 77.77±28.20 81.22± 24.48 77.22±26.49 89.00±9.09 

AI (%) 38.66±13.45 41.44±16.82 42.11±11.87 48.55±6. 83 
In line; there was no statistical difference (P> 0.05) when the means were compared by the Tukey test. 

 

 
Figure 1. Mean and standard deviation for oxidative stress of bovine cryopreserved semen without 

supplementation and supplemented with Vitamin C, reduced glutathione (GSH) and association of 

vitamin C + reduced glutathione (Association). Different letters differ by Fisher’s Exact test (P< 0.05). 
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DISCUSSION 

 

In this study, the effect of reduced glutathione 

and vitamin C, isolated or combined, were 

evaluated on sperm motility, vigor, morphology, 

integrity of plasma and acrosomal membranes 

and oxidative stress in extender of bovine frozen 

semen. Reduced glutathione and vitamin C, 

when single added to the extender, did not affect 

the progressive motility after cryopreservation, 

contrasting with what was found by Zhao et al. 

(2015) in bovine semen supplemented with 

vitamin C, as well as Ansari et al. (2012) in 

buffalo semen, Oliveira et al. (2013) in equine 

semen and Ogata et al. (2015) in canine semen 

supplemented with reduced glutathione.  

 

These previous studies evidenced positive effects 

of supplementation with vitamin C and reduced 

glutathione on post thawing sperm 

characteristics. This divergence in the results 

could be explained by the difference of the 

antioxidant concentration experimentally used. 

The absence of positive response when 

glutathione was used in the present study can be  

the result of the time that this antioxidant was 

added in the semen extender. Gadea et al. (2004) 

affirm that reduced glutathione would have better 

response if added to the semen post thawing, 

since it would increase intracellular glutathione 

to be used by glutathione peroxidase in order to 

avoid the damage caused by lipid peroxidation, 

as during semen cryopreservation there is a 

decrease of this antioxidant. Nevertheless, 

reduced glutathione was added during dilution, 

before the semen cryopreservation process. As 

for vitamin C, when compared to the other 

treatments, had the smaller percentage of sperm 

motility, this decrease in sperm motility can be 

explained due to a decrease in the pH leading to 

an irreversible decrease in sperm motility, 

corroborating the findings of Aurich et al. 

(1997), with the suppression of its effect on 

axoneme integrity and mitochondria, as 

evidenced by Memon et al. (2012). 

 

On the other hand, the association between 

vitamin C and reduced glutathione, resulted in a 

better preservation on sperm progressive 

motility, which together is believed to favor the 

decrease of hydrogen peroxide, which in relation 

to other ROS, is easier to pass through the 

plasma membrane (Baumber et al., 2000), 

destabilizing by lipid peroxidation. Benefic 

effects of combined supplementation of reduced 

glutathione and vitamin C were also observed in 

swine semen by Giaretta et al. (2015), who 

observed positive effects on the following sperm 

characteristics: viability, motility and nuclear-

proteic structure on hydrogen peroxide. 

 

Sperm motility during RTT time decreased in all 

groups, which conflicts with the results found by 

Bilodeau et al. (2000), which obtained positive 

results on semen incubation at 38ºC for 6 hours, 

and Peixoto et al. (2013), in a study with canine 

semen incubated at 37ºC for 60 minutes using 

reduced glutathione. However, these researchers 

applied the normal temperature of the female 

reproductive tract, which differed from the 

present study, where semen was incubated at 

45ºC.  

 

Despite the distinct evaluations between previous 

and the present study, there was a great decrease 

on sperm motility after 30 minutes, differing 

from that found in the literature, and Gonçalves 

et al. (2011) in a study with buffalo semen 

supplemented with vitamin C (2.5mmol/mL) and 

pentoxifylline, after RTT, stated significant 

preservation on sperm motility parameters. On 

the other hand, Peixoto et al. (2008) in a study 

using a supplementation of 600mmol/mL of 

vitamin C in semen extender, observed that this 

antioxidant did not help the maintenance of 

sperm motility, and neither has the capacity to 

avoid ROS effects. This decrease in sperm 

motility within the time is expected, according to 

some authors, as related by Peixoto et al. (2013), 

who observed a decrease in sperm motility and 

vigor after 45 minutes in canine semen 

supplemented with reduced glutathione (2 and 

5mmol/mL) and trolox (100 and 200U/mL). 

Despite this decrease, the association between 

vitamin C and glutathione increased the 

preservation of sperm cells, reaffirming the 

benefic response of the combined action of these 

antioxidants. 

 

Sperm vigor was not influenced by the 

supplementation of the antioxidants; however, 

sperm vigor reduced after the semen 

cryopreservation process. It was expected that 

the addition of these antioxidants in the extender 

would preserve the vigor, as found by Monteiro 

et al. (2009) in canine semen supplemented with 

reduced glutathione and vitamin C, this study 

showed that the antioxidants preserved sperm 
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vigor until 120 minutes. The reduction in the 

thawed semen can be explained by the normal 

consumption of substrates, intra and 

extracellular, as well as ATP metabolization 

during cryopreservation (KAMP et al., 2003), 

because when compared to semen in natura, 

vigor decrease was not so accentuated after 

cryopreservation. 

 

Antioxidants did not affect sperm morphology in 

the present study. Adrabi et al. (2008) and 

Akhter et al. (2011), in a study with buffalo, 

using vitamin C and vitamin E also did not see 

antioxidants benefic actions on sperm 

morphology. A study from Castilho et al. (2009) 

pointed that the ROS are responsible for 

metabolic alterations and an increase on 

intracellular compound liberation rate, for 

example, accentuated decrease of sperm motility 

and not on morphology. Perez et al. (2012) and 

Turcer et al. (2010), did not attest the effects of 

reduced glutathione supplementation on sperm 

defects (minors, majors and totals), in ovine 

semen supplemented with glutathione. 

 

On integrity of the plasma and acrosomal 

membranes and for mitochondrial potential, it 

was seen that the antioxidants protected sperm 

cells, although the supplementation of vitamin C 

or reduced glutathione did not differ from the 

non-supplemented group. However, when the 

supplementation of this combination of 

antioxidants was evaluated, there was a greater 

protection on plasma and acrosomal membranes 

as well as on the mitochondrial potential after 

cryopreservation, evaluated numerically. 

 

The antioxidants could have acted on lipid 

peroxidation that occurs during cryopreservation, 

thus this combination acted in synergy, having 

the reduced glutathione, due its characteristics, 

acted on disulphide bridges, and both acted on 

lipid peroxidation, as verified by Giaretta et al. 

(2015). Silva et al. (2011) demonstrated in their 

study that lower reduced glutathione 

concentrations (2.5 and 7mmoL), drill better 

protection to sperm cells, and Bilodeau et al. 

(2002) also observed that high concentrations of 

antioxidants in the bovine semen alter extender 

osmolality, leading to plasma membrane 

damage. Thus, the use of half concentration of 

the combined antioxidant provided better 

protection to plasma membrane after 

cryopreservation. Such results corroborate to 

other researches, such as Foote et al. (2002) in 

bulls, which also affirmed that lower antioxidant 

concentrations would give better protection to 

plasma and acrosomal membranes. 

 

The evaluation of oxidative stress by CellRox
®

 

was adapted from Alves et al. (2015), and this is 

the first time that this methodology is used to 

evaluate the oxidative stress in bovine semen. 

The association of antioxidants resulted in higher 

oxidative stress compared to the other groups. 

However, the fluorescent probe used detects 

superoxide and hydroxyls radicals only in live 

cells (Grinberg et al., 2013). Higher mensuration 

of ROS in the associated group, in this case, was 

due to higher percentage of mobile sperm, higher 

integrity of intact plasma membrane, intact 

acrosome and high potential of mitochondrial 

membrane, therefore higher number of living 

cells, with higher quantification of reactive 

species. 

 

From another point of view, CellRox
®
 probe 

detects the quantity of reactive species in the 

sample, finding increased ROS to be benefic or 

to mean that there was increase in peroxidation 

processes. Sperm naturally produce ROS, and 

this controlled production is important for sperm 

survival and functionality, having direct 

influence on fertility (Bilodeau et al., 2000). 

Other benefic functions are: contribution to 

sperm motility and mitochondrial sheath stability 

(Jedrzejowska et al., 2013). Therefore, the ASS 

group presented better motility, higher protection 

of the plasma membrane, which can be seen that 

the reactive species quantified by the probe could 

be beneficiating the sperm cells, and that 

CellRox
®
 did quantify the reactive oxygen 

species present in the sample. 

 

In conclusion, the supplementation with 

2.5mmol/mL of vitamin C or reduced glutathione 

in semen extender before cryopreservation does 

not improve bovine sperm viability after 

thawing. However, the association of these 

antioxidants (1.25mmol/mL each) in the semen 

extender contributes to improve preservation of 

sperm characteristics during cryopreservation 

process and could be a potential strategy to 

improve the bovine semen fertility in artificial 

insemination and in vitro embryo production 

programs. 
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