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Abstract

According to the World Health Organization guidelines, ejaculatory abstinence (EA) of 2–7 days is recommended for semen 
analysis. This study aimed to determine how seminal quality may be affected by two EA periods from the same man. Seminal 
samples from 65 men were evaluated by conventional semen analysis and qualitative characteristics after 1 and 4 days 
of EA (two samples/man). The semen was qualitatively analyzed by examining oxidative activity (intracellular and seminal 
plasma), sperm function (acrosome integrity, mitochondrial activity, and nuclear DNA integrity), and epididymal function. As 
expected, samples collected after 1 day of EA showed a decrease in volume and sperm total number compared to samples 
collected after 4 days of EA. The sperm motility of the samples collected after 1 day of EA was better compared to samples 
collected after 4 days of EA. Oxidative activity measured was lower after 1 day of EA compared with those measured after 4 
days of EA. With regards to sperm function, samples collected after 1 day of EA showed an increase in acrosome integrity, 
mitochondrial activity, and nuclear DNA integrity compared with samples collected after 4 days of EA. Epididymal function 
showed no difference between the two-time points. Although samples collected after 4 days of EA showed better results for 
sperm quantity, samples collected after 1 day of EA showed better qualitative results, including motility, oxidative activity, 
and sperm function. Thus, it can be concluded that sperm storage at the epididymal tail may make spermatozoa more 
susceptible to oxidative damage.

Lay summary

According to the World Health Organization guidelines, stopping ejaculation for 2 to 7 days is recommended before sperm 
collection for semen analysis. However, the evidence that supports these recommendations is limited. Our study aimed to 
compare how sperm quality was affected in samples collected after stopping ejaculation for 1 day and 4 days (two samples 
per man) in a total of 65 men. Although sample collection after stopping ejaculation for 4 days showed better semen quantity 
(volume and sperm concentration), sample collection after stopping ejaculation for 1 day showed better sperm motility and 
function. If not ejaculated, sperm are stored in the epididymis tail located in the scrotum beside the testicles and our study 
suggests that longer sperm storage may damage sperm quality. The results from this study may be used to inform guidance 
for sperm collection for use in assisted reproduction techniques, and lead to an improvement in both fertilization and 
implantation rates.
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Introduction

Assisted reproduction is a technique used by couples 
with conjugal infertility, which affects around 15% 
of couples of reproductive age. The male partner alone 
accounts for 50% of these cases (WHO 2010). For this 
reason, it is important to obtain more information 
about sperm quality. According to the World Health 
Organization (WHO) guidelines, ejaculatory abstinence 
(EA) of 2–7 days is recommended for semen analysis 
(WHO 2010); nevertheless, the evidence that supports 
these recommendations is limited, arbitrary, and requires 
clarification (Ayad et al. 2018).

Some studies have verified the effects of the EA period 
on sperm quality and seminal parameters (Agarwal et al. 
2016, Ayad et al. 2018, Borges et al. 2019); however, few 
studies have reported the effects of the EA period on 
sperm function, such as oxidative activity (Marshburn 
et al. 2014), nuclear DNA integrity (Agarwal et al. 2016, 
Uppangala et al. 2016, Borges et al. 2019), mitochondrial 
activity (Shen et al. 2019), and acrosome integrity (Levitas 
et al. 2006, Shen et al. 2019).

Mayorga-Torres et al. (2015) have shown that a longer 
EA is associated with increases in semen volume and 
sperm count. Sperm motility, viability (De Jonge et  al. 
2004, Rivaroli 2009, Mayorga-Torres et al. 2015, Agarwal 
et  al. 2016), morphology (Carlsen et  al. 2004, Sobreiro 
et al. 2005, Acuña et al. 2013, Welliver et al. 2016), and 
nuclear DNA integrity (Carlsen et al. 2004, De Jonge et al. 
2004, Mayorga-Torres et al. 2016, Welliver et al. 2016) data 
are inconclusive; however, there are some publications 
that semen parameters are improved with a shorter EA 
period (De Jonge et al. 2004, Hanson et al. 2018, Borges 
et al. 2019).

Considering all this information, we hypothesized 
that reactive oxidative species (ROS) may act on 
sperm during the EA period and lead to decreased  
seminal quality.

While the WHO guidelines (WHO 2010) recommend 
2–7 days of EA for seminal analysis, since 2010, many 
other assays have been developed in order to evaluate 
seminal samples in more depth. Thus, the aim of this 
study was to understand which sperm functions may 
be affected by the EA period when analyzing semen 
samples from the same man. To this end, we evaluated 
conventional parameters and qualitative characteristics 
on semen, such as seminal oxidative activity (intracellular 
and seminal plasma), sperm function (acrosome 
integrity, mitochondrial activity, and DNA integrity), 
and epididymal function.

Materials and methods

Samples were calculated using a GPower 3.1.10 software 
(for 0.05 alpha level and 0.90 power). The effect size 
was calculated using sperm DNA integrity data from 
other published literature (Pons et  al. 2013, Sánchez-
Martín  et al. 2013), which showed that a total sample size 
of 44 men was required.

To avoid errors during the study performance, several 
precautions were taken: only one person performed 
samples per evaluation method; samples were analyzed 
blindly during the study; and all members of this research 
were trained in a responsible evaluation method. All 
recommendations on quality control were followed 
in accordance with the WHO guidelines (WHO 2010); 
moreover, all utilized equipment were routinely calibrated.

Men and guidance on the study

Participants were recruited from the general population 
through doctors during the first medical consultation 
or dissemination on social media and pamphlets – 
attached in places with a large circulation of people 
– about the possibility to participate in this study. 
Those who agreed, signed a written informed consent 
form approved by the local Institutional Review 
Board. The participants were instructed in detail about  
this study, and mainly about the importance of EA in 
this research.

After scheduling the seminal collections, the 
volunteers received an e-mail reminding them of the 
importance of maintaining EA for this study. Besides,  
1 week before the first scheduled collection, they received 
a phone call with the same recommendations.

The men collected two seminal samples (after 1 and 4 
days of EA) at the Andrology Laboratory of the São Paulo 
Federal University, in the same week. The participants were 
informed about the best time to perform masturbation ‘at 
home’ before the first scheduled laboratory collection. 
After the first collection, they were reminded about the 
importance of maintaining EA until the next scheduled 
laboratory collection.

Seminal samples and processing

For this study, 65 men (research volunteers) were recruited 
between June 2014 and April 2017. All men included in 
the study provided two seminal samples: 1 day (about 
24 h) and 4 days (about 96 h) after EA, collected at the 
Andrology Laboratory. Seminal samples (after 1 and 
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4 days of EA) were collected in the same week. Table 1 
presents the inclusion and exclusion criteria for seminal 
and clinical parameters.

After semen liquefaction, volume, motility, pH, 
sperm concentration, sperm normal morphology, round 
cell concentration, and neutrophil concentration were 
measured following WHO standard procedures (WHO 
2010), and the semen analysis checklist by Björndahl 
et  al. (2016) was performed (Supplementary Table, see 
section on supplementary materials given at the end of 
this article).

The remaining semen volume was divided into three 
aliquots: (i) analysis of intracellular oxidative activity 
(superoxide anion) and sperm function (acrosome 
integrity, mitochondrial activity, nuclear DNA integrity); 
(ii) another aliquot was centrifuged at 1000 g for 10 min at 
room temperature; and (iii) the last aliquot was centrifuged 
at 16,000 g for 1 h at 4°C to remove of the cellular debris. 
The last two aliquots of the seminal plasma were stored 
at −20°C for further analysis of epidydimal function 
and seminal plasma oxidative activity, respectively.  
All reagents used in this study were purchased from Sigma-
Aldrich, unless otherwise described.

Evaluation of sperm intracellular oxidative activity

The sperm intracellular oxidative activity was evaluated 
by measuring intracellular superoxide anion levels using a 
dihydroethidium probe (DHE – D11347 – Thermo Fisher 
Scientific) (Mahfouz et al. 2010, Adami et al. 2018). The 
samples were incubated in a proportion of 1:1 (sample 
volume: DHE solution volume), in which the DHE 
solution contained 2 µmol/L DHE and 16 µmol/L Hoechst 
H33342 in PBS (137 mmol/L NaCl, 2.7 mmol/L KCl,  
10 mmol/L Na2HPO4, and 1.8 mmol/L KH2PO4). Then, the 
samples were incubated in the dark at room temperature 
for 15 min. After that, the sample was pipetted onto two 
microscope slides and covered with coverslip. A total 
of 100 sperm per replicate (200 per seminal sample) 
was counted using an Olympus BX51 epifluorescence 

Table 1 Inclusion and exclusion criteria for seminal and 
clinical parameters.

Inclusion criteria
Age between 20 and 45 years

Exclusion criteria
Azoospermia*
Sperm concentration < 5 × 106/mL
Seminal volume < 1 mL
Body mass index > 35 kg/m2

Leukocytostermia
History of cryptorchidism#

History of urogenital surgical interventions&

History of systemic diseasesα

History of smoking or excessive alcohol or drug consumption 
Episodes of fever in the 90 days before the seminal analysis

*Azoospermia (no spermatozoa in the ejaculate after centrifugation); 
#Failure to descend of one or both testes into the scrotum; †For example, 
prostatectomy, vasectomy, vasovasostomy, testicular torsion repair, 
among others; ‡For example, cancer, diabetes mellitus, endocrinopathies, 
among others and their treatments that lead to testicular alterations.

Figure 1 Photomicrographs of human sperm 
after the following evaluations were performed. 
(A) Sperm intracellular oxidative activity: 
DHE-positive (arrow) and DHE-negative (head 
arrow) sperm are shown. (B) Acrosome integrity: 
intact acrosome (arrow) and non-intact acrosome 
(head arrow) sperm were observed. (C) 
Mitochondrial activity: sperm are shown 
according to the classification order: DAB class I 
– 100% staining (I), DAB class II – more than 50% 
stained (II), DAB III – less than 50% stained (III), 
DAB IV – without staining (IV). (D) Nuclear DNA 
integrity: sperm are shown according to the 
classification order: Comet grade I – observed 
nucleus and no DNA migration (I), Comet grade II 
– observed nucleus and little DNA migration (II), 
Comet grade III – observed nucleus and intense 
DNA migration (III), Comet grade IV – no observed 
nucleus and intense DNA migration (IV).
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microscope equipped with a wide-pass filter to detect DHE 
(518–606 nm) and Hoechst (350–461 nm) under 1000× 
magnification. Subsequently, the sperm was classified as 
DHE-positive or DHE-negative (Fig. 1A). The percentage 
of the DHE-positive sperm was then calculated for  
the sample.

Evaluation of seminal plasma oxidative activity

The seminal plasma oxidative activity was evaluated by 
measuring the level of malondialdehyde (MDA), which is a 
product of lipid peroxidation. One molecule of MDA reacts 
with two molecules of thiobarbituric acid (TBA) at high 
temperatures and low pH, resulting in a pink complex, as 
described by Ohkawa et al. (Ohkawa et al. 1979, Intasqui 
et  al. 2015). The seminal plasma aliquot, which was 
centrifuged at 16,000 g and pre-frozen, was thawed and 
added to a solution containing 8.1% sodium dodecyl 
sulfate (w/v), 0.8% TBA (w/v), and 20% acetic acid (v/v). 
The microtubes with sample were closed and incubated in 
a water bath at 100°C for 1 h. After that, they cooled in ice 
for 5 min to stop the reaction and the volume was checked. 
If any changes were observed, the microtube was excluded 
and the analysis repeated. Then, 250 µL of N-butanol 
was added to each sample to separate the thiobarbituric 
acid reactive substances (TBARS). The sample was later 
homgenized in a vortex for 1 min. It was centrifuged at 
16,000 g at 15°C for 15 min and 100 µL of the top layer was 
transferred to a 96-well microplate in duplicate. A standard 
curve was prepared using a known MDA concentration 
(0–50 ng/mL), and underwent the same protocol as the 
seminal samples. It was added to a 96-well microplate in 
duplicate. The absorbance was read by spectrophotometry 
(ELx 800 Absorbance Microplate Reade, Biotek) at a 
wavelength of 540 nm. The lipid peroxidation level was 
determined as TBARS/mL of seminal plasma.

Evaluation of acrosome integrity

 The acrosomal integrity was evaluated using a peanut 
agglutinin conjugated to a fluorescein isothiocyanate 
probe (PNA-FITC; Sigma, L7381) that binds to the outer 
acrosome membrane (Blumer et  al. 2012, Intasqui et  al. 
2016). Two 15 µL smears were placed on microscope slides 
and air dried. The slides were tehn fixed in methanol 
(Merck) for 15 min and air dried again. The sperm was 
stained with 60 µg/mL of PNA-FITC in PBS (137 mmol/L 
NaCl, 2.7 mmol/L KCl, 10 mmol/L Na2HPO4, and  
1.8 mmol/L KH2PO4) for 30 min in the dark and washed 

with milli-Q water to remove background staining. A total 
of 200 sperm (100 sperm per slide) was analyzed using 
an Olympus BX-51 epifluorescence microscope equipped 
with an FITC filter under 1000× magnification. The 
sperm was classified as in intact acrosome or non-intact 
acrosome (Fig. 1B). The percentage of sperm with intact 
acrosome for sample was then calculated.

Evaluation of mitochondrial activity

The mitochondrial activity was evaluated using the 
3,3’-diaminobenzidine chromogen (DAB), which is 
oxidized by the cytochrome c complex, in a chain reaction 
in which the reagent is polymerized and deposited in 
the sperm mid-piece (Hrudka 1987, Intasqui et al. 2016). 
The samples were incubated in a proportion of 1:1 to 1:3 
(sample volume:DAB solution volume), in which DAB 
solution contained 1 mg/mL. The samples were incubated 
in a water bath at 37°C for 1 h in the dark. Then, two 
15 µL smears were placed on microscope slides and air 
dried. The slides were fixed in 10% formaldehyde for 10 
min and air dried again. A total of 200 sperm (100 sperm 
per slide) was analyzed using an Olympus BX-51 phase 
contrast optical microscope under 1000× magnification. 
The sperm was scored according to the level of mid-piece 
staining and classified into DAB class I (100% stained), 
DAB class II (more than 50% stained), DAB class III (less 
than 50% stained), or DAB class IV (without staining) 
(Fig. 1C). The percentage of each class of sample was then 
calculated.

Evaluation of nuclear DNA integrity

The nuclear DNA fragmentation was evaluated using 
the alkaline comet assay (Comet) (Blumer et  al. 2008, 
Intasqui et al. 2016). The samples were diluted in 0.75% 
low melting point agarose in Tris–borate–EDTA buffer 
(TBE, 0.089 mol/L Tris, 0.089 mol/L borate, and 0.002 
mol/L EDTA) at 37°C to a concentration of 1 × 106 cells/
mL. 100 µL of diluted sperm solution was placed on 
each slide already pre-covered with 1 mL of 1% normal 
melting point agarose in TBE. In all subsequent steps, the 
slides were protected from light to prevent artificial DNA 
damage. The slides were covered with a coverslip and kept 
at 4°C for 10 min to solidify. The coverslips were then 
removed and 300 µL of 0.75% low melting point agarose 
in TBE was added. The slides were covered with a coverslip 
again and kept at 4°C for 10 min. After that, the coverslips 
were removed and 1 mL of cold lysis buffer (100 mmol/L 
Na2–EDTA, 10 mmol/L Tris, 2.5 mol/L NaCl, pH 11,  
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4 mmol/L dithiothreitol, and 2% Triton X-100), was added 
and kept at 4°C for 2 h. The slides were washed twice in 
distilled water for 5 min to remove the excess salts. Then, 
they were immersed in alkaline electrophoresis solution 
(300 mmol/L NaOH, 1 mmol/L Na2-EDTA pH > 13) at 1.5 
V/cm, < 200 mA, for 20 min. The slides were then washed 
twice in TBE buffer for 5 min, and after that, fixed in 70 
and 100% ethanol. After drying, the slides were stained 
with Syber Green in TBE (1 µL Syber Green in 10 mL of 
TBE) for 40 min. The slides were washed with TBE to 
remove background staining. They were evaluated using 
an Olympus BX51 epifluorescence microscope equipped 
with a rhodamine/TRITC filter under 400× magnification. 
100 sperm (50 sperm per slide) were scored according to 
the intensity of DNA damage observed by the Comet tail 
and nuclear intensity. The sperm were classified as Comet 
grade I (observed nucleus and no DNA migration), Comet 
grade II (observed nucleus and little DNA migration), 
Comet grade III (observed nucleus and intense DNA 
migration), and Comet grade IV (no observed nucleus and 
intense DNA migration) (Fig. 1D). The percentage of each 
grade of sample was then calculated.

Evaluation of epididymal function

The epididymal function was evaluated through neutral 
alpha-glucosidase (NAG) activity according to WHO 
(2010) (11742027001 – Roche). Briefly, 100 µL of seminal 
plasma (centrifuged at 1000 g and pre-frozen) was thawed, 
and the samples were tested in accordance with the 
manufacturer’s recommendations. The absorbance was 
measured by spectrophotometry (ELx 800 Absorbance 
Microplate Reader, Biotek) at a wavelength of 405 nm. 
The NAG activity in the samples was determined as mU 
per ejaculate.

Statistical analysis

For this study, seminal samples from 65 men was obtained; 
however, 15 men were excluded due to semen analysis 
alterations (see item results). Thus, two seminal samples 
(1 and 4 days of EA) from 50 men were used for statistical 
analysis. For this purpose, PASW (SPSS) 18.0 software for 
Windows was used. Initially, the Kolmogorov–Smirnov 
test was used to verify the normality of data distribution. 
Then, for variables with normal distribution, a Student’s 
t-test for paired samples was performed. For variables 
without normal distribution, the non-parametric 
Wilcoxon signed-rank test was performed. An alpha of 
5% was adopted.

Results

Even though the participants spontaneously contacted 
and agreed to participate, 30% of the men who agreed 
to participate in the study did not attend the scheduled 
laboratory collection.

The semen samples from 65 men after 1 and 4 days 
of EA were analyzed. However, 15 men were excluded 
due to semen analysis abnormalities in both samples: 7 
men showed samples with seminal volume < 1 mL, 4 men 
showed samples with sperm concentration < 5 × 106/mL, 
and 4 men were leukocytospermic.

The conventional semen analysis results are shown in 
Table 2. Liquefaction time showed no difference between 
the two analyzed samples (1 and 4 days after EA). As 
expected, the samples collected after 4 days of EA showed 
an increase in volume and total sperm number compared 
with samples collected after 1 day of EA (P < 0.001 and 
P < 0.001, respectively; Table 2). On the other hand, the 
samples collected after 1 day of EA showed better motility 
compared with samples collected after 4 days of EA (sperm 
total motility, P = 0.026; progressive motility, P = 0.025; 
and immotile, P = 0.041; Table 2), as well as a higher pH 
value (P < 0.001; Table 2).

Oxidative activity

The oxidative activity results are shown in Table 3. The 
samples collected after 1 day of EA showed a decrease 
in intracellular oxidative activity and seminal plasma 
oxidative activity compared with samples collected after 4 
days of EA (P = 0.006 and P = 0.001, respectively; Table 3).

Acrosome integrity, mitochondrial activity,  
nuclear DNA integrity

The samples collected after 1 day of EA showed better 
acrosome integrity (P < 0.001; Table 4), mitochondrial 
activity (increased DAB class I, P = 0.041 and decreased 
DAB class IV, P < 0.001; Table 4), and nuclear DNA 
integrity (increased Comet grade I, P < 0.001; decreased 
Comet grade II, P = 0.005, and Comet grade IV, P = 0.008; 
Table 4) compared with samples collected after  
4 days of EA.

Epididymal function

Epididymal function showed no difference between the 
two analyzed samples (1 and 4 days of EA; Table 4).
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Discussion

The relationship between sperm and oxidative stress has 
been studied for a long time. The purpose of this study 
was to determine which qualitative semen characteristics 
may be affected by the action of oxidative stress. Hence, 
two EA periods were considered: 1 and 4 days.

When only the outcomes of the conventional semen 
analysis were analyzed, the samples collected after 4 days 
of EA showed an increase in volume and total sperm 
number compared with samples collected after 1 day of 
EA. These findings are consistent with other studies (De 
Jonge et al. 2004, Levitas et al. 2005, Lehavi et al. 2014, 
Agarwal et  al. 2016, Mayorga-Torres et  al. 2016, Alipour 
et al. 2017, Hanson et al. 2018). On the other hand, sperm 
motility of samples collected after 1 day of EA was better 
compared with samples collected after 4 days of EA, as 
previously observed (Mayorga-Torres et al. 2016, Alipour 
et al. 2017).

According to Iwasaki & Gagnon (1992), there is a 
correlation between a low percentage of motile sperm and 

high oxidative stress. This study also reports similar results 
in samples collected after 4 days of EA. When ROS are 
present in physiological quantities, they contribute to the 
processes of maturation, hyperactivation, capacitation, 
the acrosome reaction, attachment of spermatozoa 
to the zona pellucida, and fusion of spermatozoon to 
the oolemma. However, an imbalance between ROS 
and antioxidants generates oxidative stress and leads 
to lipid peroxidation, a reaction with polyunsaturated 
fatty acids of the plasma and mitochondrial membranes 
of the sperm (Aitken   et  al. 2012). This phenomenon 
produces a product called malondialdehyde, a stable and 
mutagenic substance that can covalently bind to DNA 
nucleotides, peptides, and proteins and change their 
molecular functions. Thus, it can damage the acrosome, 
impair mitochondrial activity, and alter nuclear DNA 
integrity (de Lamirande et al. 1997). Consistently, samples 
collected after 4 days of EA an increase in oxidative stress 
determined by seminal plasma oxidative activity (TBARS) 
and intracellular oxidative activity (superoxide anion) 
was observed.

Table 2 Conventional semen analysis results from men after 1 and 4 days of ejaculatory abstinence. Data for liquefaction time, 
volume and motility data were compared using a Student’s t-test for paired samples and are presented as mean ± s.d. (95% CI) 
whilst pH, sperm concentration, sperm total number, sperm normal morphology, rounds cell concentration and neutrophil 
concentration were compared using a Wilcoxon signed-ranks test and are presented as median; interquartile range (IQR: first and 
third quartile (Q1–Q3)).

1 day (n = 50) 4 days (n = 50) P value

Liquefaction time (min) 29.1 ± 12.5 (25.6; 32.5) 29.5 ± 12.2 (26.1; 32.9) 0.866
Volume (mL) 2.8 ± 1.2 (2.5; 3.2) 3.7 ± 1.6 (3.2; 4.1) < 0.001*
Sperm total motility** 60.5 ± 12.3 (57.1; 64.0) 57.5 ± 11.9 (54.2; 60.8) 0.026*
Progressive motility (%) 55.1 ± 12.3 (51.7; 58.5) 52.0 ± 12.1 (48.6; 55.3) 0.025*
Non-progressive motility (%) 5.4 ± 2.8 (4.6; 6.2) 5.5 ± 2.2 (4.9; 6.1) 0.781
Immotile (%) 39.5 ± 12.3 (36.0; 42.9) 42.3 ± 12.1 (38.9; 45.6) 0.041*
pH 8.2; 0.5 (8.0–8.5) 8.0; 0.1 (8.0–8.1) < 0.001*
Sperm concentration (×106/mL) 53.4; 57.3 (20.4–77.7) 45.2; 76.5 (19.6–96.1) 0.337
Sperm total number (×106/ejaculate) 120.1; 168.0 (39.7–207.7) 147.5; 240.2 (74.6 –314.8) < 0.001*
Sperm normal morphology (%) 6.0; 2.0 (5.0–7.0) 5.0; 3.0 (4.0–7.0) 0.395
Round cell concentration (×106/mL) 0.8; 1.0 (0.5 –1.4) 0.7; 1.0 (0.5 –1.5) 0.273
Neutrophil concentration (×106/mL) 0.0; 0.1 (0.0–0.1) 0.0; 0.1 (0.0–0.1) 0.503

**%progressive + non–progressive; *P < 0.05

Table 3 Oxidative stress analysis results from men after 1 and 4 days of ejaculatory abstinence. Intracellular oxidative activity 
was compared using a Student’s t-test for paired samples and data is presented as mean ± s.d. (95% CI). Seminal plasma oxidative 
activity was compared using a Wilcoxon signed-ranks test and data is presented as median; interquartile range (IQR; (Q1–Q3)).

1 day (n = 50) 4 days (n = 50) P value

Intracellular oxidative activity† 15.3 ± 19.0 (10.0; 20.5) 18.6 ± 17.5 (13.8; 23.5) 0.006*
Seminal plasma oxidative activity‡ 6.9; 3.2 (5.4–8.5) 7.6; 2.5 (6.7–9.1) 0.001*

*P < 0.05; †superoxide anion - % DHE-positive; ‡MDA/lipid peroxidation – TBARS nmol/mL.
DHE, dihydroethidium probe; MDA, malondialdehyde; TBARS, thiobarbituric acid reactive substances.
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An increase in ROS levels in seminal plasma leads 
to oxidative stress. ROS can be produced by two cells: 
leukocytes and sperm. In the present study, we excluded 
men with leukocytospermia; in this context, sperm are 
the largest producers of ROS. Electrons are generated in 
sperm by the electron transport chain (mitochondrial 
origin) or NAD phosphate (NADPH) oxidase (plasma 
membrane; Aitken 2002, De Iuliis et  al. 2006). In this 
study, intracellular oxidative activity was analyzed by the 
presence of superoxide anion, a free radical generated by 
the addition of an electron to an oxygen molecule. For 
samples collected after 4 days of EA, there was an increase 
in intracellular oxidative activity (superoxide anion) and 
a decrease in mitochondrial activity. These results agree 
with the findings described above, with regard to the 
non-mitochondrial origin. In a previous study carried out 
by our group (Adami et  al. 2018), the same correlation 
in sperm incubated with an oxidative stress inductor 
was shown. Specifically, an increase in intracellular 
oxidative activity (superoxide anion) and a decrease 
in mitochondrial activity was found. According to Said 
et al. (2004), high levels of intracellular oxidative activity 
(superoxide anion) often occur in seminal samples with a 
low sperm concentration, as well as sperm that have low 
motility and exhibit abnormal morphology. Although 
morphology and concentration did not differ in this 
study, the motility in samples collected after 4 days of EA 
showed similar results, namely a high level of intracellular 
oxidative activity (superoxide anion) and low motility.

Some studies have shown that abnormal sperm are 
more susceptible to oxidative stress damage. Abnormal 

sperm may be generated by the failure of compaction 
of the chromatin (protamine), failure of apoptosis, and 
failure of phagocytosis by Sertoli cells (Sakkas et al. 2002). 
These sperm may suffer from the actions of oxidative 
stress from the intracellular or extracellular environment 
or both. Intracellular oxidative stress is generated by 
the sperm through electrons from mitochondria and/or 
NADPH oxidase. Extracellular oxidative stress from the 
seminal plasma can act on sperm. The combination of 
intracellular and extracellular stress can lead to acrosomal, 
mitochondrial, and DNA damage. In the samples collected 
after 4 days of EA, the action of oxidative stress on the 
acrosome was observed. In this case, oxidative stress may 
have acted on sperm plasma membrane glycoproteins, 
which may have been disrupted by lipid peroxidation.

Oxidative stress can also act on the genetic material 
of sperm and lead to nuclear DNA fragmentation. The 
samples collected after 4 days of EA showed reduced DNA 
integrity compared with samples collected after 1 day of 
EA, as observed by Agarwal et al. (2016) and Borges et al. 
(2019), who compared samples collected after 4 days of 
EA with a period of less than 4 days of EA. The majority 
of sperm nuclear DNA is compacted by protamines; the 
rest is compacted by persistent histones. According to 
Noblanc et  al. (2013), the regions of DNA compacted 
by histones are more vulnerable to damage. Further, in 
mice, persistent histones are responsible for compaction 
of about 1–2% of the sperm DNA. In humans, persistent 
histones are responsible for compaction of approximately 
15% of the sperm DNA; they require greater attention due 
to their fragility. This vulnerability can be worsened by a 

Table 4 Sperm function and epididymal function analysis results from men after 1 and 4 days of ejaculatory abstinence. 
Acrosome integrity, mitochondrial activity and DNA integrity were compared using a Wilcoxon signed-ranks test and data is 
presented as median; interquartile range (IQR (Q1–Q3)). Epididymal function was compared using a Student’s t-test for paired 
samples and data is presented as mean ± s.d. (95% CI).

1 day (n = 50) 4 days (n = 50) P value

Acrosome integrity† 88.0; 8.9 (83.0–91.9) 83.7; 7.4 (80.1–87.5) < 0.001*
Mitochondrial activity (%)
 DAB class I 7.2; 16.1 (2.2–18.4) 5.2; 10.3 (3.1–13.4) 0.041*
 DAB class II 67.7; 19.9 (56.0–75.9) 65.5; 20.9 (54.9–75.7) 0.429
 DAB class III 16.7; 13.1 (11.2–24.4) 16.5; 17.7 (11.2–29.0) 0.429
 DAB class IV 2.2; 3.4 (1.0–4.4) 3.5; 3.5 (2.0–5.5) < 0.001*
DNA integrity (%)
 Comet grade I 43.5; 28.0 (24.7–52.7) 29.5; 24.2 (16.5–40.7) < 0.001*
 Comet grade II 44.5; 27.1 (32.0–59.1) 60.0; 29.0 (40.0–69.0) 0.005*
 Comet grade III 8.0; 6.7 (4.2–11.0) 8.5; 7.0 (5.0–12.0) 0.484
 Comet grade IV 3.0; 5.7 (1.0–6.7) 5.0; 5.9 (3.0–8.9) 0.008*
Epididymal function‡ 30.8 ± 17.0 (22.8; 38.9) 37.6 ± 18.4 (28.9; 46.3) 0.055

†% intact acrosome; ‡NAG mU/ejaculate;  *P < 0.05.
DAB, 3,3-diaminobenzidine chromogen; NAG, neutral alpha-glucosidase.
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long-sperm storage period in the epididymal tail, which 
can increase oxidative stress, as observed in samples 
collected after 4 days of EA compared to samples collected 
after 1 day of EA.

Another factor that could render sperm more 
susceptible is epididymal dysfunction, whether the 
sperm remain in the epididymis for a long time, the 
period of sperm transit (through the epididymal head, 
body, and tail), and the period of EA. NAG activity has 
been used to measure epididymal function (WHO 2010). 
NAG is produced and secreted by epididymal epithelial 
cells (Guerin et  al. 1986); therefore, it is considered 
the most sensitive epididymal marker (more so than 
l-carnitine and glycerophosphocholine). NAG activity 
is significantly different between fertile and infertile 
men (Cooper 1996, Vivas-Acevedo et  al. 2014, Goss 
et  al. 2019); however, in this study, differences in the 
activity in samples collected after 1 and 4 days of EA was  
not observed.

Besides the epididymis and testis, the prostate 
and seminal vesicle are essential organs for fertility. 
Furthermore, the secretions of these last two tissues can 
directly interfere with the volume and pH of the seminal 
plasma (WHO 2010). As stated earlier, the samples collected 
after 1 day of EA were more alkaline compared to samples 
after 4 days of EA. According to the WHO guidelines, in 
an acidic environment, sperm are immobile, while in an 
alkaline environment, sperm motility increases. However, 
both analyzed periods showed optimum pH (7–8.5) for 
sperm migration and survival (WHO 2010). Two accessory 
organs are responsible for the majority of seminal plasma 
secretions: the prostate and seminal vesicle. Goss et  al. 
(2019), who used prostate (citric acid) and seminal 
vesicle (fructose) markers in seminal samples, observed 
a reduction in these markers in samples collected after 
4 h of EA when compared with samples collected after 
4 days of EA. The accessory gland secretions decreased 
with the reduced EA period, thus diminishing the alkaline 
secretion of the seminal vesicle and the acid secretion of 
the prostate, causing only a partial imbalance of the final 
pH, as observed in our study.

Besides volume and pH, the prostate and seminal 
vesicle can interfere in the oxidative stress of seminal 
plasma. The TBARS assays measured the oxidative stress 
of seminal plasma. Samples collected after 4 days of 
EA showed an increase in oxidative stress compared to 
samples collected after 1 day of EA.

In addition to oxidative stress, other factors may 
interfere with male fertility, such as endocrine disruptors 
(Lymperi & Giwercman 2018). These molecules are 

increasingly present in our environment: air, water, soil, 
food, and industrial products, among others. Therefore, 
they are difficult to eliminate from contact with humans. 
However, in this study, the two seminal samples (1 
day and 4 days of EA) were collected in the same week 
to reduce the bias of the endocrine disruptors on  
seminal samples.

Our study brought additional information placed 
alongside other studies and of medical facts can facilitate 
clinical decision-making on which procedure should  
be performed.

Conclusion

In conclusion, our study verified that the increase in 
oxidative stress on samples collected after 4 days of EA 
led to a decrease in acrosome integrity, mitochondrial 
activity, and nuclear DNA integrity compared with 
samples collected after 1 day of EA. Therefore, a long-
sperm storage period in the epididymal tail (4 days of EA), 
beyond the time required for sperm transit, allows ROS to 
act for a longer period on sperm, which affects the sperm 
quality. These results may be considered to obtain better 
results in assisted reproduction techniques in order to 
improve both fertilization and implantation rates.
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