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Introduction

The rationale for using oral antioxidant supplements in male 
infertility stems from the understanding that semen oxidative 
stress (OS), through generation of reactive oxygen species 
(ROS), is one of the primary factors leading to male infertility 

and sperm abnormalities (1-4). Spermatozoa are particularly 
susceptible to OS due to the abundance of plasma membrane 
polyunsaturated fatty acids (5-7). These unsaturated fatty 
acids provide fluidity for sperm motility but predispose sperm 
to free radical attack resulting in lipid peroxidation, sperm 
dysfunction and oxidative damage to the DNA (8,9).
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Although seminal plasma contains a number of 
enzymatic (superoxide dismutase, catalase, glutathione 
peroxidase (1,5,10,11) and non-enzymatic antioxidants 
(ascorbic acid, α-tocopherol, pyruvate, glutathione, 
L-carnitine, taurine, hypotaurine), seminal antioxidant 
activity may be suppressed in infertile men with seminal OS 
(12-15). To date, there is some controversy as to whether 
the high ROS levels detected in the semen of infertile men 
are due to increased ROS production, decreased ROS 
scavenging capacity or both (13,16). If we assume that high 
semen ROS levels are due, at least in part, to a decreased 
semen antioxidant scavenging capacity, the use of dietary 
antioxidant supplementation may be beneficial to infertile 
men. This concept is supported by studies showing that oral 
intake of antioxidants will increase semen antioxidant levels 
and sperm DNA quality (17-19).

Aitken et al. have proposed a 2-step model for sperm 
DNA fragmentation (20). In the model, the 1st step in 
the “development” of DNA fragmentation is defective 
spermatogenesis characterized by the production of 
immature sperm having poor chromatin compaction and 
the second step is oxidative injury to the DNA of poorly 
compacted sperm nuclei. Based on this model, we wanted 
to explore the potential effect of an oral antioxidant 
supplement on sperm chromatin compaction and DNA 
fragmentation. Only one study has examined both of these 
parameters after antioxidant therapy and has reported 
that antioxidants have a beneficial effect on sperm DNA 
fragmentation but a detrimental effect on chromatin 
compaction (21). 

Methods 

Materials

The APO-Direct kit was purchased from BD Pharmingen, 
CA, USA. Unless otherwise stated, all other chemicals were 
obtained from Sigma Chemical Co (St. Louis, MO, USA) 
and were at least of reagent grade.

Patient population

We conducted a retrospective study of 17 consecutive 
infertile men with abnormal semen parameters (reduced 
sperm concentration and/or motility) that were treated 
with an oral multivitamin (antioxidant) supplement and re-
evaluated with a follow-up semen analysis. In these 17 men, 
sperm DNA integrity and chromatin compaction were 

assessed before and 3 months after initiating antioxidant 
treatment. These men were seen for infertility evaluation at 
the OVO fertility clinic in Montreal, Canada between May 
2016 and November 2017. The men in this study received 
the Fertil Pro antioxidant supplement with the following 
daily dose: 400 mg L carnitine, 300 mg vitamin C, 100 mg 
coenzyme Q10, 67 mg vitamin E, 30 mg zinc, 3 mg beta-
carotene, 2 mg lycopene, 1 mg folic acid, 50 μg vitamin 
B12, 30 μg selenium and 25 μg vitamin D.

None  o f  the se  men  had  azoospermia ,  s eve re 
oligozoospermia (<5 million sperm/mL), complete 
asthenozoospermia or evidence of genital tract infection 
(none had clinical symptoms of genital tract infection or 
leukocytospermia). Men exposed to gonadotoxins (e.g., 
smokers, recreational drug users and alcoholics) were 
excluded. None of the men had a clinical varicocele or 
an exam suggestive of genital tract inflammation (tender 
vas and/or epididymis). None of the men were selected 
based on the results of sperm DNA test result. Sperm 
morphology scores were not included in this study because 
this parameter was not assessed in conjunction with the 
other parameters (sperm DNA integrity and chromatin 
compaction).

Consent was not obtained from patients. The OVO 
research and development scientific committee reviewed our 
study and we received approval as a quality control study. 
We followed the principles of the Helsinki Declaration. 

Semen handling

Samples were obtained by masturbation after 2–3 days of 
sexual abstinence. After liquefaction of semen, standard 
semen parameters (volume, concentration, motility) were 
obtained using a computer-assisted semen analyzer (CASA; 
Hamilton Thorne, Beverly, MA, USA). All of the semen 
samples had motile spermatozoa and none had significant 
numbers of round cells or leukocytospermia as per WHO 
guidelines (all had <1 million round cells/mL).

Following liquefaction, two aliquots of semen containing 
approximately 1 million spermatozoa were collected from 
the original sample and fixed in 2% para-formaldehyde. 
The samples were then stored overnight at –20 ℃ in 70% 
ethanol for later evaluation of sperm DNA fragmentation 
by terminal deoxynucleotidyl transferase 2'-deoxyuridine 
5'-triphosphate (dUTP) nick end labeling (TUNEL) assay. 
A separate 25–100 μL aliquot of fresh semen was collected 
and frozen at –70 ℃ for later sperm cytochemical chromatin 
testing [% aniline blue (AB) staining]. 
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Sperm DNA fragmentation by TUNEL assay

Sperm DNA damage was assessed by flow cytometry-
based TUNEL assay and reported as DNA fragmentation 
index (%DFI)—reflecting the percentage of cells with 
DNA damage, as described previously (22). A fluorescein 
isothiocyanate—dUTP kit was used according to the 
instructions of the manufacturer for flow cytometry 
technique. Briefly, whole semen samples were fixed with a 
formaldehyde solution, centrifuged 5 min at 300 × g and 
washed in phosphate buffered saline (PBS). The samples 
were subsequently stored in ice cold 70% ethanol at ‒20 ℃ 
for a minimum of 12–18 h before testing. After washing, 
the labeling reaction (supplied with the In Situ Cell Death 
Detection Kit, Fluorescein) was performed by incubating 
sperm in 50 μL of labeling solution containing TdT 
enzyme for 1 h at 37 ℃ in the dark. Finally, samples were 
rinsed, resuspended in PBS and analyzed by flow cytometry. 
For each sample, a negative control (omitting TdT) was 
performed. At the beginning of each series of samples, a 
positive control was performed (obtained by treating sperm 
with DNase diluted in PBS). 

Flow cytometry was used to detect TUNEL staining of 
sperm from patients with >1 million cells per milliliter. For 
each sample, at least 10,000 events were recorded within the 
region characteristic of spermatozoa, using a flow cytometer 
(BD Accuri C6, Becton Dickinson, CA, USA) equipped with 
two lasers detectors FL1 (488 nm) with a standard 533/30 
band pass (BP) that detects green fluorescence fluorescein 
isothiocyanate (FITC) and FL2 with standard 675/25 nm 
BP that detects red or propidium iodide (PI) fluorochrome. 
The amount of sperm DNA fragmentation was determined 
as the percentage of sperm having fluorescence intensities 
above a threshold established in the negative control 
histogram. We have shown that repeat testing using our 
flow cytometry TUNEL assay gives comparable results 
with a low (<10%) intra-assay variability (data not shown). 

Cytochemical test of sperm chromatin compaction: AB 

Thawed semen samples were fixed with 70% ethanol and 
kept at −20 ℃ before further processing. Smears were 
prepared from the fixed semen samples, left to air-dry at 
20 ℃ for 30 min and immediately stained. For AB staining, 
smears are incubated with the dye (5% AB in 4% acetic 
acid) for 5 min, washed 3 times with dH2O and mounted 
with glycerol (23,24). 

We counted at least 200 spermatozoa per slide and 

followed the same grading system as previously reported 
(23,24). We categorized the spermatozoa into one of three 
groups: dark blue (dark blue stain over the whole head), 
pale (light blue staining of the entire head) or intermediate 
staining (dark blue staining of the post-acrosomal region 
only). For the purpose of this study we reported positive 
staining as the percentage of cells with dark blue staining 
(AB). We have previously found that the AB inter-assay 
variability is low (data not shown) and testing of fresh and 
frozen samples yielded comparable results (25).

Data analysis

Results are expressed as means ± one standard error (SE). 
Differences between the pre- and 3-month post-antioxidant 
supplementation parameters were estimated by Wilcoxon 
signed-ranks test (the Wilcoxon signed-ranks test was 
used because the populations-values were not normally 
distributed). The calculations of correlation coefficients 
between parameters (variables) were performed using 
a nonparametric procedure, the Spearman rank-order 
correlation. All hypothesis testing was two-sided with a 
probability value of 0.05 deemed as significant. Analyses 
were conducted using the sigma stat program [Statistical 
Package for the Social Sciences (SPSS), Chicago, IL, USA).

Results

We identified 17 consecutive infertile men with reduced 
sperm concentration (<15 million/mL) and/or progressive 
motility (<32%) that were treated an oral antioxidant 
supplement. These men had sperm DNA testing and sperm 
chromatin compaction assessment before and 3 months 
after treatment. The baseline (pre-treatment) sperm %DFI 
was 38.6% (Table 1). 

Antioxidant therapy was associated with a significant 
decline in %DFI (from 38.6%±1.7% to 26.6%±1.8%, 
P<0.0001), with the majority of patients (94%) experiencing 
a diminution in their %DFI after therapy (Figure 1). 
Furthermore, nearly half of the men (8/17) with an elevated 
initial %DFI (>30%) had a %DFI below 30% after 
therapy. In contrast, antioxidant therapy was not associated 
with a significant improvement in sperm concentration 
or progressive motility (Table 1). Moreover, antioxidant 
therapy was also not associated with a significant reduction 
in % positive AB staining (Table 1). There were no 
significant correlations between sperm DNA fragmentation, 
sperm chromatin compaction, sperm concentration and 
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Table 1 Mean (± SE) conventional sperm parameters, sperm DNA fragmentation and percent positive aniline blue stain before, and, 3 months 
after antioxidant therapy (n=17)

Parameter Pre-therapy Post-therapy (3-months) P value

Sperm concentration (×10
6
/mL) 50±1.8 61±1.8 0.34

a

Progressive motility (%) 49±1.4 52±1.4 0.38
a

Sperm DNA fragmentation (%) 38.6±1.7 26.6±1.8 <0.0001
a

Percent positive aniline blue stain 28.8±3.2 30.1±2.8 0.48
a

Values are means ± SD. 
a
, Wilcoxon signed-ranks test. SE, standard error.
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Figure 1 Sperm %DFI in each one of the 17 patients before and after oral antioxidant therapy. %DFI, DNA fragmentation index.

progressive motility (data not shown).

Discussion

Treatment of OS should first involve strategies to reduce 
or eliminate stress-provoking conditions including 
smoking, varicocele, genital infection, gonadotoxins and 
hyperthermia (26). The rationale for treating infertile men 
with oral antioxidants is based on the premise that seminal 
OS (common in infertile men) is due in part to a deficiency 
in seminal antioxidants. The practice of prescribing oral 
antioxidant is supported by the lack of serious side effects 
related to antioxidant therapy, although, few studies 
have carefully evaluated the risk of over-treatment with 
antioxidants (27). Ideally, an oral antioxidant should reach 
high concentrations in the reproductive tract and replete a 
deficiency of vital elements important for spermatogenesis. 
Additionally, the antioxidant supplement should augment 

the scavenging capacity of seminal plasma and reduce the 
levels of semen ROS (1). However, the levels of semen ROS 
should not be entirely suppressed (by oral antioxidants) 
as this may impair normal sperm functions (e.g., sperm 
capacitation and hyperactivation) that normally require low 
levels of ROS (28-30).

In this study, we have treated a group of infertile men 
with an oral, multivitamin supplement for three months 
and have observed that this treatment was associated with a 
significant decrease in sperm DNA fragmentation. Close to 
100% of the men experienced a reduction in sperm %DFI 
after antioxidant therapy. However, antioxidant treatment 
was not associated with significant beneficial changes 
in conventional semen parameters (concentration and 
progressive motility). Moreover, antioxidant treatment was 
also not associated with a significant improvement in sperm 
chromatin integrity. 

Our findings demonstrate that the improvement in 
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sperm DNA fragmentation associated with antioxidant 
therapy was not accompanied by a parallel improvement in 
sperm chromatin compaction, an observation that might 
appear contradictory at first glance. The observations 
on the protective role of antioxidants on sperm DNA 
fragmentation suggest that this fragmentation occurs 
at least in part as a result of OS, as shown in previous 
studies (1-3,17). However, our results on sperm chromatin 
compaction suggest that this characteristic is  not 
influenced by antioxidant treatment in the way that DNA 
fragmentation is. The proper assembly and compaction of 
sperm chromatin depends on the fidelity of spermiogenesis 
(i.e., the proper replacement of histones by protamines) 
and on sperm maturation in the post-testicular (e.g., 
epididymal) environment (20,31). One of the final steps 
in sperm chromatin compaction in the testis and in the 
post-testicular environment involves the formation of 
inter- and intra-molecular protamine bonds, a process that 
requires a mild OS (32). It is not surprising to observe that 
antioxidants do not improve sperm chromatin compaction 
as the use of oral antioxidants may interfere with proper 
chromatin compaction by dampening the OS necessary for 
this event. Moreover, there is no plausible way to explain 
how mechanistically oral antioxidants could correct the 
incomplete replacement of histones by protamines and 
measurably improve spermatogenesis.

The improvement in sperm DNA integrity after 
antioxidant therapy is more credible than changes in 
conventional sperm parameters because measures of sperm 
DNA damage exhibit a lower degree of biologic variability 
than standard semen parameters (33-36). Nonetheless, it 
is important to note that there are possible confounders, 
such as, changes in lifestyle or social habits, that may have 
influenced the results of this study. We also recognize 
that the results of our study would be strengthened had 
we conducted a controlled or randomized controlled trial 
(RCT) of antioxidant therapy. A small number of studies 
have evaluated the role of antioxidants on sperm DNA 
damage and have generally shown improved DNA integrity 
after therapy (3,17-19,37). Only one published study has 
examined the effect of antioxidants on sperm chromatin 
integrity and has reported an adverse effect of this 
therapy on sperm chromatin compaction using high DNA 
stainability (measured by SCSA) as a measure of chromatin 
compaction (21). 

To date, over 100 clinical and experimental studies 
have examined the effect of oral antioxidants on sperm 
parameters. Despite this large body of literature, it is 

not possible to establish firm conclusions regarding the 
optimal antioxidant treatment for infertile men because 
the published studies report on different types and doses of 
antioxidants, the studies are small with variable populations 
of infertile patients, the end-points vary and few of the 
studies are placebo-controlled (1,38-40). A systematic review 
of randomized trials has concluded that antioxidant therapy 
for male infertility may improve semen parameters and 
pregnancy outcomes, but the heterogeneity of the studies 
is such that it is not possible to establish firm conclusions 
about the value of this therapy (41). As such, the true benefit 
of oral antioxidant therapy remains controversial because 
the mechanism of action of antioxidants in the treatment 
of male infertility (i.e., suppression of seminal OS) has not 
been confirmed and many of these studies are small with 
variable treatment regimens. 

In conclusion, in this retrospective study of infertile 
men with idiopathic infertility, we have shown that an oral 
antioxidant supplement is associated with a significant 
improvement in sperm DNA integrity but not chromatin 
compaction. These data demonstrate the complex nature of 
sperm chromatin and the differential effect of antioxidants 
on various aspects of sperm chromatin structure. 
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