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Abstract
Objective: Evidence suggests the contributory role of oxidative stress (OS) to sperm DNA damage and eventually, 
male infertility. Antioxidant supplementation has exhibited favorable results regarding seminal OS, sperm DNA damage, 
and chromatin integrity. We aimed to evaluate the effect of alpha-lipoic acid (ALA) supplementation on semen analysis, 
sperm DNA damage, chromatin integrity, and seminal/intracellular OS in infertile men with high sperm DNA damage. 
Materials and Methods: In this randomized triple-blind placebo-controlled clinical trial study, we opted for a triple-blind 
controlled clinical trial design. Considering the study’s inclusion criteria for the level of sperm DNA fragmentation (higher 
than the threshold of 30 and 15%), 70% of participants were selected for this clinical research study. Subjects were 
divided into case and control groups receiving oral ALA (600 mg/day) and placebo for eighty days, respectively. Sperm 
parameters and functional tests were examined and compared before and after treatment. The final sample size was 
34 and 29 for ALA and placebo receivers, respectively.
Results: No significant differences were observed about anthropometrics and baseline measures of semen analysis, 
DNA damage, OS, and chromatin integrity between the two groups. Conventional semen parameters were enhanced 
insignificantly in both groups (P>0.05).  DNA damage decreased significantly in the ALA group, as per sperm chromatin 
structure assay (SCSA, P<0.001). Moreover, chromomycin A3 (CMA3) staining results indicated a decrease in nuclear 
protamine deficiency post-ALA therapy (P=0.004). Lipid peroxidation decreased significantly after treatment with ALA 
(P=0.003). Further, seminal antioxidant capacity/activity did not differ significantly in either of the groups (registration 
number: IRCT20190406043177N1).  
Conclusion: An 80-day course of oral ALA supplementation (600 mg/day) alleviates sperm OS, DNA damage, and 
chromatin integrity in men with high sperm DNA damage.
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Introduction
Infertility is defined as the failure to conceive despite 

the performance of regular unprotected coitus for a 
minimum of a year affecting 15-24% of couples (1). Of 
all infertility cases, approximately 50% are due to male 
factors and male suboptimal sperm parameters  (2).  The 
quality of sperm plays an indisputable leading role in male 
fertility. However, the criteria by which a spermatozoon 
is considered ‘qualified’ to induce pregnancy still need 
to be determined. Sperm concentration, motility, and 
morphology have classically been known as sperm 
quality representatives, although it is now believed that 
as many as 26% of the male population with ‘normal’ 

semen parameters could face infertility (i.e., unexplained 
infertility) (3, 4). Further, despite advances in human 
knowledge upon reproduction, the exact etiology behind 
30-40% of impaired semen analyses remains unknown, 
nomenclature as idiopathic male infertility. The emerging 
evidence has drawn attention to sperm DNA damage as 
a potential underlying etiology (5, 6). On the other hand, 
it has been indicated that oxidative stress (OS) majorly 
contributes to infertility of unknown origin (in 30-80% 
of infertile men) (7). Similarly, men with unexplained 
infertility tend to exhibit higher reactive oxygen species 
(ROS) levels in their seminal fluid compared to fertile 
normozoospermic individuals (8).
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ROS represents a vast number of free and non-free 
radical chemical compounds produced by oxidative 
metabolism. ROS generated at the levels of sperm 
mitochondria and plasma membrane and acts as signaling 
molecules that mediate capacitation, acrosome reaction, 
hyperactivation, and sperm-zona pellucida fusion  (9). 
OS portrays a state in which the homeostatic equilibrium 
between the oxidizing and reductant molecules shifts 
in favor of the former. The OS occurs as a result of 
ROS overproduction in the seminal plasma by either 
morphologically abnormal sperms and/or leukocytes, 
or due to the lack of antioxidants. The sperm plasma 
membrane rich in polyunsaturated fatty acids and the 
simultaneous lack of compensatory mechanisms expose 
the cell to oxidative damage.  Finally, OS is supposedly 
the main contributor to sperm DNA damage (10, 11). 

Evidence shows that there is many studies have 
exhibited a meaningful association between the increase 
in sperm DNA damage and prolonged conception period, 
decreased fertilization rate, impairments in embryo 
cleavage, higher rates of miscarriage and pregnancy loss, 
and birth defects in the offspring (12). OS-alleviating role 
of oral antioxidant supplementation has been also widely 
explored in the context of male infertility and many studies 
have detected favorable outcomes regarding motility, OS-
induced damage, and DNA fragmentation in sperm (13). 

Alpha-lipoic acid (ALA), thiotic acid, is a natural 
Krebs cycle co-enzyme, reputed for its potent antioxidant 
characteristics. ALA and its reduced form, dihydrolipoic 
acid (DHLA), act in both aqueous and lipid phases and 
exert intense antioxidant properties. In addition to in vitro-
confirmed direct ROS scavenging characteristics, DHLA 
regenerates non-enzymatic endogenous antioxidants, 
namely vitamin C and E, and augments enzymatic 
antioxidants such as glutathione and superoxide 
dismutase. Both ALA and DHLA serve as metal chelating 
agents by forming stable compounds with elements Cu, 
Mn, Zn, Ars, Cd, and Hg (14). Interestingly, DHLA does 
not turn into a free radical in the process of neutralizing 
these agents (14-16).

Many studies have underlined the beneficial impacts of 
ALA supplementation on OS-derived conditions, namely 
diabetic neuropathy, glaucoma, cataracts, and alcoholic 
liver disease (14). Also, the effects of ALA on male 
fertility have been the subject of several animal models 
and a few controlled clinical trials. As evidenced, ALA 
administration ameliorates enzymatic/non-enzymatic 
antioxidant features, mitigates OS-mediated damages 
to the testicular structure, and maintains sex-hormone 
balance; all of which may lead to the improvement in 
semen parameters and the consequent fertility efficacy 
(16-18). However, human studies are confined to two 
exclusive clinical trials: Through a clinical trial on 
asthenoteratospermic men, Haghighian et al. (18) indicated 
that ALA supplementation could enhance semen quality 
in terms of conventional semen parameters.  Further, a 
recent controlled randomized trial has shown that ALA 
administration after microsurgical varicocelectomy 

could significantly improve sperm motility and DNA 
fragmentation in the patients (19). Therefore, both studies 
have underlined the need for further trials on the subject.

To fill the mentioned gap, we aimed to conduct a 
randomized, triple-blind placebo-controlled clinical trial 
to evaluate the effect of oral ALA administration on sperm 
DNA integrity, chromatin integrity, and sperm parameters 
as well as seminal OS markers in infertile human subjects 
with high sperm DNA damage. 

Materials and Methods
Study design

The present randomized triple-blind placebo-controlled 
clinical trial was held in Royan Institute (Tehran, Iran) 
between July 2018 and June 2020, we randomized 
infertile men with sperm DNA damage over the threshold 
to evaluate ALA medication efficacy versus placebo 
regarding conventional sperm parameters, seminal/
intracellular OS, and DNA damage alleviation capabilities 
(Fig.1).  All the sperm analysis and sperm functional 
tests were conducted in native semen samples. The 
study protocol was approved by Royan Institute Ethics 
Committee for Research Involving Human Subjects 
(IR.ACECR.ROYAN.REC.1397.108) and the Iranian 
Registry for Clinical Trials (IRCT20190406043177N1). 

Fig.1: Study design according to CONSORT.

Patient recruitment
Men -referred to the Royan Institute clinic- with or 

without impaired semen analysis with high sperm DNA 
damage were eligible for our study. According to WHO 
guidelines, impaired semen analysis was defined as the 
presence of at least one of the following conditions: sperm 

https://pubmed.ncbi.nlm.nih.gov/?term=Haghighian+HK&cauthor_id=26051095
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concentration < 15 million/ml, total motility < 40%, and 
normal morphology < 4%, otherwise semen analysis 
was considered to be normal (3).  For all the couples, the 
extent of sperm DNA damage was defined with either 
sperm chromatin structure assay (SCSA) or terminal 
deoxynucleotidyl transferase dUTP nick end labeling 
(TUNEL) method, and individuals with values higher 
than the threshold of 30% and 15% were considered 
eligible, respectively (6, 20). 

Medical conditions potentially affecting the fertility 
status were ruled out by available routine investigations 
for the participants and their female partners. We 
excluded the subjects with recent/ongoing history of 
varicocele, leukocytospermia, chemo-radiation, cytotoxic 
medication, and malignancies. Female partners were 
considered normal in the presence of normal menstrual 
cycles, vaginal ultrasounds, and hysterosalpingographies. 
Couples with female-related infertility, including 
polycystic ovary syndrome, endometriosis, and tubal 
factor, were excluded from the study.

Individuals were thoroughly educated on the aim and the 
rationale behind the study design and the interventional 
groups, randomization, sample collection, and delivery 
to the designated laboratory. Age, anthropometrics, and 
medical and medication/supplementation history were 
provided from each of the participants. After assuring the 
couples of not incurring any cost and their right to acquire 
the obtained results, a signed written consent form was 
obtained from each. 

Interventions
Applying a computer-mediated random digits table 

and simple randomization method, we allocated the 
subjects to drug and control groups. Patients in the 
case group received a cumulative daily dose of 600 
mg of ALA (Raha company, Isfahan, Iran), while 
controls were given the placebo (600 mg, made of 
starch) with identical appearance and taste, both daily 
for 80 consecutive days (18). There are no reports of 
adverse drug reactions for the oral intake of ALA in 
the literature and it is considered safe to consume (18, 
19).

Two semen samples were obtained from every 
participant: one before the medication course 
initiation and the other promptly after its termination. 
Samples were given by masturbation following 2-7 
days of sexual abstinence (3). Once delivered to the 
laboratory, samples were weighed, let to liquefy at 
room temperature, and subsequently evaluated in terms 
of viscosity and liquefaction by applying a wide-bore 
pipette.

Randomization
To randomly allocate the subjects to medication and 

control groups, we applied permuted blocks. According 
to our sample size, all the possible permutations of ten-
unit blocks were obtained, and subsequently, a sequence 

of seven blocks was designated by applying a random 
number table. Randomization was carried out by persons 
unrelated to the study operations. ALA and placebo 
were packed identically and were indiscernible.  The 
randomization sequence was not disclosed before the 
termination of statistical analysis, and patients, drug 
prescribers, data collectors, and statistical analysts were 
kept blinded to it.

Primary outcomes
Conventional semen analysis 

Concentration

Samples were diluted by applying 1% formalin in sodium 
bicarbonate solution (1:10) and placed in the sperm 
counting chamber (Sperm meter, sperm processor, 
Garkheda, Aurangabad, India). Applying an optical 
microscope (LABOMED CxL; 20×), a trained laboratory 
technician counted the number of sperm (a minimum of 
200 sperm per sample) and recorded the observations as 
million sperms/milliliter (3). 

Motility
Semen (10 µl) was placed on a pre-warmed sperm 

counting chamber and was covered with a coverslip 
with a depth of 20 µm. The motility was assessed 
utilizing computer-assisted sperm analysis (CASA) and 
LABOMED CxL optical microscope in a minimum of 
five different microscopic fields (≥200 sperm evaluated 
per field). Four distinct sperm motions were determined: 
rapid progressive, slowly progressive, non-progressive, 
and immotile. Ultimately the percentage of total sperm 
motility and progressive sperm motility were reported (3). 

Abnormal sperm morphology
According to Tygerberg’s criteria, two smears were 

obtained and fixed by methanol-dissolved triarylmethane 
dye per sample. The smears were later stained by 
eosinophilic xanthene and basophilic thiazine solutions 
(Diff-Quick staining) (Fig.2A). The smears were 
evaluated regarding head, neck, and tail abnormalities 
under high microscopic magnification (×1000). At last, 
the percentage of sperm with abnormal morphology was 
expressed (3).

Viability

In short, 1 g of eosin Y (color index: 45380) and 10 
g of nigrosine (color index: 50420) dyes were separately 
solved in 100 ml of distilled water. The semen sample 
was then mixed with eosin (one drop each), and after 
30 seconds, three drops of the suspended nigrosine were 
added to the mixture. One minute later, a thin smear was 
obtained from the well-blended mixture and was left to 
dry up for five additional minutes. Subsequently, the slides 
were monitored using a bright-field optic microscope 
with ×100 magnification (LABOMED CxL). A minimum 
of 200 sperm was evaluated per replicate (3).  
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Sperm DNA integrity/damage evaluation
Terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL) 

A commercial detection kit was used for TUNEL (Apoptosis 
Detection System Fluorescein, Promega, Mannheim, 
Germany). Briefly, a semen aliquot containing 3×106 sperm 
was centrifuged (800 g, 5 minutes, room temperature). After 
removing the seminal plasma, phosphate-buffered saline (PBS, 
Sama Tashkhis, Iran) was added to the pellet. Next, each 
sample was equally divided into negative/positive control 
and the test tubes. The tube’s pellet was then fixed in 4% 
paraformaldehyde (methanol-free) for 30 minutes (pH=7.4). 
Next, the samples were diluted with PBS and permeabilized 
with 0.2% Triton X-100 in PBS for 5 minutes followed by 
PBS -wash and were resuspension in 50 µl of the staining 
solution for one hour (37°C, dark room). 

For negative control, the TdT enzyme from the kit was 
not added to the tube, and for the positive control, the 
samples were incubated with DNase I (40 IU/ml for 10 
minutes) before the fixation. Finally, we analyzed the data 
by flow cytometry (FACScan BD FACS Calibur, Becton–
Dickinson, San Jose, CA, USA).  A minimum of 10,000 
sperm was examined per assay (21). 

Sperm chromatin structure assay

Two million sperms were separated from each sample, 
and container volume was raised to 1 ml using TNE 
buffer (Tris–HCl+sodium chloride+Ethylenediaminetetra
acetic acid [EDTA]) buffer. Following the addition of 400 
μl acid-detergent solution to 200 μl of the diluted semen 
sample, the mixture was stained with 1200 μl of acridine 
orange (Sigma, St. Louis, USA) staining solution (Fig.2B). 
Almost 10,000 sperm per sample were monitored/
analyzed with a flow cytometer (FACSCalibur Becton 
Dickinson, San Jose, CA, USA), and the percentage of 
DNA fragmentation was calculated accordingly (22). 

Aniline blue staining 
Two smears were obtained and washed from each 

sample. Then, the slides were fixed and stained by 
glutaraldehyde (2.5%) and 5% aniline blue (AB, aqueous) 
in 4 % acetic acid, respectively. Afterward, the slides were 
dried out using consecutive ethanol baths (70%, 96%, 
and 100%) and embedded in xylol (5 minutes). Finally, 
the smears were coated with Entellan rapid mounting 
medium. Randomly, a minimum of 200 sperm was counted 
by an instructed individual applying an optical microscope 
(bluish sperm implied nuclear immaturity) (23). 

Chromomycin A3
Briefly, from each sample, two smears of sperm were 

washed and later fixed with Carnoy’s solution. Afterward, 
smears were stained with 200 μl of Chromomycin A3 
(CMA3) staining solution (0.25 mg/ml). After washing 
with 1x-PBS (×3). By use of an epifluorescence 
microscope (Olympus, Japan) with suitable filters (460-

470 nm, 100× magnified), a minimum of 200 sperm was 
evaluated: Sperm with insufficient protamine content ~ 
light yellow; sperm with adequate protamine content ~ 
dark yellow (Fig.2C) (24). 

Reactive oxygen species generation
Mitochondrial membrane potential evaluation: JC1 
staining assay (JC1-MMP)

Briefly, the samples were diluted with PBS to an 
approximate concentration of 3-5 million sperms/
ml. JC-1 dye (preserved at -20°C) was thawed at 
37°C and was added to the attenuated samples (1 µl 
to 1 ml) followed by incubation for 15 minutes at 
37°C. Subsequently, the samples were centrifuged at 
3000 RPM for five minutes. The resultant supernatant 
was removed, and the cell pellet was suspended again 
with 1 ml of PBS. For each sample, the level of JC-1 
stainability was evaluated using a flow cytometer 
(FACSCalibur Becton Dickinson, San Jose, CA, 
USA). Red and green fluorescence implied normal 
and abnormal mitochondrial membrane potentials, 
respectively (Fig.2D). The results were eventually 
expressed as the percentage of green cells reflecting the 
sperm percentage possessing abnormal mitochondrial 
membrane potentials (25). 

Fig.2: Assessment of sperm functional tests. A. Assessment of sperm 
morphology with Diff- Quick staining, B. Representative histograms of 
sperm chromatin structure assay (SCSA) test before and after ALA therapy 
in an infertile man, C. Chromomycin A3 (CMA3) staining for assessment 
of sperm protamine deficiency; CMA3 negative or the sperm with normal 
protamine content and CMA3 positive or protamine deficient sperm, 
and D. Representative histograms of sperm JC1 staining for assessment 
of  mitochondrial membrane potential before and after alpha-lipoic acid 
(ALA) therapy in an infertile man (20 μm=100 magnification).

Lipid peroxidation
To assess the extent of seminal lipid peroxidation, 

we evaluated malondialdehyde (MDA) by utilizing a 
commercial colorimetric MDA assay kit (ZB-MDA-

A B

C D
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96A, ZellBio GmbH, Ulm, Germany). Briefly, 100 µL of 
seminal samples were mixed with 100 µL and 200 µL of 
R4 reagent and Chromogenic solution, respectively. The 
mixture then was heated using a boiling water bath for 
one hour. Next, the tube was cooled in an ice bath and 
centrifuged for 10 minutes (10,000 rpm). 200 µL of the 
supernatant was pipetted into a microplate and read at 
535 nm.

Total antioxidant capacity
We used a commercial kit (ZB-TAC-96A, ZellBio 

GmbH, Germany) to measure total antioxidant capacity 
(TAC) in the seminal plasma. As per manufacturer 
instructions, seminal plasma was initially centrifuged at 
600 g for 10 minutes. Then, 10 µL of the sample was added 
to 190 µL working chromogen reagent on the microplates 
followed by covering and 2 minutes of incubation at 
room temperature. Lastly, the samples were read at the 
wavelength of 490 nm (26).

Superoxide dismutase activity
Superoxide dismutase (SOD) was also measured 

with the use of a ZellBio kit (ZB-SOD-96A, Zellbio 
GmbH, Ulm, Germany). Briefly, the sample was mixed 
with EDTA and centrifuged for 10 minutes (2000-3000 
rpm). Then, the supernatant was added to the wells and 
blended with the reagents for homogenization. Afterward, 
applying an enzyme-linked immuno-absorbent assay 
(ELISA) microplate reader, the absorbance (412 nm) was 
then measured at 0 and 2 minutes.

Secondary outcome
We opted for pregnancy rate as the secondary outcome. 

To do so, patients were followed up to determine 
pregnancy occurrence for approximately six months 
after the medication’s termination. The percentage 
of couples with clinically approved (confirmation by 
ultrasound) pregnancies in each interventional group 
was calculated and reported as the pregnancy rate. 
Recurrent pregnancy loss was defined and measured 
as the occurrence of two or more failed pregnancies 
(27).

Sample size and statistical analysis
Our estimate indicated that a total of 75 infertile men 

with damaged sperm DNA would correctly endorse 
a relative effect size of 22% in the composite outcome 
measure (µ0=67; µ1=0.87) with the power and one-tailed 
level of significance of 0.9 and 0.05, respectively (1-
β=0.9; α=0.05) (18).

The analysis was performed utilizing IBM SPSS 
Statistics for Windows (version 26). As confirmed 
by the Kolmogorov-Smirnov test, the variables were 
normally distributed. Consequently, the independent-
sample t-test was used to underlie the dispersion of 
the variables between ALA and placebo groups, while 
intra-group differences were evaluated applying the 

paired-sample t test. The data were expressed as mean 
± standard deviation, and the P values calculated 
lower than 0.05 were considered significant. Flow 
cytometry data were analyzed using WIN MDI 2.9 
software (The Scripps Institute, Flow Cytometry Core 
Facility, USA).

Results
In the current study, 35 individuals to each of the 

interventional groups were assigned by use of permuted 
blocks. One and six were lost in ALA and placebo groups 
due to refusal to continue therapy or not showing up for 
the endpoint sampling; consequently, the sample size 
was confined to the final 34 ALA and 29 ALA placebo 
receivers (Fig.1). 

No statistically significant difference was observed 
between ALA and placebo receivers regarding mean 
anthropometric values namely age, height, weight, and 
body mass index. Likewise, the difference between 
baseline measures of conventional semen parameters, 
sperm DNA/chromatin indexes, and indicators of ROS 
generation showed no differences between two groups 
(P>0.05, Table 1). The abortion rate was higher in the 
ALA group in comparison with the placebo (97.06% 
vs. 70.37%, P=0.004). Moreover, a significantly higher 
prevalence of recurrent pregnancy loss was detected in the 
ALA group compared to the placebo receivers (85.29% 
vs. 55.56%, P=0.01).

The results of conventional semen analysis 
showed significant intra-group differences after the 
termination of treatment in neither of the interventional 
groups (Fig.3). We witnessed improvement in sperm 
chromatin represented by AB (remnant histones) 
and CMA3 staining (protamine deficiency) after 
ALA therapy (P=0.03 and P<0.005, respectively). In 
the ALA group, our analysis revealed a significant 
decrease in sperm DNA damage by the SCSA test 
(P<0.005) while the TUNEL results did not differ 
significantly (P=0.11). Conversely, the mean sperm 
DNA fragmentation increased significantly among 
placebo receivers (TUNEL, P=0.03, Fig.4). The extent 
of lipid peroxidation (i.e., MDA generation) and 
TAC decreased significantly after ALA medication 
(both P<0.005) while post-intervention levels of SOD 
did not differ significantly in either of the groups 
(P>0.05, Fig.5). Finally, no significant change in mean 
mitochondrial membrane potential was seen in the 
ALA (P=0.60) and placebo (P=0.24) groups.

Patients were further followed up for the occurrence 
of pregnancy: In the ALA group, eight patients 
achieved natural pregnancy, while the number for 
the control group was three (pregnancy rates 23.53% 
and 10.34%, respectively). Pearson’s chi-square 
test revealed no statistically significant relationship 
between the type of treatment and the incidence of 
pregnancy (P=0.169).
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Table 1: Comparison of the measures of conventional semen analysis and sperm DNA damage assays (SCSA and TUNEL) before and eighty days after 
initiation of the designated intervention for each experimental group: Alpha-lipoic acid (600 mg/day) versus placebo

Variable Placebo ALA P value

a. Before b. After c. Before d. After a vs. b1 c vs. d1 a vs. c2 b vs. d2

Semen volume (ml) 3.43 ± 1.34 3.31 ± 1.22 4.24 ± 1.86 3.89 ± 1.72 0.379 0.132 0.069 0.161

Sperm concentration (106/ml) 63.54 ± 64.47 54.56 ± 35.24 50.09 ± 47.64 59.8 ± 43.49 0.335 0.181 0.353 0.614

Total motility (%) 47.16 ± 27.27 41.52 ± 22.56 45.64 ± 25.02 47.27 ± 26.43 0.144 0.653 0.819 0.364

Progressive motility (%) 34.73 ± 19.31 25.49 ± 15.88 28.64 ± 18.28 28.07 ± 22.55 0.997 0.849 0.239 0.631

Viability (%) 84.44 ± 13.54 80.63 ± 20.52 80.58 ± 18.1 83.87 ± 13.65 0.407 0.409 0.386 0.493

Normal morphology (%) 2.19 ± 2.27 1.67 ± 1.33 1.64 ± 1.52 1.48 ± 1.09 0.104 0.377 0.268 0.563

SCSA (%) 30.08 ± 14.24 32.41 ± 14.62 36.98 ± 15.67 25.38 ± 14.68 0.319 0.0005 0.085 0.072

TUNEL (%) 16.23 ± 9.2 20.54 ± 10.44 18.2 ± 12.64 13.7 ± 8.58 0.029 0.107 0.514 0.514

Data are presented as mean ± SD . 1; Paired t test, 2; Two-sample t test, SCSA; Sperm chromatin structure assay, and TUNEL; Terminal deoxynucleotidyl 
transferase dUTP nick end labeling.

Fig.3: Comparison between the mean measures of seminal analysis parameters before and after intervention (paired t test). A. Semen volume, and sperm 
B. Concentration, C. Total motility, D. Progressive motility, E. Viability, and F. Normal morphology. ALA; Alpha lipoic acid.

Fig.4: Intragroup comparison between the mean values of sperm DNA damage before and after intervention (paired t test). Examined by A. SCSA and B. 
TUNEL assays, and the level of sperm chromatin compaction/protamination as indicated by the results of C. Aniline blue and D. CMA3 staining techniques.
*; Denotes P<0.05, ALA; Alpha lipoic-acid, SCSA; Sperm chromatin structure assay, TUNEL; Terminal deoxynucleotidyl transferase dUTP nick end labeling, 
and CMA3; Chromomycin A3.

A B C D E F

A B C D
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Fig.5: Comparison between levels of seminal oxidative determinants 
before and after intervention. A. Total antioxidant capacity, B. Superoxide 
dismutase, C. Malondialdehyde, and D. Mitochondrial membrane 
potential. *; Denotes P<0.05, ALA; Alpha lipoic-acid, TAC; Total antioxidant 
capacity, SOD; Superoxide dismutase, MDA; Malondialdehyde, MMP; 
Mitochondrial membrane potential, and AU; Arbitrary unit.

Discussion
As of today, the etiology behind a notable proportion 

of male infertility cases remains unknown. A recent 
study has unveiled that as much as 80% of infertile men 
exhibit some extent of OS in their seminal fluid, which 
is a potentially reversible condition (28). As mentioned, 
seminal enzymatic or non-enzymatic antioxidants provide 
the seminal fluid with oxidative homeostasis primarily 
through scavenging mechanisms, which ultimately leads 
to a reduction in ROS content to a satisfactory level. Lately, 
empirical antioxidant supplementation for infertility has 
drawn considerable attention. Despite enhancing sperm 
motility and attenuating seminal OS, however, most of 
the studied antioxidants confer minimal or no effect on 
the sperm DNA (29). 

Opting triple-blind controlled clinical trial design, the 
present study is the first to evaluate the effects of ALA 
supplementation on sperm DNA in human subjects. 
Recruiting men with infertility of unknown origin, we 
aimed to focus on ROS overproduction as the principal 
contributor to sperm DNA damage and consequently to 
infertility. Generally, our results indicated that infertile 
men with over-threshold DNA damage could benefit 
from an 80-day course of ALA supplementation with the 
daily dosage of 600 mg: chromatin integrity and DNA 
damage status showed significant improvement post-
medication, as assessed by SCSA, AB, and CMA3 assays. 
However, TUNEL results decreased insignificantly in the 
case group, while in contrast, placebo receivers gained a 
statistically significant increase in the TUNEL-assessed 
DNA damage. Also, both SCSA and TUNEL assays 
showed lower mean measures of sperm DNA damage 
in the ALA group compared to the placebo group after 
treatment. 

The DNA integrity status outlines the degree of 

chromatin compaction, which in sperm is obtained by 
several mechanisms, most notably through exchanging 
histone nucleoproteins for protamines (30). Protamine 
provides more compacted sperm DNA compared to 
histones primarily through forming intra-/inter-DNA 
disulfide bonds. Compacted DNA is less vulnerable 
to damage, namely nicks and fragmentations (31, 32). 
Consistent with this, in the ALA group we observed a 
simultaneous decrease and increase in residual histone 
and sperm nuclear protamine content, respectively. In 
this regard, ALA has been shown to uphold intracellular 
cysteine concentration presumably through actively 
reducing cystine to cysteine or by increasing cellular 
cysteine uptake; all of which enhance one-carbon 
metabolism providing methyl groups mandatory for di-
sulfide tight bonds needed for the optimum compaction of 
sperm DNA (33).

Moreover, in the ALA group, our analysis indicated 
a significant decrease in the mean sperm DNA damage 
according to the SCSA assay. Conversely, TUNEL results 
did not show a meaningful alleviation in sperm DNA 
fragmentation among ALA receivers while underlining a 
corresponding significant elevation in the placebo group. 
These findings are potentially attributable to the nature 
of damages that TUNEL and SCSA assays could detect. 
In short, the TUNEL assay measures the pre-existing 
double-strand DNA breaks (i.e., fragmentations) while 
SCSA evaluates the DNA’s susceptibility to single-strand 
nicks (34). Meanwhile, the persistence of the pre-existing 
fertility-deteriorating condition through the course of the 
study (80 days) coupled with receiving a placebo could be 
explanatory for the observed increase of TUNEL-assessed 
sperm DNA damage in the control group. 

No significant difference was observed in mean MMP 
after medication. High MMP has been linked to optimum 
mitochondrial function, high viability, and motility in 
sperm, while low MMP is a sign of early cell death and 
apoptosis and is associated with sperm DNA damage (35, 
36). On the other hand, hydrogen peroxide and superoxide 
radicals are byproducts of normal mitochondrial activities 
(37). Therefore, these observations further verify that 
ALA may benefit independent of mitochondrial function.

Our analysis unveiled a significant decrease in the 
level of MDA post-ALA treatment. MDA is the ultimate 
product of lipid peroxidation (38). The disturbance in 
membrane structure induced by lipid peroxidation affects 
vital cellular functions namely signal transduction and 
maintenance of ion and metabolite gradient necessary 
for optimal sperm function. The peroxides are generally 
associated with decreased sperm function and viability, 
DNA damage, and the ultimate fertility decrease (39). ALA 
has been proposed to quip the sperm with an extracellular 
shield and prevent lipid peroxidation, which may account 
for the observed reduced MDA (18). Concurrently, no 
significant difference was detected between the baseline 
and final measures SOD activity in the case group. 
However, TAC content showed a significant decrease 
in the ALA receivers, hypothetically imputable to the 
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presence of a steady ROS scavenging process. Despite 
the findings mentioned above, no statistically significant 
changes were observed in favor of ALA supplementation 
efficacy regarding conventional semen parameters despite 
noticed alleviation in mean sperm DNA damage. 

Finally, patients were monitored regarding the 
occurrence of pregnancy for a minimum of six months. 
As addressed in the result sections, we did not notice a 
significant association between the type of treatment (ALA 
or placebo) and the occurrence of natural. Considering 
the significant predominance in the case group regarding 
the abortion rate, the observed higher pregnancy rate 
might imply that ALA supplementation leads to enhanced 
pregnancy results in the infertile men with eminent DNA 
damage, possibly as a consequence of the lowered DNA 
damage enhancing the fertilizing capability of sperm, as 
well as a decrease in chromatin alterations incompatible 
with fetus viability which needs to be further investigated. 
Nevertheless, the statistical insignificance of improved 
pregnancy rate presumably stems from insufficiency in 
the sample size, proposing room for further clinical trials 
with larger sample sizes.

Conclusion
An 80-day course of ALA supplementation (600 

mg/day) diminishes sperm DNA damage in men with 
high DNA damage. As indicated by our analysis, ALA 
medication ameliorates OS-derived lipid peroxidation 
leading to the consequent alleviation in DNA’s damage 
susceptibility and endorsement of DNA integrity by 
means of maintaining the optimal nuclear protamine 
content. However, further investigation could unveil the 
clinical aspects of such an association. 
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