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Introduction 

Lack of natural pregnancy is currently a problem for human society, which has 

caused considerable problems for couples (1-5). Based on universal 

circumstantial evidence, an average of 10-15% of young couples suffer from 
infertility (2, 4). Asthenospermia and teratozoospermia simultaneously or 

asthenoteratozoospermia (ATS) can be a factor in male sexual disorders (3, 4). 

Men with ATS have normal sperm motility of less than 40% and abnormal sperm 
morphology of more than 4% (3). Studies indicated that these men's sperm 

produce remarkable levels of reactive oxygen species (ROS) (4, 6, 7). Excess 
ROS cause mitochondrial dysfunction, reduce the levels of sperm antioxidant 

enzymes, and cause defective sperm production, which can emanate from the 

nicotinamide-adenine dinucleotide phosphate oxidase system (2, 4). Induction of 
lipid peroxidation by the same pathway can operate phospholipase-A2, which 

facilitates the extrication of polyunsaturated fatty acids (PUFA) in the 

phospholipid and increases the manufacture of ROS (5). An essential reason for 
oxidative induction in the membrane plasma of sperm is fatty acid generation (5, 

6). Obviously, PUFA is an important factor in ROS risk (6). By damaging the 

mitochondria, the increase in ROS reduces the level of energy produced for sperm 
movement and causes the disruption of the integrity of the sperm membrane and 

sperm morphology (4, 7). Hence, mitochondria damage disrupts sperm motility 

(4). Assisted reproductive technology (ART) is a time-consuming process, and 
over time, ROS levels increase in the sperm. Moreover, as once noted, ROS levels 

are significantly high in ATS semen; it seems that these parameters lead to more 

violent oxidative stress, which contributes to considerable harm in sperm quality 
and quantity (3, 6, 7). 

According to the cases mentioned earlier, using antioxidant activity 

positively impacts men's fertility. L-carnitine is a natural antioxidant that is 

presented for the preparation process of sperm in ATS men. It is derived from 
lysine and methionine, which are commonly found in meat and dairy products 

(8). It is effective in amending sperm mobility by enhancing the available energy 

of sperm through beta-oxidation from long-chain fatty acids in mitochondria (8). 
This antioxidant can lower lipid peroxidation and malondialdehyde (MDA) 

levels and neutralize ROS (9). Epididymis has the highest concentration of 

carnitine in the body; however, this level is lower in infertile men (10). Moreover, 
carnitine can protect motility, DNA (deoxyribonucleic acid) integrity, fertilizing 

capacity, and membrane integrity of sperm (plasma, acrosome, and 

mitochondrial) against harms that are rooted in ROS production (10-13). Besides, 
a diet containing L-carnitine and L-acetyl carnitine can significantly increase 

sperm motility in oligoteratospermic men (8, 14). This in vitro research aimed to 

measure the impact of time-crossing and L-carnitine incubation on motility, 
membrane integrity, and MDA levels of sperm sampled from ATS men at 

different times during the preparation process. 

 

Methods 

Fifty infertile men aged 20-40 years (average age of 30 years) with simultaneous 

asthenospermia and teratozoospermia referred to the Omid Royan Infertility 
Center, Arak, Iran, from July to December 2016, participated in this in vitro study. 

All the participants had regular sexual intercourse twice a week without using 

any type of contraceptive. They lived in an industrial city. The ones who had 
taken any drugs such as vitamin supplements, alcohol, and tobacco or had a 

history of varicocele, azoospermia, or prostatitis were excluded. Then, semen 

samples were collected while 3 days had passed since their last ejaculation. 
Finally, the samples were analyzed by the 2010 World Health Organization 

(WHO) criteria (3). 

Preparation of semen samples 

The semen samples were placed in an incubator at 37 °C for 30 min according to 

the WHO 2010 guidelines to be liquefied (3). Next, the samples were randomly 

divided into control and L-carnitine groups, and each group had 25 samples. After 
removal of the upper layer by centrifugation (1000 g) for 10 min, the samples 

were added to Ham's F-10 medium (Merck, Germany) and stained twice. A dose 

of 0.5 mg/ml of L-carnitine (L-carnitine; Merck, Germany) was selected based 

on previous research (14). According to similar studies on the impact of various 
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antioxidants on sperm quality in vitro, after adding 0.5 mg/ml L-carnitine to the 
semen samples, they were incubated for 0, 2, 4, and 6 hours (h) at 37 °C. 

Semen total antioxidant capacity (TAC) evaluation by ferric reducing 

antioxidant power assay (FRAP) 

This evaluation was based on Benzie and Strain's method (15). This method is 

based on the ability of plasma to reduce Fe3+ ions and convert them to Fe2+ ions 

at acidic pH in the presence of 2,4,6-Tris (2-pyridyl)-s-triazine (TPTZ) reagent 
(Sigma Aldrich, USA). The plasma's regenerative power is proportional to this 

complex's concentration. Then, a blue complex is formed in the presence of TPTZ 

at a low pH, which can be measured at 593 nm. Next, the standard solution of 
ferrous sulfate (Merck KGaA, Germany) was prepared with a concentration of 1 

mM and different dilutions. Finally, the standard curve of iron sulfate was plotted 

in the FRAP test. The regression formula was derived from the standard curve 
(R² = 0.9975, y = 0.6333x + 0.1013), where Y equals survival (Figure 1). The 

regression formula from the standard curve was used to measure the FRAP of 

ATS men's seminal plasma (15). 

 

DNA Fragmentation of the sperm chromatin assay 

The sperm chromatin dispersion (SCD) test was used to investigate the 

fragmentation of sperm DNA. First, 70 μl of samples (5-10 million/mL) from 

control and L-carnitine groups were blended with 1% agarose (Merck, Germany) 
at different times at 37 °C. The microscope slides were then covered with 65% 

agarose, and the suspension was placed on them. Then, a lamella was laid on the 

slide and stored at 4 °C for 4 min. Subsequently, with the removal of the lamella, 
each slide was placed horizontally in the ordinary 0.08% chloridic acid solution 

(Merck, Germany) for 7 min, in absolute darkness and room temperature, and 

was then immersed in a lysis solution for 25 min. After being washed with 
distilled water for 5 min, they were flooded in alcohol (70, 90, and 100%) for 2 

min. After drying, the slides were stained for 10 min with wright and phosphate-

buffered saline (PBS). Finally, after being washed with water, they were 
examined under a light microscope. In this technique, the range of DNA 

fragmentation can be classified into 5 types of cells according to the presence of 

a halo around the nucleus and by examining its size. The percentage of 
fragmented spermatozoa in the form of nuclear DNA with a small halo, no halo, 

and destroyed cells, as well as unfragmented spermatozoa in the form of nuclear 

DNA with a large and medium halo, was reported (16). 

Sperm motility assay 

Sperm motility parameters were evaluated considering the WHO criteria (2010) 

(3). First, 10 mL of the suspension containing the medium and sperm was placed 
on the slide to measure sperm motility under a light microscope (40X). Then, for 

each slide, 5 microscopic fields containing at least 250 sperm were observed. 

Finally, the sperm motility percentage was calculated by reporting progressive, 
nonprogressive, and nonmotile sperm. 

Hypo-osmotic swelling (HOS) test for the sperm membrane integrity (SMI) 

assay 

The HOS was done based on Check's method (17). Sperm plasma membrane 

integrity was assessed via its osmotic roles (Figure 2). Spermatozoa swell when 

exposed to hypo-osmotic fluid through fluid permeation with a normal plasma 
membrane. First, 30 μL of the seminal fluid suspension was incubated 

simultaneously, and then, 300 μL of the hypo-osmotic solution 150 mOsm/Kg 
(Merck, Germany) was added. Next, they were placed on the slide for 1 hour (37 

°C), and then, 200 sperm were counted in approximately 5 fields of sight via 

phase contrast microscopy. Finally, the percentage of swollen (normal) tailed 
spermatozoa was identified and recorded as a response to the hypo-osmotic 

solution (Sperm with a normal plasma membrane showed a bent tail, and sperm 

with a defective plasma membrane showed no tail swelling) (17). 

 

Malondialdehyde assay 

Based on the method of Buege and Aust (1), malondialdehyde reacts with 
thiobarbituric acid (Sigma, USA), generating an orange mixture to indicate rays 

by a wavelength of about 532-535 nm. First, trichloroacetic acid (15% w/v)-

thiobarbituric acid (0.375% w/v)-hydrochloric acid (0.25N HCl) (Sigma, USA) 
reagent was mixed (2:1) with the semen suspension. Then, the samples were 

placed in a boiling bath (15 min) and centrifuged for 10 min. After removing the 

supernatant, their absorbance was read spectrophotometrically in the presence of 
a blank. Finally, the concentration of MDA was calculated with the extraction 

coefficient (1.56×105 M-1 cm-1) (18, 19). 

Ethical consideration 

The present study was conducted in compliance with ethical principles with the 

permission (IRANKMU.REC.1394.37) of the Medical Ethics Committee of Arak 

University of Medical Sciences, Arak, Iran. Verbal informed consent was 
obtained from all the participants. 

Statistical analysis 

The data were statistically analyzed via SPSS v. 20 (Statistical Package for Social 
Sciences; Chicago, IL, USA).  

Repeated-measures analysis of variance (ANOVA) was used to compare the time 

intervals, and independent t-tests were run to compare the control and L-carnitine 
groups. All data are presented as means ± standard error (SE), and P<0.05 was 

considered statistically significant. 
 

Results 

Spermatogram of ATS men 

Table 1 demonstrates the mean of sperm parameters in 50 volunteers, analyzed 

by the WHO guideline (2010) before incubation. As expected, the semen samples 
illustrated remarkable disorders in motility, viability, morphology, and DNA 

fragmentation of sperm. The spermatozoa of all the participants had abnormal 

motility and tail morphology. According to the WHO, all the volunteers had 
teratozoospermia and asthenospermia, and their sperm had a high level of DNA 

fragmentation (Table 1; P<0.05). 

 

Total sperm motility 

There were significant differences between the L-carnitine group at different 
incubation times and controls in terms of total sperm motility (P=0.028). Besides, 

the total sperm motility significantly declined in the control group after 2 hr 

(P<0.001) (Figure 3; P<0.05). 

 

Figure 1. Standard curve and regression formula of iron sulfate in the ferric reducing 

antioxidant power assay (FRAP) method. (Y: Equal to conservation; R2: R-squared). 

FRAP measurement is a direct test to evaluate the total antioxidant power. Firstly, the 

standard curve of ferrous sulfate was drawn, and the regression formula obtained from the 

standard curve was used to measure FRAP 

 

Figure 2. Sperm membrane integrity by hypo-osmotic swelling (HOS) staining, showed 

different degrees of tail swelling in the human sperm (A-C). Sperm with a normal plasma 

membrane and bent tail (B & C), Sperm with a defective plasma membrane by no tail 

swelling (A). (×1000 magnification) 

Table 1. Descriptive data of sperm parameter averages in 50 asthenoteratospermic 

men aged 20-40 years (average age of 30 years) before incubation, such as volume, 

pH, concentration, total motility, progressive motility, viability, normal morphology, 

total antioxidant capacity, and sperm DNA fragmentation 

Parameters Mean ± Standard 

deviation 

Normal range 

Volume 3.35 ± 1.78 ≥ 1.5 (mL) 

pH 7.91 ± 0.28 ≥ 7.2 

Concentration 74.4 ± 26.6 ≥ 15 (106 per mL) 

Total motility 34.2 ± 5.7 L ≥ 40% 

Progressive motility 23.7 ± 10.57 L ≥ 32% 

Viability 57.6 ± 18.5 L ≥ 58% 

Normal morphology 1.6 ± 0.70 L ≥ 4% 

Total antioxidant capacity 1339.2 ± 150.3  

Sperm DNA fragmentation 22.53 ± 6.74 H 15%  ≥ 
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Progressive motility of sperm 

There were significant differences between the L-carnitine group at different 
incubation times and controls in terms of sperm progressive motility (P<0.019). 

Furthermore, sperm progressive motility significantly decreased in the control 

group after 2 hr (P<0.001) (Figure 4; P<0.05). 

 

Sperm membrane integrity 

There were significant differences between the L-carnitine group at different 
incubation times and controls in terms of SMI (P<0.025). Moreover, SMI 

significantly decreased in the control group after 2 hr (P<0.018) (Figure 5; 

P<0.05). 

 

Lipid peroxidation by MDA  

There were significant differences between the L-carnitine groups at different 

incubation times and controls in terms of MDA levels (P<0.017). Moreover, 
MDA levels significantly increased in the control group after 2 hr (P<0.001) 

(Figure 6; P<0.05). 

 

Discussion 

The findings showed that as time passed, by increasing lipid peroxidation in the 

semen of ATS men, the quality of sperm parameters significantly decreased, and 

L-carnitine significantly compensated for this damage and upregulated sperm 
parameters. In our study, the mean of semen parameters in 50 ATS men before 

incubation showed significant abnormalities in viability, morphology, motility, 

and sperm DNA fragmentation. Moreover, in the control group, sperm parameters 
declined significantly, except for the MDA level, which significantly increased. 

Hence, the results of the present study confirm previous andrological studies (4, 

20-22). In agreement with our results, Ghafarizadeh et al. (2018) and Fanaei et 
al. (2014) found a decline in motility and viability, as well as an increase in the 

MDA of sperm 0.5 to 6 hr after incubation (4, 23). Human semen has low 

antioxidant enzyme capacity and, therefore, fails to completely deal with 
oxidative stress (23). Besides, ROS produced by sperm and leukocytes can 

decrease adenosine triphosphate (ATP) levels, which have a destructive effect on 

sperm motility (23). The sperm membrane has a lot of polyunsaturated fatty 
acids, which are attacked by free radicals (20). Furthermore, ROS can directly 

damage chromatin by penetrating through the membrane nucleus (24). 

Kobayashi et al. (2001) showed a relationship between low sperm viability and 

high ROS levels (25). High MDA levels also destroy sperm membrane integrity 

so that ionic transfer, chemical messengers, and the ion concentration gradient 

are disturbed on both sides of the membrane (26, 27). According to our results 
and those of similar studies (4, 20-22), it can be concluded that oxidative stress 

and lipid peroxidation increase in sperm as time passes, which in turn damages 

sperm motility and membrane integrity. A common method today to prevent 
oxidative stress in sperm during ART is the use of antioxidants. Hence, according 

to this study, L-carnitine was applied as a natural antioxidant to upregulate sperm 

parameters. 
L-carnitine is a chemical compound with strong antioxidant properties. It is 

produced in the brain, kidneys, and liver, helps the body to convert fat into energy, 

and increases sperm motility in semen (8, 20). Our results showed that the total 
motility, progressive motility, and membrane integrity of sperm were 

significantly higher in the L-carnitine group compared with the control group 

after 2 hr of incubation. However, MDA levels were significantly lower in the L-
carnitine group compared to the control group at 6 hr of incubation. Studies by 

other researchers on sperm parameters confirm the results of the present results 

(14, 22, 28, 33-35). Banihani et al. (2012), in an in vitro study, evaluated the 
effect of different concentrations of L-carnitine (0.1, 0.5, and 1 mg/mL) on 

human sperm at 2 and 4 hr of incubation and, then, after 20 min centrifuging; 

they found an increase in sperm motility (14). In the study by Al-Dujaily et al. 
(2014), the impact of L-carnitine (0.5 mg/mL) on men with asthenospermia 

disorder was investigated during sperm preparation by the concentration 

gradient. Eventually, the progressive motility of sperm significantly increased 
compared to the control group (28). Besides, Zhang (2020) reported an increase 

in total and progressive sperm motility by using L-carnitine in idiopathic 

oligoasthenoteratozoospermia patients (35). L-carnitine and L-acetyl carnitine 
act as a buffering system to regulate the concentration of acetyl CoA, which is 

essential for the tricarboxylic acid cycle and energy production and can increase 
sperm motility (20). Besides, L-carnitine facilitates the transport of long-chain 

fatty acids along the inner membrane of the mitochondria, and these fatty acids 

are broken down by beta-oxidation to produce ATP, which can provide the energy 
needed by sperm (21, 34). Besides, the property of L-carnitine, as a ROS-

destroyer, can improve sperm motility and viability (10, 32, 35, 36). Oral 

administration of L-carnitine and acetyl-L-carnitine showed an increase in the 
activity of total antioxidants and sperm motility in individuals with idiopathic 

asthenospermia (14). Furthermore, L-carnitine can protect sperm membranes 

against the harmful effects of ROS by its antioxidant activity (22, 32, 34). It 

seems that L-carnitine helps facilitate the transfer of fatty acids to the 

 

Figure 3. The effects of L-carnitine (0.5 mg mL-1) on total sperm motility 
after 2 hr of incubation. Mean ± standard deviation and P<0.05. *P<0.05, 

**P<0.01 significant difference versus the control group. ●P<0.01, 

●●P<0.001 significant difference versus the control group before incubation.  
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Figure 4. The effects of L-carnitine (0.5 mg mL-1) on the progressive sperm 

motility after 2 hr of incubation. Mean ± standard deviation, and P<0.05. 

*P<0.03, ** P<0.01 significant difference versus the control group. ●P<0.01, 

●●P<0.01 significant difference versus the control group before incubation.  
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Figure 5. The effects of L-carnitine (0.5 mg mL-1) on sperm membrane 

integrity (SMI) by the hypo-osmotic swelling (HOS) assay after 2 hr of 

incubation. Mean ± standard deviation, and P<0.05. *P<0.04, ** P<0.018 
significant difference versus the control group. ●P<0.04, ●●P<0.025 

significant difference versus the control group before incubation.  

Figure 6. The effects of L-carnitine (0.5 mg mL-1) on the malondialdehyde 

(MDA) levels after 2 hr of incubation. Mean ± standard deviation and P<0.05. 
*P<0.03, **P<0.017 significant difference versus the control group. 

●P<0.001 significant difference versus the control group before incubation.  
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mitochondrial matrix and lipid peroxidation decreasing, and it takes advantage of 
this way to improve the sperm membrane integrity and mitochondrial membrane 

potential (22, 34). Recently, researchers have reported that selenium (4), 

melatonin (20), and L-carnitine (22) can have a positive effect on DNA 

fragmentation in the sperm of ATS patients. Recent studies have also reported the 

effect of reducing MDA levels and increasing membrane integrity in human 

sperm by L-carnitine treatment (34, 36). Besides, it can improve the total and 
progressive motility of sperm in them (21). Such studies and the present research 

show that antioxidant therapy would remarkably impact the sperm of ATS men. 
 

Conclusion 

ART is a time-consuming process, and over time, sperm quality decreases; 

nevertheless, the use of an antioxidant in this process can prevent this damage. 

This point is more important in AST patients in whom sperm quality is inherently 
low. The present study showed that L-carnitine as an antioxidant can improve the 

progressive and total motility and sperm membrane integrity and can also reduce 

lipid peroxidation as time passes. Therefore, it can maintain sperm parameters 
during ART and enhance the fertility rate in ATS patients. 

Since half of the participants did not return, it was not possible to evaluate 

the percentage of fertility in them. It is suggested that in future studies, the 
fertility percentage of the participants is also assessed because it can provide 

more information about the effect of L-carnitine. Finally, the repeatability of 

using L-carnitine in different doses and treatment times can reveal the hidden 

dimensions of this antioxidant in improving male fertility. 
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