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ABSTRACT
Purpose: The aim of the present study is to assess the effect of L-carnitine and Coenzyme Q10
(CoQ10) on human sperm motility, DNA fragmentation, chromatin structure, and reactive oxygen
species (ROS) during, before and after freezing in oligospermia men.
Materials and Methods: Semen was collected from 30 oligospermic men, who referred to
infertility clinic of Beasat Hospital in Sanandaj, Iran. The samples of each individual were divided
into 8 equal parts: 1. control group before freezing; 2. incubated with L-carnitine; 3. incubated
with coenzyme Q10; 4. incubated with the combination of L-carnitine + CoQ10; 5. control freezing
group; 6. the experimental freezing group with L-carnitine; 7. the experimental freezing group
with coenzyme Q10 and 8. the experimental freezing with the combination of L-c + CoQ10. Sperm
motility was assessed by WET MOUNT method. DNA fragmentation was evaluated by SCD
(Sperm Chromatin Desperation), ROS, was evaluated by quantitative fluorescence reaction, and
chromatin deficiency was determined by chromatin staining (CMA3).
Results: Antioxidant treatments, significantly reduced the number of ROS + in the pre and post
freezing groups. Significant improvement was seen in the sperm motility of class B in the pre
freezing groups with L-carnitine. Antioxidants also reduced the percentage of DNA fragmentation
and protamine deficiency in pre-and post-freezing.
Conclusion: Addition of Coq10 and L-carnitine to human sperm medium significantly reduced
the number of ROS. This reduction in ROS reduced sperm damage during cryopreservation.

INTRODUCTION
Infertility is an important medical and social problem in the world since 15% of couples are
infertile; 40% of them are infertile because of male factor infertility, 40% because of female factor
infertility, and in the remainder, both factors are associated

(1)

. Male infertility can be due to

oligospermia, which has a sperm count of less than 15 to 20 million per ml in 16% of the 41%
infertile couples (2). With the advent of ART (Assisted Reproductive Technology), it has become
possible to treat infertile men. The quality of semen in some diseases, such as oligospermia, is
crucial for the success of ART (3). Recently, much attention has been paid to the influence of ROS
on sperm quality. Despite the advancement of ART techniques, gametes and embryos when
handled, prepared and manipulated for ART procedures, are exposed to various potential ROSinducing factors

(3)

. Another method used in ART to maintain the ability of men reproduction is

cryopreservation techniques (freezing and thawing process). Most damage occurs during freezing
and thawing. Major causes of damage during freezing are ROS formation and cell dehydration,
which disrupt the cell wall and intracellular organelles. Many in vitro and in vivo studies have
recommended the use of antioxidants as an adjunct to infertility treatment to improve sperm quality
(4)

. CoQ10 is an essential component for electron transport in oxidative phosphorylation of

mitochondria. CoQ10 function as a potent antioxidant in testicular, and high levels of its reduced
form ubiquinol are present in sperm (5,6). In the mammalian epididymis, the free L-carnitine is taken
up from the blood plasma, transported into the epididymal fluid and into the spermatozoa, and
accumulated as both free and acetylated L-carnitine

(7)

. In humans and experimental models,

carnitines play an important role in sperm energy metabolism and provide the primary fuel for
sperm motility

(8)

. Previous studies have shown that seminal-free L-carnitine content correlates

with the number of sperms and sperm motility. Carnitine, as a water-soluble antioxidant, protects

the plasma membrane of sperm from damage by free radicals and prevents the oxidation of
proteins, pyruvate and lactate and also, protect sperm DNA against the damage induced by ROS
(7,8)

. In this study, it is tried to improve the quality of sperm parameters of oligospermia men by

using L-carnitine and COQ10.
PATIENTS AND METHODS
Inclusion criteria and exclusion criteria

Inclusion criteria, men with oligospermia and 25-40 years of age with abnormal spermogram
should be done at least two examinations in two to three months, according to the WHO. But,
exclusion criteria included: patients over 40 years of age with underlying factors such as
varicocele, testicular atrophy, ejaculatory disorders, patients with azoospermia, Sertoli cell
syndrome and endocrine and anatomical disorders, seminal specimens which containing abundant
bacteria and suspected of infection and the presence of leukocytes was more than one million / mL
(2)

.

Semen Collection

The samples were collected from patients after 3 to 4 days of abstinence and they completely
agreed to participate in experimental tests by completing the consent form before collecting the
sample. The supernatants sample were kept in a 37 ° C incubator without CO2 for liquefaction for
20 to 30 minutes. Toxicity test was performed to obtain a responsive dose of L-carnitine and
CoQ10 to prevent sperm infection. We obtained this dose at 100 μM (9).
Experimental groups

Each individual sample was divided into 8 equal parts. Control group was prepared without any
intervention and freezing (control before freezing); Group 2 was incubated with L-carnitine (100
μM) for one-hour; Group 3 was incubated with CoQ10 (100 μM) for one hour; Group 4 was

incubated with L-carnitine and CoQ10 (100 μM) for one hour; Group 5 (freezing control group)
was mixed and frozen only with human sperm preservation medium (HSPM); Group 6 was frozen
with CoQ10 (100 μM) and HSPM; Group 7 was frozen with L-carnitine (100 μM) and HSPM and
group 8 was frozen with the combination of 100 μM (L-carnitine+ CoQ10) and HSPM for two
weeks. Samples were then analyzed to evaluate parameters such as ROS, protamine, DNA
fragmentation and motility according to WHO standards (9).
Freezing and thawing method

To reduce the damage caused by freezing and thawing, one-step freezing method was used. The
sample was held in the vapor phase for ten minutes before being plunged into liquid nitrogen.
Sperms were mixed with HSPM cryopreservation medium in 1: 1 ratio and they were transferred
to cryovials. After 7 minutes of freezing treatment, the cryovials were placed on nitrogen vapor
for 10 minutes and finally stored in a nitrogen tank. After 2 weeks, the sperms were thawed. They
were placed under running water for 1 to 2 minutes to reach normal temperature (10).
Motility determination

Sperm motility was assessed by WET MOUNT method which included 3 types of progressive
motility. It refers to sperms that swim in a mostly straight line or large circles in class (A). Nonprogressive motility refers to sperms that do not travel in straight lines or swim in very tight circles
in group (B) and sperms with no motion in group (C). At first, 10 µL of sperm sample was placed
on the slide and on a 22 × 22 lamellae and it was examined with 40 lenses and the percentage of
class A-B-C sperm motility was counted (11).
DNA fragmentation determination

SCD testing is one of the methods used to assess sperm DNA damage. Sperm DNA damage is
detected by the presence of extracellular chromatin haloes around the sperm nucleus. Normal

sperms have a large halo and abnormal sperms have a small halo or no halo around the head. DFI
(DNA Fragmentation Index) was calculated with halo larger than or equal to sperm head and
abnormal sperm (non-halo or smaller sperm head) around the sperm head during staining. 30 µL
of spermatozoa was mixed with 70 µL of low melting agarose at 37 °C. The mixed sample was
placed on a slide pre-coated with 65% agarose for 4 minutes at 4°C. Then, the lamellae were
separated from the surface of the slide, and each slide was horizontally immersed in .08 normal
hydrochloric acid solution for 7 minutes at room temperature and in the darkness. It was then
placed in a lubricant solution for 25 minutes. Each slurry was washed with distilled water for 5
minutes and dehydrated in 70, 90, 100% alcohol 2 minutes, and then stained with Wright’s color
solution and washed with ordinary water after 10 minutes. Then, it was examined by light microscopy at
a magnification of 100 (Fig.1) (12).
ROS measurement

We used DCFDA Cellular ROS Detection Assay Kit to measure the ROS of the sperm samples
for each group (Fig.2) (13).

Determination of protamine deficiency

To evaluate deficiency of protamine, smear was prepared from the samples and investigated by
ChromycinA3 (CMA3) staining (22). After staining, sperms were observed and counted under each
fluorescence microscope at a magnification of × 60. The percentage of bright yellow spermatozoa
was recorded as CMA3+ (sperms lacking protamine deficiency) (Fig.3) (14).
Data analysis
Data analysis was conducted in SPSS software version 22 using Mann-Whitney test.

RESULTS
In all the groups, motility factors, ROS, DNA fragmentation and protamine were evaluated and
compared and P < .05 was considered significant. The results of the statistical analysis of these
data are as follows:
Figure 4 shows the mean percentages of different classes of motility and the level of significance
between the experimental groups. By examining the results of the above diagram, in both pre and
post freezing conditions, three drug treatments were able to increase sperm motility (A-B-C)
compared to the pre and post freezing control group, (L-carnitine , COQ10 , L-carnitine + COQ10).
Significant increase in class B ( p = .004) with l-carnitine was seen in before freezing group.
Overall freezing significantly decreased all three A-B-C motions in the control group. Freezing
had the greatest effect on decreasing A motility (progressive motility), and increasing C
motility (no progressive motility). By the addition of these antioxidants, this decrease in
progressive motility was partially prevented. L-carnitine had the most effect on the improvement
of three classes of motility in after freezing group.
According to figure 5, with the addition of COQ10 and L-carnitine to the sperms of the control
group, there was a significant decrease in ROS mean compared to the control group (respectively
P = .04, P = .03 and L Carnitine + COQ10 group P = .2). There is an overall increase in the average
ROS. Adding antioxidants significantly reduced the ROS mean compared to the freezing control
group. (L-carnitine (P = .01) , COQ10 (P = .01) , L-carnitine +COQ10 (P = .03)).
According to figure 6, no significant change in the reduction of DNA fragmentation was observed
with the addition of Q10 and L-carnitine separately and in combination before cryopreservation.
After freezing, DNA fragmentation increased, but the addition of these treatments decreased in

DNA fragmentation compared to the freezing control group. The increasing effect of
cryopreservation on DNA fragmentation in the cryopreservation control group was significant (P
< .001). Also, addition of CoQ10 and L-carnitine to the sperm of the control group increased the
number of sperms with normal protamine but this difference was not significant (L-carnitine , Q10
, L-carnitine + Q10) (p ≤ .05) (Fig.7).
Freezing reduces protamine in spermatozoa. With the addition of antioxidants, the average number
of spermatozoa with normal protamine increased compared to the freezing control group, but it
was not significant (L-carnitine , Q10, Carnitine + Q10) (p ≥ .05) (Fig.7).

DISCUSSION AND CONCLUSION

The present study demonstrated L-Carnitine and Coenzyme Q10 effects on the Sperm Motility,
DNA Fragmentation, Chromatin Structure and Oxygen Free Radicals During, Before and After
Freezing in Oligospermia Men. In oligozoospermic patients, the spermatozoa are the predominant
source of ROS and generate extremely high levels of ROS compared to those produced by
spermatozoa from normal fertile men (15). The most important strategy to reduce oxidative stress
is to use antioxidant-supplemented. Our results showed L-carnitine and CoQ10 significantly
improved sperm motility before and after freezing. Freezing shows a decrease in all three types of
sperm motility. But antioxidants partially prevented this reduction. The most effective treatment
was L-carnitine treatment. L-carnitine had the greatest improvement in sperm motility in Class B
before freezing and Class C after freezing. Decreased motility has been shown to be due to ROSinduce, primarily H2O2-mediated, peroxidation of lipids in the sperm membrane decreasing
flexibility and by inhibition of motility mechanisms. The reduction in sperm motility is

proportional to the amount of lipid peroxidation (15). ROS-induced damage of mitochondrial DNA
leads to decreased ATP and energy availability, impeding sperm motility

(16)

. Previous studies

showed that quaternary antioxidant increased sperm motility by reducing sperm lipid peroxidation.
These results are in line with the results of our study

(5,17)

. Melissa Rossi et al. showed that the

addition of Q10 antioxidant to horse sperm freezing medium did not increase the sperm motility.
This result was inconsistent with our study, which may be due to the different types of samples as
well as differences in the method of freezing (18). According to other studies, antioxidants appear
to reduce ATPase K+ / Na pump activity, reduce phosphorylation of axonal proteins and alter
membrane permeability by reducing membrane peroxidation (resulting from oxidative stress).
Finally, sperm motility was maintained (15,16).
In the present study, L-carnitine and CoQ10 reduced DNA damage before and after
cryopreservation. Free radicals have the ability to directly damage sperm DNA by attacking the
purine and pyrimidine bases

(19)

. ROS cause damage via single and double strand DNA breaks,

cross links, and chromosomal rearrangements (20). Infertile men often have deficient protamination
which may make their sperm DNA more vulnerable to ROS damage (21). A study by Talevi et al.
using an antioxidant compound (Zinc, D –aspartate, CoQ10) in in-vitro environment showed
increased sperm DNA integrity and prevented fragmentation in oligospermic patients

(5)

. The

researchers also showed that addition of CoQ10 antioxidant to sperm freezing medium had a
significant effect on reducing sperm DNA fragmentation after cryopreservation (22). According to
the results of other research, it seems that antioxidants prevent the oxidation of purine and
pyrimidine bases by eliminating free radicals which leads to preventing the breakage of one or two
strands of DNA. They also prevent the formation of transverse cells between DNA and protein
and, ultimately, maintain chromatin structure and DNA integrity

(19-21)

. The study showed that

addition of coenzyme antioxidants CoQ10 and L-carnitine decreased the number of ROS-positive
spermatozoa before and after cryopreservation. The freezing process produces ROS. But these
antioxidants significantly reduced the number of ROS-positive sperm in the pre and post
vitrification treatment groups. In vitro incubation of sperm in the absence of seminal plasma shows
a significant increase in markers for oxidative stress

(23)

. According to research, it seems that

antioxidants prevent sperm membrane lipid peroxidation and ultimately protect sperm by
removing oxygen free radicals and oxidative stress (24). In the present study, the addition of CoQ10
and L-carnitine reduced the number of protamine deficient sperms compared to the precryopreserved control group, but had no significant effect. Oxidative stress may affect the levels
of protamine through influencing the spermatogenesis process. Proteins are one of the main targets
for oxidative damage (25) and cysteine residues are particularly sensitive to oxidation because the
thiol group (-SH) in cysteine can be oxidized

(26)

. A recent study showed that L-carnitine and

coenzyme in 40 µg dose improve protamine deficiency (27). Also, Aliabad et al., explained that Lcarnitine and acetyl L-carnitine improved protamine by acetyltransferase (Ache) transfer (28).
CONCLUSIONS

The use of antioxidants in-vitro in the clinical laboratory setting during ART procedures should
also be considered, alongside improvement of ART techniques and optimization of the laboratory
environment. Addition of CoQ10 and L-carnitine antioxidants to human sperm medium by
reducing the number of ROS, improves motility, protamine deficiency and reduces DNA
percentage of sperm fragmentation before and after freezing. Undeniably, excessive ROS leading
to oxidative stress conditions has a serious impact on the outcome of assisted reproduction which
leads to lower fertilization, implantation and pregnancy rates. In conclusion, prophylactic oral
antioxidant therapy and supplementation of medium for culture, incubation/handling and

cryopreservation can possibly improve gamete quality and fortify the developing embryo.
However, the appropriate antioxidants and dosages (whether as a sole compound or as a
combination) for different forms of infertility issues still remain an ongoing area of research.
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Figure 1- SCD test under light microscope; normal sperm have large halo (A) around the head. Abnormal sperm have a small
halo (B) or no halo (C).

Figure2- ROS +spermatozoa under fluorescence microscopy with a wavelength of 535-485 nm.

Figure 3- A: Luminous yellow sperm has protamine deficiency (CMA3 +). B: Sperm has normal protamine levels (CMA3-)
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Figure 4: Comparison of sperm motility in different experimental and control groups
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Figure 5: Comparison of mean ROS in different experimental and control groups
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Figure6: Comparison of mean percentage of DNA fragmentation in experimental and control groups
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Figure7: Comparison of the mean of protamine in experimental and control groups

