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Background: Conventional cryopreservation methods induce chemical and mechanical damage to the 
sperm membranes. The cryoprotectant potential of phospholipids of vegetal origin as soybean lecithin 
has been investigated as a substitute for egg yolk in diluents used for the cryopreservation of human 
spermatozoa. Therefore, the objective of this study was comparing the efficacy of a synthetic cryoprotectant 
supplemented with L-α-phosphatidylcholine (PC) and L-acetyl-carnitine (ANTIOX-PC) and the standard 
egg-based TEST-yolk buffer (TYB) in preserving sperm motility and chromatin quality in cryopreserved 
semen samples.
Methods: Prospective experimental study in which semen samples from 63 men with normal sperm motility 
and 58 men with low sperm motility were included and analyzed both before and after cryopreservation 
using ANTIOX-PC or TYB freezing media. Sperm quality was evaluated by routine semen analysis and 
DNA fragmentation index using the Terminal deoxynucleotidyl transferase dUTP nick end labeling assay. 
Results: Differences in the post-thaw progressive motility and DNA fragmentation index were not 
detected between TYB and ANTIOX-PC cryoprotectants in both normal and low sperm motility groups 
(P>0.05). However, ANTIOX-PC medium retained higher non-progressive motility and lower percentage 
of immotile sperm when compared to TYB medium, resulting in a greater total motile sperm count (P<0.05), 
regardless baseline values of motility characteristic of the normospermic or asthenozoospermic samples. 
Conclusions: ANTIOX-PC medium was effective to protect human sperm during a freeze-thaw cycle 
compared to the TYB medium. A clinically relevant advantage in better preserving kinetic parameters as 
higher total motility and lower immotile post-thawed sperm from ANTIOX-PC, in normal and low motility 
semen samples, demonstrated the positive impact of phospholipid and antioxidant treatment on sperm 
cryotolerance with high potential for egg yolk lipids replacement and biosafety.
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Introduction

Developments in assisted reproductive technologies (ART) 
have evolved rapidly over the past decades and seminal 
freezing has become an integral aspect of reproductive 
medicine (1). The preservation of semen in a therapeutic 
program is fundamental in procedures that can lead to 
testicular insufficiency or ejaculatory dysfunction, such as 
radiotherapy, chemotherapy and invasive surgeries (2,3). 
It is also indicated in ART in cases of donor insemination, 
vasectomy, and surgically retrieved spermatozoa to avoid the 
need to repeat invasive surgical procedures and ensure the  
presence of viable cells on the day of follicular aspiration (4).

Although long-term sperm storage is one of the most 
important tools to improve ART, cryopreservation of 
semen results in a significant increase in the percentage 
of poorly motile sperm or sperm with both abnormal 
morphology and DNA integrity, which impairs their 
ability to fertilize (5-8). In addition, spermatozoa with low 
motility from asthenozoospermic men are particularly 
susceptible to damages induced by cryopreservation and 
decreased fertilizing ability post-thawing (9). Conventional 
cryopreservation methods induce chemical and mechanical 
damage to the sperm membranes due to changes in lipid 
phase transition and increased lipid peroxidation (2,10), 
associated with loss of functional competence (11) and 
sperm DNA fragmentation (12,13). 

Different strategies have been developed to avoid sperm 
damage during the cryopreservation process (14-17). 
Currently, freezing media based on egg yolk are the most 
used in ART, and its action is due to the egg yolk being a 
concentrate of phospholipids, lipoproteins and cholesterol, 
which helps to restore lost lipids of the sperm membrane 
during the processes of freezing and thawing (18). The 
cryoprotectant potential of phospholipids of vegetal origin 
as soybean lecithin has been investigated as a substitute 
for egg yolk in diluents used for the cryopreservation of 
human spermatozoa (19-21). The non-animal origin and 
the minimum health risks associated with the use of soybean 
lecithin make its application preferable and, in terms of 
biosafety, can be considered superior to egg yolk (22). 

The International Lecithin and Phospholipid Society 
defines lecithin as a complex mixture of glycerophospholipids 
obtained from animal, vegetable or microbial sources, 
containing varying amounts of triglycerides, fatty acids, 
glycolipids, sterols, and sphingophospholipids. There are 
different chemical species of phosphatidylcholine (PC) 
derived from soybean and egg sources, with different 

chemical chain length and degree of unsaturation (23). 
We have already shown previously that purified soybean 
PC (Lα-phosphatidylcholine >99%) has cryoprotective 
effects similar to egg yolk when used as an additive for 
human sperm freezing medium (24,25). However, the 
efficacy of purified soy-PC in preserving the mitochondrial 
function and cardiolipin content of spermatozoa during 
cryopreservation of ovine semen was described as inferior 
to the egg yolk, which may be associated with the loss of 
antioxidants in soybean PC-based freezing medium (26).

L-acetyl-carnitine, a quaternary amine (3-hydroxy-4-N-
trimethylamino-butyrate) synthesized from the essential 
amino acids lysine and methionine, is an antioxidant used 
in the treatment of men with low seminal quality, since 
carnitines remove the toxic excess of intracellular acetyl-
CoA, protecting the spermatozoa from oxidative damage 
(27-29). In addition, carnitines play a key role in cell energy 
generation, transferring free fatty acids from the cytosol to 
mitochondria, facilitating their oxidation and generation 
of adenosine triphosphate (27,30). Due to its antioxidant 
properties, protective of both cell oxidative metabolism 
and mitochondrial membrane, L-acetyl-carnitine was 
incorporated into the soyPC-based cryoprotectant 
formulation (24,31). 

The new freezing medium (ANTIOX-PC) was designed 
from a basal medium containing salts, carbohydrates, 
purified proteins, amino acids, and synthetic cholesterol. 
To the basal medium were added the antioxidant L-acetyl-
carnitine and a high purity synthetic soybean PC 
(INVITRA—Assisted Reproduction Technologies, Brazil). 
Therefore, the objective of this study was comparing the 
ANTIOX-PC with the conventional cryoprotectant Test 
Yolk Buffer (TYB—Irvine Scientific) regarding post-
thaw seminal quality and the DNA integrity outcomes 
in semen from both men with normal or low motility, 
in order to evaluate if the phospholipid and antioxidant 
supplementation from ANTIOX-PC can be used in the 
replacement of cryoprotective medium containing egg 
yolk. We present the following article in accordance with 
the TREND reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1004).

Methods

Subjects and semen samples

This is a prospective experimental study that was conducted 
in accordance with the Declaration of Helsinki (as revised 
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in 2013). The study was approved by Local Research Ethics 
Committee and also by the National Commission for Ethics 
in Research (Protocols: CAAE 44677215.0.0000.5440 and 
CAAE 35850214.4.0000.5440) and informed consent was 
taken from all the patients. The volunteers were recruited 
at the Human Reproduction Sector of the Clinical Hospital 
of the Ribeirao Preto Medical School, University of São 
Paulo (HCFMRP/USP), where they sought to investigate 
conjugal infertility; and at the Urology Outpatient Clinic 
of the State Hospital of Ribeirao Preto “Prof. Dr. Carlos 
Eduardo Martinelli”, where they came for a birth control 
consultation for possible vasectomy surgery.

Semen analysis

Ejaculates were obtained from 121 men from June 2015 
to March 2018. All semen samples were obtained on-
site by masturbation into sterile containers after at least 
72 h of ejaculatory abstinence and left to liquefy at 37 ℃ 
on a tube warmer for 30 minutes. Basic semen analysis 
was performed in the andrology laboratory of HCFMRP/
USP within 1 hour of collection and comprised the 
measurements of semen volume and sperm concentration, 
motility, vitality, and morphology. All the parameters were 
measured in accordance with WHO guidelines (32). The 
sperm morphology was evaluated according to Krüger’s  
criteria (33) and the sperm vitality was assessed by using 
eosin-nigrosin test (32). Only samples showing sperm 
count of ≥15×106/mL and minimum volume of 1 mL 
were included in this study. The motility of each sperm 
sample was graded in four clusters: progressive motility, 
nonprogressive motility, non-motility cells, and total 
motility, which were reported as percentages. The samples 
were divided into two groups according to progressive 
motility: (I) samples with progressive motility ≥32% (normal 
motility) (n=63); (II) samples with progressive motility 
<32% (low motility) (n=58).

Experimental design

Following the routine semen analysis, each semen sample 
was divided into two aliquots, and 0.5 mL of the fresh 
raw semen was pipetted into cryovials (Nalge Company, 
Rochester, NY) and mixed 1:1 with one of two freezing 
media: (I) commercially available Freezing Medium TEST 
Yolk Buffer (TYB) (Irvine Scientific, Santa Ana, CA, USA); 
(II) synthetic freezing medium supplemented with soybean 
PC and L-acetyl-carnitine (ANTIOX-PC) (INVITRA—

Assisted Reproduction Technologies, Brazil). Therefore, 
semen and cryoprotectants were combined to a final 1:1 
(v/v) reaching a final volume of 1 mL. First, all cryotubes 
were immersed in cold water at 4 ℃ and refrigerated for 
30 minutes. Subsequently, the cryotubes were suspended 
in liquid nitrogen vapor (5 cm above the level of liquid 
nitrogen, −80 ℃) for 10 minutes. Finally, the aliquots 
were plunged into liquid nitrogen and stored at −196 ℃. 
Thawing step was performed during 30 minutes at room 
temperature. After centrifugation at 400 ×g for 5 minutes, 
the pellet was resuspended in 1 mL of Human Tubal Fluid 
(HTF) (Irvine Scientific) supplemented with 10% Synthetic 
Serum Substitute (SSS) (Irvine Scientific). Samples were 
randomly thawed at least 30 days after freezing and analyzed 
with regard to the percentage of motile sperm cells, vitality, 
morphology, and DNA integrity by TUNEL assay. Two 
experimental repetitions were performed during routine 
semen analysis and the sperm DNA fragmentation index 
evaluation to avoid technical variation. The sample size 
calculation was performed using an online software (https://
clincalc.com/stats/samplesize.aspx), and it was determined 
that it would be necessary to evaluate at least 53 cases per 
group (total of 106 subjects) for have a security of 80%, 
alpha 2.5%.

Preparation of cryoprotective medium

The ANTIOX-PC medium was designed and produced 
in small scale for research by INVITRA®, based on the 
standard buffer composition with modifications including 
the addition of synthetic human serum albumin, synthetic 
cholesterol, L-α-phosphatidylcholine and L-acetyl-
carnitine. Unless stated otherwise, all of the chemicals used 
were purchased from Sigma-Aldrich (St. Louis, MO, USA).

Basic freezing medium

The basic freezing media consisted of a Zwitter ion 
buffer system (TEST buffer solution) prepared in-
house by diluting 4.325 g TES (N-tris-hydroxy methyl 2  
aminoethane sulfonic acid), 1.0269 g TRIS (hydroxy 
methyl aminomethane-trizma base), 1 g dextrose, 0.015 g  
penicillin G , and 0.025 g streptomycin sulphate to 100 mL  
with HPLC grade water (Fisher Scientific, Pittsburgh, 
PA, USA). To the second dilution (TES-TRIS-CITRATE 
buffer solution) 68% (v/v) TEST (TES-TRIS) 30% (v/v),  
325 mOsm sodium citrate pH 7; 0,2% (v/v) 325 mOsm 
fructose were mixed and centrifuged at 10,000 ×g for  
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20 minutes and the solution was filtered through 0.22 µ 
sterile filter. To final TEST freezing medium formulation 
(pH 7.4) were added 10% (v/v) glycerol, 2% (v/v) dimethyl 
sulfoxide (DMSO), 2% (w/v) human serum albumin, and 
synthetic cholesterol (25). 

Lα-phosphatidylcholine and L-carnitine-based medium 

Lα-phosphatidylcholine and L-acetyl carnitine were 
added to the basic freezing medium at 3% and 6% w/v, 
respectively. Briefly, the PC and L-carnitine supplements 
were previously diluted and added to the BFM. Immediately, 
the cryoprotectant medium was gently homogenized and 
stored in 0.5 mL-aliquots at −20 ℃ (25,31). 

Test yolk freezing medium

This commercially purchased freezing medium (Irvine 
Scientific) was used as a control egg yolk medium. 

DNA fragmentation index 

Post-thawed spermatozoa were washed in Human Tubal 
Fluid (HTF) (Irvine Scientific) supplemented with 10% 
Synthetic Serum Substitute (SSS) (Irvine Scientific) and 
then with Phosphate Buffered Saline (PBS) 1× (Sigma-
Aldrich) and centrifuged at 500 ×g for 5 min. After that, 
sperm samples were washed and resuspended in PBS 
solution at a final concentration of 20×106/mL; and fixed in 
methanol 80%. Then slides were washed and permeabilized 
with 0.2% Triton X-100 (Sigma-Aldrich). Terminal 
deoxynucleotidyl transferase dUTP nick end labeling assay 
(TUNEL) (In situ cell death detection kit with fluorescein, 
Roche Diagnostics, Mannheim, Germany) was performed 
to detect sperm DFI, according to the manufacturer’s 
protocol. To inhibit photobleaching of fluorescent dyes, 
there was the addition of VECTASHIELD Antifade 
Mounting Medium with DAPI (Vector Laboratories, 
Burlingame, CA, USA). At least 200 cells were analyzed 
per slide using epifluorescent microscopy (34-36). Negative 
and positive controls (no TdT enzyme and treatment with 
DNAase, respectively) were performed in each experiment. 
The TUNEL negative spermatozoa fluoresced blue 
(spermatozoa without fragmented DNA), whereas the 
TUNEL-positive spermatozoa fluoresced bright green 
(spermatozoa with fragmented DNA). The final percentage 
of spermatozoa with fragmented DNA was reported for 

each sample.

Statistical analysis

An exploratory data analysis was carried out through 
measures of central position and dispersion. Comparisons 
between the two media (TYB and ANTIOX-PC) and fresh 
semen were performed using orthogonal contrasts using 
the mixed effects linear regression model. This model was 
implemented in the SAS version 9.4 program considering 
PROC MIXED (SAS Institute Inc., Cary, NC, USA). 
All data are presented as the mean ± SD. The statistically 
significant level was P<0.05.

Results

Clinical characteristics of subjects and fresh semen 
specimens

For inclusion in the research, 428 men were approached 
and assessed for eligibility, and among them, 307 were 
excluded for not meeting the inclusion criteria. At the end 
of the recruitment, semen samples from 121 men were 
subdivided according to motility in normal (n=63) and low 
motility (n=58), and a comparison of clinical characteristics 
(age, ejaculatory abstinence, semen volume and pH) of all 
volunteers and the sample cryopreservation times are shown 
in Table 1.

Assessment of sperm functional features

The seminal characteristics before and after freezing into 
the two different TYB and ANTIOX-PC cryoprotectants 
were analyzed, and the baseline characteristics of the semen 
analysis according to the WHO criteria and all parameters 
are shown in Tables 2 and 3. 

Pre-freezing sperm analysis
Regarding the main outcomes of this study, in pre-freezing 
samples from normal and low motility groups, sperm 
progressive motility rates were 47.37±9.55 and 17.88±8.46, 
and the DFI were 7.71±7.75 and 9.03±7.69, respectively 
(Tables 2,3). 

Post-thawing sperm analysis
In normal motility group, all routine semen measurements 
after thawing were significantly lower than the pre-freeze 
samples not exposed to cryoprotectants and cryogenic 
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Table 3 Fresh and post-thaw microscopic parameters of low motility semen samples frozen with TEST Yolk Buffer or ANTIOX-PC freezing 
medium

Variable Fresh sêmen
Post-thaw P value

TYB ANTIOX-PC F × TYB F × ANTIOX-PC TYB × ANTIOX-PC

Concentration (10
6
/mL) 57.61±40.37 16.56±13.01 13.88±12.90 <0.0001 <0.0001 0.5338

Morphology (%) 2.33±1.68 2.28±1.66 2.29±1.75 0.6371 0.7531 0.8750

Vitality (%) 76.55±11.92 45.81±20.60 48.71±26.26 <0.0001 <0.0001 0.1185

Progressive (%) 17.88±8.46 12.09±11.11 12.40±11.49 <0.0001 <0.0001 0.7869

Nonprogressive (%) 43.45±12.09 22.71±13.84 30.97±18.46 <0.0001 <0.0001 <0.0001

Immotile (%) 38.67±16.34 65.00±23.00 56.64±26.77 <0.0001 <0.0001 <0.0001

Total motility (%) 61.33±16.34 34.79±22.86 43.36±26.77 <0.0001 <0.0001 <0.0001

DFI (%) 9.03±7.69 15.83±11.04 13.33±10.74 <0.0001 0.0023 0.0742

Values are mean ± standard deviation. TYB, TEST Yolk Buffer cryoprotectant; ANTIOX-PC, synthetic cryoprotectant supplemented with 
phosphatidylcholine and antioxidant L-acetyl-carnitine; F, Fresh semen; DFI, DNA fragmentation index. α=0.05. 

Table 1 Clinical characteristics of the subjects included in the study

Variable T (n=121) N (n=63) L (n=58)

Age (years) 33.61±5.87 33.71±5.94 33.50±5.84

Ejaculatory abstinence (days) 4.50±2.45 5.00±3.15 3.97±1.12

Volume (mL) 3.19±1.34 3.42±1.62 2.94±0.91

pH 8.29±0.38 8.18±0.33 8.41±0.39

Freezing time (days) 58.59±49.81 54.35±32.67 63.19±63.41

Values are mean ± standard deviation. T, total; N, semen samples with normal motility; L, semen samples with low motility; n, number of 
participants.

Table 2 Comparisons of fresh and post-thaw microscopic parameters of normal motility semen samples, frozen with TEST Yolk Buffer or 
ANTIOX-PC cryopreservation medium

Variable Fresh sêmen
Post-thaw P value

TYB ANTIOX-PC F × TYB F × ANTIOX-PC TYB × ANTIOX-PC

Concentration (10
6
/mL) 125.19±92.03 104.32±72.55 97.40±69.98 <0.0001 <0.0001 0.0951

Morphology (%) 2.30±1.07 1.54±0.62 1.40±0.52 <0.0001 <0.0001 0.1753

Vitality (%) 84.76±6.93 39.22±10.05 36.65±10.64 <0.0001 <0.0001 0.1484

Progressive (%) 47.37±9.55 12.41±11.53 12.54±11.32 <0.0001 <0.0001 0.9082

Nonprogressive (%) 30.56±7.59 22.92±10.39 26.94±11.43 <0.0001 0.0160 0.0076

Immotile (%) 22.08±8.13 64.67±17.20 60.87±17.07 <0.0001 <0.0001 0.0435

Total motility (%) 77.92±8.13 35.33±17.20 39.48±17.29 <0.0001 <0.0001 0.0283

DFI (%) 7.71±7.75 15.59±10.86 16.97±11.29 <0.0001 <0.0001 0.3030

Values are mean ± standard deviation. TYB, TEST Yolk Buffer cryoprotectant; ANTIOX-PC, synthetic cryoprotectant supplemented with 
phosphatidylcholine and antioxidant L-acetyl-carnitine; F, Fresh semen; DFI, DNA fragmentation index. α=0.05. 
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temperatures, despite the freezing medium investigated 
(Table 2; P<0.001). In low motility group, the same analyzes 
pointed out the morphology as the only parameter 
unmodified after cryopreservation (P>0.05). Regarding 
baseline characteristics in neat semen, the sperm progressive 
motility in normal and low motility groups were 47.4% and 
17.8%, respectively. After cryopreservation, however, we 
observed a more pronounced drop in progressive motility 
for normal than low motility group (73.8% vs. 30.3%, 
respectively), despite the freezing medium investigated. 

Impact of cryoprotectants on sperm motility
Regarding the motility parameters investigated in both 
normal and low motility groups, significant differences 
were observed in the present study between the two 
cryoprotectants  (Table s  2 ,3 ) .  Sperm from normal 
motility group cryopreserved in ANTIOX-PC displayed 
nonprogressive motility superior to TYB (26.94% vs. 
22.92%; P=0.008) and quite similar rates to those observed 
in fresh semen (30.56%; P=0.016). On the other hand, 
a tendency to both decreased non-motile sperm rates 
(60.87% vs. 64.67%; P=0.043) and slightly increased total 
motility rates (39.48% vs. 35.33%; P=0.028) were observed 
in ANTIOX-PC compared to TYB medium, respectively. 
By comparing post-thawing sperm kinetics in the low 
motility group (asthenozoospermic samples), the non-
motile sperm rates were significantly decreased whereas 
both nonprogressive motility and overall motility rates were 
significantly increased in ANTIOX-PC compared to TYB 
medium (P<0.0001). 

Impact of cryoprotectants on sperm DNA 
fragmentation index
The DFI of sperm among the neat semen from normal and 
low motility samples, TYB, and ANTIOX-PC groups are 
presented in Tables 2 and 3. Sperm DNA fragmentation 
increased significantly after cryopreservation, despite of the 
baseline semen characteristics of normal and low motility 
groups included in this study. There was no statistically 
difference in the percentage of spermatozoa with fragmented 
DNA between TYB and ANTIOX-PC media (Tables 2,3). 
Regarding low motility samples, however, post-thawed 
sperm from ANTIOX-PC medium presented a slightly 
trend in DFI reduction (P=0.0742). The percentage of 
DNA fragmentation was 15.8%, 13.3%, and 9% for TYB, 
ANTIOX-PC and fresh semen, respectively (Table 3) in 
these samples. Although the DFI differences between the 
two freezing media evaluated were not significant, the 

DFI increased by about 75.8%, and 47.8% in spermatozoa 
recovered from TYB and ANTIOX-PC, respectively. 
Representative TUNEL images of post-thaw human 
spermatozoa from low motility samples cryopreserved in 
TYB and ANTIOX-PC media are shown in Figure 1.

Discussion

In this study we examined the progressive motility recovery 
rates and DNA integrity index of human spermatozoa 
from men with normospermia or asthenozoospermia, after 
freeze-thaw cycles using a synthetic soy-PC and L-acetyl-
carnitine-based cryoprotectant (ANTIOX-PC) or the 
conventional egg yolk freezing medium (TYB). The main 
findings of this study were no statistically differences in 
the percentage of normal spermatozoa with progressive 
motility and DNA integrity recovered after thawing of 
cryopreserved sperm in ANTIOX-PC compared to TYB 
medium. 

Sperm quality parameters such as sperm motility can 
affect the cryosurvival rate of post-thawing spermatozoa (37). 
Considering the effects of pre-freezing conditions on 
the progressive motility recovery rate of human sperm 
cryopreserved, our results showed a marked decrease 
of 73.8% of progressive motility in samples from the 
normal motility group compared to 30.3% of the low 
motility group, regardless of the freezing medium used. As 
previously reported, the progressive motility rates of the 
cryopreserved sperm were not correlated with pre-freezing 
semen parameters, such as sperm concentration, progressive 
motility, and morphology (38). 

Cryopreserva t ion  o f  human  spermatozoa  has 
been associated with increased susceptibility to DNA 
fragmentation (39). In fact, our results demonstrated that 
the percentage of spermatozoa with fragmented DNA 
after freezing-thawing were doubled in normal motility 
semen samples for both TYB and ANTIOX-PC groups. 
In general, the percentage of sperm with fragmented 
DNA dramatically increased in low motility group after 
cryopreservation in our study; however, a trend to lower 
DFI was observed in post-thaw sperm from ANTIOX-PC. 
Although no statistical difference was detected between the 
cryoprotectant groups, the ANTIOX-PC medium provided 
28% more sperm with non-fragmented DNA than TYB, 
evidencing the clinical relevance of this result and the 
advantage of the ANTIOX-PC medium in better preserving 
the chromatin integrity of spermatozoa from men with low 
motility semen. 
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Figure 1 Terminal deoxynucleotidyl transferase dUTP nick end labeling assay (TUNEL) positive human spermatozoa obtained from 
men with low motility and cryopreserved in the standard egg-based TEST-yolk buffer (TYB) (A,B,C,D) or L-α-phosphatidylcholine (PC) 
and L-acetyl-carnitine (ANTIOX-PC) (E,F,G,H) medium. 4',6-diamidino-2-phenylindole (DAPI) (A and E), Fluorescein isothiocyanate-
stained image (FITC) (B and F), merge (C and G), and phase-contrast image (D and H). TUNEL negative spermatozoa fluoresced blue 
(spermatozoon without fragmented DNA), whereas the TUNEL-positive spermatozoa fluoresced bright green (spermatozoon with 
fragmented DNA). Scale bar of 25 µm. 
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Furthermore, a significantly increase in overall motility 
was observed in ANTIOX-PC medium. Remarkably, 
an increase in nonprogressive motility in parallel with a 
lower percentage of immotile spermatozoa recovered from 
ANTIOX-PC contributed to an increased total sperm 
motility when compared to TYB medium in both normal 
and low motility groups. A strong correlation between the 
percentage of immotile spermatozoa and mitochondrial 
defects after thawing has been reported (40). Therefore, 
recovery of an optimal number of functionally intact 
spermatozoa from thawed samples has been the main 
objective of semen cryopreservation technology. Although 
the percentage of spermatozoa with progressive motility 
in the ANTIOX-PC group was lower compared to the 
neat semen and did not differ from the TYB medium, the 
total motility was significantly increased after the PC and 
L-acetyl-carnitine treatment of the sperm in both normal 
and low motility semen samples. 

Sperm functional parameters as the DNA integrity and 
motility have been demonstrated to be more linked to 
sperm fertility (41-43). Indeed, fertilization of oocytes by 
sperm with damaged DNA may lead to abnormal embryo 
development (44), increased risk of abortion (45), mutations 
and risk of cancer in the offspring (46). Therefore, 
improvements in these sperm functional parameters after 
cryopreservation are clinically relevant to ART, especially 
in men with poor semen quality (47). Notably, our results 
showed that the total motility of post-thawing spermatozoa 
from men with low motility decreased by 29.3% in 
ANTIOX-PC medium compared to initial total motility 
of the fresh semen. On the other hand, the overall motility 
was reduced by 43.2% in sperm cryopreserved in TYB 
compared to net semen. This finding indicates that the 
L-acetyl-carnitine added to ANTIOX-PC may be improved 
total motility recovery in samples with low degree of 
motility. Membrane lipid peroxidation and disrupted energy 
metabolism are major events leading to sperm cell death 
after cryopreservation. These cooperative pathways share as 
one common aspect the triggering of oxidative stress by free 
radical formation. L-carnitine is an antioxidant agent used 
in the treatment of men with low seminal quality removing 
the toxic excess of intracellular acetyl-CoA and protecting 
the spermatozoa from oxidative damage (27-29). Moreover, 
carnitines play a key role in energy metabolism, transferring 
free fatty acids from the cytosol to mitochondria, 
facilitating their oxidation and generation of adenosine 
triphosphate (27,30). In cardiac cells, L-carnitine is essential 
for mitochondria function, to attenuate the membrane 

permeability transition, and to maintain the ultrastructure 
and membrane stabilization, in the presence of high fatty 
acid β-oxidation (37). 

In sperm samples characterized by asthenozoospermia, 
L-acetyl carnitine/L-carnitine ratio and acetylation rate 
are markedly reduced (47,48). In addition, a prospective 
clinical trial reported that sperm motility increased 99.6% 
in asthenozoospermic men after oral LC treatment (49). 
L-acetyl-carnitine plays a crucial role on sperm metabolism, 
including sperm motility. By interaction with CoA, carnitine 
is involved in the intermediary metabolism by modulating 
free CoA pools in the sperm with detoxification and 
anabolic properties, besides its antioxidant and antiapoptotic 
roles (30). Additionally, Lα-phosphatidylcholine by 
its amphipathic and surfactant nature promotes the 
formation of a protective film (micellar composition) to the 
spermatozoa, which may avoid mechanical damages in the 
sperm membrane, contributing to the increase of sperm 
cryotolerance and its survival after the freeze-thawing 
procedure (24). 

The egg yolk cryopreservation media are still widely 
used in ART due to their effectiveness in protecting the 
spermatozoa during cryopreservation (26), as well as 
important protective function of the plasma membrane, 
preventing thermal shock and improving sperm motility (18). 
However, its use has been revised due to the biosafety 
aspects, with potential risk of transmitting infectious agents 
and variations in its composition (11,19,22,50,51). The 
advantages of a PC based cryoprotectant obtained from 
soybean are related to its defined chemical composition, 
allowing the identification of all the components added to 
the medium. Its synthetic composition also makes it possible 
to obtain standardized procedures, accurate information 
about its mechanisms of action in spermatozoa, longer shelf 
life due to storage free of degradation, and reduces the 
potential risk of microbiological contamination due to the 
absence of animal-based additives. 

In our study, the efficacy of soy-PC and L-acetyl-carnitine 
supplements in human semen cryopreservation could be 
tested and demonstrated for the first time in a study with 
a sample size of 121 men including different degrees of 
sperm motility. Previous studies investigating the efficacy of 
egg yolk-free cryopreservation media were predominantly 
conducted with normozoospermic semen samples and 
presented a series of 20 to 28 subjects (19-21,24,52).

The study limitations are related to the phospholipid 
micelles formed by the ANTIOX-PC medium, which made 
it difficult to analyze the immotile sperm due its overlapping 
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with micelles above 50 µm. In addition, micelles revealed 
the cryoprotective medium being analyzed, compromising 
the blinding of the study. As well, the average percentage 
of sperm with normal morphology was not normal in any 
of the groups, even before cryopreservation. Furthermore, 
our study is primarily laboratory based and more studies 
need to be undertaken to investigate the post-thaw motility 
of the human spermatozoa cryopreserved in ANTIOX-
PC medium at different thawing temperatures and also 
after prolonged post-thaw intervals as well as in terms of 
pregnancy in IUI cycles or fertilization rate in IVF/ICSI 
cycles. 

In conclusion, we show here that soy-PC and L-acetyl-
carnitine can successfully replace egg yolk as supplements 
for cryopreservation medium, without adverse effects 
on post-thaw sperm motility, morphology, vitality, and 
sperm chromatin fragmentation index. The investigation 
of the impact of a synthetic cryoprotectant formulation 
on the preservation of the semen quality of men with low 
sperm motility is novel and may potentially contribute to 
the improvement of the cryopreservation of low-quality 
seminal samples in ART, semen banks and male fertility 
preservation.
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