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Abstract
Background: In infertility clinics, preserving high-quality spermatozoa for a long time is a necessity. Pentoxifylline
(PT) and L-carnitine (LC) are effective in improving sperm motility as well as protecting the sperm membrane. The
present study aimed to investigate the protective impacts of PT and LC on the quality of the normal sperm motility,
protamine content, and viability on prolonged storage for 12 days at 4-6°C.

Materials and Methods: The present experimental work included 26 samples, which were first prepared based on the
swim-up technique, of normozoospermic men. They were divided into three aliquots as untreated control, LC-treated,
and PT-treated groups and incubated for up to 12 days at 4-6°C. Thereafter, chromatin maturity, sperm viability, and
motility were assessed on 0, 1, 2, 5, 7, and 12 days. Data were analyzed using a one-way analysis of variance.

Results: The obtained data revealed that PT supplementation increased the percentage of motile spermatozoa in com-
parison with control and LC-treated specimens. On the other hand, LC supplementation increased the percentage of
viable spermatozoa in comparison with the PT-treated and control samples. During the 12-day storage, the percentage
of spermatozoa with a normal protamine content was nearly unchanged in the three groups (P>0.05).

Conclusion: Although LC supplementation can be considered a better alternative than PT for preserving sperm viabil-

ity, PT could better preserve sperm motility compared to LC during 12 days at 4-6°C.
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Introduction

Subfertile and infertile patients suffer from social and
medical problems. According to reports, 10-15% of
couples are infertile, and male infertility accounts for
approximately 50% (1).

Semen cryopreservation is the most prevalent storing
approach in human spermatozoa preservation (2).
Nonetheless, cryopreservation reduces some sperm
parameters such as viability and motility and damages
DNA in the sperm nucleus (3, 4).

The antioxidant content is reduced after cryopreserving
the semen, while the reactive oxygen species (ROS) of
the spermatozoa are presented an increase (5).

A high ROS content reduces sperm quality, including
reducing motility and fertilizing capacity (6). The quality
of the sperm can be impacted by the content of the
sperm microenvironment (7). For example, antioxidant
supplementation can inhibit sperm damage based on

neutralizing ROS (5). Adding L-carnitine (LC) to the
male reproductive system as an unusual amino acid, to the
sperm sample improves sperm motility and viability due
to its antioxidant property. The composition of the culture
medium is considered an important factor influencing the
function of the sperm throughout storage in vitro. LC is a
derivative of lysine and methionine and is concentrated in
tissues with more energy-consuming, including skeletal
and cardiac muscles and reproductive systems, especially
the epididymis (8).

According to previous evidence, infertile men have less
LC in their semen (9). In addition, LC mostly increases
sperm maturation, sperm motility, and spermatogenesis
(8) with a noticeable contribution to the oxidation of long-
chain fatty acids in mitochondria, and thus the generation
of energy. The anti-apoptotic, anti-inflammatory, and
antioxidant effects of LC are known on treating different
pathophysiological disorders (10).

The other most utilized antioxidant in reproductive
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technologies is pentoxifylline (PT), which is a derivative
of methylxanthine. It can enhance sperm motility (11),
scavenge ROS, protect the integrity of the plasma membrane
(12), and act as a stimulating agent affecting the features of
sperm motility by inhibiting cAMP phosphodiesterase (13).

Storage temperature is considered another factor that
may affect sperm. Based on a previous study (14), for
long-term sample preservation, storing samples at 4-6°C
represents much better values in terms of sperm motility
and vitality in comparison to 25°C. Considering that,
4-6°C was chosen for sperm storage in the current study.

In the present study, the impact of LC and PT
supplementation on long-term sperm preservation at a
constant temperature is investigated. There are many
occasional problems with in vitro fertilization process.
For instance, limited access to couples for semen sample
collection, the unwillingness of a wife to eggs retrieval
process, and painful repetition of sperm-extraction
technique. Accordingly, cryopreservation could be
considered a useful technique even for short time storage,
however, this is an expensive procedure and could not be
possible to perform for many laboratories. Besides, the use
of cryopreservation has been reported to have negative
effects on sperm quality such as motility reduction,
survival, and sperm DNA damage (3, 4). Thus, to maintain
and improve sperm parameters in andrology laboratories, it
is necessary to preserve the sperm with better quality and
technique. In this study, the motility, viability, protamine
content, and chromatin maturity of sperms were evaluated
in the presence of LC and PT reagents and the results were
compared with untreated control samples.

Materials and Methods

Study group

Semen samples from healthy men (n=26) aged 28-
34 years were collected after three days of abstinence
(normozoospermic men) from the infertility and fertility
center in Isfahan, Iran. Informed consent was also obtained
from volunteers. The Ethics Committee of Shiraz University
(IR.SUMS.REC.1399.769) and the Royan Institute (IR.
ACECR.ROYAN.RES.1400.017) approved the study. To
perform semen quality analysis, the studied samples were
liquefied by placing them at 37°C for 30 minutes.

The samples with normal morphology, sperm count,
motility,and viability were included in the study based
on the criteria of the World Health Organization (WHO)
according to (15). In order to minimize the error of
observations, all semen analyzes have been performed by
the same technician.

Sperm preparation by the swim-up method

Liquefied semen were moved to a centrifuge tube with
a round-shaped bottom. Then, 1 mL of the Ham’s F10
medium (Sigma, USA) with 20% human serum albumin
(Kedrion, Italy) was gently added and left in the incubator
for 1 hour at an angle of 45° to swim up the spermatozoa.
The motile spermatozoa left the pellet and it was submerged
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into the supernatant. Next, the supernatant containing
motile sperms was transferred to another sterile tube with
the round-shaped bottom and mixed with the medium, and
then it was centrifuged at 500 g for 5 minutes.

Experimental design
Sperm motility and viability:

All samples were divided into three equal aliquots with
10x10° sperms. The control samples were incubated with
an equal volume of Ham’s F10 comprising 20% human
serum. LC- and PT-supplemented samples were exposed
to an equal volume of 3.6 mM LC and 3.6 mM PT (Sigma,
USA), respectively. The total molarity was 1.8 mM for
both LC and PT after the reconstruction of the samples with
treatments (16). All samples were maintained until 12 days
at 4-6°C. Sperm viability was evaluated by staining the
samples with eosin-nigrosin and calculating the percentage
of viable sperms by light microscopy (Nikon, E200,
Japan). Moreover, motility was assessed according to the
WHO guidelines on 0, 1, 2, 5, 7, and 12 days by a light
microscope equipped with the Computer-assisted sperm
analysis (CASA) system. Based on the WHO guidelines,
sperms can be either progressive motile, move linearly or
in a large circle, or be non-progressive, move on a side or
slowly without any forward movements, including beating
flagellum, moving in small circles, or being immotile (15).
The percentage of motile spermatozoa was computed by
counting the progressive, non-progressive, and immotile
sperms, along with the total number of spermatozoa in 10
randomly selected fields.

Sperm protamine content with chromomycin A3
staining

The fluorescent dye chromomycin A3 (CMA3, Sigma,
St Louis, MO, USA) was used for indicating the amount of
protamine deficiency in the chromatin structure according
to Razavi et al. (17). The sperm with protamine deficiency
appears bright yellow.

The samples were fixed by adding Carnoy’s fixative
solution (methanol and acetic acid in a ratio of 3:1) with
an equal volume to the sample at 4°C for 5 minutes.

First, 20 uL of the fixed sample was placed on the labeled
part of a glass slide and allowed to be air-dried, followed
by staining the sample with 100 uL of the CMA3 solution
[0.25 mg/ml in Mcllvaine buffer (7 ml citric acid 0.1 M
+32.9 ml Na,HPO,x7H,0, 0.2 M, pH=7.0, containing 10
mM MgCl)].

In each slide, 200 sperm were assessed utilizing a
fluorescence microscope (Olympus, Tokyo, Japan) and
470-460 nm filters at 1000x magnification. Finally, the
percentage of mature sperms or sperms with a normal
protamine content (CMA3-) was evaluated as well.

Aniline blue staining

Aniline blue (AB, Sigma, USA) staining for detecting
excessive histones in the sperm chromatin was used



according to Nasr-Esfahani et al. (18).

To stain the sperms with AB, a smear was prepared
from a 10 pL drop of the sample. After air-drying, the
smear was fixed in a solution of 3% glutaraldehyde in 0.2
M phosphate buffer (14 mL of 0.2 M NaH,PO,+0.2 M
Na,HPO (36 mL), pH=7.2) for 30 minutes.

The slides were stained in the 5% AB solution with 4%
acetic acid (pH less than 3.5) for 5 minutes. In each slide,
200 sperm were examined in randomly selected fields
under a light microscope (Nikon, E200, Japan) using oil
immersion with 90x10 magnification.

The percentage of the sperm with pale blue (normal
spermatozoa, AB-) and dark blue (abnormal spermatozoa,
AB+) heads was recorded.

Statistical analyses

The data were expressed as mean values + standard error.
The results were statistically analyzed by one-way analysis
of variance. SPSS (Version 25, Armonk, New York, USA)
and Prism software (version 8, San Diego, CA, USA) were
applied to analyze the data and draw figures, respectively,
and a P<0.05 was statistically considered significant.

Results
Sperm motility assessment

The motile spermatozoa percentageson 0, 1, 2, 5, 7, and
12 days were assessed in all groups. In the first to seventh
days, the percentage of progressive sperm motility was
higher significantly in the PT group in comparison with
the control group (P<0.001), and this superiority was
kept up to the twelfth day. Although the percentage of the
progressively motile sperm in the LC group from the first
to day 5 was higher compared to the control group, this
difference was significant only on the fifth day (P<0.001).
The progressive sperms frequency was significantly higher
in PT aliquots compared to LC groups (P<0.001) until the
twelfth day of analysis. On the 12 day, there were about
0.6% progressively motile sperm in PT-supplemented
aliquots, while no progressive motile sperm were observed
in the control and LC groups. The data demonstrated that
the PT-supplemented group significantly improved sperm
progressive motility compared to the LC-supplemented
group up to 12 days (P<0.001, Fig.1).
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Fig.1: The trend of changes in the progressive sperm percentage in
control, LC, and PT groups on different days of storage. PT; Pentoxifylline,
LC; L-carnitine, PT improved the frequency of the progressive sperm
compared with LC and control, **; P<0.01, and **; P<0.001.
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On the first and second days, the percentage of non-
progressive motile sperms was higher significantly in
the control group compared with the groups receiving
LC and PT (P=0.003). However, this observation was
reversed on the fifth and seventh days, and the frequency
of non-progressive sperm in the LC and PT groups was
significantly higher in comparison with the control group
(P<0.001, Fig.2), and non-progressive motility in the
PT group was higher than in the LC group on the fifth,
seventh, and twelfth days (P<0.001). Approximately 2.5%
of the sperm were non-progressive in the PT group, while
the frequency was zero in the other groups on the twelfth
day. The data showed that PT preserved sperm motility
up today 12.
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Fig.2: The trend of changes in the percentage of the non-progressive sperm
in control, LC, and PT groups on different days of storag. PT; Pentoxifylline,
LC; L-carnitine, PT preserved the frequency of the non-progressive sperm
compared with LC and control, *; P<0.05, *; P<0.01, and **; P<0.001.

The control aliquots contained significantly higher
percentages of immotile sperms in comparison with the
other groups during the first to twelfth days of incubation
(P<0.001). The percentage of immotile sperm was
significantly lower in the group receiving LC compared to
the control group from the first to the fifth day (P<0.001).
On the day fifth, seventh, and twelfth, the immotile
sperm percentage was significantly higher in the LC-
treated aliquots in comparison with the PT-treated group
(P<0.001). On day 12, the percentage of immotile sperm
was 96% in the PT-treated group, while it was 100% in
the other groups (Fig.3).
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Fig.3: The trend of changes of the immotile sperm percentage in control,
LC, and PT groups on different days of storage. PT; Pentoxifylline, LC;
L-carnitine, PT decreased the frequency of the immotile sperm in
comparison with LC and control, *; P<0.05, *; P<0.01, and ***; P<0.001.

Sperm viability assessment

During the first 24 hours, the percentage of viable sperm
with white head (Fig.4A) was the same among the three
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groups (P>0.05). After 24 hours until day 12, LC led to
a significant improvement in sperm viability compared
to control (P<0.001). Additionally, the percentage of
viable sperm in the PT group significantly incremented
compared to the control group on the twelfth day. Finally,
the percentage of viable sperm in the LC group also
represented a significant increase compared with the PT
group on the twelfth day (P<0.001).

The data revealed that LC-supplemented groups better
improve sperm viability than the PT-supplemented group
until 12 days (Fig.4B).

Days of treatmant

Fig.4: Evaluation of the sperm viability. A. Eosin-nigrosin staining
showing that the heads of viable and dead sperms appear white and red,
respectively (100x eyepiece magnifications), and B. The trend of changes
in sperm viability in control, LC, and PT groups on different days of storage.
PT; Pentoxifylline, LC; L-carnitine, LC improved the frequency of the viable
sperm compared to PT and control, *; P<0.05, **; P<0.01, and ***; P<0.001.

Sperm nucleus protamine content

The initial value for the frequency of the sperm with
normal protamine content with dull yellow head (CMA3-
in Fig.5A) was 98%. The frequency of the sperm with
normal protamine content not only was statistically
similar in all conditions but also did not change with the
progress of time (Fig.5B).
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Fig.5: Evaliuation of protamine content. A. The protamine content of
sperm nucleus evaluated by chromomycin A3 (CMA3) staining and B. The
trend of changes in the percentage of the sperm with normal protamine
contents in control, LC, and PT groups on different days of storage (scale
bar: 50 um). The frequency of the sperms with normal protamine contents
did not change in all groups with the progress over time. PT; Pentoxifylline,
LC; L-carnitine. Immature sperms were stained bright yellow (CMA3+)
100x eyepiece magnifications.

Sperm chromatin maturity

The percentage of the sperm with normal nuclear histone
or mature sperm with pale blue head (AB- in Fig.6A)
on different days was also similar in different groups
(P>0.05). Further, the comparison of the percentages of
the sperm with normal histone contents on different days
demonstrated no change (Fig.6B)
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Fig.6: Evaliuation of histone content. A. The histone content of sperm
nucleus evaluated by AB staining and B. The trend of changes in the
percentage of the sperm with normal histone contents in control, LC, and
PT groups on different days of storage (scale bar: 50 um). The frequency
of the sperms with normal histone contents represented no change in all
groups with the progress over time. AB; Aniline blue, LC; L-carnitine, PT;
Pentoxifylline. Mature and immature sperms were stained paler (AB-) and
blue (AB+), respectively (100x eyepiece magnifications).

Discussion

The culture medium composition has a key role in
prolonging the preservation of spermatozoa with proper
quality (19). The excessive generation of ROS may
extremely harm the spermatozoa due to a deficiency in
antioxidant defenses.

A widely negative correlation was demonstrated between
sperm quality and intracellular ROS levels (20). The lack
of antioxidants in the cytoplasmic components of the
mature spermatozoa has detrimental effects on resistance
to ROS. Thus, antioxidant supplementation prevents the
oxidative damage of the sperm due to ROS production
throughout storage (21). In the present study, PT and LC,
as two antioxidants, were added to preserve stored sperm
quality.

A higher LC concentration in the epididymal fluid is
suggested for stabilizing the sperm plasma membrane and
increasing the survival of sperms (22). In this study, it was
attempted to mimic the natural storing environment in the
epididymis by adding LC.

Several hypotheses were suggested regarding the role of
LC in improving sperm viability. LC has been reported to
be able to protect cell membranes from ROS damage by
regulating carbohydrate metabolism (23). Access to fats
for peroxidation is reduced by LC, and this function may
protect the sperm membrane and increase sperm viability
(24). Furthermore, LC increases sperm viability by boosting
glucose uptake due to its antioxidant properties (25).

Based on the results in the current study, LC
supplementation resulted in a noticeably increment in the
number of viable spermatozoa throughout storage until 12
days.

The oral administration of LC induced the maturation
of spermatozoa and maintenance of sperm viability as
confirmed by our in vitro results (26).

On the other hand, according to our results, PT was
preferable for improving sperm motility. Prior to IVF/
ICSI, PT supplementation can enhance the flagellar
movement of viable sperm (27).



According to the results of Mirshokraei et al. (28) on
fresh specimens, PT had a beneficial impact on sperm
motility, which is in line with our results.

Milani et al. concluded that PT can be beneficial for
improving motility in canine frozen-thawed spermatozoa
without any effective sperm longevity (29). Likewise,
the PT effect on sperm motility was confirmed in
asthenozoospermia samples (30).

Several hypotheses were mentioned concerning
the mechanisms of improving sperm motility by PT
as follows: i. Studies reported that the endogenous
production of nitric oxide (NO) is highly important for
sperm motility (31). NO stimulates sperm motility by
activating guanylyl cyclase, followed by producing
cyclic guanosine monophosphate (¢cGMP) and activating
the cGMP/G kinase protein signaling pathway (32). PT
increases the level of NO produced by the sperm and
thus improves its motility (33). ii. Some other reports
suggested that cAMP in the semen of infertile men
significantly reduced compared to its level in fertile men,
and there was a significant correlation between the cAMP
level and the percentage of motile sperms (P<0.005). This
finding implies that cAMP is important for sperm motility
(34). On the other hand, PT is an inhibitor of the cAMP
phosphodiesterase enzyme, which increases intracellular
cAMP concentrations and sperm motility (14). iii.
Another hypothesis is that the beneficial effect of PT can
partly be explained by its involvement in the regulation of
inflammatory mediators in the microenvironment content
(35). PT has inhibitory effects on xanthine oxidase,
facilitating the formation of oxygen-free radicals in cells
(36). Moreover, PT reduces the production of tumor
necrosis factor-alpha in the microenvironment. This
cytokine increases the production of hydrogen peroxide in
the mitochondria (37). Therefore, it is a potent antioxidant
that reduces oxidative stress at the cellular level and has
beneficial effects such as improved mobility.

Our data confirmed that PT was better than LC in
improving sperm motility until 12 days, whereas LC
outperformed PT in preserving sperm viability during the
same period.

In this study, CMA3 and AB staining were used for
measuring the DNA maturity of the sperm and investigating
the effects of LC and PT on genetic content in storage
time. CMA3 is an effective tool to assess fertility because
of its relation to DNA integrity and sperm maturation
(38). AB dye discriminates cysteine-and arginine-rich
protamine from lysine-rich histones, while CMA3 dye
competes with protamines for binding to the DNA minor
groove in the sperm (39).

In general, it was investigated that the long-term storage
of spermatozoa with or without LC or PT has no impact on
the DNA protamine content. It may be attributed to this fact
that mature spermatozoa have a small amount of cytoplasm,
low levels of cytoplasmic organelles and enzymes, and
extremely low cytoplasmic activity (40), thus chromatin
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maturity and protamine content do not change during the
storage. Finally, our results suggested the enhancement of
sperm viability and motility, after storing human semen
for up to 12 days, by incubation in a common cell culture
supplemented antioxidant at a low cost.

Conclusion

Despite PT's superiority in enhancing sperm motility,
LC can be considered a natural factor in the in vivo
microenvironment of the spermatozoa, and it was found to
be more useful in preserving sperm viability compared to
PT. Our founding can be beneficial in fertility clinics for the
storage of good quality sperm without cryopreservation.
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