Original Article

Thyroxin Is Useful to Improve Sperm Motility

Gabriela Ruth Mendeluk, Ph.D.", Ménica Rosales, M.D.?

1. Laboratory of Male Fertility, Hospital de Clinicas José de San Martin, Faculty of Pharmacy and Biochemistry,

University of Buenos Aires, Buenos Aires, Argentina

2. Laboratory of Endocrinology, Hospital de Clinicas José de San Martin, Faculty of Pharmacy and Biochemistry,

University of Buenos Aires, Buenos Aires, Argentina

Abstract
Background: The aim of this study was to evaluate the non-genomic action of thyroxin
on sperm kinetic and its probable use to improve sperm recovery after applying an en-
richment method like “swim-up” in comparison with the available one, pentoxifylline.

Materials and Methods: This is an experimental study. A total of 50 patients were re-
cruited, followed by infertility consultation. Conventional sperm assays were performed
according to World Health Organization criteria-2010 (WHO-2010). A Computer Aided
Semen Analysis System was employed to assess kinetic parameters and concentrations.
Number of the motile sperm recovered after preparation technique was calculated.

Results: Addition of T4 (0.002 pg/ml) to semen samples increased hypermotility at 20
minutes (control: 14.18 + 5.1% vs. 17.66 + 8.88%, P<0.03, data expressed as mean +
SD) and remained unchanged after 40 minutes. Significant differences were found in
the motile sperm recovered after swim-up (control: 8.93x10¢ +9.52x 0¢vs. 17.20x10°
+ 21.16x10°, P<0.03), achieving all of the tested samples a desirable threshold value
for artificial insemination outcome, while adding pentoxifylline increased the number
of recovered sperm after swim-up in 60% of the studied cases. No synergism between
two treatments could be determined.

Conclusion: We propose a new physiological tool to artificially improve insemination.
The discussion opens windows to investigate unknown pathways involved in sperm ca-
pacitation and gives innovative arguments to better understand infertility mechanisms.
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Introduction

Assisted reproductive technology has been
grown by leaps and bounds in the last few years.
It is now being increasingly available to infertile
couples in both developed and developing coun-
tries. In the “Tenth World Report” on assisted re-
productive technology, a total of 954743 initiat-
ed cycles resulted in an estimated 237809 babies
born in 2004. Of all cycles, 60.6% were intracy-
toplasmic sperm injection (ICSI) (1). The intrau-
terine insemination (IUI) with husband’s sperm
is another assisted reproductive technology, gen-
erally believed to be the first choice of treatment
rather than more invasive and expensive tech-

niques particularly in the case of cervical infer-
tility, moderate male infertility, dysovulation,
mild or moderate endometriosis or unexplained
infertility. In the last three indications, ovarian
stimulation is necessary. Higher rates of preg-
nancy obtained by IUI with husband’s sperm
and lower risk of multiple pregnancy are related
to couple demographic characteristics (age of
partners, lifestyle and duration of infertility)
and the etiology of infertility (ovarian reserve,
uterus, and spermogram). Pregnancy rates were
observed ranging from 8 to 20% per cycle ac-
cording to indications (2). In spite of the huge
heterogeneity of patient groups and IUI treat-
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ment strategies, it is generally accepted that in-
seminating motile count after washing should
be between 0.8 and 5 million; IUI pregnancy
outcome is significantly improved above the lat-
ter count, while below the former, a successful
outcome is unlikely (3). A recent publication
confirmed that total motile spermatozoa insemi-
nated is a predictor of pregnancy rate as well as
maternal age and emphasized the impact of the
time interval from the end of sperm preparation
to IUI on the outcome (4), a variable that prob-
ably prevents the deleterious effect of oxidative
stress. Adding pentoxifylline, as an inhibitor
of cAMP phosphodiesterase enzyme, in semen
preparation for IUI improves sperm motility in
asthenozoospermic samples due to its capacity
to favor increasing intracellular cAMP concen-
tration. Applying this inhibitor has been demon-
strated to exert higher and significantly different
pregnancy rates in couples classified infertile for
male factor (5).

Asthenozoospermia is probably the main fea-
ture in male infertility and has multifactorial
origins (6). Although the prevalence of hypoti-
roidism is higher in females than in males, we
wonder about the role of thyronines in sperm
motility, considering that they act on nearly eve-
ry cell in the body increasing the basal metabol-
ic rate. In an experimental design hypothyroid
rats showed alterations in the motility of sperm
recovered from their epididymis. Transmission
electron microscopy technique revealed changes
in epididymis epithelial cell’s mitochondria as-
sociated with incipient apoptosis, while modi-
fications in proliferative capacity could not be
evidenced by argyrophylic proteins of the nucle-
olar organizer region (7). This technique detects,
using silver salts, argyrophylic proteins of the
nucleolar organizer region (AgNOR). The num-
ber and size of NOR reflect cell activity, prolif-
eration and transformation. Classically thyroid
hormones were thought to act in a genomic way.
The discovery of a non-genomic effect of these
hormones on the cells encouraged us to think
in their “in vitro” potential actions on sperms.
Non-genomic actions of thyroid hormones are
independent of nuclear receptors. They have
been described at the plasma membrane and cy-
toplasm, involving changes in solute transport,
several kinase activities and effects on specific
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mRNA translation. Furthermore, they influence
the regulation of actin polymerization affecting
cytoskeleton dynamics. They also modulate mi-
tochondrial respiration (8).

The aim of this study was to evaluate the
non-genomic action of T4 hormone on sperm
kinetic and its probable use to improve sperm
recovery after an enrichment method like
“swim-up” in comparison with the available
one, pentoxifylline.

Materials and Methods
Patients

A total of 50 patients (age: 30-50 years old)
consulting for infertility were recruited; males
with abnormal thyroid function or using thyroid
medication were excluded (clinical history).
The present study was conducted according to
the guidelines laid down in the “Declaration of
Helsinki” and approved by the Institutional Re-
view Board of The Clinical Hospital “José de
San Martin”; all the participants received infor-
mation on the project and gave written informed
consent.

Design

This is an experimental study and was de-
signed as a prospective, analytical and interven-
tion investigation without randomization.

Sperm assays

Conventional sperm assay was performed
according to World Health Organization crite-
ria- 2010 (WHO-2010) (9). A Computer Aided
Semen Analysis system (SCA Microptic SL Bar-
celona, Spain) was employed to assess kinetic
parameters and sperm count. The basic compo-
nents of the system were: a bright field micro-
scope with phase contrast microscopy to visual-
ize the sample (Nikon E- 200, Japan), a digital
camera to capture images (Basler A312 Inc.,
Vision-Technology, Germany) and a computer
with the installed SCA® software. Samples were
laid on a thermostatic plate at 37°C. A minimum
of 400 sperm cell tracks were captured and 25
digitized images per second were analyzed for
each sample. The assays were conducted in ac-
cordance with instrument‘s standardization and
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validation (10), using a Leja chamber 10 (10 pm
in depth). A qualified operator validated each
analyzed image.

Data from individual motile spermatozoa,
defined by 8 kinematic parameters [curvi-
linear velocity (VCL), straight-line velocity
(VSL), average path velocity (VAP), linearity
(LIN), straightness (STR), mean amplitude
of lateral head displacement (ALH), wobble
(WOB) a measure of oscillation of the actual
path about the average path and beat cross fre-
quency (BCF)] were assessed and ratios were
then calculated relating the different speeds
(LIN=VSL/VCL, SRT=VSL/VAP, WOB=VAP/
VCL). The criteria for detecting hyperactivated
spermatozoa was VCL>35 um/s, ALH>2.5 pum,
STR>85%. This CASA criteria for hyperactiva-
tion was established by the SCA manufacturer
and corresponded to the “transitional activated
pattern” (11).

Sperm preparation technique: “swim-up”

By the swim up technique, the sperms were
selected on their motility and the capability
to swim out of the seminal plasma. This is the
most prevalently used technique in “in vitro
fertilization” laboratories and will be preferred
if the semen sample is normozoospermic (12).
The swim-up technique generally produces less
reactive oxygen species (ROS) than the other
commonly used enrichment technique by using
the density-gradient centrifugation, thus gen-
erating less sperm DNA damage (13). Briefly
after the fluidification of the sample, the semen
(well mixed) was divided in fractions of 0.5 ml
and transferred into centrifuge tubes. Then, 1.5
ml of culture medium was placed over the se-
men with extreme attention in each tube, lead-
ing to form two phases. The tubes were put
in the incubator, inclined at an angle around
45°C and incubated at 37°C for 60 minutes.
By inclining the tubes at 45°C, we increased
the surface between the medium and the se-
men, improving the capability of the sperms to
swim out of the semen and to reach the me-
dium. After that, the tubes were turned back the
vertical position and the upper phases of each
one were gently aspirated and collected into
one tube which was subsequently centrifuged
at 600 g for 15 minutes and its volume was ad-
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justed to 0.5 ml. If IUI was performed, 0.3-0.4
ml of spermatozoa suspended in sterile medium
would be required.

Before and after treatment of the seminal
fluid, the following parameters were evaluated
in line with the WHO Manual 2010: volume
(ml), concentration (millions/ml) and motility
(progressive motility) (9). The concentration of
the progressive spermatozoa (PS) is calculated
by multiplying the percentage of the progres-
sive sperms (PS%) and the concentration of the
sperms (S) in the final preparation. Total num-
ber of the PS (TPS) is calculated by multiplying
(PS) and the volume (V) in the final preparation.

[PS]=%PSx[S]

final
TPS=[PS]xV,

The total number of the progressive sperms in
the preparation, before IUI, might be defined as
a threshold value in predicting IUI outcome. The
accepted cut-off value is five millions (3).

Capacitating medium was composed of HAM
F-10 Ix (+25 mM HEPES and L-glutamine,
GIBCO-Life Technology, USA) supplemented
with penicillin-streptomycin (10000 U/ml peni-
cillin, 10 ml pg/ml streptomycin, both obtained
from GIBCO-Life Technology, USA) and serum
substitute supplement (Irvine Scientific, Cali-
fornia, USA).

Improving sperm enrichment technique

Following the experimental design proposed
by Nassar et al. (14), we compared the effect of
pentoxifylline and T4 (Levotiroxina Montpelli-
er 200 pg/ml) on sperm recovery after swim-up.

The recovery rate was calculated as follows:
% Recovery rate=% PS. xV_. x[S]. /%
PS XV ><[s]initialxlo0

initial initial

In this equation, initial and final means sperm
parameters before and after the “swim -up”, re-
spectively.

final

Statistical analysis

Evaluation results after supplementation was
based on Student t test (MedCal). P values of
less than 0.05 were considered statistically sig-
nificant.



Results
Choosing an optimal dose of T4

We used a semen sample with exceeding the
normal cut-off value established by WHO,
showing sperm concentration of >179.6x10°
sperm/ml, sperm progressive motility of
63.9%, sperm morphology of 23%, sperm vi-
tality of 85% and sperm volume of 4.8 ml. The
sample was diluted 1/10 to achieve an optimal
concentration for kinetic studies. Kinetic pa-
rameters were evaluated after the adding T4
(Levotiroxina Montpellier, 200 pg/ml). Hor-
mone dilutions ranging from particular serum
concentration (0.1 pg/ml) to the expected
seminal plasma concentration (0.001 pg/ml)
were tested [final concentration of 0.2 pg/ml
(Dil.: 1), 0.002 pg/ml (Dil.: 2), 0.00002 pg/
ml (Dil.: 3), 0.00000002 pg/ml (Dil.: 4). The
undiluted hormone showed cytotoxicity for
the sperm, represented by complete immotil-
ity and necrozoospermia (Vital test). In our
system, Ga was defined with VCL>35 pm/s.
Lineality>50% and Straightness>80%. Hor-
mone dilution of 2 (Dil.: 2) was determined
to improve Ga sperm motility, suggesting eli-
gibility of this T4 concentration (basal n=307:
35.2%; Dil. 1. n=335: 35.2%; Dil. 2. n=357:
44.5%; Dil 3. n=427: 34.9%; Dil 4. n=423:
34%).

Non genomic effect of T4 on sperm Kinetic

Semen samples were fractioned in two ali-
quots of 0.5ml (n: 17). Dilution 2 was added
to the first one, applied as the second control
of the assay. Sperm kinetic was then evaluated
after 20 and 40 minutes. We only detected pa-
rameter differences between untreated aliquot
and hyperactivity, leading to significantly in-
crease after 20 minutes (control: 14.18 £ 5.1%
vs. 17.66 £ 8.88 %, P<0. 03, data expressed as
mean + SD) and remained unchanged after 40
minutes.

Appropriate time to add the hormone

The previous results encouraged us to em-
ploy the hormone in the sperm preparation
for IUIL. In ten semen samples dilution 2 was
added twenty minutes before performing the
swim-up and at the time of swim-up. No sig-
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nificant difference was detected between
treatments, while evaluating the recovery rate
(%): 33.07 £ 22.4 vs. 36.63 £ 24 (data ex-
pressed as mean + SD). In order to facilitate
the procedure and avoid time delay and ROS
production, the second option was employed
in future experiments.

Testing the hormone

Semen samples were fractioned in two
aliquots of 0.45 ml each (n: 17). Hormone
dilution was prepared at that moment pre-
venting oxygen and light effect [0.02 pg/
ml in phosphate-buffered saline (PBS) with
pH=7.2-7.4].Working in sterility, to avoid
contamination, 50 pl of the freshly prepared
hormone was added to the first aliquot. No
hormone was added to the second aliquot,
as the control of test group. Significant dif-
ferences were found in the number of motile
sperms recovered after procedure in the stud-
ied groups (control: 2.16x10° + 2.55%x10° vs.
3.00x10° + 2.6x10° P<0.03, data expressed
as mean £ SD).

Improving the chances for intrauterine in-
semination outcome

Total number of the progressive sperms in
the preparation before the IUI could be de-
fined as a threshold value in predicting out-
come in [UI. The accepted cut-off value is five
millions (3).

Table 1 shows projection of the results eval-
uated in the former experiment, in case of us-
ing complete sample (i.e. whole volume of the
ejaculate, as a procedure currently performed in
andrology laboratories prior to IUI). Significant
differences were found in the number of mo-
tile sperm recovered after this procedure in the
studied groups (control: 8.93x10%+ 9.52x10° vs.
17.20x10° £+ 21.16x10°, P<0. 03, data expressed
as mean £+ SD).

From 17 tested semen samples, 14 increased
the number of recovered sperms, reaching the
desired threshold value for IUI outcome. No-
tably, only in three cases a negative difference
was observed, due to outstanding semen smears,
whereby no needs of improvement methods are
required.
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Table 1: Differences in the total motile sperm recovered with/without T4 hormone in each patient, by using the whole ejaculate

Total motile sperm
without T4 (x10°)

Total motile sperm Qutcome differences
with T4 (x10°)

between procedures (x10°)

3.61 10.71
3.61 4.46
3.04 6.27
1.91 4.84
7.12 8.93
19.82 15.76
36.64 86.17
15.56 17.19
71.13 50.95
3.75 8.09
4.40 13.22
5.83 13.13
3.73 16.61
84.11 65.34
16.92 41.37
4.43 5.60
3.65 5.72

7.09
0.86
3.22
2.93
1.81
-4.06
49.53
1.63
-20.18
4.34
8.82
7.29
12.89
-18.76
24.45
1.17
2.07

Comparing the effect of the proposed T4
method with pentoxifylline

Semen samples were fractioned in four aliquots
(n: 10). The first aliquot was served as the control
group. T4, with final concentration of 0.002 pg/ml,
was added to the second aliquot. pentoxifylline (fi-
nal concentration of 1 mg/ml) was added to the third
aliquot and the synergism between these two treat-
ments was evaluated in the fourth aliquot. Swim-up
method was then performed and the recovery rate
was calculated. Findings showed that T4 treatment
was statistically superior to the control (control:
1531 + 8.46% vs. 25.71 + 11.46%, P<0.01, data
expressed as mean = SD). No significant difference
was observed by comparing the control with treated
pentoxifylline group (control: 15.31 + 8.46% vs.
24.85 £ 17.56%, data expressed as mean + SD). In
addition, we did not find any significant difference
between control group and the treated samples with
both T4 and pentoxifylline (control: 15.31 + 8.46%
vs. 21.47 +20.51%). Out of ten, the recovery rate
was improved in eight samples by using T4 treat-
ment (80%), while this improvement was observed
only in six samples (60%) by treating with pentoxi-
fylline (Fig.1). No synergism was detected between
these types of treatment in our experiments.
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Fig.1: Comparison of swim-up recovery rate (%) among proce-
dures. Data illustrates swimm-up recovery rate (%) in ten indi-
vidual samples. Basal swim-up (Su), swim-up with T4 (Su+T4)
P<0.01, swim-up with pentoxifylline (Su+Px) and swim-up with
T4 and pentoxifylline (Su+T4+Px).

Discussion

In this study, treating semen samples with T4
generated a significant increase in the percentage of
hyperactive sperm. The effect of this hormone ap-
pears to happen rapidly, since there was no change
between data on the objective motility after 20 and
40 minutes. The immediate action of this hormone
oriented us to propose a non-genomic action of T4,
as a novel concept which might change the current



investigation approaches in fertility. More beyond
that and aligned with previous studies from our
group, demonstrating the positive effect of pentoxi-
fylline induction on the hyperactivity and quantity
of progressive motile sperms after swim-up (15), at
basal time, encouraged us toward investigating the
potential effect of T4, as a novel agent, on optimiza-
tion of the sperm preparation for IUI in the fertiliza-
tion laboratories. In this experiment, we demonstrat-
ed that our hypothesis was correct, evidenced by the
improvement of sperm count after swim-up. Thus,
a patent was then presented in our country for this
finding on April 13" 2013. titled: “Método in vitro
para la capacitacion de espermatozoides. Instituto
Nacional de la Propiedad Industrial. Administracion
Nacional de Patentes. INPI Exp: 20130101645. In-
ventores: Gabriela R. Mendeluk; Monica Rosales;
Mercedes N. Pugliese; Patricia H. Chenlo”.

In this study, we did not detect any synergism be-
tween pentoxifylline and T4. Similar to the previ-
ous study, treatment with pentoxifylline increased
the number of recovered sperms after swim-up in
60% of the cases, from a mathematical point of
view. Focusing on a program of assisted reproduc-
tion, at least 5 million progressive motile sperms
are needed for IUI outcome. From a clinical point
of view, all of the studied samples overcame this
barrier by employing T4. Interestingly, overcom-
ing the cut-off value is the only negative result
obtained by comparing swim-up outcome treated
with or without the hormone, suggesting that there
is an upper motility limit, above which adding
the hormone has no effect. Despite the proposed
method is reasonable for subfertil sperms, it could
not be applicable for severely impaired semen
samples, as an alternative beyond ICSI. This is in
accordance with findings obtained from the target
group which has been benefited by this treatment.

Thyroid hormones can exert their actions at dif-
ferent cellular levels: within the cell nucleus, at the
plasma membrane, in cytoplasm, and at the mito-
chondrion. Regarding the fact that sperm nucleus
is compacted, the first option was discarded in this
study. Actions of thyroid hormone that are not initi-
ated by liganding hormone to intranuclear thyroid re-
ceptors are termed nongenomic. Nongenomic actions
are independent from protein synthesis, thus induc-
ing short time responses. They may trigger plasma
membrane receptors like aV3 integrin, activating
signal transduction via kinase pathways or modifying
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ion fluxes and membrane potential. They can also act
by specific binding sites located in the cytosol. This
mechanism is related to cytoskeleton dynamic, since
they promote actin polymerization (16).

In 1996, Fusi et al. (17) reported that expression of
specific integrin chains were altered with the func-
tional state of spermatozoa. The cells displaying beta
3 integrin were correlated with a proportion of sper-
matozoa which had undergone an acrosome reaction,
following calcium ionophore exposure. Boissonnas
et al. (18) demonstrated the presence of aVp3 inte-
grin by performing Western blot and immunofluo-
rescence techniques on the sperm membrane. Using
the previous statements, we can infer that there is a
non-genomic receptor for T4 hormone, at least in
sperm membrane. The molecular mechanisms of the
effect of this hormone on sperm kinetic are still diffi-
cult to evaluate. Our hypothesis, based on what have
yet been determined about the non-genomic effect of
T4 on ion channels, is that it increases Ca*" intake
(19) which in the HCO3™ environment stimulates
atypical sperm adenylyl cyclase. Finally, generation
of cAMP could increase protein kinase A (PKA) ac-
tivity at the molecular level leading to vigorous fla-
gellar movement, called “hyperactivation” (20, 21).
Pentoxifylline, as a phosphodiesterase inhibitor, po-
tentiate cAMP lifespan by preventing degradation of
this molecule. Indeed, it acts in the last part of this
cascade, while T4 is involved on the upstream hav-
ing a major role in the phenomenon. More beyond
that, and in this context, thyroid hormones also act
upstream of phospholipase C (PLC), forming diacyl-
glycerol (DAG) and inositol 3.4.5-phosphate (IP3),
while the latter molecule has a capacity to release
Ca*" from intracellular stores feeding back the pro-
cess. Consistent to this, we could explain the non-
synergism and probable complementation between
T4 and pentoxifylline, as well as inferior recovery
rates obtained by using the latter agent.

In females, hypothyroidism is mainly associated
with oligomenorrhea. Several adverse reproduc-
tion outcomes are related to overt hypothyroidism,
such as increased incidence of spontaneous abor-
tions, placental abruption, fetal distress in labor,
premature delivery and/or low birth weight, as well
as gestation-induced hypertension (22). Thyroid
dysfunction has also been linked to reduced fertil-
ity. Hence, it should be further investigated the fact
whether adding T4, as with in vitro, could be effec-
tively supplied in vivo. It is proposed that by lack of
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this agent administration, the sperm would have less
chance to acquire hyperactivated status, as a physi-
ological and mechanical requirement to improve
fertilization outcome. In our opinion, the hormonal
thyroid status, either in male or female, should be
considered while evaluating the predictive factors
for pregnancy in case of IUI administration (23).

It has been proposed that IUI is less expen-
sive, less invasive, and comparably effective
for selected patients, as a first-line treatment
for couples (24). We are currently suggesting a
new physiological tool to improve this technique
which requires further evaluation to validate its
potentially effective application in reproduction.
The discussion opens our minds to think in un-
known pathways involved in sperm capacitation
and gives innovative arguments to better under-
stand infertility mechanisms.

Conclusion

Our report is the first, to our knowledge to envis-
age a non-genomic action of thyroxine on sperm
with direct impact on clinical.
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