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Human sperm decondensation in vitro is related to cleavage rate
and embryo quality in IVF
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Abstract
Purpose To investigate whether the ability of human spermatozoa to decondense in vitro in the presence of heparin (Hep) and
glutathione (GSH) is related to assisted reproduction (ART) success.
Methods Cross-sectional pilot study involving male partners of 129 infertile couples undergoing ICSI with (45) or without (84)
donor oocytes at two infertility clinics in CABA, Argentina, between October 2012 and December 2013. In vitro decondensation
kinetics with Hep and GSH and DNA fragmentation (TUNEL) were determined on the same sample used for ICSI. The possible
relationship of decondensation parameters (maximum decondensation and decondensation velocity) and TUNEL values with
ART success was evaluated.
Results Embryo quality correlated positively with decondensation velocity (D60/D30) (Spearman’s correlation, p < 0.05).
According to D60/D30 values, patients were classified as slow decondensers (SlowD) (n = 68) or fast decondensers (FastD)
(n = 61). Embryo quality was better in FastD (unpaired t test, p < 0.05). FastD and SlowD were subdivided according to use of
donor oocytes. Among SlowD, biochemical and clinical pregnancy rates per transfer were significantly higher in donor (n = 19)
vs. in non-donor (n = 31) cycles (Fisher’s exact test, p < 0.05). TUNEL values were not related to embryo quality, but no clinical
pregnancies or live births were achieved in TUNEL+ SlowD (n = 7).
Conclusion Decondensation kinetics of human spermatozoa in vitro with Hep and GSH could be related to embryo quality and
ART success.
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Introduction

Decondensation of sperm chromatin is the first visible change
in the fertilizing spermatozoon upon entry into the ooplasm

and a prerequisite for pronuclear formation and syngamy. As
such, the ability to undergo adequate nuclear decondensation
could be a measure of sperm fertilizing ability [1, 2].

There is ample evidence in the literature suggesting that
alterations in sperm chromatin condensation during spermio-
genesis are related to alterations in chromatin decondensation
in the ooplasm which, in turn, could compromise early em-
bryonic development [3, 4]. Furthermore, DNA abnormalities
have been linked to abnormal chromatin packaging, and it has
been suggested that DNA damage is the main cause of im-
plantation failure in embryos derived from healthy eggs fertil-
ized by sperm with chromosome defects [5].

Even though the last two decades have seen a significant
increase in the number of ART procedures, particularly ICSI,
there has been no net improvement in healthy term pregnancy
[6]. Use of ICSI has been increasing, not necessarily by indi-
cation but because of a generalized perception among clini-
cians and patients that there is no safety issue and because
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fertilization can be achieved in cases where IVF would be
unsuccessful. However, what matters to a couple undergoing
ART is healthy live birth, which has not improved, thus
stressing the need to better male diagnosis and optimize sperm
sample procurement.

Given that ICSI bypasses interaction of spermatozoa with
the egg vestments prior to entry into the ooplasm, interest has
been placed in developing strategies to evaluate the function-
ality of the sperm nucleus. Several different techniques have
been proposed as measures of chromatin status and DNA
fragmentation, but relationship between them and ART suc-
cess is still controversial [7–13].

In our laboratory, we have been studying human sperm
decondensation in vitro in the presence of heparin (Hep) and
glutathione (GSH) for several years [14–17]. GSH is the prot-
amine disulfide bond reducer in vivo [18], and Hep is a struc-
tural and biological analogue of heparan sulfate (HS). HS is
present in murine, human, and bovine oocytes and, as pro-
posed by our laboratory, probably involved in mammalian
sperm decondensation in vivo [15–17, 19].

Preliminary data from our laboratory suggest that the abil-
ity of human spermatozoa to decondense in vitro in the pres-
ence of Hep and GSH is not the same in all infertile patients
[20]. It is a known fact that about 10% of ICSI cycles fail to
generate embryos and, among these, around 15% still have a
condensed sperm head inside the oocyte. Male patients whose
spermatozoa are not able to decondense inside the oocyte
would not benefit from ICSI [2, 21].

The aim of this study was to analyze sperm decondensation
in vitro in the male partners of infertile couples undergoing
ARTand determine whether it is related in any way to various
measures of ART success, especially live birth rate.

Materials and methods

All chemicals and reagents used were from Sigma Chemical
Co (St. Louis, MO) unless otherwise stated.

Subject selection

Infertile patients (n = 129) undergoing ICSI at two infertility
clinics in Buenos Aires, Argentina, during the period com-
prised between October 2012 and December 2013, following
informed consent, entered the study sequentially, regardless of
infertility diagnosis. The only requirement was that the sperm
sample used for ICSI had an enough number of spermatozoa
for in vitro decondensation assessment, thus excluding severe-
ly oligozoospermic male patients from the study. Couples
used either their own oocytes (n = 84) or donated oocytes
(n = 45).

Sperm in vitro decondensation and DNA fragmentation
were determined on the same sample used for ICSI.

Normozoospermic [22] semen specimens to be used as
internal control were obtained under informed consent from
normal healthy volunteers (n = 5). Donor data were kept
confidential.

This study was approved by CEPI (Ethics Committee of
Hospital Italiano de Buenos Aires) and IBYME Ethics
Committee.

Patient semen sample processing for ICSI

Semen samples were collected by masturbation after 36–48 h
of abstinence, allowed to liquefy and processed within 1 h of
collection. Motile sperm were separated using a dual-gradient
density solution (ISolate®, Irvine Scientific Cat. No. 99264).
The remaining pellet was washed by centrifugation with 3 mL
of modified human tubal fluid medium (HTF) with
gentamicine–HEPES (Irvine Scientific, Cat. No. 90126) con-
taining 5% human serum albumin solution (Irvine Scientific,
Cat. No. 9988).

Donor semen sample processing

Semen samples were collected by masturbation after 36–48 h
of abstinence, allowed to liquefy and processed within 1 h of
collection. Samples were washed twice by centrifugation at
300×g for 10 min in HTF (HTF 4.6 mM KCl; 0.37 mM
KH2PO4; 90.7 mMNaCl; 1.3 mMMgSO4; 2.78mM glucose;
1.6 mM CaCl2·2H2O; 23.8 mM NaHCO3; 3.38 mM sodium
pyruvate and 80.2 mM sodium lactate) supplemented with
0.3% bovine serum albumin (BSA). The remaining pellet
was overlaid with 1 mL of fresh HTF containing 2.6% BSA
(HTF-26B), and sperm were allowed to swim up for 90 min at
37 °C in an atmosphere of 5% CO2 in air. Subsequently, high-
ly motile spermatozoa were incubated in capacitating condi-
tions for 18 h in HTF-26B at 37 °C in an atmosphere of 5%
CO2 in air, at a concentration of 5–10 × 106 mL−1.

DNA fragmentation

On the day following oocyte insemination, a 10-μL aliquot of
spermatozoa from the same sample used for ICSI was smeared
on a poly-L-lysine-coated microscope slide to assess DNA
fragmentation by TdT (terminal deoxynucleotidyl transfer-
ase)-mediated dUDP nick-end labeling (TUNEL). All
TUNEL assessments were performed at the Andrology
Laboratory, Hospital Italiano de Buenos Aires (HIBA), using
the “in situ Cell Death Detection Kit Fluorescein” (Roche),
according to the manufacturer’s instructions. Briefly, samples
were fixed in 1% paraformaldehyde solution (Cicarelli
Laboratorios, San Lorenzo, Santa Fe, Argentina) for 10 min,
washed with PBS, and permeabilized with 0.1% Triton X-100
(Calbiochem) in 0.1% sodium citrate (Calbiochem) for 10min
at room temperature. Subsequently, slides were incubated for
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1 h at 37 °C in TUNEL reaction-mixture label solution and
terminal transferase solution and washed twice with PBS dur-
ing 5 min. DNA damage was quantified under a fluorescence
microscope (Nikon Eclipse E400) and 5000 cells were evalu-
ated in each sample. The cutoff value for TUNEL positivity
was > 20%, as routinely used by the HIBA Andrology
Laboratory.

Sperm decondensation assay

On the day following oocyte insemination, unused spermato-
zoa were washed once by centrifugation at 300×g in HTF-26B
medium and incubated overnight at 37 °C in HTF-26B in an
atmosphere of 5% CO2 in air. Subsequently, spermatozoa
were decondensed as previously described [14, 23], based
on the original decondensation technique introduced by
Reyes et al. [24]. Briefly, 3–5 × 106 spermatozoa were incu-
bated in HTF-26B with 46 μMHep (Grade I-A: from porcine
intestinal mucosa; Sigma Cat No. H-3393) and 10 mM GSH
(γ-Glu-Cys-Gly; Sigma Cat No. G-4251) in a 0.3-mL final
volume, for 1 h at 37 °C in an atmosphere of 5% CO2 in air.
After fixation in 2.5% glutaraldehyde, the percentage of
decondensed spermatozoa was determined by phase contrast
in a Nikon Eclipse E200 microscope at × 400 magnification,
using the scoring criteria previously described [14, 23, 25].
Spermatozoa were classified as unchanged (U), moderately
decondensed (M), or grossly decondensed (G), according to
refringence, granular aspect, and size of the nucleus.
Unchanged spermatozoa are bright and do not have an en-
larged nucleus; Moderately decondensed cells are no longer
refringent, but dark and slightly enlarged; Grossly
decondensed heads are very large, granular, gray in color,
and almost translucent (Fig. 1). The percentage of
decondensed spermatozoa was calculated as the sum of the
percentages of M and G shapes, %(M+G). Every assay was
run in duplicates and at least 200 cells were evaluated in each
sample. Two decondensation parameters were defined:
%(M+G), % decondensation after 60 min of incubation, as

a measure of maximum decondensation achieved; and D60/
D30, ratio of % decondensation at 60 and 30 min of incuba-
tion, which is a measure of sperm decondensation velocity.

Oocyte donation

Metaphase II (MII) oocytes were obtained under informed
consent from healthy young donor women, under 30 years
o ld , en ro l l e d in the oocy t e dono r p rog r am a t
PROCREARTE. Similarly to patients undergoing ART, oo-
cyte donors were tested for syphilis, hepatitis B and C, HIV
types 1 and 2, and HTLV types 1 and 2.

ICSI procedure

Women were hormonally stimulated beginning with 225 IU/
day recombinant FSH (rFSH) for 3 days. As from day 4, two
to four HMG ampoules (Human Menopausal Gonadotropin),
containing 75 IU FSH and 75 IU LH, were administered.
Follicular development was monitored by vaginal ultrasound
using a 5-MHz transvaginal probe. When at least two follicles
measured ≥ 14 mm mean diameter, patients received 1 am-
poule GnRH antagonist (cetrorelix)/day. When at least two
follicles measured ≥ 18 mm mean diameter, 250 μg hCGr
(Ovidrel, Serono; subcutaneous injection) or 10,000 IU hCG
(Gonacor, Ferring; intramuscular injection) was administered.
Transvaginal follicular aspiration was performed 34–36 h af-
ter hCG and oocytes were retrieved at the embryology
laboratory.

Shortly after oocyte retrieval (3–5 h), cumulus cells and
corona radiata were removed by transferring oocytes into
modified HTF-HEPES medium containing 1 mg/mL hyal-
uronidase for up to 1 min and pipetting through pipettes of
decreasing diameter.

Oocytes that had extruded the first polar body (MII stage)
and MI stage oocytes were microinjected with a single sper-
matozoon introduced across the zona pellucida into the
ooplasm [26]. Fertilization (presence of pronuclei) was

Fig. 1 Different stages of nuclear
decondensation observed under
phase-contrast microscopy fol-
lowing in vitro exposure of sper-
matozoa to 40 μM Hep + 10 mM
GSH as described in “Materials
and methods.” Spermatozoa were
classified as unchanged (U),
moderately decondensed (M), or
grossly decondensed (G), accord-
ing to refringence, granular as-
pect, and size of the nucleus (×
400)
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assessed 16–18 h after injection and embryo cleavage status
recorded 24 h later.

Embryo quality score

On day 3 following oocyte insemination, embryo quality was
assessed and a number from 1 to 4 was assigned to each
embryo, 1 for best quality and 4 for worst. As a measure of
overall embryo quality for each patient, an Embryo Quality
Score (ES) was calculated as the weighted average of the
number of embryos in each category.

Statistical analysis

Data analysis was performed for the overall patient population
and for patients subdivided into two groups, according to
whether they used their own or donated oocytes. Populations
were characterized by their mean ± SD (Gaussian distribution)
or median and interquartile range (non-Gaussian distribution),
as required. Comparisons between two groups were performed
by unpaired Student’s or Mann-Whitney’s test, as needed.
Multiple comparisons were performed by ANOVA followed
by Tukey’s multiple comparison test. Correlations between
sperm parameters (DNA fragmentation and decondensation
parameters) and ART outcome measures (% fertilization, %
cleavage, and embryo quality score) were assessed by
Pearson’s or Spearman’s correlation coefficients, as needed.
Contingency tables were analyzed by Fisher’s exact test.
Differences were considered significant when p < 0.05.

Results

ICSI success rate

Median overall fertilization rate in the patient population stud-
ied was 80% (interquartile range 67–100, n = 129 cycles);
94 cycles resulted in embryo transfer, with a mean of 2 em-
bryos per transfer. Biochemical and clinical pregnancy rates
were 32% (30/94) and 28% (26/94) per transfer, respectively,
and live birth rate was 17% (16/94) per transfer (Fig. 2a).

Donor oocytes were used in 45 out of 129 cycles; 34/45
donor and 60/84 non-donor cycles resulted in embryo transfer.
Most donor cycles that did not result in transfer (8/11, 73%)
did so because of a decision to cryopreserve embryos, whereas
in 15/24 (60%) non-donor cycles, no viable embryos were
available for transfer. Fertilization and cleavage rates were
similar in both groups: median 83% (IQ = 75–100) and 80%
(IQ = 62–93) fertilization in donors and non-donors, respec-
tively; median 100% (IQ = 100–100) cleavage in both donors
and non-donors (Fisher’s exact test, NS). Biochemical preg-
nancy, clinical pregnancy, and live birth rates per transfer were
slightly higher for donor cycles but differences were not

significant (Fisher’s exact test, NS) (Fig. 2b). Female patient
age was 42.9 ± 0.6 and 37.3 ± 0.5 for patients using donor and
non-donor oocytes, respectively (unpaired Student’s test,
p < 0.0001). Oocyte donors were always under 30 years old,
a rare situation among patients using their own oocytes (3/84).

Fertilized embryos were assigned a quality score as de-
scribed in “Materials and methods.” Mean ES were 2.5 ±
0.1, 2.6 ± 0.1, and 2.4 ± 0.1 for the overall patient population,
non-donor cycles, and donor cycles, respectively. These
values were not significantly different from one another
(ANOVA + Tukey’s test, NS).

Sperm DNA fragmentation

TUNEL assay was performed on spermatozoa obtained from
100 patients and resulted in a median of 9% (interquartile
range 4–18). Considering a cutoff value of 20% as stated in
“Materials and methods,” 16 patients were classified as
TUNEL positive and 84 as TUNEL negative. Cycles involv-
ing TUNEL+ patients resulted in 73% (median; IQ = 54–96)
fertilization rate, 100% cleavage rate (median; IQ = 97–100),
10 transfers, 3 biochemical pregnancies (30% per transfer), 2
clinical pregnancies (20% per transfer), and 2 live births (20%
per transfer). These values were not significantly different
(Fisher’s exact test, p = 1) from the corresponding values ob-
tained for cycles involving TUNEL− patients: 83% (median;
IQ = 69–100) fertilization rate, 100% cleavage rate (median;
IQ = 100–100), 64 transfers, 20 biochemical pregnancies
(31% per transfer), 17 clinical pregnancies (27% per transfer),
and 2 live births (17% per transfer) (Fig. 3). ES was also
similar between both groups: 2.6 ± 0.1 and 2.6 ± 0.3 for
TUNEL− and TUNEL+ patients, respectively.

There was a low correlation of TUNEL values with fertil-
ization rate (Spearman’s r = − 0.2049, p = 0.0317) but not with
cleavage rate (Spearman’s r = − 0.1910, p = 0.065) or embryo
quality as determined by ES values (Spearman’s r = 0.1875,
p = 0.8647).

In vitro sperm decondensation

In vitro sperm decondensation kinetics was determined on an
aliquot of every semen specimen used for ICSI (Fig. 4). This
figure clearly shows that some patients achieved maximum
decondensation following 30 min of incubation while others
did not. Two decondensation parameters were calculated as de-
scribed in “Materials and methods”: maximum sperm
decondensation %(M+G) and decondensation velocity (D60/
D30). Median %(M+G) was 23% (IQ = 18–33) and median
D60/D30 was 1.6 (IQ = 1.2–2.3). These two parameters did not
correlate with each other (Spearman’s r = 0.1185, p = 0.1618)
nor with TUNEL (Spearman’s r= − 0.089, p= 0.3503 for D60/
D30) or fertilization rate (Spearman’s r= − 0.081, p = 0.345 for
D60/D30) or cleavage rate (Spearman’s r =− 0.0304, p = 0.7514
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forD60/D30). However, sperm decondensation velocity did cor-
relate with ES (Spearman’s r= 0.2408, p = 0.0153).

Sperm decondensation kinetics was also determined in a
small group (n = 5) of healthy normal donors. Median
%(M+G) was 34% (IQ = 29–41) and median D60/D30 was
1.2 (IQ = 1.1–1.3). Contrary to patient spermatozoa, donor
spermatozoa a lways achieved a lmost maximum
decondensation following 30 min of incubation. A cutoff value
of 1.50 for normalD60/D30was determined as mean + 2SD (x̅
± SD = 1.20 ± 0.15) of donor values using the first specimen
obtained from each donor.

Patients were then divided into two groups according to
their D60/D30. Those with values greater than 1.5 were con-
sidered SlowD (n = 68), and those with values lower than or
equal to 1.5 were classified as FastD (n = 61). As expected,
decondensation velocity was significantly lower (Mann-

Whitney’s test, p < 0.0001) in FastD (median 1.2 (IQ 1.7–
2.7) vs. 2.2 (IQ 1.1–1.4)) than in slow decondensers, but max-
imum nuclear decondensation was similar (Mann-Whitney’s
test, p = 0.1309) in both groups: 22% (IQ = 17–30) and 24%
(IQ = 19–32) for FastD and SlowD, respectively. Semen con-
centration, % motility, and % morphology were similar for
fast and slow decondensers (unpaired t test, p = 0.322,
0.357, and 0.256, respectively).

TUNEL and ICSI results in fast and slow decondensers

The percentage of TUNEL+ patients was similar among FastD
and SlowD: 18% vs. 14%, respectively (Fisher’s exact test, p =
0.5925). Median TUNEL values were also similar (Mann-
Whitney’s test, p = 0.0739) in both groups: 10% (IQ = 5–
18.5) and 7% (IQ = 4–12) for FastD and SlowD, respectively.

Fig. 3 ICSI results and sperm
DNA fragmentation. Patients
were classified as TUNEL
positive (TUNEL+, n = 16, solid
bars) or TUNEL negative
(TUNEL−, n = 88, striped bars)
according to a cutoff value of
20%, as stated in “Materials and
methods.” Fertilization and
cleavage rates are expressed as
median and interquartile range;
ES is expressed as mean and
SEM. Beta +, clinical pregnancy,
and live birth rates (LB) are
expressed per transfer. There were
no significant differences between
both groups in any of the param-
eters analyzed (Mann-Whitney,
unpaired Student’s, or Fisher’s
exact tests, as needed)

Fig. 2 ICSI results for the overall patient population (panel a, n = 129)
and for donor (D; n = 45, white bars) and non-donor (ND; n = 84, gray
bars) cycles (panel b). Beta +, clinical pregnancy, and live birth rates (LB)

are expressed per transfer. There were no significant differences in ICSI
success measures (Fisher’s exact test) between donor and non-donor
cycles
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Fertilization rate was similar (Mann-Whitney’s test, p =
0.0739) in FastD and SlowD: median 80% (IQ = 67–100) vs.
80% (IQ = 67–91), and median cleavage rate was 100% in both
groups. However, overall ES was better in FastD, as evidenced
by a significantly lower ES: mean ES = 2.3 ± 0.1 in FastD vs.
2.6 ± 0.1 in SlowD (unpaired t test, p = 0.0459) (Fig. 5).

Biochemical and clinical pregnancy rates per transfer and
live birth rate per transfer were similar in FastD and SlowD
(Fig. 5): 27% vs. 36% (Fisher’s exact test, p = 0.3854), 20%
vs. 34% (Fisher’s exact test, p = 0.17), and 14% vs. 20%
(Fisher’s exact test, p = 0.58), respectively.

FastD and SlowD were subdivided into groups according
to whether they underwent non-donor or donor cycles.
Figure 6 depicts ICSI success rates in non-donor and donor

cycles for FastD (panel a) and SlowD (panel b). Biochemical
and clinical pregnancy and live birth rates per transfer were
similar between non-donor (n = 29 transfers) and donor (n =
15 transfers) groups for FastD (panel a). Semen concentration,
% motility, and % morphology were similar for FastD under-
going non-donor or donor cycles (unpaired t test, p = 0.845,
0.060, and 0.752, respectively). As expected, female patient’s
age was significantly higher in couples using donor oocytes
(unpaired t test, p < 0.0001).

Contrarily, when SlowD were analyzed, biochemical and
clinical pregnancy rates were significantly higher in donor
(n = 19 transfers) cycles (Fisher’s exact test, p = 0.0164 and
0.0371, respectively). Live birth rate, though almost three
times as high in donor (32%) vs. non-donor (n = 31 transfers,
13%) cycles, was not significantly different (Fisher’s exact
test, p = 0.1505). Semen concentration, % motility, and %
morphology were similar for SlowD undergoing non-donor
or donor cycles (unpaired t test, p = 0.410, 0.227, and 0.248,
respectively). As expected, female patient’s age was signifi-
cantly higher in couples using donor oocytes (unpaired t test,
p < 0.0001).

Individual patients were analyzed taking into consideration
both decondensation velocity and TUNEL results. Figure 7a
shows individual patient values for TUNEL and D60/D30
plotted against each other. Four groups of patients could be
identified based on cutoff values for each parameter: (i)
TUNEL+ FastD (n = 9), (ii) TUNEL+ SlowD (n = 7), (iii)
TUNEL− FastD (n = 40), and (iv) TUNEL− SlowD (n = 44).
Biochemical and clinical pregnancy and live birth rates per
transfer were calculated for each group and are depicted in

Fig. 4 In vitro sperm decondensation kinetics. In vitro sperm
decondensation kinetics for each individual patient was determined
following incubation in Hep and GSH for 15, 30, and 60 min, as
described in “Materials and methods.” Two decondensation parameters
were calculated:maximum sperm decondensation%(M+G) after 60min
incubation and decondensation velocity as the ratio of % decondensation
following 60 and 30 min of incubation (D60/D30). Panel a individual
decondensation kinetics for slow decondensers. Panel b individual
decondensation kinetics for fast decondensers

Fig. 5 ICSI results and sperm decondensation velocity. Patients were
classified as FastD (F; n = 61, striped bars) or SlowD (S; n = 68, solid
bars) according to their D60/D30 value, as described in “Results.” F =
D60/D30 < 1.5; S =D60/D30 ≥ 1.5. Fertilization and cleavage rates are
expressed as median and interquartile range; ES is expressed as mean
and SEM. Beta +, clinical pregnancy, and live birth rates (LB) are
expressed per transfer. *p < 0.05, unpaired Student’s t test. No significant
differences between both groups in the rest of parameters analyzed
(Mann-Whitney, unpaired Student’s, or Fisher’s exact tests, as needed)
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Fig. 7b. Even though there were no significant differences in
ICSI success measures between patient groups (Fisher’s exact
test, p > 0.05), those patients having abnormal values in both
parameters, i.e., group (ii) TUNEL+ SlowD, showed their
ICSI success rates impaired compared with the others.
Accordingly, this was the only group of patients in which no
clinical pregnancies or live births were achieved.

Discussion

To date, despite numerous attempts at improving gamete func-
tion testing, decision-making in ART is still an arduous pro-
cess for both physicians and patients. Undoubtedly, given the

complex nature of the reproductive process, no single test of
gamete function will ever be able to predict ART success [27,
28]. Thus, from an andrologist’s standpoint, and in an attempt
to better understand the causes underlying male infertility
[29], the need arises to evaluate as comprehensively as possi-
ble sperm function, addressing different aspects of sperm
physiology.

In the ICSI era, as a consequence of technically
bypassing the interaction of the spermatozoon with the
egg vestments, only events taking place after entry into
the ooplasm have acquired significance. Accordingly, spe-
cial attention has been given to evaluation of the function-
ality of the sperm nucleus. Sperm nuclear and chromatin
abnormalities have been found to be detrimental to normal

Fig. 6 ICSI results in donor and
non-donor cycles in FastD (panel
a) and SlowD (panel b). FastD
and SlowD were subdivided into
groups according to whether they
underwent non-donor (ND, gray
bars) or donor (D, white bars)
cycles. Beta +, clinical pregnancy,
and live birth rates (LB) are
expressed per transfer. *p < 0.05,
Fisher’s exact test
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fertilization, embryo development, implantation, and preg-
nancy [5, 11–13, 30]. A number of diagnostic assays have
been developed to evaluate chromosomal abnormalities
and DNA fragmentation in semen samples of patients un-
dergoing ART, such as chromomycin A3 binding, in situ
nick translation, terminal deoxynucleotidyl transferase
(TUNEL), comet, sperm chromatin structure assays, prot-
amine ratio analysis, sperm chromosomal aneuploidy eval-
uation, and sperm chromatin dispersion assay [13, 31, 32].

Our laboratory has been devoted to the study of human and
murine sperm decondensation in vitro in the presence of Hep
and GSH for several years. Sperm decondensation in vitro in
the presence of Hep and GSH represents a physiological way
of inducing sperm decondensation, as both reagents have been
proposed as decondensing agents in vivo and concentrations
used in the in vitro assay are in the physiological range [14,
23]. Preliminary data obtained more than a decade ago evalu-
ating in vitro sperm decondensation kinetics in a small group
of infertile patients (20), revealed that the Hep/GSH
decondensation assay distinguished two subgroups of pa-
tients, i.e., slow and fast decondensers, and that belonging to

one group or the other could not be predicted by conventional
semen analysis.

The primary aim of the present study was to analyze wheth-
er the in vitro sperm decondensing ability of male partners of
infertile couples undergoing ART is related to ART success.
Several studies in the literature have addressed the subject of
sperm chromatin condensation and decondensation; however,
there is scarcity of data on the association between these pa-
rameters and ongoing pregnancy [11, 33]. Additionally, be-
cause of its widespread use to evaluate sperm nucleus func-
tionality in our clinical setting, we evaluated whether DNA
fragmentation determined by TUNEL was related to both
sperm decondensing ability and ART success.

In vitro sperm decondensation parameters, i.e., maximum
decondensation and decondensation velocity, did not correlate
with each other or with % fertilization or cleavage, but corre-
lated positively with embryo quality score. These results sug-
gest that even though abnormal decondensation may not im-
pair fertilization and cleavage, a negative effect on the embryo
that may be evidenced later during development, cannot be
ruled out [34].

Fig. 7 Panel a TUNEL and D60/
D30 values in individual patients.
Individual patient values for
TUNEL and D60/D30 were
plotted against each other. Four
groups of patients were identified
based on cutoff values for each
parameter: (i) TUNEL+ FastD
(n = 9, upper left quadrant), (ii)
TUNEL+ SlowD (n = 7, upper
right quadrant), (iii) TUNEL−
FastD (n = 40, lower left quad-
rant), and (iv) TUNEL− SlowD
(n = 44, lower right quadrant).
Panel b ICSI success data for pa-
tient groups defined in panel a.
Beta +, clinical pregnancy (P),
and live birth rates (LB) are
expressed per transfer. There were
no significant differences in ART
measures between patient groups
(Fisher’s exact test). Gray circle:
TUNEL+ FastD. White circle:
TUNEL+ SlowD. Striped circle:
TUNEL− FastD. Black circle:
TUNEL− SlowD
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Evaluation of sperm decondensation kinetics in the present
study allowed us once again to differentiate fast decondensers
who, just as normal fertile donors, achieve maximum
decondensation after 30 min from slow decondensers, who
need to be incubated further up to 60 min to allow for maxi-
mum decondensation.

Fertilization and cleavage rates were similar in both groups,
but embryo quality was better in fast decondensers, once again
suggesting a possibly delayed negative effect on embryo de-
velopment. Male subfertility has been indeed associated to
failures in sperm chromatin condensation. Pregnancy rates
increase with sperm samples showing normal chromatin con-
densation, and a greater proportion of spermatozoa with nor-
mal chromatin compaction has been associated to an increase
in early embryo cleavage rate [35–37].

Surprisingly, biochemical and clinical pregnancy rates and
live birth rate were similar in slow and fast decondensers.
However, when considering whether donor oocytes had been
used in the procedure, biochemical and clinical pregnancy
rates were similar among donor and non-donor cycles in fast
decondensers, but in slow decondensers, both parameters
were significantly improved in donor cycles. Undoubtedly,
the better quality of donor oocytes, obtained from young do-
nors, could at least in part account for this difference. It is well
known that the ability of the oocyte to repair sperm DNA
damage [38, 39] diminishes with age. Live birth rate, though
three times higher in donor cycles, was not significantly dif-
ferent, probably because of the small number of patients in
each subgroup. These results suggest that being a slow
decondenser, a negative characteristic from our standpoint be-
cause it differs from healthy volunteers, could be a drawback
for ART outcome if oocyte quality is not adequate to success-
fully compensate for a subfertile spermatozoon.

There is still controversy in the literature on the impor-
tance of the decondensation process for ART success.
While some authors sustain that ICSI outcome is not in-
fluenced by chromatin condensation [40], others suggest
that not only ICSI but also IUI results are affected by
sperm decondensing ability [37]. The idea that being a
slow decondenser might have a negative effect on ART
outcome became evident once again in this paper when
taking into consideration DNA fragmentation results.
TUNEL values did not correlate with decondensation pa-
rameters, suggesting that both assays are measuring dif-
ferent aspects of sperm nuclear function. Moreover, me-
dian TUNEL values were similar in fast and slow
decondensers, and so was the percentage of TUNEL-
positive patients in both groups. However, upon simulta-
neous considerat ion of decondensat ion veloci ty
(fast/slow) and TUNEL (+/−) values for each patient in-
dividually, no clinical pregnancies and thus live births
were observed in slow+ subjects. These results suggest
that the combination of two abnormal values of sperm

nuclear function, i.e., DNA fragmentation (TUNEL+)
and decondensation kinetics (slow decondensation), may
impair ART success. Due to the small number of patients
in this group (n = 7), it was not possible to compare re-
sults between those who used donor (n = 5) and non-
donor (n = 2) oocytes, though it is tempting to speculate
that even good quality donor oocytes might not be able to
compensate very severe sperm defects.

It is noteworthy that TUNEL results did not correlate either
with cleavage rate or with embryo quality and that TUNEL +
and TUNEL− groups had similar pregnancy and live birth
rates, adding to the already existing controversy on the use-
fulness of TUNEL as a measure of sperm fecundity in ART [7,
41]. However, the present results suggest that the combination
of TUNELwith in vitro nuclear decondensation, which would
provide a more comprehensive evaluation of the functionality
of the sperm nucleus, might be of help in the assessment of
ARToutcome. Patients who, in addition to an abnormally high
sperm DNA fragmentation, show an abnormally low sperm
decondensation velocity seem to have their chances of success
severely impaired.

Undoubtedly, we must not forget that successful repro-
duction involves not only a functional spermatozoon but
also a functional oocyte as well. Thus, we cannot expect
to predict ART outcome looking at sperm functionality
alone. Nevertheless, the development of novel sperm
function assays should help us pinpoint defects of sperm
function and, in turn, rule out their contribution to preg-
nancy failure. The in vitro sperm decondensation assay
used in this study is easily performed, reproducible,
cost-effective and with a solid physiological basis, impor-
tant attributes to be considered when looking at the pos-
sibility of its use in a clinical setting.

In summary, even though this is a pilot study and validation
of these results in a larger cohort of patients is mandatory, this
paper is the first to present evidence that evaluating the ability
of human spermatozoa to decondense in vitro with Hep and
GSH could be a valuable diagnostic tool in the Andrology
Laboratory and in the process of decision-making when
choosing an ART procedure.
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