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38
etermination of human sperm calcium uptake
ediated by progesterone may be useful for

valuating unexplained sterility

perm samples from couples who underwent assisted reproduction were classified according to the World
ealth Organization (WHO) criteria of concentration, motility, and morphology, in normal and subnormal

ases (oligozoospermic, asthenozoospermic, and teratozoospermic). The percentage of spermatozoa that
ncreased [Ca2�]i in response to progesterone (P) was determined by means of flow cytometry. The evaluation
f the P-mediated intracellular calcium increase by flow cytometry may be a fast and objective tool for the
iagnosis of human sperm samples, especially in cases of unexplained sterility. (Fertil Steril� 2004;82:
No unique, reliable method allows the prediction of the fertilizing potential of a human semen sample.
owever, sperm response to progesterone (P) has been considered a good marker of sperm physiology (1)
ecause semen samples from infertile patients show a scarce or null P response (2–8). Moreover, Krausz et
l. (4, 5) suggested the measurement of the level of intracellular calcium and the acrosome reaction in response
o P as predictive value for semen quality. Unfortunately, the fluorescence microscopy evaluation of the
crosome reaction is subjective and cumbersome. In addition, as the sperm sample is heterogeneous, the
easurement of calcium concentration in the whole sperm sample is not representative because only a

ubpopulation of spermatozoa is able to increase the intracellular calcium (9).

By using a fast and objective flow cytometry technique, we measured the proportion of spermatozoa that
ncreases the intracellular calcium in response to P in normospermic samples (9). The aim of the present work
as to determine whether the P calcium uptake by means of flow cytometry allows us to evaluate the

unctional state of human sperm samples showing different sperm quality according to the World Health
rganization criteria, with emphasis on cases of unexplained sterility.

The study was carried out in accordance to the Helsinki Declaration of 1975 on human experimentation,
n a blinded assay with samples from 35 couples who underwent in vitro fertilization (IVF) performed
ccording to routine procedures. In addition, samples undergoing intrauterine insemination (IUI) protocols
ere also included. Semen samples were collected on the day of oocyte retrieval after a recommended 48 to
6 hours of sexual abstinence, and were included in this study if there was a sufficient quantity of sperm left
ver after insemination. Sperm quality was evaluated according to the WHO criteria of concentration, motility,
nd morphology, classifying the samples as normal and subnormal (oligozoospermic, asthenozoospermic, or
eratozoospermic). For data analysis, the samples were divided into the following groups: A, showing all three
athologies; B, two pathologies; C, only one pathology; D, normal for IVF (female factor infertility); E,
ormal for IUI; F, normal but with unexplained sterility.

Seminal plasma was removed by centrifugation and the final pellet was resuspended in BWW (10) at a
oncentration of 1 � 106 cells/mL, and incubated for 3 hours at 37°C under 5% CO2 in air to induce sperm
apacitation. The determination of the percentage of spermatozoa that increase the [Ca2�]i in response to P
as determined by means of flow cytometry according to Giojalas (9) with few modifications. The sperm
opulation was loaded with Fluo-3 (which binds the calcium ions that enter the cell only in live spermatozoa
11]), at a final concentration of 5 �M. The Fluo-3 fluorescence of 3,000 cells was measured in an Ortho
ytoron Absolute flow cytometer (Ortho Diagnostic Systems, Raritan, NJ) with a 530-nm filter. Florescence
mission of each sperm sample was analyzed in triplicate before and after a 30-second stimulation with P
-(O-carboxy-methyl)oxime:BSA (P-BSA), at a final concentration of 0.5 �M.

The data analysis was done in the population of Fluo-3–labeled cells (the unlabeled cells were gated
ut) with the WinMDI 2.8 software (Joseph Trotter, Scripps Research Institute, La Jolla, CA). The
ercentage of cells that increased [Ca2�]i in each sperm population was calculated by the difference
etween unstimulated and P-stimulated; a mean of three repetitions was performed for each sperm
ample. All reagents were obtained from Sigma-Aldrich (St. Louis, MO). Percentages were arcsin square

oot transformed before the analysis of variance (ANOVA); the statistically significant differences
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etween treatments were determined with Student’s t-test. The
orrelation analysis was performed with the Pearson test with a
onfidence level of 95%.

In this study we observed a statistically significant correlation
etween the proportion of spermatozoa that respond to P by increasing
he intracellular calcium and the sperm quality of the sample (r2 �
.63; P�.0001; N � 35). The P response was significantly lower in the
amples that showed the three pathologies (group A) compared with all
he other groups (P�.001) (Fig. 1a), which was in agreement with
revious reports (2–8). However, when the sample showed one or two
athologies (groups C and B), no difference was found compared with
he normal group for IVF (group D). Samples from groups A through

F I G U R E 1

ercentage of spermatozoa increasing intracellular calcium
n response to P in samples with different sperm quality. (a)
ample types A–E (mean � SE). The number of samples is

epresented between brackets on each bar. (b) Values of
ndividual samples of unexplained sterility (sample F). A:
hree pathologies. B: Two pathologies. C: One pathology. D:
ormal samples for IVF. E: Normal samples for IUI. F: Unex-
lained sterility. *Statistically significant differences as com-
ared with all the other groups (P�.001); **Statistically sig-
ificant differences as compared with group E (P�.001).

iojalas. Progesterone response in unexplained sterility. Fertil Steril 2004.
showed a reduced response to P in relation to the normal sample for

ERTILITY & STERILITY�
UI (group E) (P�.001), indicating the lower performance of normal
amples that follow an IVF procedure in comparison with samples
estined for IUI.

The sperm response to P in samples of unexplained sterility (group
) was varied; samples 1 and 2 had a null response, 3 and 4 had values
imilar to normal samples for IVF, and samples 5 and 6 were similar
o normal samples for IUI (see Fig. 1b). This result suggests that the
valuation of the P response may help to further investigate the
hysiological state of a sample from a donor with unexplained sterility.
otwithstanding, Tesarik and Mendoza (3) reported a defective P

esponse in the five cases of unexplained sterility they analyzed.

Taking into account that samples from subfertile patients
howed a low response to P, a possible correlation between the
ercentage of IVF and the percentage of spermatozoa that aug-
ented the intracellular calcium in response to P was investi-

ated. However, no correlation was observed between these
arameters (r2 � 0.08; P�.24; N � 35). With the exception of
ligo-astheno-teratozoospermic samples, where the response to
was almost null and the percentage of IVF was zero in all the

ases, many samples that showed a good P response (higher than
0%) failed to fertilize the egg in vitro. Moreover, in cases of
nexplained sterility, two samples showed a null response to P
nd 0% of IVF; the two that had the highest proportion of P
esponding cells (35%), showed 0% and 50% of IVF. Because
he success of an IVF procedure depends on both gametes, the
orrelation between any sperm parameters and the IVF outcome
hould be interpreted with caution, especially when the purpose
s to recommend a semen parameter as an IVF predictor.

In summary, the use of flow cytometry to evaluate the ability
f human sperm to respond to P by increasing the intracellular
alcium may be a fast and objective tool for the diagnosis of the
uman sperm quality, especially in cases of unexplained steril-
ty.

cknowledgment: To the memory of Julio Novillo who collaborated at the
ery beginning of the study.

Laura Cecilia Giojalas, Ph.D.a

Pablo Iribarren, Ph.D.b

Rosa Molina, M.Sc.c

Roberto Américo Rovasio, Ph.D.a

Daniel Estofán, Ph.D.d

Center for Cellular and Molecular Biology,a Faculty of
Sciences, Laboratory of Immunology,b Faculty of
Chemistry, University of Cordoba, Cordoba, Argentina;
Laboratory of Andrology and Reproduction,c Cordoba,
Argentina; and Center for Gynecology, Obstetrics and
Reproduction,d Cordoba, Argentina

eferences
1. Baldi E, Luconi M, Bonaccorsi L, Maggi M, Francavilla S, Gabriele

A, et al. Nongenomic progesterone receptor on human spermatozoa:
biochemical aspects and clinical implications. Steroids 1999;64:
143– 8.

2. Oehninger S, Blackmore P, Morshedi M, Sueldo C, Acosta AA, Alex-
ander NJ. Defective calcium influx and acrosome reaction (spontaneous
and progesterone induced) in spermatozoa of infertile men with severe

teratozoospermia. Fertil Steril 1994;61:249–54.

739



1

1

7

3. Tesarik J, Mendoza C. Defective function of a non genomic progester-
one receptor as a sole sperm anomaly in infertile patients. Fertil Steril
1992;58:793–7.

4. Krausz C, Bonaccorsi L, Luconi M, Fuzzi B, Criscuoli L, Pellegrini S,
et al. Intracellular calcium increase and acrosome reaction in response
to progesterone in human spermatozoa are correlated with in-vitro
fertilization. Hum Reprod 1995;10:120–4.

5. Krausz C, Bonaccorsi L, Maggio P, Luconi M, Criscuoli L, Fuzzi B, et
al. Two functional assays of sperm responsiveness to progesterone and
their predictive values in in-vitro fertilization. Hum Reprod 1996;11:
1661–7.

6. Falsetti C, Baldi E, Krausz C, Casano R, Failli P, Forti G. Decreased
responsiveness to progesterone of spermatozoa in oligozoospermic
patients. J Androl 1993;14:17–22.
40 Giojalas et al. Correspondence
7. Gadkar S, Shah CA, Sachdeva G, Samant U, Puri CP. Progesterone
receptor as an indicator of sperm function. Biol Reprod 2002;67:1327–36.

8. Kotwicka M, Warchal JB. Expression of progesterone membrane re-
ceptor in spermatozoa from normozoospermic and oligozoospermic
men. Folia Histochem Cytobiol 2001;39:139–40.

9. Giojalas LC. Correlation between response to progesterone and
other functional parameters in human spermatozoa. Fertil Steril
1998;69:107–11.

0. Biggers JD, Whitten WK, Whittingham DG. The culture of mouse
embryos in vitro. In: Daniel JD, ed. Methods in mammalian embryol-
ogy. San Francisco: Freeman, 1971:86–116.

1. Tesarik J, Carreras A, Mendoza C. Single cell analysis of tyrosine
kinase dependent and independent Ca 2� fluxes in progesterone
induced acrosome reaction. Mol Hum Reprod 1996;2:225–32.
Vol. 82, No. 3, September 2004


	Determination of human sperm calcium uptake mediated by progesterone may be useful for evaluating unexplained sterility
	Acknowledgment
	References


