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ATRIAL NATRIURETIC PEPTIDE ATTRACTS HUMAN SPERMATOZOA IN VITRO
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SUMMARY: Here we report that atrial natriuretic peptide (ANP), a known activator of
particulate guanylate cyclase, induces attraction and swimming speed enhancement of human
spermatozoa in vitro. Using capillary assays under a variety of experimental conditions
(ascending or descending gradients of ANP, or no gradient at ali) and microscopic assays in
which individual spermatozoa could be followed, we found that spermatozoa followed the
gradient of ANP and accumulated in it. Speed enhancement was detected in the presence of ANP
without a gradient. These observations suggest either that an ANP-like substance is the
physiological attractant for human spermatozoa, or, more likely, that ANP directly affects
guanylate cyclase in a manner similar to that caused by the physiological attractant.

© 1993 Academic Press, Inc.

Sperm chemotaxis to egg (or follicle) secretions is widespread, from metazoa [(1, 2) for
reviews] to humans [(3); (4) for review]. In sea invertebrates (where the fertilization is external),
most atiractants are proteins or peptides (1, 2). For example, resact, a 14-amino acid long peptide
isolated from eggs of the sea urchin Arbacia punctulata, causes both receptor-mediated
chemotaxis (i.e., movement directed by chemical stimuli) and chemokinesis (i.e., enhancement
of swimming speed by a chemical) under appropriate in vitro conditions (5, 6). The particulate
guanylate cyclase serves as a receptor for resact (2, 7). In humans, the attractant(s) has not yet
been identified; however, it is probably one (or more) of the constituents of follicular fluid (3). If,
however, conservation of signal transduction mechanisms exists across the phyla in the process
of fertilization, then activation of particulate guanylate cyclase in mammalian spermatozoa may

provide a clue to the mechanism controlling sperm chemotaxis.

Abbreviations: ANP, atrial natriuretic peptide; HEPES, N-(2-hydroxyethy!)piperazine-N'-(2-
ethanesulfonic acid).
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Atrial natriuretic peptide (ANP), a polypeptide hormone, synthesized, stored and
secreted from a variety of cell types in mammals (8-11), exerts many of its actions via activation
of particulate guanylate cyclase (12-14). The presence of ANP in human follicular fluids (15, 16)
and the existence of specific ANP receptors on human spermatozoa (17) may suggest a role for

ANP prior to or during fertilization.

The aim of this study was to test the effects of ANP on the locomotive behavior of human
spermatozoa in vitro. Our observations suggest that ANP induces chemotaxis and chemokinesis

of human spermatozoa.

MATERIALS AND METHODS

Preparation of spermatozoa. Human ejaculates were collected by masturbation from
normal healthy donors. Each ejaculate was allowed to liquefy at room temperature and then
washed twice (using centrifugation at 120-g for 30 min) with Biggers, Whitten and Whittingham
medium (18) supplemented with HEPES (10 mM, pH 7.4) and 0.1% polyvinylpyrrolidone 40
(M; 40,000, Sigma) to reduce sperm adsorption. This solution is denoted below as "buffer”. The
spermatozoa were resuspended in this buffer to a concentration of 1-2x107 cells/ml (for capillary
assays) or 1-5x108 cells/ml (for microscopic assays) and incubated for 2 h at 37°C under 5%
CO».

Microscopic assay. Microscopic assays were carried out in a sealed chamber with a

depth of 10 pum, thus confining the ability of the spermatozoa to swim in only two dimensions
within the focal plane of a microscope throughout the observation period (19). The behavior of
the spermatozoa in the chamber was recorded on video and then analyzed (3). The video
recording commenced within 1 min after the chamber had been sealed and continued for 15 min.

Capillary assay. Capillary assays were carried out in a system consisting of a series of
Teflon wells and polyethylene tubes (Intramedic, Parsippany, N.J., PE-50, I.D. 0.058 mm,
denoted below as "capillaries”) (3). The wells were filled with 100 pl of spermatozoa at a

concentration of 1-2x107 cells/ml suspended in buffer or in ANP, as indicated. The capillaries
were filled with either the buffer or ANP and sealed at one end with a clamp. The open side of
each capillary was inserted into the well and the capillaries were incubated for a period of 20-30

min in a 37°C incubator under 5% CO3. At the end of the incubation period the total content of

the capillary was transferred into an Eppendorf tube containing 3 pl of 8% glutaraldehyde in
water and the average concentration of the spermatozoa in each capillary was determined by
direct counting under the microscope by a haemocytometer.

Endopeptidase assay. Neutral endopeptidase (EC 3.4.24.11) activity was measured in
microplates, using the substrate (3-carboxypropanoyl-alanyl-alanyl-leucine 4-nitroanilide) as
described elsewhere (20).

Data analysis. The statistical significance of the results in the capillary assays,
expressed as the mean + S.E.M., was calculated by one way analysis of variance (ANOVA)

followed by Fisher test.

RESULTS
To evaluate the effects exerted by ANP on the locomotive behavior of the spermatozoa
we monitored, under the microscope, their response to a spatial gradient of ANP in a sealed
chamber that had been developed for this purpose (19). The circular chamber (see inserts in Fig.
I for a diagram) contained four wells, two of which (top and bottom) were filled with
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Fig. 1. Distribution of spermatozoa near wells containing ANP and buffer in a microscopic
assay. The experiment was carried out as described in the text. The entire chamber was video-
recorded. Since the observation field under the microscope was smaller than the field defined by
the area between the four wells, we covered most of this area by recording two smaller areas in
sequence. Each of these areas was recorded for 10 s every 30 s. Analysis of cell density was
carried out separately for the various zones adjacent to the wells as illustrated by the shaded

zones in the insert to each panel. ®, Sperm density near the ANP (10‘5 M)-containing well;
o, sperm density near the buffer-containing well. Inserts, a top view diagram of the chamber; the
shaded areas indicate the zones studied.

spermatozoa, and the other two (left and right) were filled with buffer and ANP (diluted in
buffer), respectively. A gradient of ANP was established by diffusion and the behavior of the
spermatozoa in it was recorded on video and then analyzed. Initially (after 2 min) sperm
accumulation was observed only in the zone adjacent to the ANP-containing well (Fig. 1A). As
the ANP diffused away from the well, accumulation was also observed in more distal zones (e.g.
after 4 min in Fig. 1B and after 6 min in Fig. 1C). No difference between the density of the
spermatozoa was detected in the most distal zones (Fig. 1D). It should be noted that only a
fraction of the sperm population, at any given moment, are chemotactic (21). This is probably the
reason for the observation that the difference between the sperm densities near the wells was

moderate.

To determine the nature of the sperm attraction to ANP, we measured sperm
accumulation in capillary assays in a variety of combinations, i.e., ascending or descending

gradients of ANP as well as no gradient at all. The four combinations employed are:
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ANP in well, buffer in capillary (Fig. 2A-gray column)
ANP in well, ANP in capillary (Fig. 2A-black column)
Buffer in well, buffer in capillary (Fig. 2B-gray column)
Buffer in well, ANP in capillary (Fig. 2B-black column),

T R S

In the presence of a descending gradient of ANP (combination no. 1), the number of spermatozoa
that migrated down the gradient into the capillary was significantly (P<0.01) lower than in the
absence of a gradient (combination no. 2). However, in the presence of an ascending gradient of
ANP (combination no. 4), the number of spermatozoa that migrated up the gradient into the
capillary was significantly (P<0.01) higher than in the absence of a gradient (combination no 3).
This dependence of the sperm migration on the ANP gradient is in line with sperm chemotaxis
induced by ANP. Furthermore, in the absence of a gradient, when both the well and the capillary
contained equally-diluted ANP (combination no. 2), the number of spermatozoa that migrated
into the capillary was significantly (P<0.01) higher than the number that migrated when both the
well and the capillary contained just buffer (combination no. 3), indicative of enhancement of
swimming speed by ANP, i.e., sperm chemokinesis.

Neutral endopeptidase is a cell surface peptidase, widely distributed in mammalian
tissues, known to inactivate a variety of biologically active peptides, including ANP (22). The
enzyme is very abundant in semen and although most of its activity is found in the seminal fluid,
some activity can also be detected in 2x-washed spermatozoa. We found that the neutral
endopeptidase activity of the washed cell suspensions used in the above experiments was in the
range of 1-10 nmol/min/ml of hydrolyzed 3-carboxypropanoyl-alanyl-alanyl-leucine 4-
nitroanilide. In view of this residual peptidase activity, we repeated the above experiments in the
presence of 1.7 uM phosphoramidon, an inhibitor of the endopeptidase activity [Kj= 1.1 nM for
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Fig. 2. Effects of ANP on sperm accumulation in capillary assays. Capillary assays were carried
out as described in Materials and Methods. Each column represents the mean of 18
determinations (3 experiments, 6 determinations in each) * S.E.M. Gray columns, buffer in
capillary ; black columns, ANP in capillary . In all cases, the spermatozoa were only in the wells
at the beginning of the assay. A, ANP in the well; B, buffer in the well. The data were
normalized according to the mean accumulation in combination no. 3.
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phosphoramidon acting on rat neutral endopeptidase (23)]. Such inhibitor concentrations are
commonly used to diminish the enzyme activity (22). As shown in Table 1, in the presence of
the inhibitor we could detect ANP-induced chemotaxis and chemokinesis at concentrations as
low as 10-9-10-8 M. This suggests that the sperm endopeptidase acted on ANP, and that this
degradation of the peptide was prevented by phosphoramidon.

In both types of assays there was a concentration range in which ANP was effective. In
the microscopic assays, sperm accumulation was observed with ANP concentrations of 10-6-10-5
M in the well. (The actual concentration of ANP sensed by the spermatozoa was always lower
than the concentration in the well.) In the capillary assays, the range was 10-7-10-3 M. This
concentration ranges reflect differences in the responsiveness of different sperm donors as well

as the stability of the peptide under our experimental conditions.

DISCUSSION

Here we demonstrated that ANP induces chemotaxis and chemokinesis of human
spermatozoa in vitro. Although the physiological relevance of these findings and their putative
role in the process of fertilization are not yet clear, there is growing body of evidence which
suggests that ANP may play a role in fertilization. Thus, ANP and ANP transcripts have been
detected in rat ovary (10) and oocytes (11), indicating synthesis of ANP in the oocyte; bovine
corpus luteum was found to contain ANP-like immunoreactivity (24); and immunoreactive ANP
was detected in ovarian follicular fluids of women (15, 16). In line with this notion, specific
high-affinity binding sites for ANP have been recently detected and localized in human
spermatozoa by using membrane-binding assays and receptor autoradiography (17). The ANP
receptors are localized mainly around the sperm midpiece (where mitochondria are abundant)
(17). ANP is capable of binding to the mitochondria and may potentially affect respiration and
motility of spermatozoa (25). Indeed, in the sea urchin Arbacia punctulata, the sperm attractant,
resact, stimulates particulate guanylate cyclase and enhances the respiration rate and the motility

of spermatozoa under appropriate in vitro conditions (6, 26). By analogy, activation of particulate

Table 1. Phosphoramidon effects on sperm attraction to ANP

Combination ANP in Sperm congentration (x 10-4) in capilla
no. well  capillary -phosphoramidon +phosphoramidon

I + - 156 £22 76 £ 20

2 + + 129+ 15 198+ 6

The capillary assay was carried out as described in Materials and Methods. Each well contained
1.5x107 spermatozoa/ml. Each result represents the mean of 6 determinations + S.E.M. The
ANP concentration used was 102 M, and that of phosphoramidon was 1.7 tM. ANOVA

followed by Fisher test showed that, in the presence of phosphoramidon, the differences between
combinations no. | vs. no. 2 were significant (P < 0.01).
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guanylate cyclase by ANP in human spermatozoa may be involved in changes of their motility

behavior and contribute to the precontact sperm-egg communication.

At this stage it is not yet known whether ANP is involved in sperm chemotaxis and
chemokinesis in vivo or whether the processes discovered in this study occur only in vitro.
According to the first alternative, it is possible that the physiological attractant for human
spermatozoa (3) is an ANP-like substance. However, our experiments demonstrated that, in vitro,
neutral endopeptidase inhibitor should be present for observing the effect of ANP at
physiological concentrations (Table 1). Since this inhibitor is probably absent in vivo, the
likelihood of this alternative seems to be low, unless the activity of the neutral endopeptidase in
vivo is much lower than the activity measured in vitro. If the second alternative is correct,
namely that sperm chemotaxis and chemokinesis to ANP occurs only in vitro, it indicates that
guanylate cyclase is involved in these processes. Thus, ANP may directly affect guanylate
cyclase in vitro in a manner similar to that caused by the physiological attractant in vivo. Further

experiments are required for distinguishing between these alternatives .
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