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EFFECTS OF DIVALENT AND LANTHANIDE IONS ON MOTILITY
INITIATION IN RAT CAUDAL EPIDIDYMAL SPERMATOZOA

WM.LEE,A.Y.F. TSANG & P.Y.D. WONG

Department of Physiology, Faculty of Medicine, University of Hong Kong, Hong Kong

1 Sperm motility initiation of rat caudal epididymal spermatozoa in vitro has been studied.

2 Spermatozoa flushed out from the cauda epididymis with a sodium-free medium exhibited a
transient motility which decreased progessively. At 40 min, the forward motility was completely
suppressed. However, if they were resuspended in a sodium containing medium their motility was
completely restored to normal within 15 min.

3 This initiation of sperm motility required the presence of extracellular calcium. Maximal
stimulation was obtained at a calcium concentration of 10-*M. Above this concentration, further
increase in calcium produced a fall in motility and at 107>M, motility initiation was completely
suppressed.

4 The initiation of sperm motility has been shown to depend closely on sodium. Sperm motility
initiation alters in a curvilinear fashion with extracellular sodium concentration showing saturation
kinetics. High calcium (above 107*M) was found to depress motility initiation induced by sodium,
without affecting the apparent affinity constant for sodium.

S5 The effect of Ca?* on sperm motility initiation could be mimicked by Sr?* but not by Mg?*, La** or
Eu**.

6 In the presence of extracellular calcium (1.27 or 2.54 mM), La** and Eu’* exerted a dose-
dependent inhibition of sperm motility initiation. The ICs, values for both ions were about

5x107°M.

7 The possible mechanism of inhibition by lanthanide ions is discussed.

Introduction

It is now known that spermatozoa once formed in the
testis are immature and immotile and it is only during
transit through the epididymal duct that they acquire
their fertilizing capacity and motility. By the time
they reach the cauda epididymidis they have become
fully mature. However, they are maintained in the
quiescent state during storage in the cauda
epididymis. During ejaculation, the epididymal con-
tent is mixed with the copious secretion of the acces-
sory glands. This results in the activation of the
already mature sperm to full motility, hence facilitat-
ing fertilization of the ovum. The mechanism respon-
sible for transforming the spermatozoa from the im-
motile to the motile state is unknown but inorganic
ions may play an important role.

Recently in our laboratory, we have studied the
ionic basis of motility initiation in the rat cauda
epididymal spermatozoa incubated in vitro. We
found that during motility initiation, hydrogen ions
were released from spermatozoa. There was a strong
dependente of acid release and of motility initiation
on extracellular sodium (Wong, Lee & Tsang, 1981).
In preliminary experiments, it was noted that motility
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Figure 1 Forward motility (FMI) of spermatozoa after
flushing out and incubation in a sodium-free medium.
At the column, spermatozoa were resuspended in a
sodium-containing medium in the presence (@) or in the
absence (O) of Ca’* 1.27mM. Each point shows the
mean of 4 to 7 experiments; vertical lines show s.e.
mean.
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initiation also required extracellular calcium. In
the present study we have therefore investigated in
greater detail the role of divalent cations in the
initiation of sperm motility.

Methods

Male Sprague-Dawley rats (weighing 300 - 350 g) of
proven fertility were prepared for microperfusion of
the cauda epididymis as described previously
(Wong & Yeung, 1978; Wong, Au & Ngai, 1979; Au
& Wong, 1980). After cannulation of the duct the
caudal epididymal content was flushed out with a
sodium-free medium (SFM) which contained (mM):
choline CI 148, CaCl;, 1.27 and Tris (pH7.02) 5. The
solution had a calculated osmolarity of
295 mosmol/1. After flushing out, spermatozoa were
sedimented by centrifugation at 700 g for 2 min and
incubated in the same solutions containing bovine
serum albumin (2 mg/ml) and glucose (2 mg/ml) at
35°C. Each incubation medium had a sperm concent-
ration of 10’/ml. During incubation, the forward
motility of the spermatozoa was measured at timed
intervals as described below.
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The motility of spermatozoa was completely sup-
pressed at the end of 40 min (see Results) and these
are referred to as ‘choline arrested’ spermatozoa.
They were then sedimented by centrifugation at
700 g and resuspended in a sodium containing
medium (SCM) which had the same ionic content as
the SFM except that choline chloride (148 mM) was
replaced by NaCl. In some experiments, CaCl, was
omitted to produce a Ca?*-free SCM. Since the
‘choline arrested’ spermatozoa regained their motil-
ity upon resuspension in SCM, this period of resus-
pension in SCM is referred to as the ‘initiation’
period.

In some experiments, the ‘choline arrested’ sper-
matozoa were resuspended in the SCM containing
various concentrations of Ca?*. When Mg?*, Sr**,
La** or Eu** was used to replace Ca?*, the CaCl, was
omitted from the SCM and different concentrations
of these ions were included. On other experiments,
motility initiation of the rat caudal spermatozoa was
studied in SCM containing different concentrations
of Mg?*, Sr**, La** or Eu** but in the presence of Ca?*
(1.27 or 2.54 mM).
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Figure 2 Effects of (a) Ca?*, (b) Sr**, (c) Mg?*, (d) La** and (e) Eu’* on the initiation of sperm motility.
Spermatozoa were first incubated in sodium-free medium to suppress motility and then subsequently washed and
resuspended in a Ca?*-free sodium-containing medium with different concentrations of these ions. The FMI was
measured after 15 min resuspension in various solutions. Each point shows the mean of 3—16 experiments; vertical

lines show s.e. mean.



different concentrations of Mg?*, Sr**, La** or Eu**
but in the presence of Ca?* (1.27 or 2.54 mm).

Measurement of sperm motility

The progressive forward motility of the spermatozoa
was measured by the photographic tracking method
(Hoskins, Johnson, Brandt & Acott, 1979; Wong,
Tsang, Lee & Li, 1980). The sperm suspension (5 ul)
was placed on a prewarmed (35°C) haemocytometer
and a photograph taken with Kodak 135 Tri-X film at
exposure time of 1 sunder a 10 x 10 dark field illumi-
nation (Olympus BHA). This procedure was re-
peated for three different fields and the whole proce-
dure took less than 20s. The developed negatives
were projected onto a screen with a final magnifica-
tion of 720 times. Sperm tracks were measured di-
rectly from the screen and converted into micro-
metres. The forward motility index (FMI) was calcu-
lated from the equation:

FMI = n/N (¥) x 100

where n is the number of sperm tracks, N is the total
number of sperm and V is the mean velocity in
micrometres per s calculated from the three fields.
In all experiments, during the course of motility
initiation (except when the spermatozoa were im-
motile), the fraction of motile sperm, n/N was quite
constant and had values from 0.5-0.7. Vranged from
0 to 30 wm/s.

Results
Effect of calcium on sperm motility initiation

When spermatozoa were flushed out from the cauda
epididymis with the sodium-free medium (SFM),
they exhibited a transient motility which then de-
creased progressively. At the end of 40 min the motil-
ity was reduced to zero. However, when the ‘choline-
arrested’ spermatozoa were resuspended in a sodium
containing medium (SCM) which contained calcium
(1.27 mM), the forward motility was restored within
15min. If resuspended in a sodium containing
medium without extracellular calcium, their motility
was not restored (Figure 1).

The curve relating calcium concentration and
motility initiation is shown in Figure 2. The ability to
initiate sperm motility rose with increasing calcium
concentration and the peak value was obtained at
107*M. Further increase in calcium concentration
produced a fall in motility and at 10~2M, initiation was
completely suppressed.

Effects of other cations in motility initiation

It is of interest to see whether other divalent and
lanthanide ions can replace calcium in motility
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initiation. The effects of Mg?*, Sr**, La** and Eu**
were studied. In these experiments the CaCl, was
omitted and various concentrations of these ions
were added. It was found that among the ions
studied, only Sr** could effectively replace calcium in
the sperm motility initiation (Figure 2). The
concentration-response relationship for Sr?* was
similar to that for Ca?*.

Interaction between calcium and sodium

The motility initiation of the rat cauda epididymal
spermatozoa has been shown to be dependent on the
extracellular sodium concentration (Wong et al.,
1981). The motility attained during initiation in-
creased in a curvilinear fashion with sodium concent-
ration, with maximal motility reached at a sodium
concentration of 60mM. The concentration of
sodium .giving rise to 50% motility was approx.
25 mM. Increasing extracellular calcium concentra-
tion (above 1mM) was found to depress motility
activation induced by all sodium concentrations (Fig-
ure 3).
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F%gure 3 Effect of different calcium concentrations on

the dependence of sperm motility initiation on extracel-
lular sodium ions. Spermatozoa were first incubated in
sodium-free medium to suppress motility and then sub-
sequently resuspended in solutions containing different
sodium concentrations (choline chloride was used to
substitute for sodium) and in the presence of 1.27 (@);
2.54 (O); 3.76 (M) or 5.08 (A) mM Ca?*. The FMI was
measured after 15 min resuspension in various solutions.
Each point shows the mean of 3-7 experiments; vertical
lines show s.e. mean.
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Effects of other ions in the presence of calcium

It has been shown that the other divalent and lanth-
anide ions can interact with calcium in many
physiological processes. Experiments were per-
formed in which the effects of Mg?*, Sr**, La** and
Eu** were studied in the presence of calcium. It was
found that Mg?* and Sr** had no effect on the
calcium-dependent motility initiation, whereas La**
and Euv®** produced a concentration-dependent in-
hibition on the motility initiation. The ICs, values for
La** and Eu** were approx. S X 10~°M. The inhibition
curves for both ions were similar whether the calcium
concentration was 1.27 or 2.54 mM (Figure 4).

Discussion
There is compelling evidence to show that calcium

ions are involved in many physiological processes.
This is particularly true of excitation-contraction
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coupling (Frank, 1962; Ebashi, 1974), excitation-
secretion coupling (Douglas & Poisner, 1964 ; Matth-
ews, 1970) and cell division (Duffus & Patterson,
1974). Elegant studies with ciliated protozoa have
also established a role of calcium in determining the
orientation and frequency of the ciliary beat (Naitoh
& Kaneko, 1972). Recently, we have been interested
in the ionic basis of initiation of sperm motility. We
found that motility activation of the rat caudal
epididymal spermatozoa requries the presence of
extracellular sodium. In the present study, a role for
calcium in the motility initiation has also been estab-
lished.

In the absence of extracellular Ca?*, the initiation
of sperm motility was abolished. The requirement for
calcium may be attributed to an influx of calcium ions
essential for activation of flagellar movement in the
rat caudal spermatozoa. This phenomenon is analo-
gous to the influx of calcium into smooth muscle and
cardiac muscle cells prior to muscle contraction.
Storey (1975) and Babcock, First & Lardy (1976)
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Figure 4 Effects of (a) La’*, (b) Eu’*, (c) Mg?* and (d) Sr** on the motility initiation of the rat caudal epididymal
sperm in the presence of 1.27 (@) or 2.54 (A) mM Ca”*. Spermatozoa were first incubated in sodium-free medium to
suppress motility and then subsequently resuspended in various solutions. The FMI was measured after 15 min of
resuspension. Each point shows the mean of 3—5 experiments; vertical lines indicate s.e. mean.



have shown that the calcium ionophore A23187 can
increase sperm metabolism and motility by inducing
calcium influx into spermatozoa. We found that the
effect of calcium in the motility activation could be
replaced by strontium but not by magnesium and the
lanthanide ions. This observation has parallels in the
physiology of muscle contraction in that strontium
can effectively replace calcium in excitation-
contraction coupling by binding at the calcium sites
within the muscle cells (Edwards, Lorkovi¢ & Weber,
1966).

The action of calcium on motility initiation was
concentration-dependent, stimulating at low con-
centrations but inhibiting it at high concentrations
(above 1 mM, Figure 2). The latter effect probably
reflects an action on the membrane. There is evi-
dence that high calcium decreases the permeability of
nerve membrane (Frankenhaeuser & Hodgkin,
1957), muscle membrane (Liittgau & Niedergerke,
1958), red cell membrane (Bolingbroke & Maizels,
1959) and transporting epithelia (Cuthbert & Wong,
1971) to sodium and it is possible that a similar
mechanism may be operative in our system. There is
evidence that motility initiation requires an influx of
sodium ions into sperm. First, sperm motility initia-
tion is closely dependent on extracellular sodium
concentration. Secondly, amiloride, a drug which
specifically blocks sodium influx into many cells ex-
erts a dose-dependent inhibition on sperm motility
initiation (Wong et al., 1981). Our present results
show that increasing extracellular calcium concentra-
tion depressed the sodium-induced motility activa-
tion (Figure 3). The sodium concentration giving rise
to 50% motility was not affected by high calcium but
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man & Mongar, 1972) and the contractility of cardiac
muscle (Wong, Hwang & Yeung, 1976). These ef-
fects are probably mediated by lanthanum blocking
the sites for calcium entry in the cell membrane.
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