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Inhibition of spermine on calcium influx during capacitation of guinea pig

spermatozoa in vitro'

ZHONG Cui—Ling. XIN Xiao—Hua?
Hangzhou 310013, China,

ABSTRACT To investigate the mechanism of ac-
tion of spermine. We measured the intracellular calci-
um {[Ca})) of guinea pig spermatozoa using a probe of
fluorescence, Quin 2. Resvlts showed that spermine
(0.25-2.0 mmol- L) suppressed the membrane
permeability to Ca** during capacitation. which was
similar to that of verapamil (@ Ca?* channel
blocker). Furthérmore, the rapid increase of [Ca],

induced by calcimycin (A-23187) was inhibited by
spermine and verapamil, whereas trillnoperazine {(an
inhibitor of calmodulin} had no effect on it. The
inhibition of the acrosome reaction caused by
verapamil (5—-100 umol+ L™} or triflvoperazine (1-60
smol+ L") was reversed by calcimycin and cAMP,

respectively. In addition. there was no effect on the
initiation of the acrosome reaction when verapamil
was added to capacitated spermatozoa. This result
was in agreement with that of spermine. When addi-
tion of spermine (0.5 mmol- L") was combined with
trifluoperazine (5 ymol= L"), the acrosome reaction
decline almost to zero. indicating that spermine might

inhibit Ca®* . semsitive channel during sperm
capacitation.
KEY WORDS Spermine; calcium; sperm

capacitation, acrosome: calcium channel blockers;
calmodulinc guinea pigs; spermatozoa; calcimycin
{A-23187)

1a previous studies, we suggested that spermine
might be¢ a polential inhibitor of fn vitro sperm
capacitation and fertilization in bamster!”, guinea
pig. and humao™®. But bow such inhibiting ability
develops during capacitation remains unclear. This
study was (o investigale whether spermine was
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involved in blocking Ca® influx wvia calcivm
channel, calmodulin—dependent mannper or both,

MATERIALS

DI—-Sodium lactate, sodium pyruvate, bovine
serum albumin (BSA), tetrahydrochloride spermine,
Quin 2/ AM (the acctoxymethyl derivative of Quin
2), {* )y-hydrochloride verapamil. hydrochloride
trifluoperazine, calcimycin (calclum salt), trypan
blue, and EGTA were purchased from Sigma Chemi-
cal Co, Triton X-100 was obtaired from
RohnrMass Co, Dimethyl sulfoxide (Me,SO) was a
gift from the Laboratory of Reproductive Biology,
Institute of Zoology. Chinese Academy of Scierices.
All other chemicals were of AR..

METHODS

Sperm preparation Spermatozoa were freshly
obtained from guinea pig (BW 710+ s 40 g) vasa
deferens and caudae epididymides. To provide an ac-
tively motile cleaned—wp samples of spermatozoa, the
sperms were subjected (0 a sperm-rise procedure
which allowed a concentrated sample of spermatozoa
to swim—up infto an overlay ol medium for 15 min at
39T in5% CO, with 95% air, The supernatant was
iramslerred to vials and was adjusted to (1-5)x 107
cells» ml™'. According to the test of trypan blue ex-
clusion, the viability of spermatozoa was oot affected
when spermatozoa were loaded with Quin 2 / AM.

Medium The standard medivm was Ca**—defi-
cient minimal capacitation medivm (CaD—-MCM,
pH E8.0) which could indvce guinea pig sperm
capacitation iz vitro, but did not support the
acrosome reaction as previously described™,  After
the addition of CaCl, 2.0 mmol* ml™% (he majority
of spermatozoa wnderwent the acrosome reaction
within 20 min, The medivm was sterilized through a
millipore filter (0.2 um) before use.
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Determination of [Ca} The method of Mahanes
et af  was slightly modified in this study, Briefly,
spermatozoa were loaded with Quin 2 / AM prepared
in Me; SO io a sperm suspension containing (1-5)
% 107 cellss mI™ of CaD-MCM. The final con-
centrations of Quin 2/ AM and DMSO were 10
pmol* mi™ and <0.2%, respectively, After a
10—min incubalion with Quin 2/AM, the
spermatozoa were diluted with fresh CaD-MCM
(1 : 1. vol ® vol) and incubated an additional { h
prior to fluorescence measurement so as 1o allow the
intracellular Quin 2 / AM 1o be converted to Quin 2.
By the end of 1 h, the spermatozoa were centrifugat-
ed at 250x g for 5 min and the resulting pellets were
resuspended in fresh CaD-MCM lacking Quin
2/ AM (5% 107 cells» mI™"). Fluorescence readings
were made using Hitachi model MPF—4
spectrofluorometer equipped for warming (377 ),
The excitation and emission wavelengths were 339 nm
and 486-492 nm with slit of 5 om and 20 om,
respectively, [Cal, was calculated as Reference 4
while F,,, was determined by adding 18 mg- L'
triton X—100 to the cell suspension and F,, was sub-
sequentlly determined by adding MnCl, 30
mmol* ml™. Fluorescence of exiracellular Quin 2
was assessed by adding EGTA 0.5 mmol» L™' and
Tris—base 40 mmol+ L™ to the cell suspension. The
immediate decrease in fluorescence caused by
chelation of extracellular free cakiium by EGTA was
measured by the % of fluorescence signal due to
extracellular Quin 2. )
capacitation Spermatozoa  were
capacitated in virre as described previously™ using
CaD-MCM containing BSA 3 mg- ml™'. Capaci—
tation was evidenced by a rapid synchronization of the
ability of the acrosome reaction 15 min following the
addition of Ca™",

In vitro

RESULTS

Spermatozoa [Cal, During in vitre capaci—
tation, samples were prepared for Nuorescence read-
ings at intervals of incubation in CaD—MCM, At the
end of 6 h, the acrosome-reacied spermatozoa

ranged from 40%—50% and did not;appear to be mod-

ified by Me,SO. Results from 10 experiments showed
that [Ca], iocreased proportionally with the pro-
longed capacitation period (r=0.986). [Ca], in fresh
puinca pig spermatozoa was calculated to be 1291
67.2 omol» L™ After a 6 h incubation. it increased
to over ] ymol» L™,

Effect of spermine on [Ca], Spermatozoa were
added with spermine (0.25—20 mmol* L") to
CaD-MCM and incubated for capacitation,
Spermine 0.25 mmol- L™ jnhibited the Ca* influx
during capacitation in CaD-MCM (P<0.05), The
[Ca], of spermatozoa maintained at a level similar to
normal level (164.4 nmol* L") when incubated for 6 h
with spermine. There was no concentration—response
relationship of spermine. The ability that spermine
suppressed the rise in cytoplasmic Ca?* normally oc-
curred with the increase of capacitation period (Fig
1). These resulis were consistent with the acrosome
reaciion data in other series of experiments.
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Fig 1. Effect of spermime on [Cal of guinea pig
spermatozos incwbated in CaD-MCM. =3 Xx= s
* P> 005, **P< (.08, “*"P< Q.01 vs

ine—f B

Acrosome reaction, |Ca], and their imeraction
Spermine had been shown to have a biphasic effect on
the acrosome reaction fn viiro, which was similar to
that of verapamil. The response of verapamil was
also similar to that of spermine (Fig 2),

Verapamil 100 gmol« L™ suppressed the in
crease of [Ca], during capacitation in CaD-MCM
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Fig 2. Inhibition of acrosome reaction in guines pig
spermatozon camsed by spermime amd verapamil
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(P<001) the concentration of [Ca), being 122.0
nmol+ L™ bythe end of 6 h. Trifluoperazine has no
effect on [Cal;
L™) by which the acrosome reaction was abol-
t}:le inhibitory effects of both
spermine and verapamil were reversed by calcimycin
1.0 ymol+ L', while the action of trifluoperazine
was only antagonized by cAMP 8 mmol+- L7,

combined with trifluo—
perazine 5 ymol+ L™ reduced the acrosome reaction

even at high concentration (300
Hmol «
ished. Moreover,

Spermine 0.5 mmol- L

to zero. ‘suggesting that they acted synergistically.

Effect of spermine. verapamil, and trifluo—
perazine om calcimycin—induced rapid increase of
[Cal With fresh guinca pig spermatozoa. spermine
inhibited the calcimycin—induced increase of [Ca);
(Fig 3).

The same result was obiained with verapamil 100
jgmols L™, [Ca), remained at 1826 omol- L7\
However, trifluoperazine 60 ymol« L™ showed no
effect on cakimycin—induced increase of [Ca]. After
spermatozoa were mixed with spermine er verapamil
for 5 min. the {Ca}; of it declined sigrificantly before
the addition of calcimycin,
treated with spermine for 6 h, the [Ca), was also in-
creased after the addition of calcimycin, indicating
that the inhibitory effect of spermine on capacitation

If spermatozoa were

was reversible,

1200

{Ca), (rmol = L)/ cell
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Fig 3. Effiects of spermine on elevation of [Ca|, caused
by caltimycin 0.8 gmol- L7 #=3 X t =
***P< 0.01 vs calcimyein alone,

DISCUSSION

In the present study, we estabished a reliable
method to determine [Ca], in gummea pig
spermatozoa. To achieve complete disruption of
guinea pig sperm membrane. we used triton here in-
stead of inomycin which was reported previousiy™,
as triton is inexpensive and easy 1o be obtained. Be-
sides. higher concentration of MrCL, was needed for
the extinction of fluorescence, which might be due to
more fluorescent impurities in reagents used in this
study than that in Mahanes’. and the conversion of
Quin 2/ AM 10 Quin 2 in guinea pig spermatozoa
alsc scemed to be much slower. The viability of
spermatozoa was essential to [Ca]; delermination and
it was greatly influenced by temperature, vibration,
and incubation period, The rest level of [Ca), was -
129.0+ 67.2 nmol+ L™, which was in agreement with
direct measurement of [Ca)l, in many other cell
types. for example. pancreatic acinar cells,
lymphocytes, and parietal cells.

Singh er 2/ demonstrated that a net uptake of
Ca® by the spermatozoa occurted in 2 dis—
tinguishable phases. The present work might provide
a direct evidence for the change of Ca® in the secon
dary Ca* uptake during guinea pig sperm
capacitation. The increase in [Ca], could not be at-
tributed 10 the fluorescence of extraceillar Quin 2 as
the spermatczoa were washed twice and resuspended
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in fresh CaD-MCM immediately prior to each read-
ing. It could not be duc to the leakage of Ca®* from
mitochondrial membrane. Alternatively, the change
of [Ca); of spermatozoa incubated in CaD-MCM
might probably be duve to the little amount of Ca®*
existing in distilled water and other reagents (about 2
gmol* L™, The results obtained from Cal>-MCM
confirmed that the change in cell membrane
permeability to Ca®*  did occur during capacitation of
guinea pig spermatozoa, Because of the limitation of
the measurement, we coukd not detect the tremendous
change of [Ca], after the spermatozoa had vndergone
the acrosome reaction,

It was reported that many physiological processes
in fertilization depend upon Ca** “#  But it remains
unknown how Ca®* penetrates the spermatozoa
membranc in guinca pig. Roldan ef 2/” found that
the entering of extracellular Ca?" into spermatozoa
was not mediated by Ca®™ channels. In this study,
we found verapamil could inhibit the elevation of
[Ca), during capacitation of spermatozoa, resulting
in decrease of the acrosome reaction. [t could be con-
cluded that Ca**—channel played an important role in
regulating the Ca> level in spermatozoa. This dis-
crepancy may represent difference in the dose of
verapamil used, Whether the action was brought into
playing with or without the participation in
calmodulin both inside and outside the acrosomal
membrane remained unknown.  Although calmodulin
antagonist had no effect on [Ca], the role of
calmodulio—mediated Ca®* function could not be ex-
cluded. Feinstein er o' indicated that cAMP acted
primarily through stimulation of Ca?* ransportation
and / or calcium hinding. The decrease of free Ca®
in the spermatozoa might affect the intermal system
that generated cAMP, which in part, was controlled
by calmodulin. Further study is needed to determine
whether spermine has some direct effects on
calmodulin and its related systems in guinea pig
spermatozoa.
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