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Cholesterol Efflux Promotes Acrosome Reaction in Goat Spermatozoa’
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ABSTRACT

Chalesterol eiflux and membrane destabilization play an im-
portant role in sperm capacitation and membrane fusion in the
acrosome reaction (AR). In this study we establish the effect of
cholesterol removal from spermatozoa on acrosomal respon-
siveness. Mature goal spermatozroa were incubated in BSA-free
meedium in the of p-cyclodextrin (FCD) as cholestenol
acceptor. After thon with & mM BCD, 50-60% of choles-
terol was released from miembranes with no los in the

ipid comtent, 35% of AR was induced. Howewer,
when 30% of cholesterol was lost, this moderate cholesterol
decrease was unable to initiate AR, Cholesteral tion was
wery rapid, following an e kinetics with a hali-time of
around 10 min, which is in contrast with the sdow sigmoidal
kinetics of acrosomal responsiveness: around 2 h was required
for maximal AR, Our results suggest that cholesterol efflux has
a direct influence on the onsel of the AR, thal i, merely re-
moving cholestersl would trigger the AR,

INTRODUCTION

Mammalian ejsculated spermatogoa are unable to fenil-
ize an egg until they underge capacitation during their res-
idence in the female reproductive tract or in a suitable me-
dium in vitro, During capacitation, spermatozos are hyper-
activated, and their acrosome becomes destabilized in prep-
aration for the acrosome reaction (AR}, Incubating
spermatozos in the conlinued presence of seminal plasma
prevents copacitation and AR. In contrast, removal of sem-
inal plasma makes spermatoroa susceptible o factors that
would trigger the AR, Plasma membrane from spermatozoa
exposed to seminal plasma, both in vivo and in vitro, con-
tains a series of acidic 15- o 17-kDa proteins, or sperma-
divezing, that are nod found in epididymal sperm. These pro-
teins are heparin-binding proteins [1.2] and are peripherally
associaled with the spermaiozoon. Removal of these pro-
feins appears to be o prerequisite for the AR [3]. Cross [4]
alsn described an inhibitory effect of seminal plasma on
sperm capacitation and identified this inhibitory activity as
that of cholesterol, Evidence for sterol depletion duning in
vivo [5] and in vitro capacitation hoas been obfained [6].
Moreover, sperm cholesterol plays an important role 10 con-
trolling the development of acrosomal responsiveness o
pregesterone in vitro [7] or o the calciumdproton exchange
wonophore, onomyein [8]), Cholesterol depletion in the ac-
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rosomal and postacrosomal regions may be a roquirement
for the initialion of the AR and sperm-egg binding, Simi-
larly, changes in the cholesterol level in the plasma mem-
brane over the midpiece and principal piece may increase
Isteral mobility of the membrane compoenents, supporting
hyperactivated motility for penetrating an egg [9].

A time-dependent cholesterol removal from spermatozos
is observed in the presence of serum, which has a beneficial
effect on capacitation and fertilization as has been obhserved
for ovine in vitro fertilization [10]. Several cholesterol ac-
ceptors have been tested in vitro, albumin being one nfllh-:
most prominent proteins supporting in vitro capacitation by
accepting cholesterol. Sterol depletion by albumin is highl}'
dependent on the phospholipid content in the type of al-
bumin used. Commercial preporations of serum albumin
contain variable amounts of fuy acids and other contam-
inants, which prevent albumin from manifesting its full ste-
roid-binding affinity. Through elimination of BSA contam-
inants, AR is enhanced [11].

Componenis that act as cholesterol acceptors ane present
in the female tract, the major protein in the uterus and ovi-
duct being albumin. Because of the long residency of sper-
matozoa in the isthmus prior 1o ovulation, the oviduct is
considered the principal site for completion of sperm ca-
pacitation. High-density lipoproteins present in bovine ovi-
ductal secretions appear to support cholesterol efflux from
bovine spermatozoa [12]. Follicular fuid, also present at
the site of ferilization, may promole spontaneous haman
sperm AR, although by nonspecific induction, as described
by Montimer and Camenzind [13]. All these biological flu-
ids have been used for supporting in vitro capacitation and
AR

Other newly discovered nonphysiological cholesteral ac-
cepiors have been used o alter the membrane cholesterol
content in several cell types. Three different cyclodexinns
(gi-, B-, and y-cyclodexiring have been used o alier ihe lipid
composition of erythrocytes, B-Cyclodextrin (BCDY), a cy-
clic oligosaccharide consisting of 7 B(1-4)-glucopyranase
units, was found to selectively extract cholesierol from the
plasma membrane in preference 1o other membrane lipids
[14]. Cyclodextrins enhance the solubility of nonpolar sub-
siances by incorporating them in their hydrophobic cavity
and forming inclusion complexes, The very high efficiency
of evclodextring in stimulating cholesterol efflux [15]
makes them valuable in studying the influence of choles-
terel on membrane protein funsction, Modification of the
cholesterol content of the isolated plasma membranes has
been used 1o study the effect of cholesterol on the binding
function of the myomeinal oxyiocin receplor [16]. These
results suggest o direct interaction beiween the oxylocin
receptor and cholesterol, inducing a high-affinity stale
the receptor. Although BCD 15 not o biclogical molecule
found in the female reproductive tract or in oocyte enve-
lopes, it can be used as a highly efficient cholesterol wc-
ceplor 1o investigale the role of cholesterol release as an
early event of in vitro sperm capacitation and AR, We pre-
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sent a study of the kinetics of both cholesterol efflux and
AR in the presence of BCD.

MATERILALS AND METHODS
Chemicals

The following chemicals were used: B-cyclodextrin and
glutaraldehyde (Fluka, Madnd, Span); BSA (fraction ¥,
fatty acid free; Bochringer Mannheim, Mannheim, Ger-
many); heparin (Rovi, Madnd, Spain), cholestersl (ICN,
Auvrora, OH): chloroform and methanol (Scharlau, Barce-
lona, Spaink, M-199 H incubation medium was from Bio-
logical Indusiries, Beit Haemek, Isracl. All other chemicals
were obtuined from Sigma {Alcobendas, Span),

Sperm Preparation

Spermatozoa from the goat (Capra irca) were oblained
from two fertile males by artificial vagina techmigque. The
quality of the sample was checked before every experiment,
Spermptozon were washed three times im M- 199 incubation
medium and centrifuged at 300 = g for 10 min o remove
seminal plasma. The number of spermatozoa in the ¢jacu-
late was counted by means of a MNeubaver chamber and
divided into 2-ml aliquots (8 = 107 cells/ml), One aliguot
of washed goal spermaioroa was separated without any
treatment and wesed s a control @t time 2ero. The other
aliquots were incubated wnder capacitation conditions,
37, 10% OO0y, in M-199 medium for vanious times in the
presence of absence of BCD, as cholesterol acceplor, al sev-
eral concentrations. Alternatively, the following compo-
nemts were dissolved in M-199 medium; 20 pg/ml hepadin;
10 mg/ml BSA; 10 mg/ml BSA+20 pgfml heparin; ¥ mM
PCD; & mM BCD+ 20 pe/ml heparin, The incubation pro-
cess was stopped by addition of 8 ml Tris-buffered saline,
pH 7.4 (TBS), centrifuged, and washed twice by resuspen-
sion in ihe same buffer.

Different determinations were performed in parallel for
cach sperm suspension afier incubation. For lipid analysis,
150 = 10° cells were taken, and cenrifugation was per-
formed at 330 % g for 10 min to ensure quantitative re-
covery of cells; the last pellet was resuspended in 0.5 ml
TBS and stored st —20°C until amalyzed. For acrosomal
siatus and vitality miessurements, 10 = 107 cells were tak-
en; cenirifugation was performed at 1000 % g for 10 min,
o avold cell damage, and the last pellet was resuspended
im 50 pl TBS,

Analvtical Procedures

Lipids were extracted both from intsct and incubated
spermatozoa using a modification of the method of Bligh
and Der [17] as descobed by Wolf et al. [I8]. The con-
centration of unesierified cholesierol was determined in ihe
lipid extracts from 100 = 107 spermatozoa by o modifica-
tion of a commercially available enzymatic serum choles-
terol assay (HDL Cholesterol; BioSystems, Barcelona,
Spainh, which was free of cholesterol esterase (EC
3.1.1.13). BricAy, cholestero] oxidase (EC 1.1.3.6) oxidizes
free cholesterol, bul not cholesterol esters, 1o cholest-d-¢n-
J-one with HxOy release. The peroxide oxidatively couples
with d-aminoantipyrine and dichlorophenolsulfonate in the
presence of peroxidase (ECLLLLT) to vield quinoneimine,
a chromogen with maximum absorption al 300 nm [19],
Dried lipid extracts were used as the matenal fo be ana-
Iyeed, To ensure solubilization of the lipid extracts during
the assay procedure, detergent Triton X-100 was added o

the Reagent A solution (35 mM phosphate, 0.5 mM sodiem
cholate, 4 mM dichlorophenolsulfenate, pH 7.00 to o final
concentration of 7.7 mM [20]. We estimated that the lowest
level of sensitivity for this cholesierol assay was around |
“EHH:-::phn]ipidn wire measured colorimetrically in the lip-
id extroct of 50 X 10 spermatozos according fo the pro-
cedure of Stewart [21]. Since sensitivity of this method dif-
fers depending on the phospholipid headgroups [22], this
mssay was used only o monitor possible changes in tofal
phospholipid content, In the case of dipalmitoyl lecithin,
the lowest sensitivity level was 5 pg [21]. Sperm choles-
terol and phospholipid contemt were expressed per number
of spermatozoa and were normalized within cach experi-
ment with respect to the cholesterel or phospholipid content
of the 0-h control (10090), The results were expressed as
percentages with respect to the control.

Acrosamal Status and Vitality

AR and vitality were measured by the triple-stain tech-
nigue of Talbot and Chacon [23]. Briefly, the sample was
incubated with 1% trypan blue for 15 min at 3T°C 1w eval-
vate sperm vitality, Sperm were washed for removal of ex-
cess stain and fixed in 1.5% glutaraldehyde for 15 min.
After two washing cycles, sperm were stained with Bis-
marck Brown and Bengale Rose. We observed the acro-
somal status under a Zeiss AxioPlan (Carl Zeiss, Thomn-
wood, NY) epifluorescence microscope after washing, Ap-
proximately 400 spermatoroa were scored for cach sperm
preparation, the samples being scored randomly. The ad-
vantage of this technigue is that live acrosome-reacted sper-
matozoa are distinguishable from dead spermatoroa with
degenerative acrosomal loss, To validate the triple-stain
technique, we compared the results obtained by this tech-
nigque and the kectin Pisem safvim-floerescein isothiocya-
nate technigque [24], There were no significant differences
in the percentage of AR (AR%) as measured by the two
technigues.,

Statistcal Analysis

Statistical analyses were performed with the SPSS for
Windows software package (version 7.5.25; 5P55 Inc.,
Chicago, IL; 1997}, The mean comparizon was performed
by ANOWVA (the a posterion method of Gabriel was wsed
to compare the mean values of different samples, and Dun-
nett’s method was used 1o compare each sample with the
control). The sample size, n, was 3 (o 6. Significance was
indicated by P < 0.05 or P < (L1,

RESULTS

Phospholipid and unesterified cholesterol content were
measured on untrepted spermatoron, These were the control
values wsed as reference for all treatments, The results were
a5 follows; unesterified cholesterol was 8.2 2 0.5 ppfI0®
spermaiozoa (mean = 5EM, n = 6}, and todal E-hmpha]ipjd
was 46 = I ugll10® spermatozoa (mean = SEM, n = 6).
After goat sperm incubation with BCD, the release of cho-
lesterol was measured by means of the cholesterol content
in spermatozoa, Cells were ireated for 150 min with in-
creasing amounts of BCD (from 0 mM o 16 mM) As
shown in Figure 1, a very effective concentration-depen-
dent cholesterel efflux was observed. The curve displays a
hyperbolic-like saturation shape, At very low conceniration
of BCD (2 mM). the loss of cholestero]l was around one
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FiG, 1, Dosearesponse relationship between the BCD conlend in the me-
dium and the peroentage of unesterified cholesterod remaining in sper-
matozoa afier 1 50-min incubation. Cholesterod confent was nocmalized
within ach experiment with respect 1o the cholesdtenal contend of the O
h conirol sampde {10091 Cholesterod conbent at 2 m pCO and higFer
concenirations was significantly [P < 0005) less than in the control. Thene
s ni significant (F = 0005) difierenoes between the cholestenl content
a1 B mitd andd 16 mi RCD. Data are expresaed a8 mean = SEM [m = 4],

half of the total loss. Maximal cfficiency, that is, 65% cho-
lesterel removal, was obluned ar 16 mM BCD. Afer ihe
same incubation time, no significant (P > 0.05) removal of
phospholipid was observed st any RCD concentration {data
ot shown k.

The BCD-induced AR was also studied after 150-min
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FIG. 2. Dose-pegponse pelationehip between the BCD conbent in the me-
i and the AR, Goal spermatazoa wene incubated in A4-199 medium
|'m'|1.=||ning dfifierent comoentration of BCDN, After 150 min, acroscmal e
ST Wils determired. The ARY showed a significam (P < 0.05)
imorease at PCC ooncenbrations = 4 g, Data s ecpeessed a3 mean =
SEM |mo= )
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FIG. 3. Asseamen] of goat speem vitality after 1500 man in M-199 i
ciufiation medaim containeng defferent concentratiorm of BCDL, Sperm -
tality rernaimed very hsgh theoagghout the epaeiment but signaficantly de-
creased al B md BED P < 0051 and at 16 mbd BCD 0 < 00015 Data
are enpressed s men = SEM (h = 4),

incubation of sperm with increasing concentrations of BCD,
from 2 mM to 16 mM (Fig. 2). In contrast to the hyperbolic
saluratlion curve display:d by cholesterol desorption, the
AR% displayed a sigmoadal dependence on cvclodexirin
concentration. At concentrations below 2 mM, the AR per-
centage was extremely low, whereas it rose steeply at high-
er concentration.

To test the possible toxic effect of BCD on sperm, the
percentage of vitality was assessed by trypan blue staining
after the 150-min incubation pernod. Samples showed high
vna.! percentages ranging between 3% and 97% for all

concentrations between O and 8 mM (Fig, 3). No-
umuhly decreased vitality (685 ) appeared at 16 mM pCD.
Therefore, 8 mM was taken as the opumal BCD concentra-
tion to be uaed in the kinetic study of cholesterol removal
and AR induction.

PCD was added at a concentration of 8 mM BCID to the
incubation medium (M-199) o study 15 efficiency on cho-
lesteral removal in terms of tme dependency. In Figure 4
we show the cholesterol remmining in sperm membranes
after this weament. Cholestero]l efflux, analyzed as de-
scribed above, displaved exponential kinetics with a half-
timve of around 10 min, The effect of 8 mM BCD was to
promote cholestersl efffux up to 47%. In contrast, sperm
phospholipid content after different times of incubation in
8 mM PBCD was not significantly different (P = 0.05) from
the control level {data not shown).

When we analveed the percentage of acrosome-reacted
cells in the presence of 8 mM BCD, we observed a roughly
sigmoddal curve, with no significant change in the AR%S
during the first 60 min and a steep change in the slope of
the curve around 9 min of incubation (Fig, 51 Interest-
ingly, there was no significant change in the cholesterol
levels between 80 min and 180 min of incubation (Fig. 4).

I owder o0 understand the mechanism by which pCD
promofes both a mpid cholesterol efflux and an increase in
the AR%, we invest the effect of the presence of
heparin in the sperm mmcubation medivm, Hepann is con-



