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FIG. 4. Kinstacs of the remaval (rom goal spermatozoa of unesterified
clolestesnl induced by 8 md OO dRlled circlest. Cholestenal content
was nosmalized within each experiment with sespeci 1 the cholesiersd
cantest of the O-h control sample (100%). Cholestersd bevels i controd
sarnples a1 difierent times of incubation without BCDY jempty circles) ane
ine fuided T campartson. All spem samples incubsted with BCD showed
a signaficant loss of cholestenal, as compared with the coeral for the same
incubation time: 5 min (F < 005 o 10-180 men (F < 0015 Data are
expressed a8 mean = SEM in = 30,

sidered by severnl authors to be an inducer of the AR
through removal of coating proteins from the sperm mem-
brane surface [25.26]. In our experiments, incubation of
goal spermatozoa in the presence of 20 pg/ml hepanin for
2 h was unable 1o induce AR (Fig. 6). On the other hand,
the coincubation of goat spermatozoa with 10 mg'ml al-
bumin and 20 pg/ml heparin showed a synergistic effect
on the AR%, although the cholesterol content did not
change. Both AR and membrane cholesterol removal were
increased in the sole presence of BCD. The coincubation
of spermmozon with E mM BCD and 20 pp'ml heparin,
however, did not significantly modify the effect of BCD
alone. Thus, BCD was able both to remove cholesterol from
spermi membranes and to promote AR without the coop-
eration of hepann,

DISCUSSION

Evidence from several sources supports the idea tha
cholesterol efflux may be important in capacitation, but it
is mot well established whether major removal of choles-
terol from the membrane might itself induce the AR. Our
aim in the wirk was o evaluate the cholesterol
efflux induced by an effective cholesterol acceptor mole-
cule and to study the extent to which it is related to the
induction of the AK.

Albumin has been used extensively in the incubation
medium for an in vitro induction of the AR [27-31], al-
though the resulis are very controversinl, Using albumin,
some authors obtained cholesterol efffux [27.32.33] but oth-
ers did not [31,34]. It may be worth considering the origin
of the albumin used in the experiments. Commercial al-
bumin has several impurities, and among them there are
lipids, When the albumin source is serum or other biclog-
ical Auids, inducers of the AR are present. This may explain
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FIC:. 5, Kinslics of he soosome svenirss of |ive goal spemmsbo-
g after mculialion in B mM PCD lled cicles) or in medium withou
BET {open ciclesl, All the values for incubsticn times = &0 min wen:
significantly (P < 0,05} higher than in the corespondang conrals. There
s i significant difference (P 2 0.05) either between 10, 20, 30, ansl
E0 ian o between 130, 150, 1A, arsd 240 min, The .. or inflexion
jroel, ol thee ihal curve was ™ man = 12 R, Data ane IH:|J-IL1H|:|
as pean = 5EMY (e = B
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FIG. f. Efiect of 150.min incubation of goal spermatizoa in sarious
media on usesteriied cholestenol content (open bams) and on sorcsomal
resgronsiverness (solid bars). Cholesicrol conben is expressed s peromntage
of the valuse in A-159% medium and @ = 0L Chalesteiol comtent at B mi
RO and B msd BOD 20 wg'ml beparin was sigrificarly (F <0 005 less
than in other comditions, but thene was no sigailicast (P = 0000 diference
in chalesiersd comtont hefaorn & mdd BCDF and 8 mM BEID+20 gg/ml
heparin. The AR% shovwed a significant (P < 0.05) increase 31 8 mb BCD
arwl at 8 mdd B0 pgmil heparin, There was no sigificam (7= 001
difference in AR% between 8 mid BC0 and 8 mb BED 20 i hep.
arin. Dt ane means = SEM in = 5k
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the broad range of cholesterol efflux percentages described
in the literature.

It has been reported that extensive release of cholesterol
from erythrocyte membranes can be achieved upon incu-
bation of the cells with BCD, There was a rapid cholestero]
exchange (< 1 min) [35] from erythrocytes (o BCD, which
is in contrast with the cholesterol ransfer from these cells
to serum or 1solated lipoproteins {18 h} [36], The very fast
exchange rate of BCD makes this molecule highly useful
as 0 cholesterol acceptor in capacitating medium.

Our resulls indicate that st 2 mM BCD, 30% of choles-
terol was released from sperm membranes, but this con-
centration did not induce any AR, Only when more clho-
lesterod was lost were membranes susceptible o initiating
all the changes leading w capacitution and AR. When cho-
lesterol efffux had increased o 50%, al a concentration of
4 mM BCD, we observed more than hall of ithe maximal
AR percentage. Cholesierol removal between 309% and 65%
was able to induce the AR. The use of concentrations of
BCD higher than 8 mM resulted in only a moderate increase
in cholesterol efflux and AR%. Our results suggest that
there is a direct effect of cholesterol efflux on the AR in-
duction rather then any kind of binding of BCD 1o mem-
branes. In fact, some suthors have demonstrated in eryth-
rocytes that cholesterol removal by BCD occurs with neg-
ligible binding to the cell membrane [14]. That is, BCD
extracts cholesterol from membranes into a new comparn-
ment located in the aqueous phase, while phospholipid lev-
els remain unchanged. This agrees with the fact that there
wiks o membrane loss from spermatoroa, soowe could con-
sider only the cholesterol efffux.

The sigmoidal shape of the curve (Fig. 2), indicating the
AR% versus BCD concentration, can be interpreted as a
cooperative effect in which the early molecular events in a
restricied area of sperm membrane may facilitate further
changes in a broader zone, thus inducing o quick AR in a
short period of time.

Cholestero] efflux kinetics due o BCD {5y, around 10
min) is much more rapid than the reported kinetics (r,, =
1 h} of sperm membrane cholesterol efflux in the presence
of estrous sheep serum [32] or human female serum or
follicular fluid (10). Small-particle cholesterol aceeptors
show more rapid kinetics of cholesterol uptake from cells
than macromolecular acceptors [37]. This rapid loss of cho-
lesterol from sperm membrane, which follows an exponen-
tial decay (Fig. 4), contrasts with the S-shaped kinetics of
AR increase (Fig, 5). After 30 min of incubation in the
presence of 8 mM of BCD, all the exchangeable cholesterol
has been released from the membranes, but a negligible AR
is obtained. Incubation for 1-2 h is required to reach the
maximal AR value, Cholesterol efflux has been proposed
as an early event previous to the AR [7.27.38,39], Our ki-
netic study of both cholestero] efflux and AR suggests that
rosome responsiveness is iriggered by a major cholesterol
loss.

Several authors have reported significant cholesterol re-
moval through addition of vanious components o the in-
cubation medium or through use of biological fluids, Hu-
neau et al. [10] obtained a time-dependent cholesterol re-
moval ranging from 54% to 67% after 5 h of incubation in
DM-H medium comtaining 20% estrous sheep serum,
wherens removal was limited to 14 * 3% in the absence
of serum. Female biological fluids have been extensively
used, and similar cholesterol efflux was oblained. Langlais
et al, [32] incubated spermatozoa for 4 hoat 375 in Ham's
F-10 medium supplemented with human female serum or

follicular fluid and obtained cholesterol efflux in 2 tme-
dependent manner (37% and 42%, respectively). With sper-
matozon incubated in profein-free medium, low cholesterol
efflux (14%) ocours.

The role of albumin in the uptake of cholesterol has been
discussed. There is some evidence that albumin impuarities
can modify the ability of albumin o bind cholesterol. For
Langlais et al. [32], after a period of 2-h incubation with
353% HSA (fraction ¥, Calbaochem-Bochring: La Jolla,
CA) the uptake of cholesterol was 38% versus 12% for cells
incubated in medium alone. In contrast, using similar con-
centrations of albumin, others found that cholesterol efflux
from sperm membranes was nol statistically significant
[31], As shown by Sugkrarock et al. [34], the cholesterol
level from fertile donors’ sperm declines < 5% when in-
cubated in BWW medium supplemented with 3.5% HSA
for 5 h. Even after long periods of incubation (18-20 h),
Benoff et al. [28] obtained a cholesterol decrease of only
15% in swim-up spermatozoa incubated in Ham's F- 10 with
30 mg/ml HSA.

Imerestingly, the sample some studies used was ejacu-
lated spermatogoa [31,32,34]), whereas others used epidid-
ymal spermatozoa [27,33]; this would confer on the sample
a differential accessibility for cholesterol acceptors, prob-
ably because of the presence of coating proteins in ejacu-
lated spermatozoa. At low concentrations of albumin in the
maedlium, a relatively high amount of cholesterol could be
removed from the membranes of epididymal spermatozon,
these lacking all the coating molecules that are adsorbed
from seminal plasma molecules. Go and Wolf [27] obtained
# 20-59% decrease in mouse epididymal sperm cholesterol
with several commercially punfied BSA fractions (20 mg/
ml). Davis et al. [33] also gave evidence of a 12% choles-
terol transfer from cauda epididymal rat sperm to albumin
after incwbation in 4 mg/ml BSA for 5 h

Ehrenwald et al, [40] did not detect any acrosome-re-
acted spermatozoa after 319% cholesterol efflux in 90 min.
They obtained acrosome responsiveness only after the nd-
dition of lysophosphatidylcholine. Our results show hat if
insufficient cholesterol is removed from the membrane
(around 30°%), as detected in 2 mM BCD, no AR is induced.
However, if 40-60% of cholesteral was removed, as aocurs
in 4 mM BCD, we obierved that AR was induced,

It has been determined both in vive and in vitro that
heparin or glycosaminoglycans capacitate sperm. probably
due 1o their ability to sequester coating proteins, some of
them. for this reason, named hepann-binding proteins
[25,40]). We do not find a synergistic effect on the choles-
terol efffux or on the AR percentage when adding heparin
to BCD. This could indicate that the removal of coating
proteins is nol pecessary for cholesterol uptake by BCD.

In our study we provide evidence that with use of pCD
in the medium, a high percentage of cells undergo the AR,
the magnitude of the response being in the range of the
induced AR obtained by other authors with different in-
ducers. Cross [B] reported 30% AR in human spermatozon
when induced with progesterone in the presence of 26 mg/
ml of BSA in the medium. Altlernatively, a fusogenic lipid,
lysophosphatidylcholine (LC), may be used in the capaci-
tation medium as o potent inducer of AR, With use of LC,
a8 much as an B0% increase in the percentage of acrosome-
reacted cells was obtained by Parrish et al. [25], but sper-
matozoa in which the AR is not induced by LC achieve
only a 15% spontancous AR among the sperm population.
Owr results might suggest that merely removing sufficient
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cholesterol from sperm membranes would ingger a senies
of molecular events leading 10 AR.
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