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Table 1 . Effect of human follicular fluid on the human sperm
acrosome reaction

Capacitation
time (hours) % hFF* % ARt

0 0 6±2(4-8)t
0 30 8±3(5-11)t

3 0 9±3(6-.12)t

3 10 17±8(9-25)�

3 20 24±5(18-29)�

3 30 25 ± 6(19-32)�

* hFF (hormone concentrations: estradiol = 850 ng/ml; progester-

one = 12 gig/mI) added to spermatozoa incubated in modified BWW. See
text for experimental detail.

t n = 3; mean ± SD (95% confidence limits). % AR values with dis-
similar superscripts are significantly (P < 0.03) different from each other.

twice in distilled water. The slides were subsequently incubated

in 0.8% Rose bengal, pH 5.3, for 20-23 minutes at room tern-

perature. After incubation, the slides were washed in distilled
water as above. Finally, the slides were passed through an alcohol

dehydration series (50%, 95%, and 100% EtOH) and cleared in
two 5-minute washes in Histo-Clear (National Diagnostics,
Manville, New Jersey). After drying, the slides were examined
under oil immersion ( x 1 ,000) and the acrosomal status of the

spermatozoa was evaluated.

Statistical Analysis

The mean and standard deviation of the mean as well as the
95% confidence limits were calculated. The n values represent
essentially pooled data. Each n or experiment represents one

donor chosen at random from a donor pool of33. The frequency
data were subjected to arcsin transformation and statistically

compared using Bartlett’s test for homogeneity, the F-test and
then by the paired i-test with Bonferroni adjustment and/or

Dunnett’s multiple comparison test. Correlation coefficients were
calculated using regression analysis.

Results

hFF-induced AR

The effect of natural cycle follicular fluid, collected at the

time of oocyte retrieval, on the human sperm AR was

tested (Table 1). When hIP was added (n = 3; 30% final

concentration) to non-capacitated spermatozoa, no sig-
nificant (P > 0.05) stimulation of the AR was detected

in comparison to the untreated control. However, when

varying doses of hIP were added (n = 3) to capacitated

spermatozoa, a significant (P < 0.03) stimulation of the

AR was detected at each dose in comparison to the un-
treated capacitated control. In addition, stimulation of

the AR under these conditions was significantly correlated

(r = 0.960, P < 0.04) with hFF concentration. No sig-

nificant (P > 0.05) difference in sperm motility was de-

tected between the 3-hour control (82%) and sperm treat-

ed with hFF (e.g., 30% hFF = 77%).

Table 2. Effect of human oviductal fluid on the human sperm
acrosome reaction

Capacitation
time (hours) % hOP % ARt

0 0 5±1(4-6)t
0 40 4±2(0-7)

3 0 7 ± 2(5-94
3 20 19±5(14-24)�

3 30 22±6(16-28)�

3 40 25±7(18-32)*

* hOF (hormone concentrations: estradiol = 94 pg/mI; progester-
one = 3.3 ng/ml)added to spermatozoa incubated in modified BWW. See
text for experimental detail.

t n = 3 (n = 2 for 0 hours hOF treatment); mean ± SD (95% confi-
dance limits). % AR values with dissimilar superscripts are significantly
(P < 0.005)different from each other. Statistical analysis was not applied

to 0 hours hOF treatment.

hOF-induced AR

The effect of periovulatory oviductal fluid on the human

sperm AR was tested (Table 2). When hOF was added (n

= 2; 40% final concentration) to non-capacitated sper-

matozoa, no stimulation ofthe AR was detected in corn-

parison to the untreated control. When hOF was added
in varying doses to capacitated spermatozoa, a significant

(P < 0.005) stimulation of the AR was detected at each

hOF concentration in comparison to the control. Similar

to hFF, stimulation ofthe AR was significantly correlated

(r = 0.980, P < 0.02) with hOF concentration. No sig-

nificant (P > 0.05) difference in sperm motility was de-

tected between the 3-hour control (82%) and sperm treat-

ed with hOF (e.g., 40% hOF = 79%).

Effect of bOF on the Human Sperm AR

To provide a basis for comparison and to clarify whether

the stimulatory effect ofhOF on the AR was specific, bOF

was tested to determine its effect on the human sperm

AR (Table 3). Initially, luteal phase bOF (L-bOF) was
tested (n = 3) because the progesterone (P) concentration

in the oviductal fluid (taken from a single cow over a 13-

day period; P = 4.0 ± 1 .7 ng/ml) during this phase of the

bovine reproductive cycle approximates that in the fluid

of the periovulatory oviduct in the human female (two

females; P = 3.3 ± 0.8 ng/ml).

When L-bOF (40% final concentration) was added to
non-capacitated spermatozoa, no significant (P > 0.05)

stimulation of the AR was detected. In addition, L-bOF
had no significant (P > 0.05) stimulatory effect on the AR

of capacitated spermatozoa when added at varying con-

centrations in comparison to the control.

To determine if the L-bOF may have had factors that
were suppressive for AR stimulation, two non-tuteal phase

samples ofbOF(NL1-bOF and NL2-bOF) were tested (n

= 1 for each) for their effect on the AR. NL1-bOF, as-

pirated during the follicular phase (P = 0.2 ± 0.2 ng/ml),
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Table 3. Effect of bovine oviductal fluid on the human sperm
acrosome reaction

Capacitation
time (hours) % bOF* % ARt

0 0 5±1(3-6)

0 40 5±2(3-7)

3 0 7±2(5-9)

3 20 8 ± 3(2-13)

3 30 11±4(4-17)

3 40 9±5(4-14)

* Luteal phase bOF(hormone concentration: progesterone = 3.3 ± 0.8

ng/ml) added to spermatozoa incubated in modified BWW. See text for
experimental detail.

t n = 3 (n = 2 for 20% and 30% bOF treatment); mean ± SD (95%
confidence limits). % AR values between 40% bOF treatment and control
at each time period are not significantly (P > 0.05) different from each
other. The 20% and 30% hOF groups were not included for statistical
analysis.

had no stimulatory effect on the AR of capacitated sper-

matozoa at 30% or 40% concentrations (% AR = 6 and

8, respectively). Similarly, NL2-bOF, aspirated during the

periovulatory phase (P = 0.6 ± 0.6 ng/ml), had no stim-

ulatory effect on the AR ofcapacitated spermatozoa when
added at 30% or 40% concentrations (% AR = 6 at each

dose).

Effect of a Protein Kinase A Inhibitor on the hFF-induced AR

To determine if hFF stimulates the AR via the adenylate

cyclase/cAMP pathway, the cAMP-dependent kinase (ki-
nase A) inhibitor KT5720 was tested (Table 4). When

KT5720 (50 nM and 100 nM, final concentrations) was

added to capacitated spermatozoa 5 minutes prior to the

addition of hIP (20% final concentration), no significant
(P > 0.05) stimulation ofthe AR by hFF was detected at
either concentration ofKT572O in comparison to the un-

treated capacitated control. The percent AR for hFF-treat-

ed spermatozoa was significantly (P < 0.000 1) greater

than control or inhibitor-treated spermatozoa. No signif-

icant (P > 0.05) difference in sperm motility was detected

Table 4. Effect of a cAMP-dependent kinase inhibitor on the
human foiicular fluid-induced acrosome reaction*

Inducer KT5720t % ARt

0 0 8±2(6-11)�

20% hFF 0 30 ± 3(26-33)11
20%hFF 5OnM 9±2(7-11)*
20% hFF 100 nM 11 ± 2(9-13)�

* hFF was added to spermatozoa capacitated (3-hour incubation) in

modified BWW. See text for expenmental detail.
t KT5720 (final concentration) added or not added at the end of the

3-hour capacitation period.

:1:n = 3; mean ± SD (95% confidence limits). % AR values with dis-
similar superscripts are signiflcantly(P < 0.0001)different. No significant
(P > 0.05) change in sperm motility occurred after incubation to induce
capacitation or after treatment with modulators.

Table 5. Effect of a Ca�, phospholipid-dependent kinase inhibitor
on the human follicular fluid-induced acrosome reaction’

Inducer Calphostint % ARt

0 0 8±2(6-11)*

20% hFF 0 30 ± 3(26-33)11
20% hFF 50 nM 10 ± 1 (9-11)�
20% hFF 100 nM 9 ± 2(7-11)�

* hFF was added to spermatozoa capacitated (3-hour incubation) in

modified BWW. See text for experimental detail.
t Calphostin C (final concentration) added or not added at the end of

the 3-hour capacitation period.

t n = 3; mean ± SD (95% confidence limits). % AR values with dis-
similar superscripts are significantly (P < 0.0001)different in comparison
to untreated and inhibitor-treated spermatozoa. No signiflcant(P > 0.05)
change in sperm motility occurred after incubation to induce capacitation
or after treatment with modulators.

between the control (85%) and either the hFF (85%) or

hFF plus inhibitor-treated (82%) spermatozoa.

Effect of a Protein Kinase C Inhibitor on the hFF-induced AR

To determine ifhFF stimulates the human sperm AR via

the diacylglycerollkinase C pathway, the effect ofthe Ca2�-,

phospholipid-dependent kinase (kinase C) inhibitor cal-

phostin C was tested (Table 5). When calphostin (50 nM

and 100 nM, final concentrations) was added to capaci-

tated spermatozoa 5 minutes prior to the addition of hFF

(20% final concentration), no significant (P > 0.05) stim-

ulation of the AR by hFF was detected at either concen-

tration in comparison to the untreated capacitated con-

trot. The percent AR for hFF-treated spermatozoa was

significantly (P < 0.0001) greater than control or inhibi-

tor-treated spermatozoa. No significant (P > 0.05) dif-

ference in sperm motility was detected between control

(85%) and either hFF (85%) or hIP plus inhibitor-treated

(78%) spermatozoa.

Discussion

The present results demonstrate that natural cycle peri-

ovulatory human follicular and oviductal fluid stimulate

the AR in capacitated human spermatozoa. In addition,

the current data support the rote for a factor or factors

present in fotlicular fluid that stimulate the AR via two

signaling pathways, the adenytate cyctase/cAMP and the
diacylglycerol/protein kinase C second messenger path-

ways. Taken together the data can be interpreted to suggest

that the hFF-stimulated AR occurs by a membrane-me-

diated, biochemically relevant process or set of processes,

for example, ligand-receptor binding, followed by slim-

ulation of a pathway that culminates in acrosomat exo-

cytosis.

Previously, it has been shown that periovutatory fol-
ticular fluid obtained at the time of oocyte retrieval from
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women undergoing hormone therapy treatment to pro-

duce ovarian hyperstimulation has a stimulatory effect on

human spermatozoa. These inotropic effects were evi-

denced by alterations in sperm motion characteristics

(Mbizvo et at, 1990) and stimulation of acrosomat exo-

cytosis (e.g., Tesarik, 1 985; Suarez et at, 1 986; Siiteri et

al, 1988; Yudin et at, 1 988; Stock et at, 1989). The purpose

ofthe present investigation was to determine the effect of

hFF on the AR. Similar to the previous studies, a stim-

ulatory effect on acrosomal exocytosis ofcapacitated sper-

matozoa was detected.

As can best be determined from the literature data, all

experiments in previous studies incorporated follicutar

fluid aspirated from the follicles of women attending an

in vitro fertilization program. Most in vitro fertilization

programs use hormone treatment regimens that induce

ovarian hyperstimulation, resulting in the development

of an abnormally large number of follicles. As a conse-

quence, the follicular fluid hormone concentrations pres-

ent between follicles can vary greatly, for example, range

in P from 4,880 to 10,702 ng/ml(e.g., Basuray et at, 1988).

In contrast to the previously mentioned studies, natural

cycle follicular fluid was used for the present experiments.

The natural cycle ovary typically produces one follicle
and, even when fluids from several patients are pooled,
a small variation in folticular fluid hormone concentra-
tions is encountered, for example, range in P from 10,000

to 12,000 ng/ml (Lenton et al, 1988), Thus, in contrast

to previous investigations, the spermatozoa in the present

study were treated with a more biochemically homoge-

nous fotlicular fluid, containing a physiological comple-

ment of follicular hormones, and without the potential

for contamination of the fluid by hormone-regulating

chemicals,

Based upon the literature, no experiments testing the
influence of periovulatory human oviductal fluid on the

human sperm AR have been reported. The present study

provides the first data demonstrating a stimulatory effect

of hOF on the AR, Similar to hFF, hOF had no stimu-

latory effect on the AR of non-capacitated spermatozoa.

However, when hOF was added in varying concentrations

to capacitated spermatozoa, stimulation of the AR was

detected. These results suggest that perhaps a biochemi-

catty relevant process or set of processes were being ef-

fected to elicit the AR.

The literature suggests that the oviduct may serve as a
reservoir for spermatozoa (see Barratt and Cooke, 1991).

Ifthat might be the case, then it can be suggested that the

fluid in the oviduct may act to maintain the spermatozoa

in a state of readiness for the cumulus-oocyte complex

and AR induction, However, the current data suggest the

opposite. Rather than no influence on acrosomal status,

the present results demonstrate that human oviductal flu-

id has a significant stimulatory effect on exocytosis. Thus,

perhaps it can be suggested that oviductal fluid acts to

filter out those spermatozoa that have reached a prema-

ture state of readiness, that is, capacitation, by inducing

acrosome reactions. In this way, those spermatozoa that

are still undergoing capacitative changes, for example,

activation of signal transduction pathways relevant to

stimulation of exocytosis, will be in an appropriate bio-

chemical state upon eventual encounter with the cumu-

lus-oocyte complex. This is, however, only conjecture.

As stated previously, as can best be determined from

the literature data no experiments testing the effect of

human oviductal fluid on the AR have been performed.

Thus, it was felt that it would be beneficial to test oviductal

fluid from another species to serve as a basis for corn-

parison with hOF. Oviductal fluids collected during the

follicular (NL 1-bOF), periovutatory (NL2-bOF), and lu-

teal (L-bOF) phases in the bovine reproductive cycle were

tested for their effects on the human sperm AR. The re-

sults clearly demonstrate that, in contrast to hOF, bOF

has no significant stimulatory effect on the human sperm

AR regardless of the stage in the reproductive cycle that
the fluid was aspirated. Although the oviductal fluid from

only two different species was tested, the current data

imply that oviductal fluid may have a species-specific AR

stimulatory effect.

Evidence has been presented demonstrating that pro-

gesterone in folticular fluid stimulates the AR, most likely

via stimulation of calcium influx (Thomas and Meizel,

1988, 1989; Btackmore Ct at, 1990; Baldi et at, 1991).

Based upon the results obtained using human follicular

and oviductal fluid it can be reasoned that it is likely that

some factor or factors separate from or in addition to P

regulate the AR inducing characteristics of these fluids.

This hypothesis is supported by the present data where a

similar AR stimulatory response was detected using either

hFF or hOF. However, the P concentrations measured in

these two fluids were dramatically different, 1 2 ,�g/ml vs.

3 ng/mt, respectively, Thus, it can be reasoned that if P

was the sole contributing factor to AR stimulation, then

minimal or no stimulation of the AR would have been

expected for the hOF. Further suggestion for a non-P-

related AR-inducing factor comes from the bOF data,

where no AR stimulatory effect was detected, even though

the P concentrations in bOF (range from 0.2 ng/ml to 4.0

ng/ml) closely approximated that in hOF (P range from

2.5 to 4.1 ng/ml).

it has been fairly welt established that multiple signal

transduction pathways are involved in effecting acrosomal

exocytosis (see Zaneveld et at, 1 99 1). A portion of this
evidence comes from data where capacitated spermatozoa

were preincubated with inhibitory modulators of pivotal

enzymes in the pathways and then treated with inducer

to stimulate the AR (De Jonge et al, l991a,b). In those

investigations the inducer that was used for AR stimu-
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lation bypassed the receptor-mediated portion of the sig-

nat transduction cascade. In the present investigation, the

stimulatory compound (hFF) that was tested most likely

acts at the sperm membrane surface (Meizet and Turner,

1 99 1). Support for a membrane-mediated effect by hFF

comes from data in the present investigation, where in-

hibitors of cAMP-dependent kinase and Ca2�, phospho-

lipid-dependent kinase, tested at concentrations that im-

part specificity of the inhibitor for the enzyme being

targeted, caused complete inhibition of the hFF-induced

AR. These data extend the implications of the previous
investigations (De Jonge et at, 1 99 la,b) by demonstrating

that the human sperm AR, as stimulated by a biochem-

ically relevant ligand, occurs as a result of the activation

of multiple signal transduction pathways involving ti-

gand-receptor binding and other membrane-associated

events leading to second messenger generation, kinase

activation, and protein phosphorylation. However, the

precise mechanism(s) by which hFF stimulates these path-

ways remains to be determined.

Phospholipase C cleaves phosphatidylinositol 4,5-bis-

phosphate to generate two second messengers, inositol

1 ,4,5-trisphosphate and diacytglycerol. This tatter corn-

pound, in a Ca2�- and phospholipid-dependent reaction,

activates protein kinase C, resulting in protein phos-

phorylation. The present data, along with data from a

previous study (De Jonge et al, 1 99 la) showing a calcium-

dependent stimulation of the AR by diacylglycerol, pro-

vide additional support for the role of the protein kinase

C pathway in the human sperm AR. Further support comes

from a study by Thomas and Meizel (1989), where it was

demonstrated that P increases intracellular calcium in Ca-

pacitated human spermatozoa, followed by the calcium-

dependent activation of phospholipase C.

In conclusion, the present investigation demonstrates

that natural cycle hFF and hOF stimulate the AR in ca-

pacitated human spermatozoa. Furthermore, induction of

the AR by hIP appears to occur as a result of the acti-

vation of multiple second messenger pathways leading to

protein phosphorylation. The mechanism(s) by which this

occurs remains to be clarified.
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Parameters of Semen Collected via Masturbation
versus Sexual Intercourse
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ABSTRACT: In clinical programs of assisted reproduction involving
infertile males, it is essential to obtain semen of maximum quality.
To evaluate ways of achieving this objective, and to assess the
fertilizing capacity of the sperm, six semen samples were collected
from each of 38 infertile men via masturbation. Six more samples
were then collected from each man at sexual intercourse using a
semen collection device (SCD). �

�

��les collected at �
vj��l� In addition, the markers of the secretory function of the
prostate and the outcome of sperm function tests (hypoosmotic
swelling test, acrosin assay, and �p�rrri.. per�etration ass�av)..ware�
� for the samples collected at intercourse. There
were no significant differences in markers of the secretory function

of the seminal vesicles and epididymis between the samples. The
improved spermatozoal parameters in the samples collected at in-
tercourse may reflect a higher prostatic � that
time. There were no significant differences in the serum concentra-
tions of gonadotropins, or in the serum or seminal plasma concen-
trations of testosterone, before or after masturbation or sexual in-
tercourse. Therefore, the differences in prostatic secretory function
and semen parameters may not be attributed to differences in hor-
monal levels. Semen collection during intercourse using an SCD

appears to be the method of choice for selecting semen samples for
artificial insemination.

Key words: Prostate, seminal vescicle, epididymis, masturbation,
intercourse.
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I nfertility is both a social and a private problem. Mate

factors are at least partly responsible in about 40% of

infertile couples (Collins, 1989). Various medical or sur-

gical methods have been applied to the treatment of male
infertility, but they often do not result in a successful

pregnancy. In such cases, assisted reproduction programs

offer an alternative solution. However, when artificial in-

semination or in vitro fertilization procedures are per-

formed, the success rate becomes poorer as the quality of

the semen worsens (Menkveld and Kruger, 1 990). There-

fore, it is of great importance for each male patient to

provide the best possible semen sample. Masturbation is

the standard method ofsemen collection. However, Zavos

(1985) has recommended a new method that results in

semen ofa significantly higher quality when compared to

the semen samples collected by masturbation (Zavos and

Goodpasture, 1 988). His method consists of collecting

semen during intercourse by using a silastic seminal cot-

lection device (SCD; HDC Corporation, Mountain View,
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California). Up to now, there have been no studies com-

paring the fertilizing capacity of spermatozoa collected

via masturbation and spermatozoa collected at inter-

course.

The objectives of the present study were to compare

specific markers of mate accessory gland secretory func-

tion and the function of spermatozoa obtained by mas-

turbation and sexual intercourse. Spermatozoa from in-

fertile men were used, because such men are the usual

candidates for assisted reproduction programs. Further-

more, hormones in the peripheral blood and seminal plas-

ma were assayed to determine changes in the pituitary-

gonadal axis during masturbation or sexual intercourse.

Citrate, zinc, and cholesterol were used as markers of

prostatic secretory function (Huggins and Neal, 1942;

Scott, 1945; Fair and Parrish, 1 98 1 ; Mann and Mann,

1 98 1 ; Schaffner, 1 983; Tisell and Leissner, 1984). Fruc-

tose and prostaglandin E (the main prostaglandin in hu-

man seminal plasma) were used as markers of seminal

vesicle secretory function (Eliasson, 1 959; Mann and

Mann, 198 1). As a marker of epididymal secretory func-

tion, we used a-gtucosidase. The levels of ct-glucosidase

in human seminal plasma have been considered to be the

most accurate index of epididymat secretory function

(Cooper et at, 1988).

The zona-free hamster oocyte penetration assay (Yana-

gimachi, 1984), the acrosin assay (Kennedy et at, 1989),




