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The aim of the present study was to elucidate the mode of action of goat bulbourethral
lipase (BUSgp60 lipase) previously identified as responsible for the deterioration of goat
sperm viability in skimmed milk-based extenders. Milk fractions were purified by micro- and
ultrafiltration and characterized by SDS-PAGE, thin layer chromatography, triglyceride
quantitative analysis and by their ability to potentiate the lipase and the sperm-deteriorating
activity of the bulbourethral lipase. Components in both the phosphocaseinate and soluble
whey protein fractions enhanced the lipase activity of BUSgp60 but only the phosphoca-
seinate fraction, which contains triglycerides, promoted deterioration of spermatozoa in the

presence of bulbourethral gland secretion. These data suggest that the sperm-deteriorating
effect of bulbourethral gland secretion is due to the catalysis of triglyceride hydrolysis, and
that proteins increase this activity. BUSgp60 hydrolysed milk triglycerides and triolein very
effectively, and its lipase activity was enhanced by several highly purified milk proteins. The
major cis-unsaturated fatty acid from milk (oleic acid) but not the major saturated fatty acid

(palmitic acid) exhibited dose-dependent detrimental effects on goat spermatozoa. There-
fore, the catalysis of oleic acid formation from residual milk triglycerides by BUSgp60
appears responsible for the deterioration of goat spermatozoa when unwashed semen is
diluted in skimmed milk-based extenders. The precise mechanism of action of oleic acid
remains to be elucidated but the drawbacks of washing buck semen might be avoided by
inhibiting BUSgp60 or by depriving it of substrate.

Introduction

Skimmed milk is used in the extenders for goat (Capra hircus)
semen because of its protective role during semen cooling and
freezing. However, seminal plasma has an adverse effect on the
survival of goat spermatozoa stored frozen in milk-based
extenders (Corteel, 1974, 1975, 1980; Memom et al, 1985).
Thus, the storage of goat semen in the presence of milk

requires that most of the seminal plasma is removed before
dilution of spermatozoa. Seminal plasma is removed by dilution
of ejaculated spermatozoa in an isotonic buffer followed by
centrifugation (washing method). Washing improves the
survival of spermatozoa after freezing and thawing (Corteel,
1974). Nevertheless, this is a complex and time-consuming
method that results in loss and damage to spermatozoa (Pickett
el al, 1975; Padilla and Foote, 1991; Alvarez et al, 1993;
Graham, 1994).

Mature goat spermatozoa from the cauda epididymis, which
have not been in contact with the accessory gland secretions,
have been used to evaluate the effects of individual secretions
from goat accessory sexual glands on sperm viability.
Bulbourethral gland secretion (BUS) has been found to be the

component of goat seminal plasma responsible for the deterio¬
ration of the motility and acrosome integrity of epididymal
spermatozoa diluted in skimmed milk during incubation at
37°C (Corteel, 1980; Nunes, 1982; Nunes et al, 1982; Courtens
et al, 1984). A 40-60 kDa protein from BUS has been shown
to be responsible for this effect (Nunes, 1982; Corteel, 1990)
and, more recently, this bulbourethral component has been
identified as a 55—60 kDa glycoprotein lipase (BUSgpóO lipase)
related to pancreatic lipase-related protein 2 (PLRP2)
(Pellicer-Rubio et al, 1997).

Deterioration of motility and of acrosome integrity of goat
epididymal spermatozoa promoted by BUS at 37°C is observed
when milk is present but not when an isotonic saline buffer is
used as a sperm diluent (Nunes, 1982; Courtens et al, 1984;
Corteel, 1990). However, the role of milk in the deterioration
of spermatozoa by BUS lipase is unknown. Nunes (1982) and
Corteel (1990) suggest that an enzyme from BUS acts on a milk
substrate to give a toxic product. Recently, a 55—60 kDa

glycoprotein lipase from goat BUS (BUSgpóO) was purified and
characterized (Pellicer-Rubio et al, 1997). BUSgpóO is structur¬

ally related to pancreatic lipase-related protein 2 (PLRP2)
and, thus, could also display phospholipase activity (Hjorth
et al, 1993; Carrière et al, 1994; Thirstrup et al, 1994). The
sperm-deteriorating effect of BUSgpóO may be either directReceived 8 April 1997.
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through the hydrolysis of membrane phospholipids of sperma¬
tozoa or indirect through the production of toxic derivative(s)
from milk lipids.

The present study demonstrates that the deteriorating effect
of BUS on spermatozoa is indirect since it is only observed
with milk protein fractions containing residual triglycérides or

with highly purified proteins to which triglycérides have been
added. Moreover, oleic acid derived from triolein hydrolysis by
BUS lipase also adversely affected goat spermatozoa.

Materials and Methods

Enzymes and lipids
Lipase (EC 3.1.1.3) type VI-S from pig pancreas (34 000 U

mg-1 of protein) and pure triolein (l,2,3-[ris-9-octadecenoyl]
glycerol), palmitic (Hexadecanoic acid) and oleic acid (ris-9-
octadecenoic acid) were purchased from Sigma (Saint-Quentin-
Fallavier).

Recovery of bulbourethral secretion and purification of BUSgpóO

Bulbourethral glands from Alpine and Saânen male goats
were recovered during the breeding season at a local abattoir
and their secretion (BUS) was collected by gentle pressure. BUS

proteins were then solubilized with 0.1% (w/v) sodium de-
oxicolate in Tris buffer (10 mmol Tris—HC1 1_I, pH 7.4 and
150 mmol NaCl I" ) at room temperature under agitation for
3 h. The samples were then centrifuged at 10 000 g for 30 min
(Pellicer-Rubio et al, 1997) and the supernatants were equili¬
brated with 100 mmol ammonium bicarbonate 1_ 1 buffer either
by dialysis or gel filtration. Finally, they were lyophilized and
sfored at 4°C until use.

Purification of the BUS component responsible for the sperm
deterioration in skimmed milk (BUSgpóO lipase) was carried out

by HPLC (HPLC 650 Waters, Milford, MA) at 1 ml min
" '

with Tris buffer (10 mmol Tris-HCl  \ pH 7.4) onto a

SP15HR column (Waters). A solution of 10 mg BUS in 5 ml
Tris buffer was loaded and BUSgpóO was eluted with a 45 min
linear gradient from 0 to 0.4 mol NaCl 1

~
(Pellicer-Rubio

et al, 1997). Immediately after purification, BUSgpóO was

stored at
—

20°C at an approximate concentration of
0.15 mg ml"

.

Preparation of milk fractions

Four milk fractions were purified at the INRA Milk
Technology Laboratory (Rennes) by physical procedures
(micro- and ultrafiltration) to preserve the physicochemical
properties of milk components. Briefly, skimmed cow milk was

microfiltered at 50°C through an aluminum—zirconum mem¬

brane (pore diameter: 0.1 pm) to give a retentate containing
milk colloidal components and a microfiltrate (MF) containing
the milk soluble components at a concentration similar to that

in milk. The MF was then ultrafiltered through a membrane
with a cut-off limit of 3 kDa to separate soluble whey proteins
(SWP) from the ultrafiltrate fraction (UF). The native phos-
phocaseinate fraction (NPC) was prepared from skimmed milk
by tangential membrane microfiltration (pore diameter: 0.2 pm)
followed by diafiltration with distilled water (Pierre et al,
1992). Skimmed milk and its MF and UF fractions were stored
at

—

20°C, the SWP fraction was diafiltrated with distilled
water, lyophilized and stored at 4°C and the NPC was

spray-dried and stored at room temperature. The chemical

compositions of skimmed milk and its MF and NPC fractions
have been published by Pierre et al (1992).

Soluble whey proteins (SWP) such as ß-lactoglobulin and
a-lactalbumin were fractionated by size-exclusion chromatog¬
raphy on an AcA 44 column (Sepracor-IBF, Villeneuve-la-
Garenne). Chromatography was carried out with 100 mmol
ammonium bicarbonate 1

~

:
at 50 ml h

~

:
at 4°C. The proteins

were detected at 280 nm, lyophilized and stored at 4°C. Pure a-

and K-caseins were purchased from Sigma. Pure ß-caseins were

kindly provided by the INRA Milk Technology Laboratory
(Rennes).

Solubilization of NPC in MF (NPC/MF) or in UF (NPC/UF)
was carried out at 25 mg ml ~ 1 which is close to its concen¬

tration in milk. Therefore, NPC/MF can be regarded as

reconstituted skimmed milk, whereas NPC/UF can be regarded
as reconstituted skimmed milk lacking whey proteins.
Moreover, MF represents casein-free skimmed milk and UF,
protein-free skimmed milk.

Characterization of milk fractions
Protein characterization. The protein composition of each

milk fraction was checked by SDS-PAGE (Laemmli, 1970) using
a 15% acrylamide separating gel. The proteins were visualized
by Coomassie blue R-250 staining. Pure  , ß and  caseins,
ß-lactoglobulin,  -lactalbumin and proteins of the LMW
calibration kit (Pharmacia, Uppsala) were used as references.

Lipid characterization. The qualitative composition of milk

lipids was analysed by thin layer chromatography. Lipids were

extracted at room temperature for 15 min in 1.5 ml methanol-
chloroform 2:1 (v/v) mixture. Then, 6 µ formic acid, 500 µ 
distilled water and 500 µ chloroform were added and the
mixtures were vortexed and centrifuged at 2000 g for 30 min
to recover the lipids in the chloroform layer. The remaining
layers were washed successively with 1 ml and 0.5 ml chloro¬
form, and all chloroform fractions were pooled. After drying
under N2, they were redissolved with 50 µ methanol-
chloroform 2/1 (v/v) mixture for subsequent thin layer chroma¬
tography analysis on silica gel-60 plate (Merck, Darmstadt).
The plates were developed with a 165/35/2 (v/v/v) mixture of
petroleum ether, diethyl ether and acetic acid. The spots were

visualized by spraying with 50% H2S04 in ethanol and heating
in an oven at 150°C until charring occurred. Pure triolein and
oleic acid were used as references.

A quantitative enzymatic determination of triglycérides in
skimmed milk, NPC/UF, MF and UF samples was carried out

using the commercially available glycerol kinase start pro¬
cedure (Sigma) based on the method described by Bucolo and
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Table 1. Effects of goat bulbourethral lipase (BUSgpóO lipase) and pig pancreatic lipase (pPL) on the quality
parameters of goat spermatozoa diluted in 10% dehydrated skimmed milk or KRPG

Diluent Enzyme

Motile
spermatozoa

(%)
Quality of
movement

Undamaged
acrosomes

(%)

Live
spermatozoa

(%)

10% Milk

KRPG

10% Milk

KRPG

BUSgpóO
(Mg ml"1)

0
6
0
6

pPL
(UmU1)

0
400

0
400

80.8 ± 2.3a
2.3 ± 0.8b

58.3 ± 4.0C
58.3 + 3.3C

85.0 ± 2.5a
0.5 ± 0.2b

42.5 ± 3.0C
41.7 ±1.6°

4.3 ± 0.1a
0.5 + 0.1b
4.5 + 0.1a
4.3 +0.1a

3.8 ± 0.1a
0.3 + 0.1b
3.8 +0.1a
3.6 ±0.1"

93.1 ± 0.7a
2.3 ± 0.6b

93.2 ± 0.8a
91.6 + 1.0a

93.5 ± 1.2a
4.2 ± 0.6b

93.0 ±1.7°
93.8 ± 0.8a

87.0 ± 1.4a
2.1±0.9b

90.5 ± 2.0a
88.4 ± 2.1a

90.8 ± 0.9a
0.1±0.1b

84.8 ± 1.4a
87.3 +1.5a

Each value represents the mean + SEM of six replicates.
Measurements were performed after 60 min incubation at 37°C.
a cValues in the same column with different superscripts differ significantly (confidence intervals multiple comparison:  < 0.01).
KRPG: 10 mmol sodium phosphate 1

~

\ pH 7.0, containing 123 mmol NaCl 1
~

\ 5 mmol KCI 1
~

', 3 mmol CaCl2 1
~

', 1 mmol
MgS04 I

~

' and 0.2% a-D-glucopyranose.

David (1973). Triglycéride concentration in test samples was

referred to a standard dose—response curve of triolein.

Analysis of lipase activity
Lipase activity determination was carried out using a com¬

mercial kit (Sigma) based on the titrimetric method of Tiez and
Fiereck (1966). The lipase activity of 5 pg BUS was analysed
using 3 ml 50% olive oil as the substrate in a total volume of
7.5 ml after a 20 h incubation at 37°C at pH 8.0. The lipase
activity was expressed as the volume of 50 mmol NaOH I-
required to neutralize the fatty acids liberated during incu¬
bation (Sigma Units) and was calculated by subtracting the
volume of NaOH used for the blank flask from that used for
the test flasks.

Preparation of spermatozoa and analysis of sperm viability
Testes from Alpine and Saânen male goats were collected at

a local abattoir and were brought to the laboratory at room

temperature within 1 h. Mature epididymal spermatozoa were

expelled from cauda epididymis by retroflushing with paraffin
oil. Immediately, the spermatozoa were diluted 1:9 (v/v) at
room temperature in an isotonic saline solution KRPG
(10 mmol sodium phosphate I- 1, pH 7.0, containing 123 mmol
NaCl I"1, 5 mmol KCI I"1, 3 mmol CaCI2  \ 1 mmol
MgS04 1 ~x and 0.2% a-D-glucopyranose) and, for sperm
quality evaluation, these were finally diluted 1:9 (v/v) in KRPG,
skimmed milk or in different milk fractions. When 10% de¬
hydrated skimmed milk was used as final diluent (10 g cow

skimmed milk dehydrated and 0.2 g  -D-glucopyranose in
100 ml distilled water), this media was warmed to 92°C for
10 min and allowed to cool before addition of spermatozoa
(Corteel, 1974). When used, palmitic acid, oleic acid or triolein

were first dissolved in a few microlitres of ethanol and then
dispersed in the sperm diluents by vigorous stirring and
sonication of the mixture. When required, 0.2% (w/v) D-glucose
was added and the osmolarities of all diluents were in the range
of 280-300 mOs.

The percentage of motile spermatozoa, the quality of
movement estimated on a scale from 0.0 (all spermatozoa are

immotile) to 5.0 (motile spermatozoa exhibit a fast progressive
movement), the percentage of spermatozoa with an un¬

damaged acrosome and the percentage of live spermatozoa
were estimated. These parameters were analysed after incubat¬
ing 1 ml samples of spermatozoa in a water bath at 37°C for a

maximum of 60 min. The sperm motility parameters were

assessed under a coverslip on a warm microscope stage at 37°C
using a phase-contrast microscope. The morphology of the
acrosome was examined in sperm samples fixed 1:9 (v/v) in 2%
(v/v) glutaraldehyde—PBS-solution, under a phase-contrast
microscope at  64 magnification by counting 200 spermato¬
zoa per sample. For sperm viability assessments, samples of
spermatozoa were diluted (v/v) in eosin-nigrosin stain (2.5%
eosin and 5% nigrosin in PBS pH 6.7 buffer) at 37°C for a few
seconds. Next, sperm samples were placed on slides, air-
dried and examined under a bright-field microscope at  100

magnification by counting 200 spermatozoa per sample. Those
spermatozoa that had taken up the eosin stain were classified as

eosinophilic, or dead cells; the remaining spermatozoa were

classified as noneosinophilic or living cells (Chauhan and
Anand, 1990). The assessor did not know the identity of the

samples.

Statistical analyses
Each experiment was replicated at least four times. The

dose—response data of lipase activities were fitted by nonlinear
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Fig. 1. SDS-PAGE (15% acrylamide, sodium dodecyl sulfate poly-
acrylamide gel electrophoresis) of reduced samples of 1 µ skimmed
milk (SM), 15 µg native phosphocaseinate fraction (NPC), 10 µ micro-
filtrate (MF) and 10 µ ultrafiltrate fraction (UF). Pure  -casein (Ca)
ß-casein (Cß),  -casein (Ck),  -lactalbumin (aLa) and ß-lactoglobulin
(ßLg) were used as references. LMW: molecular mass markers.

sigmoidal regression and analysed using the Sigma Plot (Jandel)
program. The sperm quality parameters were analysed either
by multifactor analysis of variance (diluents  enzyme dose)
followed by confidence intervals multiple comparison or by
one-way analysis of variance followed by confidence intervals

multiple comparison. Differences were considered significant
at  < 0.05.

Results

Involvement of milk in the BUS-promoted sperm deterioration

For confirmation that the presence of milk is mandatory for
the expression of the sperm-deteriorating activity of BUS, the
effects of purified BUSgpóO or pig pancreatic lipase (pPL) on

sperm quality parameters were examined after 60 min
incubation at 37°C in skimmed milk or KRPG diluents. For
each enzyme tested, multifactor analysis of variance (diluent  
enzyme dose) revealed differences between diluents or enzyme
concentration (P < 0.0001). Interaction between both variables
(P< 0.0001) was also established. When BUSgpóO lipase or

pPL were added to skimmed milk diluent, strong and significant
decreases (P<0.01) in the percentage of motile spermatozoa,
sperm movement quality, percentage of spermatozoa with
undamaged acrosome and percentage of live spermatozoa were

observed (Table 1). In contrast, no significant effect on these
parameters was observed in KRPG diluent (P > 0.05). These
results demonstrate that one or several milk components are

involved in the sperm deterioration promoted by purified
BUSgpóO and pPL.

Identification of milk components) potentiating the lipase activity
of BUSgpóO

The component(s) responsible for the highly potentiating
effect of milk on BUSgpóO lipase activity (Pellicer-Rubio et al,
1997) were identified by checking the homogeneity of each
milk fraction by SDS-PAGE (Fig. 1). The fractions were

overloaded on the gel to detect eventual minor contaminants.

Time (h)

Fig. 2. (a) AcA 44 column (5 cm  90 cm) chromatography of 1 g
soluble whey proteins (SWP) with 100 mmol ammonium bicarbonate
l"1 at 50 ml h"1. (b) SDS-PAGE of reduced samples of SWP
sub-fractions after AcA 44 chromatography. LMW: molecular mass

markers. aLa: a-lactalbumin; ßLg: ß-lactoglobulin.

The NPC fraction was found to contain only caseins and a

very small amount of ß-lactoglobulin, whereas the MF fraction
was almost devoid of caseins and UF lacked proteins. SWP
subfractions were purified by size exclusion chromatography
and characterized by SDS-PAGE (Fig. 2).

The NPC fraction diluted in UF (NPC/UF) or in MF
(NPC/MF) produced a strong dose-dependent increase in the
lipase activity of BUS relative to the effects of UF or MF alone,
respectively (Fig. 3a). The initial concentration of NPC in
NPC/UF or NPC/MF was 25 mg ml " as in milk and,
therefore, even at concentrations 10—1000-fold lower than that
in milk (25 pg-2.5 mg ml ~:), NPC provoked a 3-7-fold
increase in the lipase activity of BUS. MF, but not UF, also
increased the lipase activity of BUS but was less efficient than
NPC when compared on the basis of their relative concen¬

trations in milk. Nevertheless, on a protein content basis,
NPC/UF, NPC/MF and MF exhibited identical efficiencies
(r2 = 0.979) in potentiating BUS lipase activity (Fig. 3b). These
effects could be observed with protein concentrations as low as

0.01 mg ml-1. A maximum augmentation of BUS lipase
activity in olive oil emulsion was found with milk protein
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Fig. 3. Lipase activity of bulbourethral gland secretion (BUS) (5 µg in
7.5 ml) in the presence of native phosphocaseinate fraction/
microfiltrate (NPC/MF, O), NPC/ultrafiltrate fraction (NPC/UF,  ),
microfiltrate (MF,  ) or UF (V) in olive oil emulsion as functions of
(a) dilutions of their original concentration milk or (b) their protein
concentration. The experiment was conduced in duplicate on three
different days. Data were pooled and each value represents mean ± sd

(n = 6).

concentrations higher than 0.5 mg ml
~

.

These results show
that both phosphocaseinate and soluble whey proteins from
milk increase the lipase activity of BUS, whereas the soluble
low molecular weight components do not.

For determining whether there was some specificity among
milk proteins in potentiating BUS lipase activity, the influence
on the lipase activity of BUS of increasing doses of NPC,
individual caseins, SWP, subfractions from SWP and various

proteins and glycoproteins was examined. NPC, as well as a-

and ß-casein (the major caseins in milk), provoked a strong
dose-dependent increase in the BUS lipase activity at protein
concentrations between 0.01 and 0.5 mg ml" and their
dose-response curves were superimposed (r2 = 0.984) (Fig. 4a).
In contrast,  -casein was weakly active. The major protein
purified from SWP (Fig. 2), ß-lactoglobulin, was highly efficient
in increasing BUS lipase activity between 0.01 and 0.5 mg
ml

~

: (Fig. 4b). Its effect was dose-dependent and similar to
that observed with SWP (r2 = 0.999), whereas a-lactalbumin
and high molecular mass whey proteins (Fig. 2) were inactive in
this respect. Almost all the other proteins (ß-casein, serum

albumin) and glycoproteins (apo-transferrin, ovomucoid)
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Fig. 4. Effects of increasing doses of (a) individual a- (D), ß- ( ) and
K-caseins (·) (native phosphocaseinate fraction: O); (b) soluble whey
proteins (SWP) subfractions (SWP: O; SWP-I: · SWP-II: D;
SWP-III:  ) obtained by size exclusion chromatography; or (c) pure
proteins (ß-casein:  ; serum albumin: O) or glycoproteins (apo-
transferrin:  ; ovomucoid: I; al-acid glycoprotein (orosomucoid):
·) in olive oil emulsion on the lipase activity of bulbourethral gland
secretion (BUS) (5 µg in 7.5 ml). Expts (a) and (b) were conducted in

triplicate and Expt (c) in duplicate on two different days. Data were

pooled and each value represents mean + sd.

tested, except al-acid glycoprotein, induced a dose-dependent
increase in the lipase activity of BUS at concentrations between
0.01 and 0.5 mg ml

~

. ß-casein was found to be the most
efficient in this respect, followed by transferrin, albumin and
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Table 2. Effects of bulbourethral gland secretion (BUS) on goat sperm quality parameters in skimmed milk,
native phosphocaseinate fraction/ultrafiltrate fraction (NPC/UF), microfiltrate (MF) or UF diluents

Diluent
BUS

(Jig ml
-

')

Motile
spermatozoa

(%)
Quality of
movement

Undamaged
acrosomes

(%)

Live

spermatozoa
(%)

Skimmed milk

NPC/UF

MF

l'i

0
50

0
50

0
50

0
50

64.4 ± 3.6a
33.8±6.1cd
60.6 ± 4.5ab
24.4±6.5d
51.9±7.0ad
55.0±6.5abc
41.9±4.5bd
46.3 ±3.3ad

3.4 ± 0.2al
1.4±0.1d
3.5 ± 0.2a
1.4 + 0.1d
2.7±0.2b
2.6 ± 0.2C
2.9 ± 0.3al
2.6 ± 0.2C

84.7+ 5.6a
55.8+ 11.6b
80.6 ±
69.9 ±
83.0 +

84.1 ±
82.2 ±
81.3 +

5.5a

5.9al
5.6a
5.4al
5.8al

81.1 + 3.4ab
41.3 + 5.5C
79.1±3.2ab
67.8±3.8b
79.6 ± 3.7ab
81.3 + 3.6ab
84.0 + 2.3a
82.4 ± 2.0a

Each value represents the mean ± SEM of eight replicates.
AU diluents contained 0.2% D-glucose. Measurements were performed after 30 min incubation at 37°C.
a c Values in the same column with different superscripts differ significantly (confidence intervals multiple comparison:  < 0.05).

ovomucoid on the basis of weight or molarity (Fig. 4c). The
highly glycosylated glycoproteins, such as ovomucoid and
al-acid glycoprotein, caused very moderate or no increase at
all in the lipase activity of BUS at concentrations below
10 µ     1.

These data suggest that the potentiating effect of proteins
on BUS lipase activity is largely, but not totally, nonspecific
since nonglycosylated proteins or glycoproteins with low
carbohydrate content appear to be more efficient than highly
glycosylated glycoproteins. The data also show that the
favourable effect of milk on BUS lipase activity is not due to a

particular protein but is a function of the total protein
concentration in the milk.

Identification of milk components) mediating the
sperm-deteriorating activity of BUSgpóO

The effects of BUS on sperm quality parameters at 37°C
were studied in skimmed milk, NPC/UF, MF and UF diluents.
Among different parameters, multifactor analysis of variance
(diluent  BUS treatment) revealed differences between diluents
only when the percentage of live spermatozoa was assessed
(P< 0.0001). However, treatment with BUS affected all par¬
ameters (P < 0.05). There was a significant (P < 0.001) inter¬
action between both variables except in the percentage of
undamaged acrosomes (P > 0.05). Among the diluents tested
(Table 2), significant deleterious effects of BUS on the sperm
quality parameters were evidenced only in those containing
skimmed milk or NPC/UF (P < 0.05).

Sperm quality parameters were analysed in the presence of
BUS at 37°C in KRPG diluent containing NPC or SWP either
at 25 mg ml

~ (normal casein concentration in milk) or at 6 mg
ml

~

: (normal whey protein concentration in milk) to deter¬
mine which milk protein fraction(s) mediate the sperm-
deteriorating activity of BUSgpóO. Multifactor analysis of
variance (diluents x BUS treatment) of the data showed signifi¬
cant differences between diluents (P < 0.05) or BUS treatment
(P<0.01). Interaction between both variables was also
detected (P < 0.05). BUS produced a significant decrease in the

sperm quality parameters only in the presence of NPC at the
two concentrations tested (P < 0.01), whereas SWP had no

effect at any concentration (P > 0.05) (Table 3). Therefore, both
the NPC and SWP fractions potentiate the activity of the
BUSgpóO lipase in a dose-dependent manner but only the NPC
fraction mediates the sperm-deteriorating activity of BUS. This
finding suggests that the NPC fraction, but not the SWP
fraction, contains substrate(s) for the BUSgpóO lipase. In

keeping with this hypothesis, residual triglycérides were found
only in the NPC fraction (Table 4) and can indeed be
hydrolysed by the BUS lipase (Fig. 5), suggesting that the
mediator of the sperm-deteriorating action of BUS is a product
of the hydrolysis of triglycérides (free fatty acids and
mono- and di-glycerides).

Identification of the mediator(s) of the sperm-deteriorating action of
the BUSgpóO lipase in milk diluents

The effects of increasing doses of palmitic acid (major
saturated fatty acid in milk) or oleic acid (the major cis-
unsaturated fatty acid in milk) on the sperm quality parameters
were examined at 37°C in 10% dehydrated skimmed milk
diluent and compared with the effects produced by BUS. High
concentrations (10-40 mmol 1

~
1) of palmitic acid decrease the

pH of milk and this is accompanied by a significant dose-
dependent decrease in the percentage of motile spermatozoa
and sperm movement quality (P<0.01), whereas acrosomes

remain intact and the percentage of live spermatozoa are

unaffected (P> 0.05) (Table 5). In contrast, when milk diluents
containing palmitic acid were adjusted to the pH of milk
(pH 6.5) before incubation, the deleterious effects of this fatty
acid on sperm motility parameters were not observed
(P > 0.05). These effects were different from those produced by
BUS that induced a strong decrease in the sperm quality
parameters (P<0.01) without modifying milk pH. Oleic acid
produces a dose-dependent deterioration of all sperm quality
parameters (P<0.01) at much lower concentrations (0.15-
2.5 mmol 1

~
:) than palmitic acid without affecting milk pH

(Table 5). Maximum decreases in each parameter relative to
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Table 3. Effects of bulbourethral gland secretion (BUS) on goat sperm quality parameters in the presence
of two concentrations of native phosphocaseinate fraction (NPC) or soluble whey proteins (SWP)

Diluent
BUS

f^gm!"1)

Motile
spermatozoa

(%)
Quality of
movement

Undamaged
acrosomes

(%)

Live

spermatozoa
(%)

NPC*
(25 mg ml

"

L)
NPC
(6 mg ml

~
x)

SWP
(25 mg ml

"

')
SWP*
(6 mg ml

~
')

0
50

0
50

0
50

0
50

73.0 ± 5.8a
15.0 + 0.1b
72.0 + 5.8"
27.0 + 4.6b
66.0 + 2.9"
63.0 + 5.8"
82.0 ± 2.0"
79.0 ± 2.9"

3.6 + 0.2"
l.l±0.1b
3.4 ± 0.3a
1.5 ± 0.2b
3.4 ± 0.2a
3.3 + 0.3"
4.0 ±0.1"
3.9 + 0.1"

86.5 ± 2.4"
73.0 ± 2.9b
85.3 ± 1.5a
81.5 ± 2.6ab
86.3 ± 2.3a
86.0 ± 1.4a
86.5 ± 1.8a
83.2 ± 1.6ab

83.3 ± 1.7"
56.8±4.9b
82.5 ± 2.4"
57.2 + 6.9b
87.3 ± 0.5"
87.3 + 1.7a
83.9+ 1.2a
85.6 ± 2.0a

Each value represents the mean ± SEM of five replicates.
Concentration in milk.
Measurements were performed after 60 min incubation at 37°C in an isotonic saline solution, KRPG (10 mmol sodium phosphate
 ', pH 7.0, containing 123 mmol NaCl  ', 5 mmol KCI I"1, 3 mmol CaCl2 1"', 1 mmol MgS04 l"1 and 0.2% a-D-

glucopyranose), containing the proteins at the concentrations indicated.
a Values in the same column with different superscripts differ significantly (confidence intervals multiple comparison:  < 0.01).

Table 4. Triglycéride concentration in milk fractions

Milk Concentration
fraction (mean ± SD; mg ml~ ')

Skimmed milk 0.702 ± 0.180
(n = 6)

NPC/UF 0.523 ± 0.200

(« = 5)
MF < 0.140*

(fi = 6)
UF < 0.140*

(n = 6)

*Detection limit.
NPC/UF, native phosphocaseinate fraction/ultrafiltrate fraction; MF, micro-
filtrate.

their corresponding control values were observed at concen¬

trations higher than 1.25 mmol oleic acid 1
~

.
These data

suggest that oleic acid released from residual triglycérides in
skimmed milk is responsible for the deleterious effect of BUS
on goat spermatozoa.

The ability of BUS to hydrolyse triolein was checked over

60 min at 37°C in 1 ml of either KRPG or SWP diluent (25 mg
ml

~

T
in KRPG) to confirm that the deterioration of goat

spermatozoa promoted by BUSgpóO lipase was due to the
hydrolysis of triglycérides containing oleic acid. The produc¬
tion of free oleic acid from triolein under hydrolysis by the
BUS lipase was demonstrated by thin layer chromatography.
Next, the effects of BUS on the sperm quality parameters were

analysed after incubation at 37°C in SWP diluent containing
increasing doses of triolein. Multifactor analysis of variance

(triolein concentration  BUS treatment) of the data revealed
differences between the different triolein concentrations used
(P < 0.0001). A BUS-dependent effect was also observed
(P< 0.001) and an interaction between both variables was

established ( < 0.0001). A dose-dependent detrimental effect
of triolein on spermatozoa occurred only when BUS
was present (P < 0.05), without any significant change in pH
(Table 6).

Discussion

BUSgpóO lipase produces a decrease in the percentage of
motile spermatozoa, deterioration of sperm movement quality,
breakage of acrosomes and cellular death of goat epididymal
spermatozoa diluted in skimmed milk during incubation at
37°C. These effects are not accompanied by a decrease in the
pH of milk (Pellicer-Rubio et al, 1997). The present results
provide evidence for an indirect mechanism in goat sperm
deterioration by BUSgpóO lipase with the use of skimmed
milk-based extenders involving the hydrolysis of residual
triglycérides and the subsequent release of oleic acid which is
toxic for goat spermatozoa.

Among all milk fractions, only the native phosphocaseinate
(NPC) was found to play the same permissive role as milk in
the sperm-deteriorating activity of BUS. However, it appeared
that NPC, as well as SWP, potentiated the lipolytic activity of
the BUS lipase. Moreover, highly purified proteins ( -, ß-,  -

caseins, ß-lactoglobulin, transferrin and albumin) were also
found to enhance the lipase activity of BUS, supporting a

nonspecific positive effect of these proteins on the enzyme
activity. Both caseins and soluble whey proteins are surface-
active agents (Leman and Kinsella, 1989) and may, therefore,
enhance the lipolytic action of BUS lipase either by increasing
the accessibility of the substrate, by means of their emulsifying
properties, or by facilitating the adsorption and desorption of
the lipase at the interface, thus preventing its irreversible
denaturation. Since hydrophobic interactions are involved in
these events (Leman and Kinsella, 1989), it was not surprising
to find that the glycoproteins with the highest carbohydrate
contents (ovomucoid and aj-acid glycoprotein) were not able
to increase the lipase activity of BUS. Surface-active agents
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Fig. 5. Thin layer chromatography of lipid extract from 1 ml skimmed milk (SM) or from 25 mg
native phosphocaseinate fraction (NPC) or soluble whey proteins (SWP) in 1 ml KRPG
(10 mmol sodium phosphate l-1, pH 7.0, containing 123 mmol NaCl I"1, 5 mmol KCI I~ \
3 mmol CaCl2 1

~

\ 1 mmol MgS04 1
~

' and 0.2% a-D-glucopyranose), after 60 min incubation
at 37°C in the absence (control sample) or presence of 50 µg bulbourethral gland secretion

(BUS). A mixture of 100 µg pure triolein and 100 µg pure oleic acid (T + O) was used as a

reference.

Table 5. Effects of bulbourethral gland secretion (BUS), palmitic acid or oleic acid on quality parameters of goat spermatozoa

Diluent pH*

Motile
spermatozoa

(%)
Quality of
movement

Undamaged
acrosomes

Live
spermatozoa

(%)

10% Dehydrated skimmed milk (control)
10% Dehydrated skimmed milk + 50 µg BUS
10 mmol palmitic acid 1

~

20 mmol palmitic acid 1
~

40 mmol palmitic acid 1
~

J

10% Dehydrated skimmed milk (control)
10% Dehydrated skimmed milk + 50 µg BUS
0.15 mmol oleic acid 1~
0.31 mmol oleic acid 1

~

]

0.62 mmol oleic acid 1
~

'

1.25 mmol oleic acid 1
~

2.50 mmol oleic acid 1
~

'

6.40
6.36
6.14
6.47f
5.99
6.41+
5.62
6.35f
6.53
6.45
6.53
6.52
6.50
6.49
6.49

68.8 ± 2.4a
8.8 ± 3.7"

56.3 ± 5.5a
66.3 ± 5.9"
45.0±2.8b
63.8 ± 3.7 
20.0 ± 4.5C
61.3 ± 4.2a

51.3 + 3.1"
5.3±1.8d

50.0 ± 4.5"
37.5 + 1.4"b
30.0 + 4.5bc
18.8 ± 3.7cd
2.0 ± 1.0d

4.0 ± 0.2a
1.2 +0.2e
2.5 ± 0.2b
4.0 ± 0.2"
I.9±0.1bc
4.1 + 0.1"
1.0 ± 0.1e
3.8 + 0.1"

3.8 + 0.1"
0.6 ± 0.1dc
3.8 + 0.1"
3.0 ± 0.2ab
2.1±0.2bc
1.5 ± 0.2cd
0.5 ± 0.1e

90.4 ± 1.2"
6.1 ± 2.8e

87.5 ± 2.9a
82.6 ± 2.0"b
87.8 + 2.8"
87.5 ± 2.5"
70.5 ± 5.4b
83.1±2.5"b
61.3 + 3.6"
32.0 ± 4.3bc
61.8 + 3.7"
62.1 + 3.4"
49.1 ± 3.6"h
31.6±6.5bc
16.6 + 2.1d

74.6 +
5.5 +

69.0 +
73.0 +
69.4 +

71.3 +
53.3 + 10.5
69.1 ± 1.8

3.8"
2.5b
5.1"
3.3"
5.7"
4.5"

46.8 +
2.6 +

46.9 +
32.9 +
28.6 +
11.3 +
0.6 +

2.2"
0.9e
3.3"
2.0ab
3.5b
3.0e
0.3e

Each value represents the mean ± SEM of four replicates.
*pH measured after incubation (60 min incubations at 37°C); pH of diluents adjusted to Ó.5 before incubation.
a c eValues in the same column with different superscripts differ significantly (confidence intervals multiple comparison: P< 0.01).

such as bile salts, at concentrations below their micellar critical
concentration, and proteins such as albumin or colipase, in the
absence of bile salts, have also been shown to increase the
apparent hydrolysis rate of pig pancreatic lipase, providing
protection to lipase against interfacial inactivation (Bogström
and Erlanson, 1973; Momsen and Brockman, 1976; Verger
et al, 1977). Moreover, bovine serum albumin and
ß-lactoglobulin, but not a-lactalbumin, potentiate the activity

of other lipases such as lamb pharyngeal pregastric lipase
(Pérez et al, 1992).

Since all milk protein fractions potentiated the BUS lipase
activity but only the NPC fraction mediated the sperm-
deteriorating activity of BUS, it was first hypothesized that the
lipase activity was not responsible for deterioration of sperm
viability. However, highly purified BUSgpóO, as well as pig
pancreatic lipase, was able to reproduce the same deleterious
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Table 6. Effects of bulbourethral gland secretion (BUS) on quality parameters of goat spermatozoa with

increasing concentrations of triolein

Triolein
(mg ml"

BUS
g ml" pH*

Motile
spermatozoa

(%)
Quality of
movement

Undamaged
acrosomes

(%)

Live
spermatozoa

(%)

1.5
(1.7 mmol  1)
3

1.8 mmol 1 *)

0
50

0
50

0
50

0
50

6.84
6.84
6.85
6.84
6.86
6.79
6.86
6.73

75.0 ± 2.0"
72.5 ± 4.3"
71.3 ± 2.4a
66.3 ± 2.4ab
75.0 + 0.1"
56.3 +3.lb
75.0 ± 2.0"
8.8 ± 5.9C

4.3 ± 0.1"
4.0 + 0.1"
4.3 ± 0.1"
3.9 + 0.1"
4.4 + 0.1"
2.3±0.1b
4.3 + 0.1"
0.6 ± 0.4e

94.3 +
95.6 +
91.1 +
94.3 +
93.1 +
88.5 +
94.4 +

1.1"
0.4"
2.2a
1.8"
0.8a
2.5a
0.7a

24.1 + 17.1b

82.5 ± 2.3a
87.1 +1.2a
85.2 +2.1a
85.7 + 2.1a
84.6+ 1.8"
83.5 + 3.1"
83.5 ± 2.4"
12.0 ± 8.9b

Each value represents the mean ± SEM of four replicates.
Measurements were performed after 60 min incubation at 37°C in an isotonic saline solution, KRPG, containing 25 mg soluble whey
proteins (SWP)mL1.
*pH measured after incubation.
abcValues in the same column with different superscripts differ significantly (confidence intervals multiple comparison: P< 0.05).

effects as BUS on goat spermafozoa diluted in skimmed milk.

Triglycérides were found in substantial amounts only in the
NPC fraction. Moreover, triolein promoted a clear dose-
dependent deterioration of sperm quality parameters in the

presence of BUS but not in its absence. Therefore, residual
triglycérides from skimmed milk were identified as responsible
for promoting sperm deterioration in the presence of BUS.
Milk not only provides triglycérides that are substrates for
the BUSgpóO lipase but also many different proteins that
potentiate the activity of the enzyme.

Nunes (1982) and Corteel (1990) have suggested that an

enzyme from BUS would act on milk component(s) to produce
agents that would be toxic for goat spermatozoa. In keeping
with this view, the present study showed that the BUS lipase is

able to hydrolyse both triolein and milk triglycérides into free
fatty acids. Moreover, oleic acid, which is the major fatty acid
(30-40%) among milk triglycérides (Veisseyre, 1980), exerted a

clear dose-dependent adverse effect on goat spermatozoa to a

similar extent to that of BUS in milk diluents. In contrast,

palmitic acid (the major saturated fatty acid in milk triglycér¬
ides: 25—29%), even at 20-fold higher concentrations, did not
exert such effects. In addition, the concentration dependence of
the detrimental effects of triolein on goat spermatozoa (range,
2—7 mmol 1

~ ) in the presence of BUS is compatible with that
of oleic acid (range, 0.6—2.5 mmol 1

~

). Nevertheless, it cannot

be ruled out that either mono-olein or di-olein, or both, which
also derive from triolein under lipase action, also play a role
through fusogenic action (Holt and Dott, 1980). The concen¬

trations of these derivatives in the experimental conditions of
the present study were not known. However, it may be
tentatively concluded that the negative effects of BUS on

goat spermatozoa in skimmed milk-based extenders were due
to the hydrolysis of residual triglycérides giving rise to oleic
acid. This would lead to detrimental effects on sperm quality
upon cooling, thus reducing their survival after freezing
and thawing.

Althrough the presence of milk triglycérides is mandatory
for the expression of the sperm-deteriorating activity of BUS, a

direct harmful effect of BUSgpóO lipase on goat spermatozoa
through the hydrolysis of cell membrane phospholipids, galac-
tolipids or triglycérides cannot be excluded. Indeed, BUSgpóO
has been identified as a novel pancreatic lipase-related protein
2 (PLRP2) (Pellicer-Rubio et al, 1997), and PLRP2 enzymes are

known to display both phospholipase A (Hjorth et al, 1993;

Thirstrup et al, 1994; Carrière et al, 1994; Jennens and Lowe,
1995) and galactolipase activities (Andersson et al, 1996) in
addition to their lipase activity. In addition, lipids from goat
mature sperm membranes consist of phospholipids (70%),
neutral lipids (28% including triglycérides) and glycolipids (2%)
(Rana et al, 1991). Moreover, phospholipase A activity has
been implicated in cell-mediated cytotoxic mechanisms (Frye
and Friou, 1975). In addition, Grusby et al (1990) demonstrated
a clear correlation between expression of PLRP2 from mouse

cytotoxic lymphocytes and its cytolytic potential. However,
phospholipase A appears ineffective in the degradation of
phospholipids in intact cell membranes, suggesting that lysis
could occur through a two-step process, the first involving
an undefined perturbation of the membrane (Frye and
Friou, 1975). Therefore, the sperm deterioration probably
arises primarily from the action of oleic acid, but a direct
hydrolysis of sperm membrane phospholipids may reinforce
this action.

The adverse effects of oleic acid on goat spermatozoa could
be due to cell membrane damage resulting from its lipid
fusogenic activity (Meizel, 1984). Courtens et al (1984) have
shown that BUS promotes membrane fusion events similar to
the acrosome reaction in goat epididymal spermatozoa diluted
in skimmed milk but not in KRPG buffer. Moreover, oleic acid
and other cis-unsaturated FA, but not frans-unsaturated or

saturated FA, promote the acrosome reaction in hamster and
ram spermatozoa (Meizel and Turner, 1983; Meizel, 1984;
Roldan and Fragio, 1993). Nevertheless, at variance with our

results, these effects were not accompanied by a deterioration
in sperm motility and viability. This could be due to differences
in the composition and structure of sperm membranes, between
experimental procedures or between species.
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Oleic acid may also promote a premature acrosomal exo-

cytosis and negative effects on motility regulation in goat
spermatozoa via protein kinase C (PKC) activation. Indeed,
oleic acid and cis-unsaturated FA in general, but not saturated
or frans-unsaturated FA, stimulate the Ca2+-independent ( ,  ,  
and  ) but also, to a lesser extent, the Ca2+-dependent ( , ßl,
ßll and c) PKC isoforms directly in rat brain (Shinomura et al,
1991), human platelets (Khan et al, 1993) and rat vascular
smooth muscle cells (Lu et al, 1996). In this respect, Ca2+-
dependent ( , ßl, ßll and c) and Ca2+-independent ( ) PKC
isoforms have also been identified in spermatozoa from
rams, bulls (Breitbart et al, 1992; Chaudhry and Casillas,
1992) and humans (Rotem et al, 1990, 1992). Moreover,
several lines of evidence show the involvement of sperm PKC
activation in the cascade leading to acrosomal exocytosis
in bull (Breitbart et al, 1992; Lax et al, 1994; Rubinstein
et al, 1995), macaque (Tollner et al, 1995), human
(Rotem et al, 1992; Foresta et al, 1995) and giant panda
spermatozoa (Sun et al, 1996). In addition, sperm PKC stimu¬
lation is also involved in the regulatory mechanisms of flagellar
motility, exerting either positive effects in human spermatozoa
(Rotem et al, 1990) or negative effects in fowl spermatozoa
(Ashizawa et al, 1994).

Oleic acid and other fatty acids have been shown to exert
direct regulation of ion channels in a variety of cells (Ordway
et al, 1991). To our knowledge, this has not yet been shown in

spermatozoa but the effects of oleic acid on sperm viability
would be compatible with such a mechanism.

For improving the viability of goat spermatozoa stored
frozen in milk based extenders, an alternative method of
washing semen could be to inhibit BUSgpóO lipase specifically
in seminal plasma. Nevertheless, it must be considered that
bulbourethral lipase may play a role in fertility. The work
presented here suggests new methods for preserving unwashed
goat semen without inhibiting the enzyme. One possibility is
the total delipidation of cow milk-based diluents. Moreover,
since caseins appear to be the main protective agents of
spermatozoa against cold shock (Colas, 1984), a second
possibility would be the development of triglyceride-free
casein-based diluents. In addition, since milk lipids from various

species differ essentially in their fatty acids composition
and triacylglycerol structure (Jensen et al, 1990), a third
possibility is the use of milk or caseins from species other
than the cow.

Bulbourethral gland secretion is also detrimental to the
viability of cryopreserved goat sperm in egg-yolk extenders.
The egg-yolk coagulating enzyme (EYCE; Roy, 1957), ident¬
ified as a phosopholipase A (Iritani and Nishikawa, 1972), may
catalyse the hydrolysis of egg-yolk lecithin into fatty acids and
lysolecithin which are toxic for goat spermatozoa. However,
the reported experimental conditions for phospholipase
activity measurements do not rule out the possible involve¬
ment of a lipase of the PLRP2 type. Therefore, BUSgpóO lipase
and EYCE may be related or even identical enzymes, and the
use of BUSgpóO inhibitors for better cryopreservation
of unwashed goat semen in egg-yolk diluents should be
considered.
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