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The activities of acid β-glucuronidase, α-mannosidase,
α-glucosidase, α-galactosidase, β-galactosidase and β-Nacetylglucosaminidase were analysed in seminal plasma
and spermatozoa from 26 infertile men with varicocele
and from 36 men of normal fertility. Semen samples from
ten men with non-obstructive azoospermia were used as
control specimens that contained the other components of
semen. Spermatozoa were solubilized by both physical
(homogenization) and chemical (Triton-X100) methods to
obtain the soluble and non-soluble fractions. The activities
of several glycosidases measured both in seminal plasma
and spermatozoa were directly correlated with the numbers of spermatozoa and sperm motility, confirming previous studies. As some infertile patients with varicocele
have normal semen parameters, whereas others have low
numbers of spermatozoa and low sperm motility, the
varicocele patients were prospectively divided into two
groups: one (n = 15) with normal spermiograms and the
other (n = 11) with abnormal spermiograms. The activities
(expressed in mU ml–1) of α-mannosidase, β-galactosidase
and β-N-acetylglucosaminidase in seminal plasma of
normozoospermic infertile patients with varicocele were

Introduction
Varicocele is common in infertile men and has a prevalence of 25–40% in patients classified as having idiopathic
infertility (Braunstein, 1997). To date, spermiogram abnormalities have been demonstrated in varicocele patients,
but impairment of the fertility potential has not been
reported in these patients. The exact reasons why these
patients are infertile is unknown (De Kretser and Baker,
1999).
Increasing evidence indicates a role for sperm glycosidases in mammalian fertilization. Thus, α-mannosidase has
been associated with the binding of spermatozoa to eggs
(Cornwall et al., 1991); β-galactosidase has been implicated
in sperm maturation during epididymal transit (Hall and
Killian, 1987); and β-N-acetylglucosaminidase has been
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significantly higher than those of fertile controls, but not
when expressed in U per 108 spermatozoa. The activities of
β-glucuronidase, α-mannosidase, β-galactosidase and
β-N-acetylglucosaminidase in seminal plasma when expressed in U per 108 spermatozoa in varicocele patients
with abnormal spermiograms were significantly higher
than in those of men of normal fertility. The activity of αmannosidase in the soluble fraction of sperm homogenates,
expressed as U per 108 spermatozoa, was significantly higher
in infertile patients with varicocele and abnormal spermiograms than in controls. In the non-soluble fraction of
spermatozoa from infertile patients with varicocele, there
was an increase in the expression of β-galactosidase and
β-N-acetylglucosaminidase activities compared with the
fraction of spermatozoa from fertile subjects. In summary,
infertile patients with varicocele displayed an overexpression of acid α-mannosidase, β-galactosidase and β-Nacetylglucosaminidase activities in seminal plasma and
spermatozoa that may be associated with functional defects
in spermatozoa as these glycosidases play an important
role in mammalian fertilization.

shown to play a role in the penetration of egg coats (Miller
et al., 1993; Takada et al., 1994). Spiessens et al. (1998)
reported that the activity of α-glucosidase in human seminal
plasma can predict the outcome of intrauterine insemination. Preliminary studies have been conducted to analyse
α-glucosidase, a marker of epididymal function (Cooper
et al., 1988), in the seminal plasma of patients with varicocele (Tremblay et al., 1982; Cooper et al., 1988), but other
glycosidases or sperm acid glycosidases have not been
studied in these patients. As the evaluation of enzymatic
activity in spermatozoa has been considered a prerequisite
for the appropriate diagnosis of functional defects in human
spermatozoa (Schill et al., 1988), the aim of the present
study was to determine whether acid glycosidase activities
were altered in the seminal plasma and spermatozoa of
infertile patients with varicocele. The content of several
glycosidases in both the extracellular and intracellular
seminal fractions of infertile patients with varicocele were
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analysed and compared with those obtained in a population
of control men of normal fertility.

Materials and Methods
Patients
Semen samples were obtained by masturbation after a
4 day period of sexual abstinence from 36 healthy men
(aged 33 ⫾ 5 years) in whom fertility had been demonstrated
in the previous 2 years and from 26 unselected and consecutive patients (aged 31 ⫾ 4 years) consulting for primary
infertility in which varicocele was present. Of these patients,
15 had normal spermiograms and 11 had abnormalities in
one or more of the cytological semen parameters. The
duration of infertility was 1.8 ⫾ 0.9 years in the normozoospermic patients with varicocele and 2.6 ⫾ 1.6 years in
patients with abnormal semen parameters. In addition, ten
patients with non-obstructive azoospermia were studied as
negative controls due to the absence of spermatozoa in their
spermiograms but the presence of the other components of
semen. Varicocele was detected by physical examination
and confirmed by Doppler ultrasonography of the spermatic
cord. These patients were studied thoroughly, to exclude
the presence of semen infection (bacterial culture), abnormalities in hormonal parameters in serum (including LH,
FSH, total testosterone, prolactin and oestradiol measurements), iatrogenic causes or acquired testicular injury (traumatism, orchitis, torsion), and abnormalities in anti-sperm
antibodies. Azoospermia was diagnosed when three semen
samples contained no spermatozoa under microscopic
examination of the sediment after centrifugation. The origin
of azoospermia was identified by fine needle biopsy of
testes that showed cytological changes, such as spermatogenic arrest, Sertoli cells only or hypospermatogenesis
patterns. Karyotype analyses were normal in the ten azoospermic patients.
The techniques used for hormonal measurements and
testicular biopsy have been described in detail (García Díez
et al., 1983; Corrales et al., 1990; Santiago et al., 1997).
Sperm vitality was evaluated by a staining technique using
eosin–nigrosin (García Díez et al., 1991). Semen analyses
were carried out by the same examiner and according to the
procedure recommended by WHO (1999).

Collection and preparation of semen samples
Semen samples were collected in a sterile container and
analysed within 1 h after ejaculation. The unprocessed
semen was ultracentifuged at 62 000 g for 20 min in a
Beckman L8-70 ultracentrifuge (Beckman Instruments, Palo
Alto, CA) at 4⬚C. The supernatant was free of spermatozoa
(confirmed by microscopy) and was referred to as seminal
plasma. The pellet was also examined using microscopy
and was shown to contain intact spermatozoa. The pellet
was washed with isotonic saline and centrifuged at 800 g
for 15 min in a Beckman TJ6 centrifuge (Beckman
Instruments) at room temperature and this fraction was

referred to as the ‘pellet wash’. The pellet was solubilized
by physical and chemical treatment with 1 ml of 2% (v/v)
Triton-X100 (Sigma Chemical Co., St Louis, MO), followed
by suspension in a 10 mmol PBS l–1 solution, incubation at
37⬚C for 5 min and homogenization with a Polytron set at
position five through three strokes of 10 s each. This
homogenate was ultracentrifuged at 118 000 g for 60 min at
4⬚C. The supernatant was removed by aspiration and
designated as the soluble fraction and the pellet as the nonsoluble fraction. From all these samples (whole
unprocessed semen, seminal plasma, pellet wash, soluble
and non-soluble fractions) two aliquots were obtained for
duplicate measurements of enzymatic activities in each
fraction. Mechanical disruption alone does not completely
solubilize the enzymatic content of spermatozoa (Lessley
and Garner, 1983) and, therefore, the detergent TritonX100, which induces complete extraction of the enzymes
located within the spermatozoa, was used to complete the
process (Lessley and Garner, 1983).
The study design was approved by the Ethics Committee
for Clinical Research of the Hospital Universitario of
Salamanca. Each participant gave informed consent before
participating in the study.

Enzyme assays
The activities of β-glucuronidase, α-mannosidase,
α-glucosidase, α-galactosidase, β-galactosidase and β-Nacetylglucosaminidase were measured by spectrofluorometric determination of one of the reaction products,
4-methyllumbelliferone, released enzymatically from each
of the six 4-methyllumbelliferyl glycosides used as substrate, according to the method of Warner and O’Brien
(1979) and modified by Miralles et al. (1982). The reaction mixture contained 50 µl of 0.1 mol sodium citrate
buffer l–1, pH 4.5, 50 µl 4-methyllumbelliferylglycoside
(2 mmol l–1 for β-glucuronidase, α-mannosidase and β-Nacetylglucosaminidase, 1 mmol l–1 for α-glucosidase and
α-galactosidase, and 0.5 mmol l–1 for β-galactosidase)
and 25 µl of the corresponding seminal fraction. The
reaction mixture was incubated for 15 min at 37⬚C and the
reaction was stopped by the addition of 2 ml of 0.2 mol
glycine–NaOH buffer l–1 (pH 10.4). The fluorescence of the
4-methyllumbelliferone that was released was measured on
a Hitachi F 4010 spectrofluorometer (Hitachi, Tokyo) at
365 nm for excitation and 450 nm for emission. In all
measurements, blank substrates and blank samples were
used, and all determinations were made in duplicate. One
unit of enzyme activity was defined as the amount of
enzyme required to release 1 µmol 4-methyllumbelliferone
min–1 under the assay conditions. Other details of the
methods, including intra-assay and interassay coefficients
of variation for glycosidase activities, have been described
by Corrales et al. (2000). Glycosidase activities are
expressed in mU ml–1 (in seminal plasma) or in U per
108 spermatozoa (in seminal plasma and spermatozoa) to
enable a comparison of spermatozoa of different qualities.
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Table 1. Semen parameters in fertile control, varicocele and azoospermic men

Semen parameter
Volume (ml)
Number of spermatozoa
(106 ml–1)
Normal spermatozoa (%)
Sperm motility grade
3 + 2 (%)
Sperm motility grade 3 (%)
Necrozoospermia (%)

Fertile controls
(n = 36)

Varicocele (NS)
(n = 15)

4.1 ⫾ 2.2
(3.75)
114 ⫾ 69
(109)
60 ⫾ 12
(65)
52 ⫾ 11
(55)
32 ⫾ 11
(35)
15 ⫾ 6
(14)

4.3 ⫾ 1.4
(4)
142 ⫾ 68
(136)
59 ⫾ 16
(63)
55 ⫾ 7
(50)
34 ⫾ 7
(30)
17 ⫾ 6
(15)

Varicocele (PS)
(n = 11)
4.3 ⫾ 2.6
(3)
50 ⫾ 32**
(47)**
47 ⫾ 16**
(50)**
33 ⫾ 11**
(40)**
15 ⫾ 7**
(20)**
24 ⫾ 13**
(18)**

Azoospermic
(n = 10)
2.6 ⫾ 1.8*
(2)*
–
–
–
–
–

Results are expressed as means ⫾ SD and as medians (in parentheses).
*P < 0.05, **P < 0.01 versus fertile controls.
NS: normal spermiograms; PS: pathological spermiograms.

Statistical analysis
Data were analysed using the Instat statistical software
GraphPad Program (San Diego, CA). The hormonal,
spermiogram and enzymatic activities of the different
groups were compared using the non-parametric Mann–
Whitney U test after analysis of the distribution of the
variables. When the distribution of variables was normal,
the Student’s t test was used. Relationships between semen
parameters and glycosidase activities were determined
using the Spearman’s correlation coefficient. Results were
considered significant at P < 0.05. Values are expressed as
means ⫾ SD and medians.

Results
The seminal parameters of varicocele patients with normal
spermiograms were similar to those of the fertile controls as
revealed by cytology, whereas in varicocele patients with
abnormal spermiograms there was a significantly lower
number of spermatozoa, of morphologically normal spermatozoa and sperm motility (grades 3 + 2 and grade 3) and
a significantly higher rate of necrozoospermia (Table 1). The
basal serum concentrations of LH, FSH, testosterone, prolactin and oestradiol in fertile controls and in patients with
varicocele were normal and not significantly different (data
not shown). Azoospermic patients had higher concentrations of LH (9.4 ⫾ 7.3 versus 3.2 ⫾ 2.2 miu ml–1, P < 0.01)
and FSH (24.9 ⫾ 13.3 versus 4.5 ⫾ 2.3 miu ml–1, P < 0.01)
than did the controls. The circulating concentrations of the
other hormones measured in the azoospermic patients were
similar to those of the controls.
Several glycosidases measured in the seminal plasma
and spermatozoa from men of normal fertility, infertile men
with varicocele and azoospermic patients were clearly

correlated with the number of spermatozoa and sperm
motility (Table 2). No relationships were found with respect
to sperm morphology. The inclusion of azoospermic patients
to calculate the correlations in the whole group of patients
studied may have introduced some bias in the results.
However, in a previous study of a larger group of subjects
(n = 117), excluding azoospermic patients, significant positive relationships were shown between acid glycosidase
activities measured in seminal plasma and sperm homogenates with respect to number of spermatozoa and sperm
motility (Burgo et al., 2000).
A very high correlation was found between the
glycosidase activities measured in whole unprocessed
semen and seminal plasma (r > 0.900); therefore, only
the activities measured in seminal plasma are presented
(Table 3). In varicocele patients with normal spermiograms,
a significant increase in the activities (expressed as mU
ml–1) of α-mannosidase, β-galactosidase and β-Nacetylglucosaminidase in seminal plasma was observed
with respect to those of men of normal fertility, but there
were no differences when the results were expressed in U
per 108 spermatozoa. In contrast, in varicocele patients
with abnormal spermiograms there was a significant
increase in the activities of β-glucuronidase, α-mannosidase,
β-galactosidase and β-N-acetylglucosaminidase expressed
in U per 108 spermatozoa compared with the fertile controls.
Azoospermic patients showed significant decreases in the
activities of all glycosidases analysed.
The results obtained in the soluble and non-soluble
fractions of spermatozoa, expressed in U per 108 spermatozoa, are shown (Table 4). In comparison with the fertile
controls, there was a significant increase in the activity of αmannosidase in the soluble fraction of spermatozoa from
infertile varicocele subjects with abnormal spermiograms.
There was a significant increase in the activities of β-
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Table 2. Relationships between seminal parameters and glycosidase activities in seminal plasma and
spermatozoa from fertile controls, infertile patients with varicocele and azoospermic men

R

P value

Relationships with number of spermatozoa
α-mannosidase/seminal plasma (n = 71)
α-glucosidase/seminal plasma (n = 65)
α-glucosidase/non-soluble fraction (n = 54)
α-galactosidase/pellet wash (n = 52)
α-galactosidase/soluble fraction (n = 54)
β-galactosidase/seminal plasma (n = 65)
β-galactosidase/pellet wash (n = 52)
β-galactosidase/soluble fraction (n = 54)
β-galactosidase/non-soluble fraction (n = 54)
β-N-acetylglucosaminidase/seminal plasma (n = 61)
β-N-acetylglucosaminidase/pellet wash (n = 51)

0.235
0.401
0.334
0.363
0.412
0.407
0.561
0.395
0.561
0.380
0.276

0.04
0.0009
0.01
0.008
0.001
0.0007
< 0.0001
0.003
< 0.0001
0.002
0.04

Relationships with sperm motility (grade 3 + 2)
β-glucuronidase/soluble fraction (n = 54)
α-galactosidase/soluble fraction (n = 54)
β-galactosidase/soluble fraction (n = 54)

0.373
0.308
0.473

0.01
0.04
0.001

Glycosidase/seminal fraction

Table 3. Acid glycosidase activities in seminal plasma from control fertile, varicocele and azoospermic men
Acid glycosidase

Fertile controls

β-glucuronidase mU ml–1
U per 108 spermatozoa
α-mannosidase mU ml–1
U per 108 spermatozoa
α-glucosidase mU ml–1
U per 108 spermatozoa
α-galactosidase mU ml–1
U per 108 spermatozoa
β-galactosidase mU ml–1
U per 108 spermatozoa
β-N-acetylglucosaminidase mU ml–1
U per 108 spermatozoa

11.4 ⫾ 3.7 (10.2)
(11.9)
19.3 ⫾ 17.6 (15.9)
(16.6)
13.0 ⫾ 7.6 (12.4)
(12.1)
0.4 ⫾ 0.4 (0.2)
(0.4)
0.7 ⫾ 0.5 (0.6)
(0.6)
1844 ⫾ 792 (1690)
(1787)

Varicocele (NS)
10.6 ⫾ 4.5 (10.3)
(8.3)
25.0 ⫾ 10.8* (21.3)*
(16.6)
16.6 ⫾ 7.3 (14.9)
(11.4)
0.8 ⫾ 1.1 (0.3)
(0.3)
1.2 ⫾ 0.7* (1.1)*
(0.7)
2573 ⫾ 954* (2383)*
(1753)

Varicocele (PS)
11.3 ⫾ 4.4 (10.2)
(17)*
21.6 ⫾ 7.7 (23.7)
(34.4)**
12.8 ⫾ 8.5 (9.4)
(14.4)
0.4 ⫾ 0.4 (0.3)
(0.3)
0.7 ⫾ 0.3 (0.5)
(1.1)*
2524 ⫾ 1055 (2374)
(3344)**

Azoospermic
11.5 ⫾ 2.4 (11.6)
–
15.2 ⫾ 6.3 (13.2)
–
7.0 ⫾ 5.9* (4.9)*
–
0.4 ⫾ 0.9 (0.1)
–
0.4 ⫾ 0.3* (0.4)*
–
1389 ⫾ 314*(1384)*
–

Values in mU ml–1 are expressed as means ⫾ SD and as medians (in parentheses). Results in U per 108 spermatozoa are expressed as medians.
*P < 0.05, **P < 0.01 versus fertile controls.
NS: normal spermiogram; PS: pathological spermiogram.

galactosidase and β-N-acetylglucosaminidase in the nonsoluble fraction of spermatozoa in infertile varicocele
patients with normal spermiograms and in infertile varicocele patients with abnormal spermiograms, respectively.

Discussion
This study is the first to report abnormalities in the seminal
content of α-mannosidase, β-galactosidase and β-Nacetylglucosaminidase in infertile patients with varicocele.
The abnormalities detected in the enzyme activities were
consistent as the increases in activity were two- or threefold higher compared with those measured in men of
normal fertility, because they were observed in both the

extracellular and intracellular seminal fractions and because
they involved the same glycosidase activities. Physicochemical solubilization of spermatozoa allows the extraction of the acrosome content (Skudlarek et al., 1993) in
which sperm acid α-glucosidase, α-mannosidase and
β-galactosidase activities are located (De Vries and
Colenbrander, 1990). Therefore, the results from the present
study indicate that infertile patients with varicocele and
normal spermiograms overexpress acrosomal α-mannosidase
activity. Varicocele patients also overexpress β-galactosidase
and β-N-acetylglucosaminidase activities in the nonsoluble fraction of spermatozoa, which contains sperm
membranes (Stambaugh and Buckley, 1969).
The possibility that the overexpression of α-mannosidase,
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Table 4. Acid glycosidase activities (U per 108 spermatozoa) in the soluble and non-soluble fractions of
spermatozoa in control fertile and varicocele patients
Acid glycosidase
β-glucuronidase
Soluble
Non-soluble
α-mannosidase
Soluble
Non-soluble
α-glucosidase
Soluble
Non-soluble
α-galactosidase
Soluble
Non-soluble
β-galactosidase
Soluble
Non-soluble
β-N-acetylglucosaminidase
Soluble
Non-soluble

Fertile controls

Varicocele (NS)

Varicocele (PS)

0.05 (0.0–0.4)
0.09 (0.0–2.7)

0.04 (0.0–0.5)
0.14 (0.0–1.2)

0.01 (0.0–2.5)
0.01 (0.0–2.5)

0.23 (0.0–6.5)
0.05 (0.0–1.9)

0.57 (0.1–2.2)
0.10 (0.0–0.5)

1.30 (0.3–7.4)**
0.24 (0.04–2.1)

0.69 (0.0–4.8)
0.15 (0.0–1.6)

0.75 (0.1–2.5)
0.14 (0.0–0.3)

0.91 (0.2–14.1)
0.18 (0.1–2.7)

0.03 (0.0–0.4)
0.0 (0.0–0.1)

0.08 (0.0–0.4)
0.0 (0.0–0.04)

0.05 (0.0–0.3)
0.0 (0.0–0.2)

0.05 (0.0–0.5)
0.12 (0.0–1.2)

0.09 (0.0–0.3)
0.28 (0.04–0.5)*

0.03 (0.0–1.4)
0.16 (0.02–1.2)

9.0 (0.0–228.0)
1.42 (0.2–22.0)

15.3 (1.7–36.0)
1.14 (0.4–6.0)

11.2 (5.0–49.0)
4.56 (1.9–20.0)*

Values are expressed a medians (range).
*P < 0.05, ** P < 0.01 versus fertile controls.
NS: normal spermiogram; PS: pathological spermiogram.

β-galactosidase and β-N-acetylglucosaminidase activities in
spermatozoa represents contamination from bacterial cells,
cytoplasmic droplets, immature germ cells or seminal tract
cells is reduced by several observations. First, the intracellular activity of β-galactosidase was undetectable and
activities of α-mannosidase and β-N-acetylglucosaminidase
were negligible when spermatozoa were absent in azoospermic patients, the group considered as negative controls.
Second, bacterial cultures were negative for all patients.
Third, in the processing of spermatozoa, one of the steps
consisted of washing spermatozoa in a medium with a salt
content that was capable of removing the glycosidases
adhering loosely to the sperm surface (Barbieri et al., 1994).
Fourth, although it is possible that cytoplasmic droplets
contribute to the glycosidase activities measured in the particulate fraction (Allison and Hartree, 1970), the contribution of these organelles to the activities measured in
spermatozoa is negligible in comparison with the activities
detected in sperm cells (Skudlarek et al., 1993; Tulsiani
et al., 1993). The number of immature germ cells measured
in all spermiograms was only 2–3 per 100. However, the
differences in the number of immature germs cells between
the controls (median: 2) and normozoospermic varicocele
patients (median: 2) as well as in varicocele patients with
abnormal spermiograms (median: 2) were not recorded.
However, it is noteworthy that acrosomes are found only on
spermatids and spermatozoa (Tulsiani et al., 1998). Finally,
contamination from seminal tract cells is unlikely, as in the
patients with non-obstructive azoospermia the acid glyco-

sidases content in the pellet was undetectable or negligible,
as discussed above.
The increased expression of these glycosidases in spermatozoa could reflect a decrease in the maturation of
spermatozoa in patients with varicocele, as immature
spermatozoa also overexpress other enzymes, such as β1,4-galactosyltransferase in men (Huszar et al., 1997) or
β-N-acetylglucosaminidase in boars (De Vries and
Colenbrander, 1990). Moreover, the sperm content of some
glycosidases changes during the epididymal maturation of
spermatozoa, showing a progressive decrease in the caudal
portions as the spermatozoa mature (Hall and Killian,
1987). In male dogs suffering from fucosidosis, a hereditable lysosomal storage disorder, abnormal expression of
another glycosidase (α-L-fucosidase) results in acrosomal
dysgenesis and impaired sperm maturation, which could be
related to the abnormal lysosomal content of hydrolases
(Veeramachaneni et al., 1998). Since immature spermatozoa do not bind to the zona pellucida (Huszar et al.,
1994), and as infertile patients with varicocele may show
defective sperm binding, in which improvement by surgical
repair correlates with fertility (Hauser et al., 1997), it is
possible that the fertilizing capacity of spermatozoa in patients
with varicocele is disminished as a result of abnormalities in
the lysosomal content.
Chayko and Orgebin-Crist (2000) reported that homozygous mutant mice lacking the cation-dependent mannose
6-phosphate receptor overexpress the same acid glycosidase
activities as detected in the varicocele patients in the
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present study, thus providing an alternative explanation for
the results of the present study.
The varicocele patients with pathological spermiograms also showed an overexpression of α-mannosidase,
β-galactosidase and β-N-acetylglucosaminidase (U per 108
spermatozoa) activities in their seminal plasma. The significance of the high amounts of extracellular glycosidases
usually present inside lysosomes (De Duve et al., 1955) or
their physiological role is unknown. Extracellular glycosidases, such as β-galactosidase and fucosidase, play a role in
the modification of sperm plasma membrane glycoproteins
in rodents (Tulsiani et al., 1993, 1995). However, it is generally concluded that the sperm maturational process includes
modifications of the carbohydrate content of sperm surface
glycoproteins and that glycosidases may play a significant
role in this event (Tulsiani et al., 1998). Moreover, ejaculated spermatozoa could be a target for glycosidases in the
seminal plasma (Barbieri et al., 1996). It is therefore possible that such overexpression of acid glycosidase in the
seminal plasma could mask the carbohydrate-containing
molecules present in ejaculated spermatozoa, altering their
fertilization potential, as fertilization is a carbohydratemediated event involving sperm surface glycoproteins
(Tulsiani et al., 1997).
The possibility that the abnormal expression of acid
glycosidases observed in the varicocele patients might be
merely a consequence of damaged spermatozoa, irrespective of the cause, would be supported if the same results
were observed in other infertile patients with abnormal
spermiograms but without varicocele. However, in a study
involving infertile patients with idiopathic oligoasthenoteratozoospermia, a different pattern in the enzyme activities
was detected, characterized by significantly lower activities
of β-galactosidase and β-N-acetylglucosaminidase in the
soluble fraction of spermatozoa compared with those in
fertile controls (Corrales et al., 2000).
The occurrence of infertility in patients with varicocele,
even though the seminal cytological parameters may be
normal, raises the possibility that the spermatozoa of these
patients could have functional defects. Some lines of
evidence indicate that the glycosidases, the expression of
which was found to be abnormal in the present study of
infertile patients with varicocele, play a role in mammalian
fertilization. Sugars that induce a dose-dependent inhibition
of sperm α-mannosidase activity produce a dose-dependent
decrease in the number of spermatozoa bound per egg
(Cornwall et al., 1991). Mori et al. (1989) showed that pretreatment of spermatozoa with D-mannose, a sugar that
inhibits α-mannosidase, blocks penetration of the zona
pellucida by human spermatozoa. Sperm β-galactosidase
and β-N-acetylglucosaminidase activities change during
epididymal transit, indicating that these enzymes play a
significant role in the maturation of spermatozoa (Hall
and Killian, 1987). Sperm acid β-galactosidase has been
implicated in the modification of sperm surface glycoproteins (Tulsiani et al., 1995) as well as in the acrosome
reaction (Nikolajczyk and O’Rand, 1992). Takada et al.

(1994) showed that inhibition of β-N-acetylhexosaminidase
reduces the in vitro fertilization rate in pig cumulusenclosed eggs. β-N-acetylglucosaminidase has been implicated in the penetration of the zona pellucida (Miller et al.,
1993) and is considered to be the mediator that induces
acrosome reaction in human spermatozoa (Brandelli et al.,
1994).
Although the present study did not aim to analyse the
function of these glycosidases in fertilization, the first criterion
that a glycosidase must meet to play a role in fertilization is its
presence in spermatozoa (Godknecht and Honegger, 1991).
In the present study not only the presence of these enzymes
but also an overexpression of several of the enzymes was
detected. On theoretical grounds, it would be expected that if
an enzyme performs a positive role in fertilization, then the
higher the content of that enzyme the greater the function.
However, it has been found that transgenic mice overexpressing sperm β-1,4-galactosyltransferase, another enzyme
involved in gamete interactions (Miller et al., 1992), have a
reduced ability to bind eggs and the spermatozoa that are
able to bind to the zona pellucida are hypersensitive to ZP3,
inducing a precocious acrosome reaction and unstable
binding (Youakim et al., 1994). The sperm–egg interaction
requires an optimal rather than maximal amount of β-1,4galactosyltransferase (Youakim et al., 1994), and this notion
could also be true for glycosidases. Defective binding of
human spermatozoa by the hemizone assay has been
described in infertile patients with varicocele (Hauser et al.,
1997).
In summary, if the glycosidase activities measured in
fertile and normozoospermic controls are considered as
representative of normality, then the expression of acid
glycosidases in patients with varicocele is abnormal. This
abnormality may be involved in impaired sperm function,
which is considered as a pathogenic factor for infertility in
patients with varicocele (Wong et al., 2000).
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