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Human sperm selection by glass wool filtration and two-
layer, discontinuous Percoll gradient centrifugation*t
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Glass wool filtration and two-layer, discontinuous Percoll (Pharmacia, Uppsala, Swe-
den) density gradient centrifugation resulted in an average recovery of 50% to 70% of the
progressively motile and about 50% of the hypoosmotic swelling (HOS)-positive sperma-
tozoa. Glass wool filtration tended to be more successful than Percoll centrifugation when
the ejaculates were asthenozoospermic or produced a suspect/abnormal HOS test. After
selection, the acrosin activity increased approximately two- to threefold, but no signifi-
cant improvement in the percentage of normal sperm forms occurred. Experiments with
mixtures of untreated and frozen-thawed ejaculates confirmed that glass wool filtration
is more effective in removing nonmotile and HOS-negative spermatozoa than the two-
layer Percoll centrifugation technique when the percentage of these types of spermatozoa
in the ejaculate is high. The simplicity of these techniques and the good recovery of appar-
ently viable spermatozoa makes these methods more desirable than other, more compli-
cated techniques or procedures that yield a lower recovery of motile spermatozoa. Fertil
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Under physiologic conditions, cervical mucus
blocks the transport of nonmotile and poorly mo-
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tile spermatozoa. In order to imitate these condi-
tions, many in vitro fertilization (IVF) clinics par-
tially separate the motile from the immotile sper-
matozoa. The most widely used selection procedure
is called the “rise” or “swim-up” technique, in
which the spermatozoa that are able to swim into
an overlying medium are collected.’? Alternately,
motile spermatozoa can be separated over an albu-
min column.?* Although a high percentage of the
spermatozoa obtained by these methods are motile,
recovery of the motile spermatozoa from the ejacu-
late is small, usually 15% or less. A sperm selection
procedure that generally results in a higher recov-
ery of motile spermatozoa is centrifugation over
a Percoll (Pharmacia, Uppsala, Sweden) gra-
dient.>'* However, most of the Percoll centrifuga-
tion techniques are somewhat complicated, em-
ploying either a continuous gradient or multiple,
discontinuous layers of different density, which
makes them less desirable from a clinical stand-
point. Simple, two-layer discontinuous Percoll gra-
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dient centrifugation techniques also have been pro-
posed,''!* but these have not been evaluated as yet
in detail. Another simple method of selecting mo-
tile spermatozoa is filtration through glass wool***°
or glass beads.?’ Good yields of motile spermatozoa
were reported by one of the glass wool tech-
niques'®!® that are higher than those obtained by a
“swim-up” procedure.?!

It was the present objective to evaluate the two-
layer, discontinuous, Percoll gradient centrifuga-
tion technique and glass wool filtration in more de-
tail and to compare their efficacy. A number of
different sperm parameters were studied including
sperm number, motility, progressive motility, the
reaction in hypoosmotic medium (hypoosmotic
swelling [HOS] test), morphology, and acrosin ac-
tivity. It was concluded that both the Percoll gradi-
ent centrifugation technique and glass wool filtra-
tion produce a high yield of viable spermatozoa.
Both methods are equally as good in removing non-
viable spermatozoa from normozoospermic ejacu-
lates, but glass wool filtration appears to be more
effective when the ejaculate is asthenozoospermic
or produces a low HOS test. A brief communication
on this subject has been published previously.??

MATERIALS AND METHODS

Semen Collection and Analysis

Ejaculates were obtained by self-masturbation
from apparently normal men without a history of
infertility and from patients with possible fertility
problems. Analyses of sperm concentration, sperm
count, percent sperm motility, the percent of sper-
matozoa with forward progression, and the ability
of the spermatozoa to swell under hypoosmotic
conditions (HOS test) were performed as described
previously.? The acrosin activity of the spermato-
zoa was assessed by clinical assay.?*

The ejaculates were allowed to liquefy com-
pletely and the sperm properties were determined.
Subsequently, the ejaculate was divided into two
fractions. One of the fractions was subjected to se-
lection by glass wool filtration and the other by
Percoll gradient centrifugation. The starting ejacu-
late volume that was used for both techniques was
always 0.5 ml so that the yields could be compared
after the selection procedures. Because of the lim-
ited number of spermatozoa, not all of the sperm
characteristics could be determined after selection.
For this reason, separate series of experiments
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were performed during which different sperm char-
acteristics were studied.

Percoll Centrifugation

The two-layer Percoll centrifugation technique
employed was similar to that reported by Ver-
meiden et al.* Stock isotonic Percoll was prepared
by adding 9 ml Percoll to 1 milliliter of a solution
consisting of 49.6 gm Ham’s F-10 (Irvine Scientific,
Santa Ana, CA), 13.17 gm NaHCO;, 627 mg Na-
lactate, and 37.5 mg penicillin and 37.5 mg strepto-
mycin in 0.5 | glass-distilled H,O. The Ham’s F-10
solution that was used in all other cases consisted
of 4.96 Ham’s F-10, 1.317 gm NaCHOs, 62.7 mg
Na-lactate, 7 mg CaCl,, 37.5 mg penicillin, and 37.5
mg streptomycin in 0.5 1 glass-distilled H,O, pH
7.8. The bottom fraction of the Percoll gradient
(81% Percoll) consisted of 9 ml of the Percoll stock
solution mixed with 1 ml of Ham’s F-10 solution.
The upper fraction (36% Percoll) consisted of 4 ml
of the Percoll stock solution mixed with 6 ml of
Ham’s F-10 solution. To prepare the system for the
selection of spermatozoa, 1 ml of the bottom frac-
tion was placed in a 15 ml plastic, conical centri-
fuge tube (Becton Dickinson, Rutherford, NJ) and
1.0 ml of the upper fraction was carefully layered
over the bottom fraction.

Subsequently, 0.5 ml of a well-mixed, completely
liquefied ejaculate was layered over the upper frac-
tion and the tube was centrifuged at 750 X g for 15
minutes. Both supernatant fractions were removed
until 0.3 ml of the Percoll and sperm pellet re-
mained in the bottom of the tube. The sperm pellet
was resuspended in 1 ml Ham’s F-10 solution con-
taining 3.5% human serum albumin (HSA; fraction
V, No A-1653; Sigma Chemical Co., St. Louis,
MO). The mixture was recentrifuged at 200 X g for
5 minutes, the supernatant discarded, the pellet re-
suspended in 1 ml Ham’s F-10 solution containing
3.5% HSA and centrifuged at 200 X g for 5 minutes.
The supernatant solution again was discarded and
the sperm pellet was resuspended in 1 ml Ham’s F-
10 solution containing 3.5% HSA.

Glass Wool Filtration

Glass wool filtration was performed by a modifi-
cation of the technique by Jeyendran et al.’® as de-
scribed in more detail by Van der Ven et al.2! The
tip was removed from a 1 ml Becton Dickinson sy-
ringe and 15 mg of glass wool (microfiber code 112;
Mannville Co, Denver, CO) was placed into the
barrel of the syringe using a forceps and was gently
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Table 1 Sperm Characteristics Before and After Selection
Using Ejaculates with a Sperm Motility of >40% °

After treatment

Before
Characteristic treatment® Percoll Glass wool

Number (X10°) 36.4 £6.3 155+ 2.6 16.0 £ 2.5
Motility (%) 572+23 72.1+25 78.7+2.0
Number of motile

sperm (X10°) 23.0+52 11.9+23 125+ 1.9
Progressive motility

(%)° 434+26 56.0 + 3.0 63.8 +2.2
Number of

progressively

motile sperm

(X10%) 184 +4.7 9.7+21 10.5+1.8
HOS-positive sperm

(%) 62.7 + 2.6 748 +2.1 78.7+23
Number of HOS-

positive sperm

(X 10%) 25.5+5.9 12.8 +3.1 13.4+28

@ See text for experimental detail. Mean + SEM. N = 26 ex-
cept for the HOS test (n = 17).

®In 0.5 ml ejaculate.

¢ Percent of all spermatozoa.

pushed further to a depth of 6.0 mm from the bot-
tom of the syringe. The filter was rinsed twice with
2 ml Ham’s F-10 solution containing 3.5% HSA or
until no glass wool fibers were present in the elu-
ates based on light microscopic observations at
200X. A portion (0.5 ml) of the well-mixed ejacu-
late was diluted with 0.5 ml Ham’s F-10 solution
containing 3.5% HSA. The diluted semen was cen-
trifuged at 1,000 X g for 10 minutes, the superna-
tant solution was removed, and the sperm pellet
was resuspended in 0.25 ml Ham’s F-10 solution
containing 3.5% HSA. The sperm mixture was
placed over the wet glass wool column and allowed
to filter. Subsequently, 0.75 ml of Ham’s F-10 con-
taining 3.5% HSA was added to rinse the column
and to recover trapped, viable spermatozoa. The
entire filtrate was collected (1 ml).

Statistical Analysis

The mean and standard error (SEM) were calcu-
lated for all of the variables studied. The data were
subjected to analysis of variance and, where appro-
priate, to Newman-Keuls significant difference
test. Values were considered significantly different
for each other when P < 0.05.

RESULTS

Initially, the motility and membrane integrity of
the spermatozoa were studied. In the first series of
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experiments, ejaculates with normal sperm motil-
ity (=40%) were employed. Both selection methods
produced highly motile sperm populations with
good forward progression (Table 1). Averages of
52% to 54% of the progressively motile spermato-
zoa were recovered from the ejaculate. The recov-
ery of HOS-positive spermatozoa from the original
ejaculate averaged 50% to 53%. Filtration over
glass wool tended to give somewhat better results
than Percoll gradient centrifugation, but the
differences were statistically insignificant.

In the second series of experiments, ejaculates
were used that possessed a sperm motility of less
than 40%, i.e., were asthenozoospermic (Table 2).
Although both techniques improved the percent
motility and forward progression, the sperm popu-
lation obtained after filtration over glass wool pos-
sessed significantly (P < 0.05) higher percentages
of motile and forwardly progressive spermatozoa
than that obtained after Percoll gradient centrifu-
gation. An average of 56% of the progressively mo-
tile spermatozoa were recovered after Percoll gra-
dient centrifugation and an average of 71% after
glass wool filtration.

The percentage of HOS-positive spermatozoa
was approximately the same whether the astheno-
zoospermic ejaculates were treated by glass wool
filtration or Percoll centrifugation (Table 2). Be-
cause sperm motility and their reaction in the HOS

Table 2 Sperm Characteristics Before and After Selection
Using Ejaculates with a Sperm Motility of <40%°

After treatment
Before
Characteristic treatment® Percoll Glass wool

Number (X10°) 18.9+4.7 6.5+1.7 6.0+2.2
Motility (%) 31.4+24 57.1+39* 73.6 = 3.2*
Number of motile

sperm (X10°) 62+18 38+1.1 41+13
Progressive motility

(%) 21.0+3.7 36.0+4.4** 57.0+3.9*
Number of

progressively

motile sperm

(X10%) 45+15 25+0.8 3.2+1.1
HOS-positive sperm

(%) 558+ 5.7 73.6*x54 72.7+2.0
Number of HOS-

positive sperm

(X108) 9.1+25 44+12 36+1.1

¢ See text for experimental detail. Mean + SEM. N = 11 ex-
cept for the HOS test (n = 9). Values with a common super-
script (* or **) are significantly different from each other (P
< 0.05).

®In 0.5 ml ejaculate.

¢ Percent of all spermatozoa.
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Table 3 Sperm Motility (%) Before and After Selection of
Mizxed Semen Samples Consisting of Untreated
and Frozen-Thawed Ejaculates®

Percent After treatment
frozen-thawed Before
semen treatment Percoll Glass wool
0 55.0 + 3.4 75.0 £ 2.7 778 +4.2
25 423+0.5 71.3+3.1 83.3 £6.9
50 33.0+ 1.7 56.3 + 4.0 85.5 + 3.6
75 20.3+0.7 46.0 + 4.6 89.0 + 4.0
100 0 0 0

¢ See text for experimental detail. The values represent mean
+ SEM (n = 4).

test are not necessarily related, the HOS test data
obtained in the first two series of experiments were
reexamined by separating the ejaculates according
to their HOS test results instead of sperm motility.
Ejaculates were considered normal if they con-
tained 60% or more HOS-positive spermatozoa
and suspect or abnormal if they contained less than
60% HOS-positive spermatozoa. The HOS-normal
ejaculates (n = 13) averaged 56 + 15 X 10° HOS-
positive spermatozoa (71 £ 2% of ejaculate total)
and the HOS-suspect/abnormal ejaculates (n = 13)
averaged 24 + 5 X 10® HOS-positive spermatozoa
(50 = 2% of ejaculate total). Glass wool filtration
yielded, respectively, 26 & 7 X 10° and 20 + 8 X 10°
HOS-positive spermatozoa from the normal and
suspect/abnormal ejaculates and Percoll centrif-
ugation, respectively, 23 + 7 X 10° and 16 + 5
X 108, Therefore, more HOS-positive spermatozoa
tended to be recovered after glass wool filtration
than after Percoll gradient centrifugation, particu-
larly when the original ejaculates were suspect/ab-
normal.

In a third series of experiments, the acrosin ac-
tivity of the spermatozoa was determined before
and after the selection of 11 ejaculates. Before se-
lection, the acrosin activity was 30.9 + 3.6 uIU/10°
spermatozoa, ranging from 8 to 50 uIU/10° sperma-
tozoa. After Percoll gradient centrifugation, the
acrosin activity was 86.6 + 11.1 uIU/108 spermato-
zoa, ranging from 35 to 144 uIU/10° spermatozoa,
and after glass wool filtration 77.6 + 9.4 uIU/10°
spermatozoa, ranging from 35 to 139 uIU/10° sper-
matozoa. The acrosin values after the two selection
procedures were significantly higher (P < 0.05)
than the starting material, but did not differ from
each other.

In a fourth series of experiments, the morphol-
ogy of the spermatozoa was studied before and af-
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ter selection of 12 ejaculates. Before selection, the
mean + SEM of normally shaped spermatozoa was
62.1 + 2.2%, with a range of 46% to 71%. After se-
lection by Percoll and glass wool, these values were,
respectively, 68.3 + 3.7% (range, 45% to 85%) and
65.1 +2.0% (range, 55% to 79%). The values before
and after selection were not significantly different
from each other.

The second series of experiments indicated that
glass wool filtration may be more effective in sepa-
rating motile spermatozoa than Percoll gradient
centrifugation when the ejaculate is astheno-
zoospermic. To investigate this in more detail, a
final series of experiments was performed with
different mixtures of untreated and freeze-immobi-
lized spermatozoa. Ejaculates were pooled and
placed in the freezer at —15°C for 24 hours and
slowly thawed to room temperature. This proce-
dure was repeated twice and resulted in the death
of 94% to 100% of the spermatozoa, as was verified
by the vital stain procedure. Subsequently, ejacu-
lates from the same donor were obtained and mix-
tures of the untreated and frozen-thawed semen
samples were prepared so that the final mixtures
either consisted entirely of the untreated semen
sample, 75% untreated and 25% treated, 50% un-
treated and 50% treated, 25% untreated and 75%
untreated, or entirely of the treated sample. The
motility and HOS test values of these samples were
assessed before and after subjecting them to the se-
lection procedures. The results are summarized in
Tables 3 and 4. The percentage of motile and HOS-
positive spermatozoa remained essentially identi-
cal after glass wool filtration independent of the
concentration of frozen-thawed spermatozoa in the
original sample until essentially no motile or HOS-
positive spermatozoa were present in the sample,
i.e., when the entire sample consisted of frozen-

Table 4 HOS-Positive Spermatozoa (%) Before and After
Selection of Mixed Semen Samples Consisting of
Untreated and Frozen-Thawed Ejaculates®

Percent After treatment
frozen-
thawed Before
semen treatment Percoll Glass wool
0 54.8 +4.6 70.0 £3.5 71.5+24
25 51.5+3.1 68.0 £ 5.3 71.8+6.1
50 38.0+24 53.0 £5.7 71.0+3.4
75 23.3+7.1 33.0+7.8 68.0 £ 6.4
100 6.8+0.8 3.5+0.9 0

% See text for experimental detail. Mean + SEM (n = 4).
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thawed spermatozoa. By contrast, Percoll centrifu-
gation yielded steadily decreasing percentages of
motile and HOS-positive spermatozoa as the per-
centage of frozen-thawed spermatozoa in the origi-
nal sample increased. The decrease became statis-
tically significant (P < 0.05) when 50% of the se-
men mixture or more consisted of frozen-thawed
semen.

DISCUSSION

The mechanisms whereby two-layer, discontinu-
ous Percoll gradient centrifugation and glass wool
filtration select viable spermatozoa is poorly un-
derstood. It is likely that glass wool filtration re-
moves nonviable spermatozoa by two mechanisms:
(1) spermatozoa with abnormal membranes adhere
to the glass wool; and (2) nonmotile spermatozoa
are less likely to pass through the glass wool col-
umn. In regard to Percoll, it has been suggested®
that centrifugation causes the sperm head (the
heaviest part of the cell) to be directed centrifu-
gally so that all spermatozoa align parallel to the
centrifugal force. Subsequently, those spermatozoa
that are progressively motile will move more
readily towards the bottom of the centrifuge tube
than the nonmotile or poorly motile spermatozoa.

The present results show that these two rela-
tively simple methods produce good yields of motile
and HOS-positive spermatozoa. On the average,
about 50% to 70% of the progressively motile sper-
matozoa and about 50% of the HOS-positive sper-
matozoa were recovered by these techniques. The
percent sperm motility obtained by the present
methods also was high, averaging about 70% to
80%, except in the case of Percoll centrifugation
of asthenozoospermic ejaculates. Although it has
been reported that fractions with a higher percent-
age of sperm motility can be obtained by more com-
plicated Percoll gradient or other procedures,?'3
the yield of motile spermatozoa obtained by these
techniques, i.e., the recovery from the original ejac-
ulate, generally is so low that this methodology is
less desirable clinically, particularly in the case of
oligozoospermic ejaculates.

As could have been expected, ejaculates with be-
low normal percent sperm motility or percent
HOS-positive spermatozoa showed a greater im-
provement in these characteristics after treatment
than normal ejaculates. Neither glass wool filtra-
tion nor two-layer, discontinuous Percoll gradient
centrifugation caused a significant improvement in
the percentage of normal sperm forms. However,
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both methods caused a significant increase in sper-
matozoa with high acrosin levels. Based on these
properties, it can be concluded that both methods
yield sperm populations that are more viable and
probably more fertile per cell basis than the origi-
nal ejaculates. Both techniques already have been
employed with success for IVF. 141921

Glass wool filtration appears to be more effective
in removing nonmotile and HOS-negative sperma-
tozoa than the two-layer Percoll centrifugation
technique, particularly when the ejaculate contains
a high percentage of these types of spermatozoa.
This was further exemplified by preparing mix-
tures of untreated and frozen-thawed spermatozoa.
As the percentage of frozen-thawed spermatozoa
increased, the percent of motile and HOS-positive
spermatozoa of the fractions recovered after Per-
coll centrifugation decreased. By contrast, no such
decreases were seen when the mixtures were sub-
ject to glass wool filtration, indicating that the
glass wool filter retained its capacity to remove in-
active spermatozoa even when the percentage of
such spermatozoa became high. Thus, glass wool
filtration appears to be preferable to two-layer Per-
coll centrifugation when the ejaculate possesses a
low percentage of motile or HOS-positive sperma-
tozoa. Another advantage of the glass wool filtra-
tion technique is that it tends to break up viscous
ejaculates.!®'® Thus, in contrast to other selection
techniques, glass wool filtration can be used with
poorly liquefying ejaculates.

The glass wool filtration technique has been crit-
icized for causing ultrastructural damage to sper-
matozoa.!” However, of the five ejaculates studied
by these investigators, only one showed significant
membrane damage. In contradiction to the elec-
tron microscopic observations, the spermatozoa
obtained by glass wool filtration of this ejaculate
survived cryopreservation equally as well or better
than those obtained from the other ejaculates. In
addition, the studies by these investigators showed
that all glass wool filtered samples survived storage
at 22°C for 12 hours better than the spermatozoa
in the original ejaculates. It is unlikely that such
sperm survival would have occurred when their
membranes were damaged. Another study did not
find ultrastructural changes after glass wool filtra-
tion.’® The present results also argue against the
occurrence of significant damage to the spermato-
zoa since glass wool filtration resulted in sperm
populations with a high percentage of forwardly
progressive and membrane-intact (HOS-positive)
spermatozoa. Furthermore, sperm populations ob-
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tained by glass wool filtration effectively penetrate
zona-free hamster eggs? and fertilize human eggs
in vitro.'%?! Therefore, no good evidence exists that
glass wool filtration leads to significant functional
changes of the spermatozoa.

Care has to be taken in the preparation of the
glass wool columns so that the glass wool is not too
tightly or too loosely packed. The correct type of
glass wool must be used. Company specifications
are often poor, so that each batch of glass wool has
to be tested first for its ability to separate sperma-
tozoa before it can be used clinically. Also, some
glass wool fibers may appear in the filtrate even af-
ter the column has been rinsed extensively. This
presents no problems for IVF, since the eggs are
removed after incubation with the spermatozoa but
the presence of fibers may be of concern when the
spermatozoa are used for artificial insemination.
Therefore, before using glass wool filtered sperma-
tozoa for artificial insemination, it is important to
assure the absence of glass wool fibers by light mi-
croscopic observations.

Acknowledgment. The investigators appreciate the manu-
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