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There are various methods of separating sperm from seminal plasma for subsequent
intrauterine insemination (IUI) and for in vitro fertilization (IVF). The purpose
of the present study was to assess and compare semen parameters following
Sephadex, Percoll and SpermPrep™II separation techniques. The SpermPrep™
II is also a Sephadex preparation but uses a different bead size, less Sephadex and
is a quicker method. The specimens (n=16) were initially evaluated for count,
(C; x10°/ml) %, motility (MO), grade of motility (GR ; %), and HOS test scores.
Each specimen was then divided into 3 equal aliquots and prepared as follows: 1)
layered onto a modified Percoll discontinuous density gradient column ; 2) proces-
sed using SpermPrep™II ; and 3) filtered through a Sephadex gel filtration column
(G-50). The results show all 3 treatments yielded lower (p<0.0l) counts as
compared to control values but no differences were noted among them. Percoll
and SpermPrep™II increased MO (p <0.01) where Sephadex reduced it (p =N8).
Percoll and SpermPrep™II improved the %, of best quality sperm but not Se-
phadex with SpermPrep™II being higher than Percoll. There were increases (p <
0.05) in HOS values in all experimental treatments with SpermPrep™II being the
best. However, this study did not show as many males with HOS scores below
50%, as noted in other studies. Finally, Percoll and SpermPrep™1II seem equally
effective methods for producing high quality sperm for IUI or IVF although
SpermPrep™II is quite faster. ———— SpermPrep™1II; Sephadex ; Percoll dis-
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continuous density gradient; hypoosmotic swelling test ; semen filtration

Human seminal plasma, which is the nongamete portion of the ejaculate, is
composed of cells, cellular particles and debris, and fluids from the testis, excretory
ducts, and accessory sex glands of the male. The total ejaculate, however, in
addition to the seminal plasma, contains the gametes that are a mixture of motile,
nonmotile, and perhaps agglutinated spermatozoa.

Currently, spermatozoa used for either intrauterine insemination (IUI) or in
vitro fertilization insemination (IVF) could yield higher rates of conception if
these spermatozoa are selected on the basis of their motility, progressive motility,
and morphological characteristics (McClure et al. 1989). Furthermore, removal of
all debris and background, as well as antifertility factors present in the seminal
plasma may also increase the fertilizing ability of these spermatozoa (Russell and
Rogers 1987). A number of semen manipulative techniques are currently avail-
able to remove the undesirable spermatozoa, debris, and other factors and to
increase sperm quality before performance of the various assisted reproductive
techniques. These various manipulative techniques include the most popular,
the swim-up or sperm-rise method (Russell and Rogers 1987). Less popular
methods include Ficoll centrifugation (Kaneko et al. 1980), Percoll density
gradient (McClure et al. 1989 ; Pickering et al. 1989), and Sephadex or glass-wool-
fiber filtration (Quinlivan et al. 1982 ; Katayama et al. 1989) and the swim-down
or sedimentation-type methods (Dmowski et al. 1979). It should be emphasized
however, that many of these manipulative techniques often increase sperm quality
at the expense of numbers of recovered spermatozoa, which may not be advanta-
geous, especially for patients with seminal deficiencies such as oligozoospermia or
asthenozoospermia. Also these techniques are very tedious and time consuming,
Recently, a new technique (SpermPrep™II ; ZBL, Inc., Lexington, KY, USA) has
been introduced which yields a significantly higher level of sperm recovery and 1s
quite rapid and reproducible (Zavos and Centola 1990a; Centola and Zavos
1991). Because of these advantages, the SpermPrep™II technique could have
significant effects in the manner that seminal specimens are prepared and im-
proved prior to their use in any artificial (noncoital) reproduction procedures.

In this study, we evaluated and compared among each other three sperm
separation methods that are rapid and efficient in the recovery of motile sperm, ie.,
Percoll gradient separation vs SpermPrep™II vs Sephadex G-50 gel filtration.

v MATERIALS AND METHODS
Semen collection and evaluation

Ejaculates were collected from sixteen semen donors of known fertility. Ejaculates
were collected via masturbation with 3-4 days of abstinence each time. After semen
samples were produced and completely liquefied (within 15-30 min), each specimen was
evaluated according to standard procedures recommended by the World Health Organiza-




Comparison of Three Sperm Separation Procedures 227

tion (WHO) with a phase-contrast microscope (World Health Organization 1987). Semen
measures included volume, sperm count per milliliter, percentage sperm motility, grade of
sperm motility (Zavos and Cohen 1980), sperm morphologic features and the hypoosmotic
swelling test (HOS ; Van der Ven et al. 1986). All seminal parameters were evaluated by
the same technician.

Semen preparation

After semen evaluation, each sample was divided into three aliquots and treated as
follows: 1) processed via a modified Percoll discontinuous density gradient column; 2)
filtered via SpermPrep™II method and ; 3) filtered through a Sephadex G-50 gel filtration
column. Data for the various treatments applied were compared to each other using one
way analysis of variance followed by either the Student’s t-test or the paired Student’s ¢-test
where appropriate.

Modified Percoll density

The discontinuous, four-layer Percoll gradient technique (Suarez et al. 1986), modified
for human semen (Check et al. 1992) was used to separate one aliquot of semen from each
specimen. In brief, an isotonic, 90%, (v/v) solution of Percoll (Sigma Chemical Co., St.
Louis, MO, USA) was prepared by adding 10X DPBS (Irving Scientific, Irvine, CA, USA)
buffer. This solution was diluted with modified Human Tubal Fluid (HTF) medium,
(modified with 0.05%, Human Serum Albumin Fraction V), to produce 50%,, 60%,, 70%, and
80%, (v/v) Percoll solutions (Suarez et al. 1986). Using a 15 ml disposable centrifuge tube,
1 ml of each solution was carefully layered one over another, starting with 809, at the
bottom, then a layer of 709, 609, and then 509, on the top. The semen was diluted 1:1
(v/v) with modified HTF, layered (up to 2 ml) onto the top of the discontinuous gradients
and was centrifuged for 20 min at 300 xg. The 809, fraction (0.75 ml) that contained the
sperm pellet near the bottom was collected with a disposable pipette, transferred to a fresh
tube with 1 ml of fresh modified HTF medium and recentrifuged for 5 min at 300xg. The
final sperm pellet was reconstituted up to a final volume of 0.5ml in fresh buffer and
evaluated accordingly.

SpermPrep™ 11 filtration procedure

The SpermPrep™II was used very similarly as previously described for the
SpermPrep™ technology (Zavos and Cohen 1980 ; Siiteri et al. 1988 ; Zavos and Centola
1990b ; Zavos 1991) with some simplified modifications and according to the manufacturer’s
specifications (ZBL, Inc.). Modified Ham’s F-10 was used for all steps during the
SpermPrep™II filtration process (Centola and Zavos 1991). SpermPrep™II comes with an
extension funnel which was attached to the column during the preparation steps. It should
be emphasized also, that proper standard laboratory techniques were employed in our
laboratory throughout the filtration process. Those techniques included complete sterility
and maintenance of all semen diluents, the SpermPrep™II filter and all other materials
within a temperature range of 30-35°C.

Sephadex G-50 filtration

Glass filtration columns (0.9 emx 23 cm), filled halfway with Sephadex G-50 Fine
(Sigma) were hydrated by adding 20 ml of Hepes Buffered Hank’s Solution (HBHS) and
simultaneously allowing it to run through the column. Semen was diluted 1 : 1 with HBHS
and centrifuged at 500 x g for 10 min and the sperm pellet was resuspended to 1 ml with
fresh HBHS. The washed sperm aliquot was added to the last, 1 ml above the gel beads in
the column. A 10 m] volume of HBHS was added on top of the column-semen to allow the
sperm to flow out of the column for 10-15min. The recovered semen aliquot was
centrifuged at 500 X g for 10 min and the sperm pellet was resuspended in 0.5 ml of fresh
buffer and evaluated accordingly.
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Resvrts

The semen parameters before and after the three separation procedures were
employed are shown in Table 1. The mean motile sperm densities (MSD : sperm
count X 10° X motility 9,) were 35.4+24.9x10°/ml for the initial specimen
(means+s.p.). These values were significantly reduced (p <0.01) to 12.2+9.4 for
Percoll, 10.14+-8.4 for SpermPrep™II, and 9.3+11.1 for Sephadex G-50. No
differences were noted among the three treatments (p >0.05).

There was a significant increase in percentage of grade A sperm (p < 0.01) for
SpermPrep™]II compared to either Percoll or Sephadex G-50; Percoll was
significantly higher (p <0.01) than Sephadex G-50. Percoll and SpermPrep™II,
but not Sephadex G-50, were significantly higher than the Initial specimen (p <
0.01). There were significant reductions (p <0.01) in MSD values between the
initial concentration and following the application of all three treatments.
However, no differences were noted in MSD values recovered (p >0.05) among the
three treatments applied.

All three techniques showed significant improvements in the HOS test results
as compared to the initial specimen (p<0.01). The highest HOS test score of
84.9%, in SpermPrep™II was significantly higher (p <0.01) than scores obtained
either via Percoll or Sephadex G-50 (76.59%, vs. 71.9%,, respectively). The percent
motility was significantly increased when the Percoll and SpermPrep™1II methods
were applied as compared to the initial specimen (p <0.01). Although differences
in the percent motility were lower with Sephadex G-50 (40.2%,) than the initial
values (50.39%,), these differences were not significant (p >0.05).

Discussion

The objective of the current study was to evaluate the qualitative and
quantitative characteristics of spermatozoa recovered following semen separation

Tasre 1. Comparison of Percoll Discontinuous Density Gradient, SpermPrep™ I1
Filtration Method and Sephadex G-50 Filtration on Semen Parameters
Recovered (means+s.D.)

Sperm parameters considered (% =16)

Treatments Count Motility Grade HOS*
(X10°) (%) (%) (%)
Initial (control) 70.3+4469°  50.3+135°  318+158° 663+ 8.9°
Percoll 19.3+148  645+12.3° 4344168 76.5+12.2°
SpermPrep™I1 137+112°  738+131°  584+1382°  849+10.1°
Sephadex G-50 9574298  402+237°  33.7+14.60 71.9+13.4°

*HOS, Hypoosmotic swelling test.
ab<Means followed by the same superscript within each column are not
different (p <0.05).
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via the Percoll gradient, SpermPrep™II filtration and Sephadex G-50 filtration
methods. The rationale for comparing the SpermPrep™II and Sephadex G-50
was to compare two methods that utilize two different sizes of Sephadex beads as
a means for filtering human spermatozoa, with the Sephadex (-50 method utiliz-
ing the largest bead size of the two methods. It should be emphasized, however,
that no matter what technique may be employed in separating spermatozoa for
assisted reproductive technology (ART) purposes, the selected or recovered sper-
matozoa must possess a varlety of gualities and adequate numbers in order to
allow proper fertilization and the onset of pregnancy to take place.

A significant improvement in the percentage of motile sperm was noted by
using the SpermPrep™II method as compared to the Sephadex G-50 method.
The MSD values were similar in all three procedures (p >0.05). Also, the highest
HOS test scores were achieved via the use of the SpermPrep™II method.
Previous observations showed that the Sephadex G-50 method yielded lower HOS
scores when compared to Percoll (Check et al. 1992). At this time, there is no
data to support the concept that higher pregnancy rates are associated with
specimens with higher HOS test scores, but, only that specimens with HOS test
scores of <50%, may yield lower pregnancy rates (Siiteri et al. 1988).

The noted qualitative sperm improvements obtained via the SpermPrep™II
method (Table 1) are consistent with previous observations (Zavos and Centola
1990b, Centola and Zavos 1991; Zavos 1991, 1992). Also, the data presented in
this study indicated that the SpermPrep™II filtration method yielded spermat-
ozoa of similar qualitative characteristics as those recovered via the Percoll
method (p>0.05). However, the SpermPrep™II filtration method was less time
consuming than the Percoll procedure. The filtration procedure was completed in
20 to 25 min, whereas the Percoll procedure took approximately 1.0 hr or more to
complete. This is, of course, of great clinical importance because the
SpermPrep™II filtration process can save precious time for the technical person-
nel, the clinician, and the patient. Equally important, the time savings might
significantly reduce the detrimental effects on sperm viability and subsequent
fertilization especially with deficient and/or frozen-thawed specimens.

In conclusion, since no significant differences were noted between the Percoll
discontinuous gradient separation and the SpermPrep™II filtration column
method, further comparative studies will be needed to determine which technique
is more effective toward achieving higher pregnancy rates. The SpermPrep™I1
method, however, is easier and faster to perform than the Percoll method and
allows the recovery of large numbers of high quality spermatozoa. The
SpermPrep™II method, along with the increased filtration efficiency, and the
important time savings that it provides, demonstrates that this new technique is
the method of choice for selecting motile, morphologically normal spermatozoa
from fresh or frozen-thawed human semen for use in the various assisted feproduc—
tive technologies including intrauterine insemination.
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