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terminolog y

spermatozoon (plural: spermatozoa)

a mature male germ cell

In this thesis sperm, in the sense of spermatozoon, is used
only in some compound words. There are authors who use
the word sperm to indicate the semen.

quantitative spermatozoal motility

qualitative spermatozoal motility

azoospermia

oliogozoospermia

asthenozoospermia

teratozoospermia

phalanx (gr.: palayk)

percentage of active spermatozoa
per visual field

speed of forward progression of
spermatozoa (graded in points)

lack of spermatozoa in the semen

deficiency in the number of sper-
matozoa in the semen

reduced spermatozoal motility

too many spermatozoa with ab-
normal headforms in the semen

spearhead-like projection of sper-
matozoa, penetrating from semen
into cervical mucus

The plural phalanxes is preferred to phalanges because the
latter is generally used for the plural of phalanx in the

sense of fingerbone.



ovulatory phase

immobilizins
agglutinins
SPM
SPM test

LPF
HPF
RT

tr.

sp.

spor.

neg.

- between two numbers

a period of three days from the
16th up to and including the 14th
day before the first day of the
next expected menstruation.
With a cycle of less than 28 days,
the midcycle day was regarded as
the day of ovulation; this day and
the two preceeding days consti-
tuted the ovulatory phase.

immobilizing antibodies

= agglutinating antibodies

sperm penetration meter

the in witro spermatozoal pene-
tration test using the SPM

low power field

high power field

room temperature

trace (a very slight amount)

sporadic (very infrequent occur-
rence)

negative (nothing, zero)

clearly evident that determination
is not possible

second number not included

no data available or determina-
tion technically not possible



The contemplation of the marvels of structure, biochemical con-
stitution and potentialities of the spermatozoon is further proof that
we are truly “fearfully and wonderfully made”.

Carr G. HarTMAN (1962)






c/.wzpz‘er 1

in vitro spermatozoal enetration tests as
described by other authors

A. Cowerslip methods

In 1932 MiLLer and Kurzrok described a simple in wvitro sper-
matozoal penetration test which appeared to be suitable as a routine
part of sterility investigations. The performance of this test, which
has since become classical, was as follows:

After “adjustment” of the portio cervicis with a vaginal speculum,
the ostium externum cervicis uteri was cleaned with a piece of dry
gauze. A portion of the mucus in the cervical canal was then care-
fully withdrawn into a glass pipette. From this a small drop, with
a diameter of approximately 3 mm., was placed on a glass slide.
A drop of fresh semen of approximately the same size was then
placed beside the cervical mucus. The distance between the two
drops had to be approximately 3 mm. A coverslip was then laid
carefully on the two drops, care being taken to prevent lateral mo-
vement. Under the weight of the coverslip, the surface of the two
drops became larger and within a given zone semen and cervical
mucus came into contact. This contact zone was observed micro-
scopically over a period of time.

When normal fertile semen and normal cervical mucus obtained
during the period of ovulation were used, the authors saw after a
short time that the spermatozoa in the semen arranged themselves
along the contact zone in rows, two to four deep. The heads of the
spermatozoa in these rows were directed towards the boundary line.

A short time later, they saw that at various points the boundary
line between cervical mucus and spermatozoa was crossed by small
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Fig. 1. Contact between semen and cervical mucus, Orientation and beginning
penetration by means of phalanxes.

groups of spermatozoa. Each group formed as it were a spearhead
for which the authors used the term phalanx (fig. 1). These
phalanxes penetrated more and more deeply into the cervical mucus.
It was noticeable that during their advance, the spermatozoa tended
to remain, as far as possible, in contact with the side walls of the
pyramid within which they moved forward. It was as if they were
“scanning” the walls of the enclave for a weakness through which
to penetrate the cervical mucus afresh. At certain points this was
achieved and at such points a number of spermatozoa “dropped out
of the column” to form a side phalanx (fig. 2). As a result of this
system of ramified advance, a large number of spermatozoa could
penetrate the cervical mucus in a short time. After a certain period,
however, this arborisation ceased and the spermatozoa lost their
motility. The authors attributed this to the fact that the penetration
took place in vitro. When the cervical mucus was of high viscosity
or contained a large number of leucocytes, no penetration of sper-
matozoa occurred.

In the publication of MiLLer and Kurzrok, the possibility of
a cross matching technigue was also mentioned. In this modification,
the cervical mucus of the wife in question is tested against semen of
a fertile man. The semen of the husband can also be tested against

6



Fig. 2. Advanced penetration of spermatozoa in cervical mucus. Forming of
side phalanxes.

normal cervical mucus obtained during the ovulation period from
a fertile woman. It could happen that in this test the spermatozoa
of the husband, although morphologically normal, did not penetrate
the cervical mucus of the wife, while the spermatozoa of another
man did penetrate. The possiblity of incompatibility between sper-
matozoa and cervical mucus was thus already established by MiLLER
and Kurzrok. The reason for this incompatibility is still not clear.
There has been mention of blood-group incompatibility (BEHRMAN
1961) or of the existence in the woman of antibodies directed against
spermatozoa (NAKABAYASHI et al. 1961, FRANKLIN and DuUKEs 1964).

MirLer and Kurzrok (1932) and before them, SEELIGMANN
(1896) and STrAsSMANN (1903), imagined that the spermatozoa, as
a result of physico-chemical properties, were “drawn” out of the
semen in the direction of the cervical mucus. For this, the term
chemotaxis was used. MiLLER and Kurzrok were of the opinion
that this chemotaxis was due to a difference in electrical potential
between cervical mucus and spermatozoa.

This hypothesis was disputed by PERLOFF and STEINBERGER (1963).
Using the MiLLER-KURZROK test, they combined the ejaculate from
a case of azoospermia with cervical mucus containing many highly
motile spermatozoa. Via the contact zone, the spermatozoa crossed

7



from the cervical mucus into the spermatozoa-free ejaculate. This
makes chemotaxis in the direction of the cervical mucus seem
unlikely.

The formation of a phalanx was considered by MiLLer and Kurz-
ROK as being the result of spermatozoal activity. PErRLOFF and
STEINBERGER (1963) showed, however, that this phalanx formation
also occurred in cases of azoospermia. They were able to render this
visible by the addition of a dye (Indian ink) to a spermatozoa-free
ejaculate and by performing the MiLLErR-KUrzZrROK test with this
material. From this it appeared that such phalanx-formation is a
physical phenomenon which is due to the filling up of “inlets” in
the cervical mucus.

Penetration of the spermatozoa into the cervical mucus, according
to Miller-Kurzrok, would occur through a lytic enzyme present in
normal semen. In 1958, hyaluronidase, which occurs in normal semen,
was considered by Kurzrok and Birnberg to be that lytic enzyme.
They hypothesized that hyaluronic acid was present in cervical mucus
and thus would be hydrolyzed by hyaluronidase. This hydrolysis would
promote sperm penetration.

The investigations of Gibbons (1959) and of Werner (1959) have
shown, however, that cervical mucus contains no hyaluronic acid and
that hyaluronidase cannot reduce the viscosity of cervical mucus. The
basic component of cervical mucus is a glycoprotein and not a mucopo-
lysaccharide.

Neuhaus and Moghissi (1962) showed that proteolytic enzymes
such as trypsin and chymotrypsin could hydrolyse the glycoprotein in
cervical mucus and thus reduce the viscosity. The presence in semen of
an enzyme (or enzymes) whose activity can be compared with that of
trypsin and chymoltrypsin had already been demonstrated in 1942 by
Huggins and Neal Lundquist er al. ‘solated this tryptic enzyme
from semen in 1955 using ammonium sulphate.

In 1964 it was established by M oghissi ef al. that phalanx formation
occurred immediately after two liquids, with a comparatively large diffe-
rence in viscosity, were brought into contact. In the Miller-Kurzrok
test therefore, phalanx formation did not occur if the cervical mucus was
diluted in advance with physiological sal'ne or if its viscosity was reduced
by the addition of a small quantity of chymotrypsin. An obvious boun-
dary line along which the spermatozoa arranged themselves in rows no
longer existed, Spermatozoal penetraiion then took place on a massive
scale. Again, when cervical mucus obtained during the ovulatory phase
had a very low viscosity, very little or no phalanx formation occurred.
The spermatozoa crossed immediately from the semen into the cervical
mucus.

However, when the viscosity of the cervical mucus was high, phalanx
formation always occurred and an obvious boundary line existed. After
10-15 minutes, this boundary line became less distinct and less resistant



to spermatozoa, through the influence of the proteolytic enzymes from
the semen. They then saw the spermatozoa cross the boundary line from
the semen even between the points where phalanxes had been formed.

Moghissi er al. produced the following theory on the basis of their
observations:

Phalanx formation and the proteolytic activity of the semen should
be considered as auxiliary mechanisms for spermatozoal penetration. These
auxiliary mechanisms come into action whenever the cervical mucus has
a high viscosity, The inlets form refuges, as it were, into which the sper-
matozoa can withdraw from the harmful effects of the vaginal contents.
The semen which has penetrated into these ““crypts” then has more than
sufficient time to weaken the cervical barrier by its proteolytic properties,
without the spermatozoa being damaged during this period by admixed
vaginal contents.

If the viscosity of the cervical mucus is low, these auxiliary mecha-
nisms do not come into action. The spermatozoa then immediately pene-
trate far into the cervical mucus. This agrees with the observations of
Sobrero and MacLeod (1962). These investigators had the oppor-
tunity of performing post-coital tests on 47 women in the ovulatory phase
within 90 seconds to 3 minutes after ejaculation. It appeared that in 39
women spermatozoa could be found in the mucus of the endocervix.
Whether the women had had an orgasm or not was immaterial,

It is remarkable that in the publications of PErLOFF and STEIN-
BERGER the investigations of BARTON and WiesNEr (1946) are not
mentioned. For their experiments, these workers used a modified
MiLLER-KURZROK test:

A drop of cervical mucus was placed on a glass slide. This drop
was surrounded by a “wall” of vaseline in which there were four
small openings. Between the cervical mucus and the vaseline was a
free zone. A clean coverslip was carefully laid onto the vaseline and
in front of one of the openings a drop of semen was placed. The
semen was drawn inside the “fence” by capillary attraction, while
the air had the opportunity to escape through the other openings.
The openings were then closed by a small quantity of molten vase-
line. When the correct quantities were chosen, the whole reservoir
was filled without the semen mixing with the cervical mucus. This
permanent separation of the two media was a result of the difference
in viscosity. The line of separation was clearly visible both macro-
scopically and microscopically.

The advantage of this method over the original MiLLEr-KurZROK
test was that drying up of the material could be prevented, enabling
observation to be carried out over a much longer period.



On the basis of their observations with this technique, Barton and
Wiesner, as early as 1946, came to the conclusion that the chemotaxis
theory was improbable. They found that after a time a number of sper-
matozoa which had penetrated into the cervical mucus returned to the
semen. They also showed that phalanx-formation is not the result of
active penetration of the spermatozoa, but is caused by the passive filling
of “crypts” on the surface of the drop of cervical mucus. They did this
in the same way as Perloff and Steinberger, but used carmine
red instead of Indian ink.

The MiLLEr-Kurzrok test has proved its worth in fertility in-
vestigations through the years and is still used in many gynaecolo-
gical clinics.

There are, however, certain objections to the MiLLErR-KUrzZROK
test. In the first place, it is often impossible to obtain a sharp boun-
dary line between cervical mucus and semen. Frequently, part of
the semen does not make contact with the cervical mucus or runs
over it as the coverslip is placed on top (pseudo-penetration). A
second objection is that the boundary line is not in fact a line but
a plane. The area of this boundary plane is dependent on the visco-
sity of the cervical mucus. When this is high, the weight of the
coverslip will cause the cervical mucus to spread out to a much
smaller extent than when the viscosity is low. The spermatozoa are
therefore offered a much larger penetration area when the viscosity
of the cervical mucus is high, than when the viscosity is low. This
makes comparison of mucus specimens with differing viscosities
impossible. A third objection is that the MiLLEr-KurzrOK test is
inaccurate as a quantitative method for determination of spermato-
zoal penetration.

To answer these objections, GuarD (1960) proposed using the
counting chamber of Levy’s haemocytometer to perform the MiLLER-
Kurzroxk test (fig. 3). The cervical mucus was placed in the
central groove (2) and spread out under the coverslip (1) by capil-
lary attraction. The same capillary attraction prevented the cervical
mucus from spreading out beyond the edge of the inclined plane (4).
By means of a small pipette, a small quantity of semen was intro-
duced onto the inclined plane (5). In this way, a boundary plane
of constant area existed between semen and cervical mucus.

As soon as cervical mucus and semen came into contact with one

10



b.

Fig. 3. Top view (a) and side view (b) of Levy's double Neubauer haemocyto-
meter. See text for figures.
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another, penetration by the spermatozoa was seen to begin. Phalanx
formation was not mentioned by GuarD. After 5 and 15 minutes,
the number of spermatozoa per mm3 cervical mucus was counted,
making use of the small squares intended for counting leucocytes
in blood examinations. However, this was only possible in cases of
oligozoospermia. Normally in cases of normospermia, too large a
number of actively motile spermatozoa was present in the cervical
mucus to make an accurate count possible.

GuArD recommended that, during the period between the first
and second counts, the counting chamber be placed in a Petri dish
with moist filter paper. This was to prevent its drying up. Besides
cervical mucus, use could also be made of other materials, e.g. phy-
siological saline, Ringer-Locke solution, tears, saliva, nasal mucus,
etc. With Ringer-Locke solution especially, the spermatozoa ap-
peared to penetrate extremely well, indeed considerably better than
into cervical mucus obtained during the ovulation period.

Advantages of the GuarD method are a good permanent
separation of the media brought into contact with one another, the
existence of a boundary plane of constant area and the possibility
of quantitative determinations. A fourth advantage over the original
MiLLER-KURZROK test which, however, is not mentioned in GUARD’s
article (1960), is the following:

In the MiLLEr-Kurzrok test it is often difficult after a time
to find the original contact zone between cervical mucus and semen.
This boundary line becomes indistinct under the influence of the
proteolytic enzymes from the semen. Besides this, the spermatozoa
have then often penetrated into the cervical mucus in such large
numbers that the “starting line” is also impossible to recognize. In
GuarD’s method this difficulty does not arise, since the contact zone
between cervical mucus and semen in this case coincides with the
boundary between the inclined plane and horizontal plane of the
counting chamber.

The method described by Guarp also offers the possibility of
determining the number of leucocytes per mm?® of cervical mucus
in the same test.

Performance of the penetration test as described by GuarD gives
rise to difficulties when the viscosity of the cervical mucus is in-
creased. The capillary force is then insufficient to fill the counting

12



chamber, so that the desired contact zone cannot be obtained. In
such cases, GUARD recommended that the cervical mucus be placed
not in the groove, but directly on the lines in the counting chamber.
The coverslip is then laid on top of the drop of cervical mucus and
gently pressed down, so that the mucus spreads out in the counting
chamber. However, it is difficult using this method to obtain a
complete, uninterrupted contact zone at the edge of the inclined
plane. Because of this, the test described by GuARrD either cannot
be used in a number of cases with increased viscosity of the cervical
mucus, or produces unreliable results. And it is often just in these
cases that it is important to know to what extent the increased vis-
cosity of the cervical mucus hinders the penetration of the sperma-
tozoa.

Despite the fact that a number of improvements are obtained by
the modifications of the MiLLER-KURZROK test as described by
BarTON and WIiEsNER or by GuarDp, these tests are still unsatis-
factory in various respects.

In the first place, the distance which the spermatozoa have pe-
netrated into the cervical mucus after a given time cannot be deter-
mined. The spermatozoa will not always progress in the same
direction. The distance covered per unit of time, however, is an im-
portant factor, since from this the gualitative motility of the sper-
matozoa is determined. This last plays an important role in bringing
about conception. MacLeop and GoLp compared the qualitative
motility of spermatozoa with several other important properties
of semen, viz. volume of ejaculate, spermatozoal density, quan-
titative motility and spermatozoal morphology. From this it ap-
peared that there was a closer relationship between qualitative
motility and chance of conception than was the case with any of
these other properties of semen (MacLeop and Gorp 1953).

SiLLS-SEIDL (1963) also came to the conclusion that the qualitative
motility of spermatozoa was much more important for assessment
of fertility than was the quantitative motility.

Thus a requirement for a good in vitro spermatozoal penetration
test must be the possibility of exact determination of the qualitative
motility.

In the second place, using the above-mentioned modifications of

13



the MiLLER-KURZROK test, no reliable impression can be obtained
of the motility period of spermatozoa under more or less physiolo-
gical conditions. When the preparations are stored in moist surroun-
dings at a temperature of 37° C, drying-out occurs quite rapidly in
the test described by Guarb, unless the filter paper in the Petri dish
is frequently moistened, while in the test described by BArTON and
WiEsNER the vaseline loses its consistency, causing leakage from the
enclosed space.

The motility period under physiological conditions, however,
is of importance in assessing the chances of conception, since in man
coitus and ovulation are not synchronised via the hypothalamus
and hypophysis as is the case, for example, in the rabbit and cat.
For this reason, spermatozoa must maintain their motility in the
genital tract of the woman for some days, since the non-fertilised
ovum has a life-span of only a few hours. If the motility period
of the spermatozoa in the genital tract of the woman is drastically
reduced, then only a coitus taking place shortly before ovulation
occurs can bring together motile spermatozoa and a living ovum
in the tuba.

It is therefore important, that a good in vitro spermatozoal pene-
tration test should, inter alia, also offer the possibility of determining
the longevity of the spermatozoa.

The method of SiLLé-SEDL (1963) in which the spermatozoa are
maintained in the undiluted ejaculate at a temperature of 20° C,
appears to me less suitable for determining the longevity of sper-
matozoa under physiological conditions. Where the spermatozoal
density is high, because of concentration of metabolic by-products,
the motility will decrease more rapidly than where the spermatozoal
density is low at least when one is dealing with “equivalent” sper-
matoazoa in the two ejaculates. This is due to the fact that the
concentration of metabolic by-products which have an adverse effect
on the motility of the spermatozoa, builds up more quickly in the
first instance than in the second. Even immediately after ejaculation
materials may also be present in the semen plasma which adversely
influence the motility (Rozin 1960, 1961).

14



B. Capillary methods

It is possible to investigate the three important properties namely,
the penetration density, the qualitative motility and the longevity
of spermatozoa with the spermatozoal penetration test if, instead
of a coverslip method, use is made of a capillary method.

The first publication dealing with this technique came from
LAMAR et al. in 1940. They utilized glass capillaries with an internal
diameter of 0.1-0.4 mm. A small quantity of cervical mucus was
sucked up into these, followed by an air bubble and then by a small
quantity of fresh semen. The glass capillary hence contained a
column of cervical mucus and a column of semen separated by a
small air bubble. The small air bubble was required to prevent
mixture of mucus and semen and to provide a clearly visible
boundary between the two liquids. Provided that the air bubble was
small enough, sufficient mucus was left adhering to the wall of the
glass capillary to ensure a contact zone between cervical mucus and
semen. By placing the capillary under a microscope, the penetration
of the spermatozoa into the cervical mucus could easily be observed.
With this test it could be established that the distance covered by
spermatozoa in cervical mucus varied from 1 to 3 mm. per minute.
The duration of motility of spermatozoa which had penetrated into
the cervical mucus was 20-30 hours. No mention was made of the
temperature at which this duration of motility was determined. The
above-mentioned values were only found when use was made of
normal fertile semen and when the cervical mucus was taken between
the 10th and the 15th day inclusive of the cycle of a fertile, sexually-
mature woman with a regular cycle of approximately 28 days.
Before the 9th and after the 19th day, the cervical mucus appeared
to be impenetrable or only slightly so for spermatozoa. Spermatozoa
which had succeeded in penetrating generally had a motility period
of less than 2 hours.

In 1954 and 1955 ScHwArTZ and Zinsser described a modifi-
cation of the capillary method developed by LAMAR et al. Semen and
cervical mucus in their technique were no longer separated from
each another by an air bubble in the glass capillary. The glass capil-
lary, which was closed at both ends, was maintained at a tempera-
ture of 37° C under a microscope, the viewing stage being set in a
vertical position.
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From their investigations it appeared that, with a quantitative motility
of more than 25 per cent, spermatozoa moved upwards in Ringer's solu-
tion. Where the motility was less than 25 per cent, there was no up-
ward but rather a downward displacement of the spermatozoa. The dis-
tance covered after 2 hours by the spermatozoa in cervical mucus ave-
raged 7.5 mm (observations from 25 cases, in which the quantitative sper-
matozoal motility in the semen was greater than 25 per cent). The distance
covered per unit of time was thus much shorter than that registered by
the method described by Lamar er a/. Again in contrast to the obser-
vations of Lamar er al., no relationship was found between the pene-
trability of the cervical mucus and the period of the cycle from which
the cervical mucus was taken. In the article of Schwartz and Zins-
ser, no investigations are reported on the period of motility of sperma-
tozoa in cervical mucus or Ringer’s solution,

In the above-mentioned capillary methods, it was found to be
extremely difficult to suck up semen and cervical mucus one after
the other into the same glass capillary, because of the viscosity dif-
ference between the two liquids. For a time, the present author
attempted to employ this method for performing the spermatozoal
penetration test in vitro. With cervical mucus as medium, this only
appeared possible when the cervical mucus had a low viscosity. The
technique was therefore abandoned at an early stage.

In 1956 BoTeLLA-Lrusia described the results obtained by a
Spanish-Mexican group of workers with the spermatozoal penetra-
tion test in wvitro, using a modification of the capillary method. The
most important difference from the capillary methods already des-
cribed was that semen and cervical mucus (or another medium)
were each placed in a separate reservoir. The test was performed
as follows:

A small quantity of semen was pipetted into the cavity of a
hollow-ground glass slide. A glass capillary filled with cervical
mucus or with Ringer’s solution (to which glucose, fructose or ga-
lactose could be added) was sealed at one end with paraffin and
the other end was placed in the drop of semen on the glass slide,
in a horizontal or vertical position. The whole system was incubated
at 37° C for thirty minutes. The capillary was then examined mi-
croscopically to see how far the spermatozoa had penetrated into
the medium in question.
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With normal fertile semen and the glass capillary in a horizontal posi-
tion, the depth of penetration was found to be greatest into Ringer- fruc-
tose solution (27.4 mm.) and least into pure Ringer’s solution (7.1 mm.).
The depth of penetration into Ringer-glucose and cervical mucus was
approximately the same, being 223 and 209 mm. respectively, When
the glass capillary was in a vertical position during incubation, the depth
of penetration into all the solutions was approximately 30 per cent less.
When the semen employed was less than optimal as regards its three main
qualities, viz. spermatozoal density, spermatozoal motility and the per-
centage of morphologically normal forms, the depth of penetration into
the various media was also found to be reduced. An obvious, statistically-
determined correlation between the main qualities mentioned above for
semen, (which together determine the fertility) and the depth of pene-
tration into various media could not be shown. This was, however, hardly
to be expected. The depth of penetration is the distance which the most
far advanced spermatozoon has covered in a certain unit of time. It may
happen, however, that only a very small number of qualitatively highly-
motile spermatozoa penetrate deep into the medium in question, while
the great majority remain far behind. Again, with a sample of semen of
low spermatozoal density but good motility, a normal depth of pene-
tration may be expected. For fertilization of an ovum, however, it is
necessary that not a few, but a large number of spermatozoa reach the
higher sections of the female genital tract. The linear progression in the
glass capillary cannot therefore be taken as a measure of the fertility of
the semen specimen. However, it may be expected that a positive corre-
lation exists between the number of spermatozoa which have penetrated
after a certain time a given distance into the medium in question and
the chance of a conception occurring.

To determine the gquantitative penetration, a 2 cm. long cannula
with an internal diameter of 1 mm. was attached to an injection sy-
ringe; 0.2 cc glucose Ringer or cervical mucus was drawn up and the
open end of the cannula brought into contact with the drop of semen
on the glass slide. After incubation for two hours at 37° C, the num-
ber of spermatozoa that had penetrated was determined using the
counting chamber of a haemocytometer.

Thirty semen specimens were investigated, 15 fertile, 5 subfertile and
10 sterile. For normal fertile semen, the number of spermatozoa that had
penetrated was always found to be greater than 10,000 (varying from
10 to 120 thousand). When subfertile semen was used, this number lay
between 250 and 9000. When semen of sterile men was used, absolutely
no penetration occurred. This last fact is remarkable since in this latter
group semen specimens were found with a spermatozoal density of 10-15
million, a quantitative motility of 2-56 per cent and a percentage of nor-
mal spermatozoa of 22-90 per cent. In the paper mentioned above, no
comment is made on this finding.
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In 1958, at a colloquium in Paris, a modification of the quan-
titative penetration test was described by BoTeLLa-Lrusia. The
hollow-ground glass slide was replaced by a test tube into which
the injection syringe was placed with the open end of the cannula
in a small quantity of semen at the bottom of the test tube (fig. 4).

ATT TN

Fig. 4. Apparatus for performing the quantitative spermatozoal penetration
test according to Botella-Llusia (1958). See text.

This apparatus was placed in the oven for two hours at a tempe-
rature of 377 C.

By means of this method, too, it was found that a quantitative pene-
tration of 10,000 spermatozoa into Ringer-glucose or into normal ovula-
tory cervical mucus, is a minimum value to ensure normal fertility.

In 1962 Ruiz-VeLasco described the results of the quantitative
penetration test using normal and pathological cervical mucus taken
during and outside the ovulation period. In the interval, the ap-
paratus had been further perfected. For withdrawal of the cervical
mucus from the cervical canal, use was made of a syringe to which
a small rubber tube and a pipette were attached. It was found that
a positive correlation existed between quantitative penetration on
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the one hand and the degree of tlow elasticity (Spinnbarkeit) and
fern formation on the other (see page 37-39). It was also found
that, of the spermatozoa which had penetrated into the cervical
mucus, the percentage of abnormal forms was considerable lower
than in the semen. This same fact was also described in 1955 by
BErRGMAN for the SimMs-HUHNER test.

Ruiz-VerLasco assumed, therefore, that cervical mucus is a kind
of filter for the spermatozoa.

BerGMAN and GENNSER (1959) and BErRGMAN and FerBas (1961)
reported the results of a Swedish group of workers using the quan-
titative penetration test as described by BoTeLLA-LLrusia et al. Use

— L
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Fig. 5. Tuberculin syringe for sperm migration test, according to Bergman
and Gennser (1959). See text.

was made of a tuberculin syringe attached to a stand (fig. 5). Into
the syringe 0.2 cc. of a buffered isotonic fructose solution was drawn.
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The test was performed at room temperature and after one hour,
the number of spermatozoa that had penetrated was determined by
means of the counting chamber described by BuRrkER.

Within the framework of the sterility investigation, the ejaculates from
a total of 100 different men were investigated. A positive correlation was
found to exist between the main qualities of the semen and the number
of spermatozoa penetrating. It appeared that penetration by more than
10,000 spermatozoa took place only when the semen specimen in question
contained at least 27 x 10% spermatozoa per cc ejaculate, when the motility
was at least 50 per cent, and when less than 50 per cent of morphologi-
cally abnormal forms were present, Of the semen specimens which did
not satisfy these three criteria, not a single one showed a penetration of
more than 10,000 spermatozoa.

Both in the quantitative penetration test described by Botella-L1u-
sia et al. and in that described by Bergman er «l.,, penetration by
more than 10,000 spermatozoa seemed to be the criterion of normal
semen, The points of difference shown by these two tests ,viz. a difference
in the medium used, a difference in temperature and a difference in du-
ration, therefore appeared to have no effect on the end result.

The fact that the number of spermatozoa which penetrated into the
Ringer-glucose solution during the two hours of the test of Botell a-
Llusia er al. is equalled in the shorter test described by Bergman
et al. may be due to better penetration into the fructose solution used by
the latter workers. That a fructose solution gives better penetration than
a glucose solution was also shown by Botella-Llusia er al. (1956).

SALVATIERRA and SUREDA in 1958 described an apparatus for the
determination of linear spermatozoal penetration. Penetration took
place at 377 C. in the horizontal or vertical position using an isotonic
glucose or fructose solution as medium. After thirty minutes the
capillary was examined under the microscope and the linear pro-
gression of the spermatozoa determined.

It was found that of 62 semen specimens with a spermatozoal density
of at least 20 x 109 per cc. a motility of at least 40 per cent and a percen-
tage of morphologically normal spermatozoa of at least 80 per cent, all
showed a linear penetration of more than 8 mm. (9-38 mm.) in the hori-
zontal position and more than 3 mm. (4-19 mm.) in the vertical position.
In 72 semen specimens failing to attain one or more of the above men-
tioned basic criteria, the linear penetration was less than 9 mm. in the
horizontal position and less than 4 mm. in the vertical position,

According to SALVATIERRA and SUREDA, their glass capillary pene-
tration test could replace the classical semen analysis for assessing
the fertility of a semen sample.
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This conclusion, therefore, does not agree with that of BoTELLA-
Liusia et al., who considered linear progression insufficient for
assessment of the fertility of a semen specimen.

In 1961 SmitH and NeuMaN described a capillary penetration
test, with the aid of which the linear as well as the quantitative
penetration could be determined. A small polyethylene tube no. 200,
with a length of 6 cm. and an internal diameter of 1.4 mm., was
filled with physiological saline solution or with Locke’s solution.
One end was fitted with a small clamp and the other end was placed
in the semen under investigation, at a temperature of 37° C. After
one hour, the small tube was placed in the deepfreeze or the contents
were frozen using liquid nitrogen. The tube was then cut up into
lengths of 1 cm. These pieces were numbered and then allowed to
thaw. The number of spermatozoa in each segment was determined
in the counting chamber of a haemocytometer.

A clear connection was found between the qualitative motility of the
semen on the one hand and the linear and quantitative penetration on the
other.

The spermatozoal density in a relatively large number of cases did not
correlate with the linear and quantitative penetration. The possibility of a
connection between peneltration and the morphology of the semen was not
investigated.

As already mentioned the capillary method offers advantages over
the coverslip method for performance of the spermatozoal pene-
tration test in vitro.

In the first place by using the capillary method, the linear pro-
gression of the spermatozoa can be determined, which is not possible
with the coverslip method. In this way one of the most important
properties of spermatozoa, namely the gualitative motility, can be-
determined with great accuracy. The quantitative progression can be
determined with the coverslip method as described by Guarp (1960)
or with the capillary method as described by BoTeLLA-Lrusia et al.
(1956, 1958, 1960), BERGMAN et al. (1959, 1961), or by SmiTH and
NEuUMAN (1961).

The second advantage of the capillary method over the coverslip
method is the possibility of determining the duration of motility of
the spermatozoa in the medium in question, because evaporation of
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fluid out of the capillary tube can easily be prevented by closing
the open ends of the tube.

The duration of motility is a useful criterion for assessment of
the longevity of the spermatozoa.

Of the capillary methods described, that of BoTELLA-LLUsIA et al.
is of most value because, with this, the quantitative penetration can
be determined. This quantitative penetration appears, from the in-
vestigations of BoTELLA-LLUsIA et al. as well as those of BErRGMAN
et al., to be a reliable fertility index. The quantitative penetration
test described by BoTeLLA-LLusia et al., however, also has some
disadvantages.

In the first place, linear progression is less easily determined than
by using a simple glass capillary. Improvements could be made
by making the cannula of the syringe longer and of transparent
material. By bringing the syringe with the cannula under the object
lens of a microscope at different times, the linear progression could
be measured. This is however rather inconvenient, besides which the
quantitative penetration may possibly be disturbed by this treatment.

A second disadvantage of the quantitative penetration test as
described by BoTELLA-LLUsIA et al. is that an air bubble or a small
mucus plug in the cannula can hinder penetration. This objection
could also be avoided by making the cannula of transparent mate-
rial. Any possible obstruction could then be removed before be-
ginning the test.

A third objection, which will be more difficult to rectify, is that
when only a very small quantity of cervical mucus is available,
it will be impossible to draw 0.2 cc. into the syringe.

In the fourth place it is difficult, if not impossible, when using
cervical mucus, to suspend the spermatozoa homogeneously in the
mucus after penetration. This is nevertheless essential, since other-
wise no reliable determination of the number of spermatozoa pene-
trating can be obtained.

Finally, the method of BoTeLLAa-LLusia et al., although reason-
ably simple to perform, still requires a number of handling proce-
dures which make this test less suitable for routine investigations.
If complete semen analysis were rendered superfluous by this test,
then this last objection would no longer exist. This, however, is not
the case, since one needs to know not only whether the semen is of
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reduced fertility or non-fertile, but also why this is so. An answer
to this latter question is important in determining therapy.

It therefore occurred to the present author that the spermatozoal
penetration test in vitro required a method other than those so far
described. To this end, he has developed a simple, easily manipulated
little apparatus, with which the depth of penetration (linaer progres-
sion), the penetration density (quantitative penetration) and the
period of motility (longevity) of the spermatozoa can be determined
in the medium in question.

The construction of this apparatus, called sperm penetration meter
(hereafter referred to as the S P M), is extremely simple and requires
so little time that several of these little devices can be produced at
any glass-worker’s bench, whenever required.

Performance of the in vitro spermatozoal penetration test with the
sperm penetration meter (hereafter called the SP M test) is just as
simple and rapid. Unskilled laboratory personnel can also be per-
mitted to perform the test by this method. And further more, when
only a small quantity of semen or a small quantity of cervical mucus
is available, the test can be performed with the sperm penetration
meter. For this only two drops of semen and less than 0.05 cc.
cervical mucus are required.

The performance of the SP M test was published in a preliminary
paper (KREMER, 1965) and will be described in detail in Chapter II.
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c/.wzpter 2

the SPM test

A. Construction of the SP M

A small test tube with a length of approximately 7 cm. and an
external diameter of approximately 8 mm. (a so-called serum tube,
often used for blood group investigation) is sawn length-wise for a
distance of 1 cm. from the bottom by means of a rotating glass-saw.
Care must be taken that the saw does not pass exactly through the
middle of the tube, because then two identical halves are produced,
which however, are both too small for the envisaged use (part of
the glass, equivalent to the thickness of the glass saw, is removed).
The test tube must be sawn in such a way that one of the side
surfaces of the glass-saw passes exactly through the middle of the
tube. The tube is then sawn through at right angles to the longitu-
dinal sawcut at a distance of 1 cm from the bottom.

In this way two unequal bottom pieces, each with a length of
1 cm., are obtained. The bigger one is fixed onto a calibrated glass
slide with glass glue, slightly above the mid-point of one of the
short sides. The open section of the little reservoir formed in this
way faces the other short side and runs parallel to it.

A glass rod with a length of 2 cm. and a diameter of 1 mm. is
glued to the glass slide at a distance of 1 cm. from, and parallel to,
the open section of the small glass reservoir. This rod need not be
solid; a glass capillary can be used quite well.

The calibration of the glass-slide is performed using etching-ink.
The calibration lines divide the length of the slide into centimetres
and halfcentimetres. (fig. 6).
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Fig. 6. Front and side-view of the sperm penetration meter (S P M).

Calibration of the slide with etching ink is not without its diffi-
culties, since the etching ink tends to spread out, causing the lines
to be broad and irregular. A thin layer of beeswax should therefore
be applied in advance. In this the lines are drawn with a needle
and the etching ink placed in these lines. In this way very thin,
regular lines can be obtained.

Some experience is necessary before the technique of calibration
with etching ink can be mastered. The first attempts nearly all
result in failure. Technically it is easier to use transparent hard
plastic, instead of glass. On this very thin lines can be drawn wit-
hout difficulty with a needle. This material, however, has the dis-
advantage that it can become dull on boiling and is easily scratched.

B. Obtaining and evaluating the materials necessary for the
investigations

a. Acquiring and transporting the ejaculates

The ejaculates used were from men who were enrolled, together
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with their wives, for a fertility examination. The ejaculation general-
ly took place in the couple’s home. The disadvantage of this is that
the ejaculate is often already several hours old by the start of the
examination which can have an unfavourable influence on sperma-
tozoal motility. However, it was virtually always possible to keep
the time which elapsed between ejaculation and the start of the
laboratory examination shorter than two hours. This is the period
in which the spermatozoa in a normal fertile ejaculate maintain
their initial motility (VASTERLING 1960). An important advantage
of ejaculation in the couple’s home is that the seminal emission is
easier to bring about in a familiar environment and, in a number
of cases, is more complete than when it has to take place in strange
surroundings. The ejaculation took place in the clinic only in ex-
ceptional circumstances. This was the case when the couple’s home
was more than two hours’ journey from the clinic.

Each man was given to take home a small, cylindrical, glass
bottle with a volume of 30 ml. in which to put the semen. The bottle
was made of thick, strong glass and could be closed with a screw-
top. LANE ROBERTS et al. (1948) warned against the use of new glass,
because they believed it impaired the motility of the spermatozoa.
I could detect no difference in spermatozoal motility when part of
a semen sample was kept in new glass, part in old glass and part in
paraffined glass. After 8 and 24 hours the motility was found to
be the same in all three bottles. This test was repeated five times,
each time with the semen from a different man and each time with
the same result.

Preferably, an ejaculate was used which had been obtained by
massaging the phallus.

The term ‘““masturbation semen” often encountered in the literature,
should be avoided, not only because the term is ethically ¢“charged” but
also because it must be regarded as incorrect in these circumstances. The
only purpose of masturbation is to generate an orgasm. The resulting
ejaculate is an undesired side effect. Bringing about an ejaculatory reflex
within the framework of a fertility investigation by rubbing the phallus
is quite a different matter. Here the only purpose is to obtain an ejacu-
late; the orgasm is an unintended side effect.

Obtaining semen for a fertility examination by massaging the phallus
can therefore be better compared to a coitus performed with the aim
of inducing pregnancy. In fact in both cases the object of the act, direct
or indirect, is pregnancy.
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If the person concerned was too strongly inhibited to bring about

the ejaculatory reflex manually, use was made of semen obtained
after coitus interruptus. Of 3248 ejaculates examined during the
period 1 July 1963-1 July 1967, 287 were obtained in this way.

The disadvantage of this is that the semen is more or less contaminated
by the contents of the vagina .This contamination can be quite pronoun-
ced, especially when fluor albus is present. The presence of leucocytes,
vaginal cells and Doderlein flora could be detected in the majority of
the semen specimens obtained by coitus interruptus. In addition, the
first part of the ejaculate is often lost with coitus interruptus. And it
is precisely in this part that spermatozoal density and spermatozoal mo-
tility are greatest (MacLeod and Hotchkiss 1942, Farris and
Murphy 1960, Amelar and Hotchkiss 1965).

Whenever the man had scruples about obtaining semen by mas-

saging the phallus or by coitus interruptus, because of ethical or re-
ligious objections - this occcurred seldom - the so-called cervical
spoon was used (DoyLE 1948, SCHELLEN 1960).

Here the chance of contamination of the ejaculate by the contents of
the vagina is considerably greater than with coitus interruptus. Sperma-
tozoal motility is impaired in a number of cases, while the diagnosis of
leucospermia cannot be made. Of 3248 ejaculates examined during the
period 1 July 1963-1 July 1967, only 4 were obtained in this way.

Semen obtained by coitus condomatosus was never used.

The rubber of the condom is often impregnated with spermicidal sub-
stances which will interfere with any evaluation of spermatozoal motility.

Semen extruded from the wvagina after normal coitus was also

never used.
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One of the disadvantages of this method. advocated by Holt, is that
the total ejaculate is not obtained, and that spermatozoal motility can
be impaired by mixing with the sometimes considerable amount of vaginal
contents (Hellinga 1949), According to Holt ,the latter is not the
case. He found no rapid decrease in spermatozoal motility in 969 semen
specimens extruded from the vagina immediately after coitus and then
sent by express post to a central laboratory, 24 Hours later an average
of about 50 % quantitative spermatozoal motility was found in thesc
specimens, while the majority of them came from infertile men (Holt
1956). 1 was not able to reproduce these favourable results with the
H o1t method, even with fertile semen samples.



It is important to give the husband clear instructions in advance
as to how the semen must be collected and transported. For this,
he was given, along with the receptacle, a form to be completed and
handed in at the laboratory together with the semen. There were
a number of instructions printed on the front page of the form.
The laboratory data were filled in on the back page of the form.

The most important instructions were as follows:

The examination must be preceded by 3-5 days abstinence. Before
ejaculation the penis must be washed well with water and dried thorough-
ly. Soap must not be used since traces of soap can impair spermatozoal
motility.

The bottle must be brought to about body temperature before the
emission; a sudden drop in temperature can cause an irreversible shock
for the spermatozoa. If a part of the semen is lost, this must be men-
tioned on the form; it must also be made clear whether the first or last
part of the semen has been spilled. To avoid bringing the semen into
too much contact with air, which impairs spermatozoal motility, violent
shaking must be avoided as much as possible during transport (V as-
terling 1960).

If during the two months preceding the investigation, the husband has
had pyrexia, an allergic disease, a virus disease, has used drugs or been
operated on under narcosis, this must be mentioned on the form. Sper-
matogenesis can be unfavourably influenced by these factors (Mills
1919, Moore and Oslund 1924, MacLeod and Hotchkiss
1941, Brown 1943, MacLeod 1951, Nelson 1953, Nelson and
Bunge 1957, MacLeod 1962, Scott and Young 1962, Char-
ny 1962, Glover and Young 1963, Hellinga personal commu-
nication).

b. Ewaluation of the ejaculates

The fertility evaluation of the ejaculates was based on:
Spermatozoal density
Quantitative motility of the spermatozoa
Qualitative motility of the spermatozoa
Morphology of the spermatozoa.

The spermatozoal density was determined with the haemocyto-
meter. The semen specimen was thoroughly mixed and drawn to
the 0.5 mark, halfway up the stem of the pipette. The pipette was
then filled to the mark at the top of its bubble-chamber with a
solution of 590 sodium bicarbonate in order to kill the sperma-
tozoa. The bicarbonate solution had been coloured blue beforehand
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by adding 3 drops of 1 %0 methylene blue to 10 cc. of the solution.
This facilitated observation of the formed elements in the ejaculate.
Counting was carried out with the BiUiRKER counting chamber.

The quantitative motility of the spermatozoa was calculated ac-
cording to an estimating method whereby the ratio is determined of
the number of nonmotile to that of the motile spermatozoa in a
number of visual fields. The estimated quantitative motility was
given in multiples of 10 ?/o. If the estimated value was less than
10 °/0, then a differentiation was made into 5 %o, less than 5 %0 and
sporadic.

The qualitative motility of the spermatozoa, ie. the rate of mo-
vement, was also determined by estimation. Use was made of a
number gradation, a method used by many American investigators
(MacLeop and GoLp 1951, Danezis et al. 1962).

The number gradation was as follows:

0 = no movement
<1 = movement in situ

1 = slow progressive movement

2 = moderate progressive movement
3 = fairly good progressive movement
4 = good progressive movement

5 = very good progressive movement.

Since the qualitative motility can change in various visual fields,
a number of such fields were always evaluated. In the various visual
fields, the variation in qualitative motility amounts as a rule to less
than one grade. These differences were indicated by adding the
grading + or —. For example, if the motility was given by grade 2
in the majority of the visual fields, but as grade 3 in a minority,
then the qualitative motility was indicated as 2+. A classification
of 4— signifies that grade 4 motility was seen in most of the visual
fields, and grade 3 in the remainder. When the spermatozoa were
partly slow progressive and partly only motile in situ, this was
indicated by grade 1—.

For evaluating the morphology of the spermatozoa a thin smear
was made from every ejaculate on a microscope slide which was
dried in air. This smear was fixed for five minutes in methyl alcohol,
then stained for 15 minutes with a solution of 2.5 ml. Giemsa stain
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in 80 ml. buffer pH 6.9, and subsequently dried in air. The prepa-
rations were examined microscopically under the oil immersion lens
(magnification 10 X 100). The morphological classification was
based on the shape of the spermatozoal head. Only the spermatozoa
which were lying on the fl