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Objective: To determine whether immature spermatids increase in semen in response
to hormonal contraceptive treatments. Such a finding would support the existence of a
defect in spermiogenesis, which in turn may explain the reported variability in sperm
output.

Design: Semen smears were obtained from healthy men undergoing randomized
control trials of T plus progestin contraceptive treatments.

Patient(s): Healthy men (21-49 years) with normal semen analyses received T (50-
100 mg IM weekly) in combination with either desogestrel (150-300 ug daily, n = 5)
or levonorgestrel (125-250 g daily, n = 10) for 24 weeks. Semen smears were made
during spermatogenic suppression and recovery. Nine control subjects were also
assessed.

Main Outcome Measure(s): Semen analyses were performed using World Health
Organization criteria. Immature spermatids and white blood cells in semen were
identified by immunostaining with monoclonal antibodies to the human intra-acrosomal
antigen SP-10 and the ubiquitous white cell CD-45 antigen, respectively.

Result(s): In a total of 14 normal ejaculates (9 control and 5 pretreatment) 74 = 14
million/mL sperm (mean * SEM) were seen together with a few immature spermatids
(0.69 = 0.20 million/mL). During contraceptive treatments, spermatid number
decreased in parallel with the sperm concentration and spermatids disappeared in most
subjects. No significant changes were seen in either leukocyte or immunonegative
round cell concentration (0.41 = 0.25 and 0.25 * 0.09 million/mL in controls,
respectively) in response to treatments.

Conclusion(s): Spermatid sloughing, as assessed by the ejaculation of immature
spermatids, is not a feature of T-induced spermatogenic regression in men; rather, the
decline in both mature and immature germ cells in the ejaculate probably results from
a decline in the number of precursor cells, ultimately resulting in severe oligo- or
azoospermia. Detailed studies on the sites of spermatogenic interruption are required to
understand the variability in responses seen after contraceptive therapies in men. (Fertil
Steril® 1998;69:89-95. ©1998 by American Society for Reproductive Medicine.)
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It has long been recognized that exogenous
T or progestins inhibit spermatogenesis in men
(1, 2). In the 1970s, after the successful use of
progestins as a contraceptive in women, work

on developing a male hormonal contraceptive
began using T, alone or in combination with
progestins, to reversibly suppress serum gona-
dotropin levels and thereby spermatogenesis.
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Although severe oligospermia or azoospermia were shown
to be reversibly induced in the majority of subjects (3-7), the
degree of spermatogenic suppression was variable. Suppres-
sion to azoospermia was achieved in ~60% of white men
but in ~95% of Asians (5). In addition, the time taken to
achieve suppression of sperm output varied between sub-
jects. The sites in the spermatogenic process inhibited by
androgen/progestin treatment are unclear as are the basis for
the varying rates and the degree of spermatogenic suppres-
sion seen within and between racial groups (5-9).

In the rat, T treatment suppresses LH and testicular tes-
tosterone levels and consequently, spermatogenesis. The
principle spermatogenic lesion in this setting is the inhibition
of round to elongated spermatid maturation (10), with the
apparent sloughing of stage VIII spermatids from the semi-
niferous epithelium resulting in their appearance in the epi-
didymis (11). It is not clear whether the same process occurs
in men.

Several early studies reported that treatment of normal
men with 6-medroxy-progesterone acetate (12) or combina-
tions of danazol and T (13) increased the number of round
(immature) spermatids in the semen. Normal human semen
may contain, in addition to spermatozoa, round nucleated
germ cells, inflammatory cells (leukocytes), and other cells
(e.g., macrophages and epithelial cells). The identification of
these cell types by light microscopy in semen smears using
conventional staining has been difficult, particularly the dif-
ferentiation of round spermatids from lymphocytes/mono-
cytes, and of spermatid symplasts (with two or more nuclei
in a common cytoplasm) from polymorphonuclear granulo-
cytes. Recently, this task has been facilitated by immunocy-
tologic techniques using monoclonal antibodies against ac-
rosomal and leukocyte antigens (14-18).

In the present study, we used immunocytochemical stain-
ing with monoclonal antibodies to the human intra-acroso-
mal SP-10 antigen (17) and the common CD-45 human
leukocyte antigen to assist in cellular identification in human
semen. We attempted to determine whether there were in-
creased numbers of immature spermatids and leukocytes in
semen after gonadotropin withdrawal induced by T admin-
istration, in combination with progestins, for the purposes of
contraception. Such a finding would suggest that sloughing
of maturing germ cells previously described in rodents also
occurs in men. The variability in the degree of sloughing
could explain the observed variations in the rate and com-
pleteness of spermatogenic suppression in human contracep-
tive regimens.

MATERIALS AND METHODS

Hormonal Treatments and Sample Collection
All men enrolled in the study were in good health and

were 21-49 years of age. All had at least two normal

pretreatment analyses of semen; semen samples were col-
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lected by masturbation after at least 24 hours of abstinence
and assessed using the World Health Organization criteria
(19). All had normal serum T, LH, and FSH levels. Institu-
tional Review Board approval for these studies was obtained
from the Human Subjects Committee of the University of
Washington. The study included three groups of subjects.

Testosterone Plus Desogestrel

Five men received testosterone plus desogestrel enanthate
IM for 22-24 weeks. Two men received desogestrel (150 ug
daily plus T [100 mg/week]), two received desogestrel (300
ug daily plus T [100 mg/week]), and one received (150 ug
daily plus T [50 mg/week]). Semen samples were collected
before the treatment and every 2—4 weeks for the first 12
weeks.

Testosterone Plus Levonorgestrel

Ten men received levonorgestrel (250 ug, n = 4; or 125
pug, n = 6) plus T 100 mg IM weekly for 24 weeks. Before
cessation of treatment (19~24 weeks), semen samples were
collected from four men (suppression phase) and semen
samples were collected from the other six men 1-8 weeks
after the cessation of treatment (recovery phase).

Normal Control Group
Semen was also collected from nine healthy men.

Preparation of Semen Smears

After routine semen analysis using the World Health
Organization criteria (19), liquefied semen (0.1-1.0 mL) was
centrifuged three times (600 g, 10 minutes each time) and
washed in phosphate buffered saline (PBS, 0.01 mol/L, pH
7.20). The final pellet was resuspended in PBS to ~10
million spermatozoa/mL if possible, otherwise the pellet was
resuspended in a minimal volume. The final suspension (5
L) was applied to a precleaned microscope slide (Labcraft,
Dallas, TX). The slides were then dried, fixed with acetone
for 10 minutes, and stored at —80°C in a sealed box with a
desiccant (silica gel beads).

Immunocytochemical Staining

Procedures

The slides were stained with an indirect immunoperoxi-
dase method (20) at room temperature. The main steps were
[1] 0.1% hydrogen peroxide in distilled water was applied
for 15 minutes to quench endogenous peroxidase activity;
[2] a serum-free protein block (Dako, Carpinteria, CA) was
applied for 15 minutes to saturate nonspecific binding sites;
[3] incubation for 30 minutes with either the monoclonal
antibody against human intra-acrosomal antigen SP-10 [SP-
10-3mAbs (Virginia Biotech, Charlottesville, VA), 1:50 in
PBS containing 0.5% bovine serum albumin (BSA)], or
against the cell membrane located human leukocyte common
antigen CD-45 [T29/33 (Dako), 1:50 in PBS containing
0.5% BSA], or with PBS (as control); [4] peroxidase-conju-
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ght mlcrographs of immunostained spermatids in 4-um-thick paraffin-embedded testicular sections from a normal adult man.
he primary antibody used in the staining was a monoclonal antibody against the human intra-acrosomal antigen SP-10. The
immunopositive area is brown. G, Golgi phase round spermatid; C, cap phase round spermatid; E, early acrosome phase
spennatld L, late acrosome phase spermatid. Bar = 10 um.

|

gated immunoglobulins (goat anti-mouse, Dako; 1:50 in PBS
containing 0.5% BSA) for 15 minutes; {5] 3,3'-diaminoben-
zidine tetrahydrochloride [Sigma, St. Louis, MO; 10 mg
dissolved in 15 mL of Tris/HC1 buffer (pH 7.4) containing
12 uL 30% hydrogen peroxide for 15 minutes to develop the
immunoreaction product. Finally the slides were counter-
stained with Harris’ hematoxylin (Sigma) for 10 seconds,
blued with Scott’s tap water, dehydrated with ethanol,
cleared with histolene (Fronine, New South Wales, Austra-
lia), and mounted under DPX (BDH, Poole, UK).

Control Samples

Several control samples were used to ensure the specific-
ity of the monoclonal antibody-based identification methods.
{1] Normal human testicular biopsy tissue blocks were im-
mersion fixed in Bouin’s fluid, embedded in paraffin, and
sectioned at 4 pm. The sections were immunostained using
the same method as for the semen smears. This served as a
positive control for the staining of immature spermatids. [2]
Semen smears from two patients undergoing infertility in-
vestigations who were found to contain numerous round
cells presumed to be immature spermatids. These smears
were also used as a positive control for the staining of
immature spermatids. [3] A smear of normal human leuko-
cytes was obtained from the leukocyte-rich layer of blood
after centrifugation and served as a positive control for the
CD-45 staining procedure.

FERTILITY & STERILITY®

Cellular Identification Criteria

Separate smears were stained with SP-10 or CD-45
monoclonal antibodies to enable the counting of sperm/
immature spermatids and leukocytes, respectively. As slides
were not costained, the concentration of non-CD-45-positive
round cells was also determined in the smears stained with
CD-45 antibody. The number of round cells negative to both
SP-10 and CD-45 was then derived by subtracting the num-
ber of SP-10-positive round cells from the number of CD-
45-negative round cells.

Mature spermatozoa were readily identified on morpho-
logic criteria irrespective of their SP-10 immunoreactivity.
SP-10 immunoreactivity (fine brown granules) was seen in
the acrosome or acrosomic system of immature spermatids
(Figures 1 and 2). The immature spermatids in the seminal
smear were identified provided that the nucleus was seen and
a dot, patch, or crescent-shaped SP-10 immunoreactive area
was apparent in the cytoplasm or nucieus.

Immature spermatids were divided into three phases
based on the description of Clermont and Leblond (21). [1]
Golgi phase: dot or patch-shaped SP-10-positive area was in
the cytoplasm near the nucleus; [2] cap phase: crescent or
half-moon-shaped SP-10-positive area was on the nucleus of
round or elliptical cells in the cytoplasm; and [3] acrosome
phase: crescent-shaped positive area at the end of a round or
elliptical cell where the nucleus was closely attached to the
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FIGURE 2

Light micrographs of immunostained (mature) spermatozoa, (immature) spermatids, and leukocytes in human semen smears.
1--6: the primary antibody used in the staining was a monoclonal antibody against the human intra-acrosomal antigen SP-10;
7, 8: the primary antibody used in the staining was a monoclonal antibody against the human leukocyte common antigen CD-45
located in the cell membrane. The immunopositive area is (dark) brown. G, Golgi phase round spermatid; C, cap phase round
spermatid; E, early acrosome phase spermatid; L, late acrosome phase spermatid; S, spermatid symplast; M, mature
spermatozoa; W, leukocyte. Note that all the mature spermatozoa in micrographs 7 and 8 are immunonegative. Bar = 10 um.

cell boundary. Elongated cells, with or without a tail, were
also regarded as acrosome phase spermatids provided their
SP-10-positive area covered less than half of the head. Leu-
kocytes were identified by their size, shape, and CD-45
immunoreactivity in which the whole cell was dark brown
with weak immunoreaction over the nucleus (Figure 2).
Immunonegative round cells were recorded separately.

Cell Counting

Smears were observed using an oil immersion lens
(100X, Olympus, Tokyo, Japan, S Plan Apo, NA 1.40) on an
Olympus BH-2 microscope. The image was captured with an
F15 Panasonic video camera coupled to an Amiga 2000
computer using an Impact Vision 24 Professional video
adaptor (Great Valley Products Inc., King of Prussia, PA).
Fields were systematically sampled from a random start with
a motorized stage. Eight rectangular frames (two rows), each
with area 413 um?, were generated by a software package
(Grid V 1.2: Graffitidata, Silkeborg, Denmark) and superim-
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posed on the video screen (final magnification 2,727X). All
frames were used for the counting of immature spermatids,
leukocytes, and other immunonegative round cells; however,
the number of frames used for the counting of spermatozoa
varied depending on the sperm count.

Spermatozoa were counted separately. Before counting
the whole slide was scanned for immature spermatids or
leukocytes. Six hundred forty frames were counted if no
immature spermatids were observed; otherwise, at least
1,280 frames were counted. Sperm heads and other cells
were counted according to the unbiased counting rule de-
scribed by Gundersen (22).

The number of cells per unit area of smear were calcu-
lated and then the ratio between the numbers of immature
spermatids, leukocytes, or other immunonegative round cells
and the number of spermatozoa was calculated. The concen-
tration of each cell type per milliliter of semen was deter-
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Characteristic

Mean * SEM (range)

Semen volume (mL) 3005 (204.8)
$perm concentration (million/mL) 74 £ 14 (22-181)
Immature spermatid concentration (million/mL) 0.69 = 0.20 (0-2.64)
No. per 1,000 spermatozoa 9.0 19 (0-254)
Percentage in acrosomic phase 72 + 8% (18-100%)
Leukocyte concentration (million/mL) 0.41 £ 0.25 (0-3.43)
No. per 1,000 spermatozoa 8.6 +58 (0-82.0)
Negative round cell concentration (million/mL) 0.25 + 0.09 (0-1.19)

mined by multiplying the appropriate ratio by the sperm
concentration in the original semen.

Statistics

All data in text, figures, and tables are means * SEM.
Statistical analysis was performed using SigmaStat V1.0
(Jandel Scientific Software, San Rafael, CA). Multiple com-
parisons of semen volume and the concentrations of sperm,
leukocytes, and immature spermatids were performed. In the
T + desogestrel group, sequential data from multiple time
points was available in all men and one-way repeated mea-
sures analysis of variance (ANOVA) was used. In the case of
the T + levonorgestrel study, different subgroups of the men
provided samples at each time point and a standard ANOVA
was used.

RESULTS

Only spermatids (both round and elongated) were SP-10
immunoreactive in testicular sections (Figure 1). In semen
samples containing spermatozoa (n = 39), 70 * 3% of
spermatozoa showed SP-10 immunoreactivity (Figure 2) and
this proportion was not significantly different between
groups at different time points or treatment regimens. The
CD-45 immunostaining of leukocytes in semen smears is
shown in Figure 2 (micrographs 7 and 8). When either
primary antibody was omitted, no immunoreactivity was
apparent (not shown).

Baseline Semen Characteristics

The semen analysis results from the 14 normal untreated
men (five from control phase of T + desogestrel-treated
group, and nine from untreated control group) have been
combined in Table 1. Immature spermatids, leukocytes, and
immunonegative round cells were observed in 13, 7, and 9 of
the 14 samples, respectively, and, on average, there were 9.0,
8.6, and 2.5 of each per 1,000 spermatozoa, respectively
(Table 1).

Effects of Contraceptive Treatments
Changes in sperm, immature spermatid, and leukocyte con-
centrations during T + desogestrel are shown in Figure 3.

FERTILITY & STERILITY®

Semen volume (mL) and concentrations (million/mL of se-
men) of spermatozoa, immature spermatids, and ieukocytes
before (0 week), and 2, 4, 8, and 12 weeks after treatment
with T plus desogestrel. (a) P < 0.05 compared with pretreat-
ment; (b) P < 0.05 compared with 2 weeks of treatment.

s 35
S 25

g 15

»n 05
70

Leukocytes

0 I 1 1 1 ) 1 1
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Semen volume was unaltered by treatment. In the T + deso-
gestrel-treated group, azoospermia was achieved in four of five
patients; the fifth subject, receiving desogestrel 150 ug daily
plus T 50 mg/week, achieved a level of 0.1 million/mL.

In the T + levonorgestrel-treated group at the end of the
suppressive phase, one subject was azoospermic, whereas
the remaining three had sperm concentrations of 0.1-0.3
million/mL. During recovery (1-8 weeks after cessation of
treatment) from T + levonorgestrel treatment (n = 6), sperm
concentrations remained partially suppressed. Five subjects
had a sperm count between 0.1 and 2.8 million/mL and one
had a count of 43.3 million, the average being 9.5 = 8.5
million/mL.

The concentration of immature spermatids decreased
from 0.16 and 0.98 million/mL to undetectable levels after
T + desogestrel and T + levonorgestrel treatments, respec-
tively. One to eight weeks after the last T injection in the
T + levonorgestrel group, the immature spermatid concen-
trations remained low (0.02 million/mL). Even during the
initial suppression phase in T + desogestrel-treated group,
when immature spermatids were still apparent, their number
per 1,000 sperm did not increase.

The concentration of leukocytes and other immuno-
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negative round cells were unchanged throughout T +
desogestrel treatment. As a result, when the sperm con-
centration was reduced by ~90% after 8 weeks of T +
deso-

gestrel treatment, the number of leukocytes per 1,000
spermatozoa increased more than 50-fold (Fig. 3). No
changes were seen in leukocytes and other immunonega-
tive round cells after suppression and during recovery
from T + levonorgestrel treatment.

DISCUSSION

This study demonstrates that the number of immature
spermatids in the ejaculate does not increase after contracep-
tive treatments using T in combination with either levonor-
gestrel or desogestrel. Using an immunocytochemical
method for the identification of immature spermatids in
seminal fluid (16), we found that the absolute numbers of
immature spermatids decreased in parallel with the decrease
in sperm concentration culminating in azoospermia or severe
oligospermia and the disappearance of immature spermatid
forms in most subjects. These data provide no support for the
presence of spermatid sloughing as reported in the testoster-
one-treated rat (11). A less likely possibility is that sperma-
tids were sloughed but underwent degeneration and reab-
sorption before ejaculation.

The immunocytochemical approach used in the present
study has been used to detect immature germ cells in human
semen and to label germ cells specifically at and beyond the
immature spermatid stage (15, 16, 18). The use of an oil lens
with a NA of 1.40 allowed good optical sectioning through
the labeled cells, thus facilitating the differentiation of im-
mature spermatids from other round cells. We observed that
~30% of mature sperm in the ejaculate failed to show SP-10
immunoreactivity in semen, possibly attributable to their
having undergone acrosomal loss during processing. It is
possible that some immature spermatids may have failed to
show SP-10 reactivity because of acrosomal degeneration;
however, it should be noted that the number of immunon-
egative round cells was low in control samples and de-
creased in response to contraceptive treatments. Thus, our
conclusion that spermatid loss is not a key feature of these
treatments remains unaltered.

An increase in the number of round (immature) sperma-
tids in the semen has been reported during administration of
6-medroxy-progesterone acetate (12) or combinations of
danazol and T (13). However, it is possible that leukocytes or
other round cells were identified as spermatids in these
studies because immunocytochemical methods were not
available at that time to differentiate these cells. Numerous
other studies using T alone or in combinations with proges-
tins, have reported routine semen analysis findings; however,
they have not specifically examined for any increases in
spermatids or round cells (5, 6, 23-26).
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It appears that, unlike the testosterone-treated rat (11), the
sloughing of round spermatids is not common in the T-
treated human. This difference in response between species
may be explained by differences in FSH and testicular T
responses to such treatment.

In the rat, testicular T levels decreased markedly after
T treatment, whereas serum FSH levels remain normal
(10, 27). Moderate reductions are seen in the numbers of
spermatogonia and spermatocytes; however, the major
lesion is the interruption of spermatid maturation with the
resultant sloughing of round spermatids, which then ap-
pear in the epididymis (11).

In humans, and probably in other primates, FSH levels
are suppressed by T (5, 6, 26, 28). On the other hand, in
the hypophysectomized or GnRH-antagonist-treated mon-
key, relative to the rat, the reduction of testicular T levels
appears to develop relatively slowly and is less severe
(29, 30). In older men who are receiving a GnRH-agonist
(GnRH-a) analog treatment for prostatic cancer, testicular
T levels, although decreasing ~5% of control, remained
at 0.7 X 1077 mol/L (~20 ng/g) (31), a concentration that
is adequate to support aspects of spermatogenesis in sev-
eral animal species (32-34).

The primary spermatogenic lesion seen in primates after
gonadotropin withdrawal appears to be in spermatogonial
maturation (35); a similar lesion has been suggested in
humans, although quantitative data are lacking (24). We
speculate that the suppression of FSH in T-treated men
primarily inhibits spermatogonial division, which results in
the progressive disappearance of spermatocytes, spermatids,
and sperm. A specific lesion in spermatid maturation leading
to spermatid sloughing is not a key feature of this process as
evidenced by the study of germ cells in the ejaculate, perhaps
attributable to the persistence of T action on spermiogenesis.
Further studies involving quantitative analysis of spermato-
genic dynamics in the primate testis during contraceptive
regimens are needed to test this hypothesis.
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