Spermatogenesis in Man: An Estimate of Its Duration

Abstract. Testicular biopsies were obtained at various intervals after intra-
testicular injections of tritiated thymidine. Radioautographs revealed that the
most mature labeled germ cells were the preleptotene spermatocytes at 1 hour, the
midpachytene spermatocytes at 16 days, and the immature spermatids at 32
days after injection. These results indicated that one cycle of the seminiferous
epithelium lasts 16 days, and the whole of spermatogenesis is estimated to con-

sume approximately 64 days.

In sharp contrast to other mammalian
species, the arrangement of germ cells
in the human seminiferous epithelium
appears to be and always has been con-
sidered chaotic. No clearcut cellular
association could, until recently, be
identified and the “cycle of the semi-
niferous epithelium” in man was said
to be nonexistent. This lack of organi-
zation would obviously hinder any eval-
uation of the rate of development of
the germinal elements. Recently Cler-
mont (1) determined the composition
of six typical cellular associations and
described the cyclic evolution of the

seminiferous epithelium in man. These
findings were confirmed and applied
to studies on the effects of diamines
on human spermatogenesis (2). These
cellular relations have been used in the
present investigation to obtain an esti-
mate of the duration of spermatogenesis.

In a few mammals, spermatogenesis,
the process by which spermatogonial
stem cells proliferate and transform into
spermatozoa, has been accurately timed
by labeling resting (also called pre-
leptotene) spermatocytes with a DNA
precursor and radioautographing sec-
tions of testis at various time intervals
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Fig. 1. Composition of six typical cellular associations observed in the seminiferous
epithelium of man (7). Each column consists of the various cell types making a
cellular association. The cellular associations succeed one another in time in any given
area of the seminiferous tubule according to the sequence indicated from left to right
in the figure. After cellular association VI, cellular association I reappears so
that the sequence starts over again. The succession of the six cellular associations make
up the “cycle of the seminiferous epithelium”. Each cellular association (identified
by a Roman numeral at the base of the diagram) is taken to characterize a “stage
of the cycle”. The “cycle of the seminiferous epithelium” should be clearly distinguished
from “spermatogenesis,” which is the complete series of changes by which a type A
spermatogonium transforms into free spermatozoa. The sequence of changes is
shown by small arrows to be read from left to right starting from the bottom row.
Legend: A, type A spermatogonium; B, type B spermatogonium; R, resting (also called
preleptotene) primary spermatocyte; L, leptotene primary spermatocyte; Z, zygotene
primary spermatocyte; P, pachytene primary spermatocyte; II, secondary spermatocyte;
Sa to Sd, steps of spermiogenesis. Check marks indicate the most advanced labeled
cells at various time intervals after a single intratesticular injection of thymidine-H®.
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thereafter (3, 4). Thus, Ortavant, by
injecting P®-labeled phosphate into
rams, estimated the duration of sper-
matogenesis at 49 days (3). The most
suitable DNA precursor for radioautog-
raphy, tritiated thymidine (5), was
used in the rat to show that spermato-
genesis lasts 48 days in this rodent (4).
Parenteral injection of radioactive thy-
midine in man, in an amount sufficient
to label nuclei, is too hazardous a pro-
cedure. Instead a technique of direct
injection of thymidine-H® into the testis
was developed for the present study. -

Inmates of the Oregon State Peniten-
tiary volunteered for this investigation.
To eliminate the possibility of even-
tually contaminating the population
with genetically altered chromosomes,
only previously vasectomized subjects
(seven in all) were chosen. Thymi-
dine-H* (5.2 uc/mmole) was injected
directly into the testis, through the
tunica albuginea, to a depth of 0.5 cm.
The amount injected was 0.1 ml of
saline containing 10 uc of thymidine-H’.
Two sites were injected per testis and
were marked by tying a black silk
suture into the tunica albuginea. At
various time intervals thereafter (1 hour
to 40 days), the tunica albuginea was
re-exposed and a biopsy was removed
from the site of injection and fixed in
Cleland’s solution (modified Bouin).
Tissue sections, cut at 5 y, were stained
with iron hematoxylin and eosin and
prepared for radioautography by the
coating method of Kopriwa and Le-
blond (6). The sections were exposed
from 2 to 50 days before being devel-
oped.

Before analyzing the radioautographs
we will review briefly the main histo-
logical characteristics of the human
seminiferous epithelium (/). In man,
as in other mammals, generations of
spermatogonia, spermatocytes, and
spermatids were grouped in a few well
defined cellular associations (Fig. 1).
Thus, one or two generations of sper-
matids at given steps of spermiogenesis
were always associated with one or two
generations of spermatocytes and with
spermatogonia at given steps of their
respective development. Six such well
defined cellular associations were identi-
fied and were interpreted as six stages
in the evolution of the seminiferous
epithelium (Fig. 1). The succession of
these six stages in any one area of the
tubular epithelium thus constituted the
cycle of the seminiferous epithelium
1, 7).

Examination of the radioautographs
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Figs. 2-4. Three radioautographed por-
tions of the seminiferous epithelium show-
ing the same cell association: stage III
of the cycle. The three pictures were
taken from sections of testicular biopsies
collected 1 hour, 16 days, and 32 days
after a single intratesticular injection of
thymidine-H®>. Legend: PIl, preleptotene
spermatocyte; P, pachytene spermatocyte;
S, spermatid. At 1 hour, Pl are labeled;
at 16 days, P are labeled; and at 32 days,
§ are labeled.
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revealed that within 1 hour after injec-
tion, the nuclei of some spermatogonia
and preleptotene spermatocytes were
labeled with thymidine-H® (Fig. 2).
The labeled preleptotene spermatocytes
were the most mature germ cells which
had incorporated thymidine-H® at the
1-hour interval, since no other cells,
more advanced in development (sper-
matocytes, spermatids), showed any la-
beling (Fig. 1). Therefore, the most
mature labeled cells found in radio-
autographs of testicular biopsies col-
lected at later time intervals must
necessarily have arisen from such
preleptotene spermatocytes labeled with
thymidine-H®,

It should be noted that, at 1 hour
after injection, the labeled preleptotene
spermatocytes belonged to stage III of
the cycle (Figs. 1 and 2). This stage
includes midpachytene spermatocytes
and young spermatids with a slightly
irregular spheroidal nucleus. With time,
the labeled preleptotene spermatocytes
should successively go through lepto-
tene, zygotene, and early pachytene
steps of the meiotic prophase and re-
appear at stage III as midpachytene
spermatocytes, thus covering the dura-
tion of one cycle (Fig. 1). An attempt
was then made to find out at what time
interval after thymidine-H® injection the
midpachytene spermatocytes of stage
III become labeled.

In biopsies secured 12 and 14 days
after thymidine-H® injection, labeled
pachytene spermatocytes were found,
but the most advanced ones had not
yet reached stage III and were found
at stage II only (Fig. 1). At 16 days,
however, a biopsy specimen showed
labeling of the midpachytene sper-
matocytes of stage III of the cycle. (Fig.
3). Thus, it was concluded that the
duration of one cycle must be about
16 days.

From these data one could anticipate
that in an additional 16 days (that is,
32 days after thymidine-H® injection)
the most advanced labeled cells would
again appear in stage III but this time
as spermatids, since the labeled mid-
pachytene spermatocytes would have
completed the maturation divisions giv-
ing rise to spermatids (Fig. 1). There-
fore a biopsy specimen was obtained
32 days after thymidine-H® administra-
tion. The radioautographs revealed that
the most advanced labeled cells were in-
deed the spermatids in stage III of the
cycle (Fig. 4). Since, at 1 hour, at 16
days, and at 32 days after injection the
most advanced labeled cells were in

each case at stage III, it was concluded
that each cycle of the seminiferous
epithelium has a duration of 16 days.
An estimate of the duration of the

whole spermatogenic process presup-
poses knowledge of both the beginning
and the ending of spermatogenesis. The
ending can be defined with reasonable
precision as the time of the completion
of the spermatids’ metamorphosis into
spermatozoa and their extrusion into
the lumen of the tubule during stage II
of the cycle (top row of Fig. 1). On
the other hand, the point where sper-
matogenesis begins in man remains ob-
scure. Mammalian spermatogenesis is
considered by some (3, 8) to begin
with the appearance of new sperma-
togonial stem cells, and by others (9)
with the first of the series of sperma-
togonial mitoses leading to the produc-
tion of spermatocytes. In man, it is
possible that, as in most mammals
studied so far, spermatogonia begin
their multiplication at least one cycle
before they give rise to primary sper-
matocytes (around stage III of the cycle
in man), in which case human sper-
matogenesis would extend over the du-
ration of approximately 64 days (10).
If the onset of spermatogenesis is taken
to be the appearance of new sperma-
togonial stem cells, then this would oc-
cur before stage III, perhaps at stage
I of the cycle, or possibly even earlier.
Thus, spermatogenesis would last more
than 64 days. Until more information
is available, 64 days—the duration of
four consecutive cycles—may be con-
sidered a fair approximation of the
duration of human spermatogene-
sis (11).

CArRL G. HELLER

YvEs CLERMONT
Pacific Northwest Research Foundation
1102 Columbia Street,
Seattle 4, Washington, and
Department of Anatomy,
McGill University, Montreal, Canada

References and Notes

. Y. Clermont, Am. J. Anat. 112, 35 (1963).
C. G. Heller, L. J. Matson, D. J. Moore,
Y. Clermont, Proc. 44th Meeting Endocrinal
Soc. (1962), vol. 13; C. G. Heller, D. J.
Moore, B. Y. Flageolle, L. J. Matson, Exptl.
Mol. Pathol., in press.

R. Ortavant, Archiv. Anat.
Morphol. Exptl. 45, 1 (1956).
Y. Clermont, C. P. Leblond, B. Messier,
ibid. 48, 37 (1959).

B. Messier and C. P. Leblond, Am. J. Anat.
106, 247 (1960).

B. M. Kopriwa and C. P. Leblond, J. Histo-
chem. Cytochem. 10, 269 (1962).

C. P. Leblond and Y. Clermont, Am. J.
Anat. 90, 167 (1952).

R. P. Amann, ibid. 110, 69 (1962).

=+ E. F. Oakberg, ibid. 99, 507 (1956); Y. Cler-
mont and C. P. Leblond, ibid. 104, 237
(1959).

N

Microscop.

® Nk

185



10. At any rate the minimal duration of sperma-
togenesis is 48 days, or the duration of three
cycles; this is the time taken by a type B
spermatogonium to transform into sperma-
tozoa (Fig. 1).

11, We thank Dr. C. P. Leblond, department of
anatomy, McGill University, for advice and
encouragement. We also thank Lorna Mat-
son, Donald J. Moore, and Bernard Flage-
olle, Pacific Northwest Research Foundation
for assistance. Supported in part by grant RG-
5961 from the National Institutes of Health,
U.S. Public Health Service, to the Pacific
Northwest Research Foundation. Work done
in the department of anatomy, McGill Uni-
versity was supported by a grant from Popu-
lation Council, Inc. This investigation was
performed under Atomic Energy Commission
license 46-922-3 to the Tumor Institute of
the Swedish Hospital, Seattle, Wash.

24 January 1963

Methotrexate: Suppression of
Experimental Allergic
Encephalomyelitis

Abstract. Methotrexate inhibited the
production of allergic encephalomye-
litis in guinea pigs when administered
between the time of sensitization and
the onset of disease. If treatment was
delayed until the day of onset of en-
cephalomyelitis, the disease was still
suppressed and the death rate was re-
duced. The protective effect of metho-
trexate was reversed by folinic acid.

The antifolic acid agent methotrexate
(amethopterin), has been shown to in-
hibit both antibody formation and the
development of the delayed hypersensi-
tive state to purified protein antigens in
guinea pigs (). Suppression of -im-
mune host-graft reactions have also
been demonstrated with this agent (2).
The purpose of this study was to de-
termine what effect, if any, was pro-
duced by methotrexate on an experi-
mental autoimmune disease. Experimen-
tal allergic encephalomyelitis (EAE) in
the guinea pig was selected as the model
because the disease can be produced
regularly and because methotrexate has
relatively little toxicity in this species.

Table 1. Effect of methotrexate (Mtx) on the
incidence of EAE in guinea pigs.

Group 11 Group IIT
S’;gt‘&ll Mtx begun Mtx begun
day 1to 5 day 6 or 8

EAE by day 19
1/32 3%)+T

EAE by day 39
11/32 (34%)

Death
13/22 (59%) 8/32 (25%) 4/18 (22%)

* Ratio of the number of animals with EAE to
the total number of animals given the emulsion
containing spinal cord and adjuvant, T De-
veloped EAE on day 19, 2 days after last in-
jection of methotrexate.

17/22% (17%) 4/18 (22%)

17722 (17%) 8/18 (44%)
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Guinea pig spinal cord was ground
in a “Tri-R Teflon” tissue homogenizer,
suspended in a solution of 0.25 percent
phenol in water, and emulsified in an
equal volume of complete Freund’s ad-
juvant containing 4 mg of heat-killed
Mycobacterium tuberculosis per milli-
liter. Male Hartley guinea pigs were in-
jected intradermally; each guinea pig
received 0.4 mg of mycobacteria in a
total volume of 0.2 ml of emulsion.
The concentration of spinal cord in the
emulsion varied from 5 to 12.5 percent,
but in each trial the control and metho-
trexate-treated guinea pigs to be com-
pared were injected with the same prep-
aration. With this procedure, the inci-
dence of disease in any control group
was not less than 60 percent.

Methotrexate was injected intraperi-
toneally in a dose of 5 mg, usually
daily, sometimes on alternate days.
Drug administration was begun on day
0, 2, 4, 6, or 8 of the experiment; day
0 represents the day of sensitization.
Drug treatment was terminated on
either the 17th or the 23rd day.

The diagnosis of EAE was based on
the appearance of grossly obvious, defi-
nite paralysis or paresis which was al-
ways associated with sphincter dis-
turbances and weight loss, and was
usually associated with a wet chin,
tremor, or convulsions. No histologic
studies were made.

The pattern of response was similar
in each of the separate trials and the
results are therefore combined in Table
1. Animals that received methotrexate
treatment beginning on day 0, 2, or 4
are tabulated together (group II) as
are those started on day 6 or 8 (group
III). Days 19 and 39 were chosen as
reference points because no control ani-
mals developed EAE later than day 19
while none of the treated animals de-
veloped it after day 39.

In group I, the untreated controls,
17 of 22 animals developed EAE by
day 19. In group II, which received
methotrexate beginning on day 0, 2, or
4, no animals developed the disease
during treatment, and only one of 32
developed it by day 19. In group III,
methotrexate administration was begun
on day 6 or 8, and four of 18 guinea
pigs developed the disease by day 19.
Many of the treated animals developed
it from 2 to 22 days after cessation of
methotrexate injections. This temporal
sequence is illustrated in Fig. 1.

Some of the animals lost weight tem-
porarily or failed to gain normally
without showing definite signs of EAE
after the methotrexate injections were

Table 2. Reversal of methotrexate (Mtx) effect
by folinic acid (FA) in guinea pigs.

Mitx Mtx plus FA
Controls day 5-18 day 5-18
EAE by day 14
6/9% 0/9 1/9
EAE by day 39
6/9 6/9 7/9

# Ratio of the number of animals with EAE to
the total number of animals given the emulsion
containing spinal cord and adjuvant.

stopped. In those animals there may
have been an attenuated form of the
disease, and the true incidence of late
disease may be higher than that illus-
trated. Histologic studies will be re-
quired to deal with this question. The
mortality was reduced in both metho-
trexate-treated groups (Table 1).
Methotrexate exhibited little if any
gross toxicity in this experiment. One
animal died on the last day of an 18-
day course of 5 mg daily with no evi-
dence of EAE, and this was therefore
considered a toxic death. Two other
animals with no evidence of disease
failed to gain weight while receiving
methotrexate. The remainder of the
treated animals that were protected
gained weight and looked outwardly
normal while receiving the drug.
Because folinic acid (citrovorum fac-
tor) prevents the other known effects of
methotrexate, an effort was made to
determine whether it would alter the
protective effect of methotrexate. In
one trial, a control group was com-
pared with a methotrexate-treated
group, while a third group was injected
daily with the same dose of methotrex-
ate plus 20 mg of folinic acid subcu-
taneously. The results are shown in
Table 2. The addition of folinic acid
completely reversed the protective ef-
fect of methotrexate. :
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Fig; 1. Effect of methotrexate (Mtx) on
the development of EAE.
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