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Abstract

MAMMALIAN GAMETOGENESIS AND SPECIES COMPARISONS IN RADIATION RESPONSE OF THE
GONADS. Primordial germ cells have an extra-gonadal origin and migrate to the genital ridge early in
embryonic development. After a series of mitoses, they transform into oocytes in the female and into

type A spermatogonia in the male.

In fenales, the total supply of germ cells is present either before or shortly after birth; development
of the oocyte is arrested in diplotene of meiotic prophase. The nuclear characteristics of the 'arrested!
diplotene varies greatly between species, and is an important factor in species differences in ovarian
radiation response. In adults of all mammals, the radiation response of the ovary involves a fixed population
of primary oocytes. Oogonia are absent; any loss from the oocyte pool cannot be replaced, Type A
spermatogonia persist throughout the reproductive life span of the male, and a complete array of gametogenic
stages is present in the adult. Radiation resistance of spermatids and sperm results in an initial period of
post-irradiation fertility; destruction of spermatogonia and possibly spermatocytes leads to oligospermia with
doses of several hundred R; fertility eventually returns owing to repopulation of the seminiferous epithelivm
from a few surviving type A spermatogonia. The different radiation response of males and females therefore
can be auributed to basic differences in gametogenesis and the array of germ cell stages present in the
adult gonad. A radiation response typical for all males also occurs in man. However, exact comparison of
radiation sensitivity in man and experimental animals is not possible owing to differences in the contsol of
spermatogonial differentiation which results in species differences in both initial depletion and subsequent
recovery of the spermatogonial population.

INTRODUCTION

Our understanding of the radiaotion response of the gonads is dependent on
our knowledge of the origin of the germ cells, their development during uterine
and pre-pubertol life, and gametogenesis in the adult., Wherever possible, our
meager data on man have been included; but for the most part, the formulation of
basic principles of normal gametogenesis, ond especially of radiation response,
has been based on data on experimental onimals.

The most striking difference in gametogenesis in mommals Is that which
occurs between the sexes. In the male, stem cells (spermatogonia) end continued
formation of mature gametes occur throughout the reproductive life~span; whereas
inthe female, the definitive supply of oocytes is formed either before or shortly
after birth. Qogonia are not present in the adult ovary. As a result of these
fundamental differences in gametogenesis, the radiation response of males differs
greatly from that of the female .

Research sponsored by the US Atomic Energy Commission under contract with the Union Carbide
Corporation.



1024409

4 OAKBERG

GAMETOGENESIS

Prenatal and neonatal

Migration of primordial germ cells from on extragonadol origin to the
germinol ridges was first observed in human embryos [1]. Llater, Chiquoine [2]
demonstrated selective alkaline phosphate positive staining of the primordial germ
cells of the mouse, and by this technique was able to trace their migration from
their origin in the region of the caudal end of the primitive streak, root of the
allantoic mesoderm, and yolk sac splonchnopleure in the 8~day mouse embryo,
to the germinal ridges of the 12-day embryo. The demonstration by Mintz (3]
that sterility and reduced fertility associated with certain genotypes of the mouse
can be correlated with a reduced number of primordial germ cells is conclusive
evidence that these are the stem cells of the definitive gametes. Qocyte counts
in rdt etfibryos have led to the same conclusion [4]. Mitotic division occurs both
during migration of the primordial germ cells and in the germinal ridge. Primordial
germ cells transform directly into cocytes in the female [3-6]. In males, they
give rise to type A spermatogonia soon after birth intherat [7], and by 10 years
in man [8]. Although Chamy et o}, [8] did not use the precise system of cell
classification given by Clermont [9], their data indicate that the basic developmental
pattern observed in other mammals also occurs in man.

+

Adult male

Our understanding of normal spermatogenesis has advanced markedly in
recent years owing to the accurate identification of both cells and developmental
sequences made possibly by the periodic acid-Schiff technique [9, 10, 11]. In
rodents, stages of the cycle of the seminiferous epithelium occupy reiatively large
areas of the tubule, and a given tubule cross section usually shows a single stage .
In man, however, an average of three different stages appears in a single cross
section, and while analysis of the cycle of the seminiferous epithelium is therefore
very difficult, it has been shown to be fundamentally the same as that observed
in other species [12],

Type A spermatogonia are the stem cells of the mammalion testis. By the
process of stem cell renewal, the type A population maintains a steady state while
giving rise to an unlimited number of differentiated spermatogonial types, which
develop into sperm. The following brief description for the mouse is similar to that
of Clermont [9] for the rat, and though species differences occur, the same basic
process has been observed in guinea pigs, monkeys, and man. Four divisions of
type A spermatogonia occur [13], At the conclusion of the fourth division, most
cells transform into intermediate spermatogonia, with morphological characteristics
intermediate between those of type A ond type B. The intermediate spermatogonia
divide to form spermatogonia of type B, which in turn divide to form resting primary
spermatocytes, A few type A spermategonioc fail to differentiote, and form the
stem cells for the next multiplicative cycle. In the mouse and rat, either four
or five cell generations, depending on stage of the cycle of the seminiferous
epithelium, occur in a given tubule section. Both the cellular association and
number of cells are characteristic for each stage of the cycle; thus quantitation
of radiation response of specific cell types is possible. The above model needs to
be modified only slightly for man, where two types of type A cells occur, A dark
(Ad), and A pale (Ap) [12]. Ad spermatogonia differentiate into Ap, and Ap
divide to form spermatogonia B. From there the process is similar, with
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spermiogenesis involving changes leading to development of characteristic sperm
morphology of each species,

The time required for type A spermatogonia to develop into spermatozoa
appears to be a biological constant for each species, and is unaffected by radiation
[14] or hormone levels [15, 16] even though both of these procedures can result
in severe depletion of the seminiferous epithelium. Estimates of the duration of
spermatogenesis are about 35 days in the mouse [17], 49 days in the rom [18], 48
days in the rat [19], and 72-74 days in man [16]. These estimates, together
with information on the dynamics of cell populations and relative frequency of
stages of the cycle of the seminiferous epithelium, make possible the calculation
of the life-span of each cell type. Such calculations, as given for mouse and
man in Table I, are invaluable in studying the radiation response of specific cell
types, and in comparing the radiation response of different species.

Adult females

The most distinctive feature of oogenesis in mammals is the absence of stem
cells (oogonia) from the adult ovary [20]. All cogonia enter meiosis either before
or shortly after birth, and usually develop as far as diplotene. Nuclear morphology
of the diplotene stage of the "arrested” oocyte, however, vories widely between
species; a "typical" diplotene is characteristic of the human, goat, and dog; a
synizesis- like diplotene is characteristic of the guinea pig; and a diffuse,
interphase-like diplotene (dictyate) is present in mouse and rat (211, In all species,
the chromosomes become diffuse and oxyphilic during growth of the follicle, and
probably are in o lampbrush stage . The first meiotic division occurs in the ovary;
ovulation occurs about 4 h later with the chromosomes in metaphase of the second
meiotic division (22, 23]. .

Since the female has a fixed poo! of cocytes established early in life, it
would be expected that the number of cocytes would decrease with age owing to
follicular atresia and ovulation. This decrease hos indeed been observed [24, 25]
and constitutes a cogent argument against formation of oocytes in the adult mammalian
ovary [24]. Furthermore, in the mouse, DNA synthesis typical of preleptotene
occurs only in utero [26, 27], and cocytes labeled in uterc persist in the adult ovary
[27]. Finally, genetic factors which reduce fertility also reduce the number of
primordial germ cells in the embryonic gonad [3]. As a result of the above
observations, the direct relationship between primordial and definitive germ cells
is now firmly established.

RADIATION RESPONSE
Females

The radiation respanse of the adult ovary, therefore, will be limited to
diplotene ond later meiotic stages in the adult; irradiation during embryonic, fetal,
and neonatal development will have to be used in study of stages from primordial
germ cells through pachytene . Whereas all female germ cells go through a similar
developmental process, the correlation of germ cell stage with post-conception age,
synchrony of the cell population, and stage at which cocyte development is
arrested vary between species; thus, even though specific cells may have a similor
radiation response wherever they occur, lorge species differences in radiation
response of the ovary are to be expected.
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In the mouse, 50 R of x-rays reduces the number of litters to four per female,
with permanent sterility thereafter [28]. This can be attributed to killing of the
small cocytes, and subsequent failure to replace the older, more resistant stages
os they mature and are ovulated [29, 30]. A similor response is observed in the
rat [31] , but higher doses are required to produce comparable effects. The response
in guinea pigs is quite different, however, and a comparison of survival of early
and late follicle stoges in mice and guinea pigs is given in Table II. In the guinea
pig, small cocytes are resistant and growing oocytes sensitive, which is the reverse
situation of that in the mouse. As a result, fertility of guineo pigs is unaffected
by acute x~ray exposures of several hundred R. Likewise, fertility of dogs is normal
after 300 R x-ray exposures [32], rabbits show fertility for a considerable time
after irradiation [33], and women have conceived a year or more after exposures of
300~400 R, with presumed normal fertility thereafter [34, 35].

The reasons for species differences in fertility of irradiated females are not
well understood, but normal reproductive life-span, normal rate of cocyte depletion,
frequency distribution of cocyte stages with different radiation sensitivity, and
nuclear characteristics of the "arrested" oocyte all probably ore important factors.
Differences between species in nuclear cytology of the oocyte have been observed
{211, and though we do not understand the basic mechanisms involved, a correlation
exists between chromosome appearance and radiation response. High sensitivity
to cell~killing is a characteristic of the dictyate nuclei of mouse and rat, which makes
these species poor models for generlizations on adult ovarian radiation response in
other mammals, However, periods of high sensitivity may occur dufng prenatal or
neonatal development in species where the adult ovary is relatively resistant, and
extreme caution should be used in irradiation exposure ot this time. The most
important fact is that the ovaries of different species show widely divergent radiation
response , :

Males

Recent advances in our understanding of the normal dynamics of
spermatogenesis has made possible the evaluation of the cellular responses in both
depletion and regneration of the seminiferous epithelium. Spermatids show no
morphological or gross functional damage (sensitivity to genetic damage is fairly
high, however) even after doses of 1000 R or more, complete spermiogenesis, and
give rise to the period of initial fertility following doses of several hundred R [36].
After irradiation, the frequency of cells degenerating during meiotic division, and the
frequency of bridges and fragments at anaphase are increased. The result is depletion
in the number of spermatids formed, and an increase in the proportion of spermatids
with various degrees of heteroploidy . A measure of comparative sensitivity of
different meiotic prophase stages to degeneration during meiotic division is shown
in Table III, ond varies from an LD_, of 205 R for preleptotene to 837 R for
diakinesis-metaphase [. Frequency” of abnormal anaphoses resulting from chromosome
breakage, translocation, and formation of acentric fragments also are given in
Table II. The ranking of sensitivities is almost the reverse of that for degeneration,
with diakinesis-metaphase I most sensitive and leptotene least sensitive. Asa
result of degeneration and gross chromosomal abnormality, contribution of spermatocytes
to post-irradiation gamete production is dose-dependent.

Since spermatocytes and spermatids have a relatively short duration in
comparison to reproductive life~span, spermatogonia are the most important cells in
radiation response of the mammalian testis. Killing of differentiating spermatogonia
leads to maturation depletion of the testis, azoospermia, and the temporary period
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of infertility choracteristic of males given a single radiation exposure. A few

type A spermatogonia survive, however, and repopulate the seminiferous epithelium
[37]. Depletion and recovery of apparently normol type A spermatogonia in the
mouse are shown for a wide range of doses in Fig. 1. The time of maximum depression
of cell numbers is dose~dependent owing to initiation of division among surviving
cells before the process of cell degeneration has been completed. The interaction
of these two processes is characteristic for each dose, and there is no optimum time
for comparing the effects of all the doses given. As would be expected, recovery
is more rapid after low doses, but a significant increase in the spermatogonial
population has occurred by 10 days even after 600 R. Eventually, the entire array
of spermatogenic cells is regenerated.
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FIG.1. Experimental/control ratios for ‘normal’ type A spermatogonia of the mouse 1 h to 10 days after
frradiation.

Humon testis

In man, the Ad spermatogonia are thought to be the stem cells of the
seminiferous epithelium [12 16] Rodvahon response-of-the-4 ermatogomu to

g, 2. (These data are bosed on shdes provuded by Dr Carl G. Heller;
Northwest Research Founduhon Seaﬂle, Washmgton .) The mmol depletig

Rodlohon-mduced deplehon of fhe spermatogonial population of the mouse
is primarily the result of cell killing [38], whereas both cell killing ond
differentiation into more mature cell types appear to be important in man. Cell
killing results in the initial rapid decrease in the spermatogonial population in mon,
but the gradual decline which continues until 90 days or more is the result of both
cell death and spermatogonial differentiation.

As demonstrated by o comparison of Figs. 1 and 2, repopulation of the
seminiferous epithelium also is much slower in man than in the mouse. Comparable
data for type A spermatogonia after 300 R in the mouse also are included in Fig. 2
for ease of comparison. The difference is greater than would be expected on the
basis of duration of spermatogenesis, for the time required in man is only 72 days
compared with 35 doys in the mouse. Obviously, other factors are responsible,

1024415
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and these may concern basic processes in the control of spermatogonial differentiation.,
In the mouse, the A spermatogonia first increase in number, then differentiate into
intermediate and B spermatogonia. In man, however, differentiation into B
spermatogonia occurs when the number of Ad cells still is as low as 2 or 3% of control .
This represents o "wastage" of cells as far as recovery of the Ad population is
concerned, and appears to be a significant factor in the slow repopulation of the
radiation depleted human testis.

100 . €25,420d.
1

~
(o]
_—

o0
o
1

50,480 %

PERCENTAGE OF CONTROL, Ag
3
i

w
Q

H
o
| Iy

T 1 ]

200 300 400 500 600
TIVE AFTER IRRADIATION (days)

o

FIG.2. Experimental/control ratlos for ‘normal’ Ad spermatogonia of man after X-ray exposure.

Comparison of the doses required for comparable depression of spermafogonia
in mouse and man suggests that man is the more sensitive by o factor of about 3.,
However, this estimate must be accepted with cogent reservations. First, the
comparison is based on data at 5-7 days after irradiation in the mouse, ond on data
at 90-200 days in man. Second, the mechanisms of spermatogonial depletion
differ in mouse and man. Third, the dynamics of re~establishment of the spermatogonial
population in man reveals significant differences in the cantrol of spermatogonial
differentiation in mouse and man, Thus, while the general rodiation response of the
human testis is typical of all mammals, many aspects of the normal process of
gometogenesis will have to be more thoroughly understood before radiation sensitivity
of experimental animals and man can be adequately compared.

REFERENCES

(1] WITSCHI, E., Migration of the germ cells of human embryos from the yolk
sac to the primitive gonadal folds, Contr, Embryol. 32 (1948) 67,

[2] CHIQUOINE, A. D., The identification, origin, and migration of the
primordial germ cells in the mouse embryo, Anat. Rec. 118 (1954) 135.



12

[3]
[4]

[s]

[é]
(71

(8]

£9]

(10]

)

(12]
013]

[14]

(15]

(18]
[17]

(18]

[19]

(20]

[21].

024411

OAKBERG

MINTZ, B., Embryological phases of mammalian gometogenesis, J. cell. comp.
Physiol . 56 (suppl. 1) (1960) 31.

BEAUMONT, H, M., and MANDL, A. M., A quantitative and cytological
study of oogonia and cocytes in the foetal and neonatal rat, Proc. R.
Soc. {London) B 155 (1962) 557.

BRAMBELL, F. W, R,, The development and morphology of the gonads of the
mouse. 1. The morphogenesis of the indifferent gonad and of the ovary,
Proc. R. Soc. (London) B 101 (1927) 391.

BAKER, T. G., A quantitative and cytological study of germ cells in human
ovaries, Proc. R. Soc. (London) B 158 (1963) 419.

CLERMONT, Y., and PEREY, B., Quantitative study of the cell population
of the seminiferous tubules in immature rats, Am. J. Anat, @_(1957)
24),

CHARNY, C. W., CONSTON, A, S., and MERANZE, D, R., Development
of the testis. A histologic study from birth to maturity with some notes
on abnormal variations, Fert. Steril. 3 (1952) 461.

CLERMONT, Y., Quantitative analysis of spermatogenesis of the rat: A
revised model for the renewal of spermatogonia, Am. J. Anat. 111
(1962) 111,

LEBLOND, C. P., and CLERMONT, Y., Spermiogenesis of rat, mouse,
hamster, and guinea pig as revealed by the "periodic acid-fuchsin
sulfurous acid" technique, Am. J. Anat. 90 (1952) 147.

OAKBERG, E, F., A description of spermiogenesis in the mouse and its use
in analysis of the cycle of the seminiferous epithelium and germ cell
renewal, Am. J. Anat. 99 (19560) 391.

CLERMONT, Y., The cycle of the seminiferous epithelium in man, Am. J.
Anat. 112(1963) 35, :

MONES!, V., Autoradiographic study of DNA synthesis and the cell cycle
in spermatogonia and spermatocytes of mouse testis using tritiated
thymidine, J. Cell Biol. 14 (1962a) 1.

EDWARDS, R, G., and SIRLIN, J. L., The effect of 200 R of x~rays on the
rate of spermatogonesis and spermiogenesis in the mouse, Expl Cell Res.
15 (1958) 522.

ORTAVANT, R., and COUROT, M., Problems concerning the action of
gametogenic hormones on the spermatogonesis of mammals, Excerpta med.
Int. Congr. Ser. 70 (1963) 133.

HELLER, C. G,, and CLERMONT, Y., Kinetics of the germinal epithelium
in man, Recent Prog. Horm. Res. 20 (1964) 545.

OAKBERG, E. F., Duration of spermotogenesis in the mouse and timing
of stages of the cycle of the seminiferous epithelium, Am. J. Anat. 99
(1956b) 507 . -

ORTAVANT, R., Autoradiographic des cellules germinales du testicule de
Belier; durde des phénoménes spermatogenetiques, Archs Anat. microsc .
Morph. exp. 45 (1956) 1.

CLERMONT, Y., TEBLOND, C. P., and MESSIER, B., Durée du cycle
de |'épithélium séminal du rat, Archs Anat. microsc. Morph. Exp.,

48 bis (1959) 37,

FRANCHII, L. L., MANDL, A. M, and ZUCKERMAN, S., "The
development of the ovary and the process of oogenesis." In, The Ovary.
Vol. 1, pp. 1-88 (5. Zuckerman, Ed.) Academic Press, London (1962).

OAKBERG, E. F., ond CLARK, E., "Species comparisons of radiation
response of the gonads .* In, Effects of lonizing Radiation on the



I024418

MAMMALIAN GAMETOGENESIS 13

Reproductive System, pp. 11-24 (W. D. Carlson ond F. X. Gassner,
Eds.), Pergamon Press, Oxford (1964).

[22] SOBOTTA, J., Die Befruchtung und Furchung des Eies der Maus, Archs
microsk . Anat. 45 (1895) 15.

[23] AUSTIN, C. R., and AMOROSO, E. C., The mammalian egg, Endeavor
18 (1959) 130.

(24] ZUCKERMAN, S., The number of cocytes in the mature ovory, Recent
Prog. Horm, Res. 6 (1951) 63.

[25] OAKBERG, E. F., Effect of 25 R of x-rays at 10 days of age on ococyte
numbers and fertility of female mice, Proc. of "Colloquim on Radiation
and Aging" Semmering, Austria (in press).

[26] SIRLIN, J. L., and EDWARDS, R, G., Timing of DNA synthesis in ovarian
oocyte nuclei and pronuciei of the mouse, Expl Cell Res. 18 (1959)
190. g

[27] PETERS, H., LEVY, E., and CRONE, M., Deoxyribosenucleic acid synthesis
in oocytes of mouse embryos, Nature 195 (1962) 915,

[28] RUSSELL, L. B., BADGETT, S. K., and SAYLORS, C. L., Comparison of
the effects of acute, continuous, and fractionated irradiation during
embryonic development, Int. J. Rodiat. Biol. (Suppl.) (1959) 343,

[29] SCHUGT, P., Untersuchunger Uber die Wirkung abgestufter Dosen von
Rontgenstrahlen verschiedener Wellenlange auf die Strukter und Funktion
der Ovarien, Strahlentherapie, 27 (1928) 603.

[30] MURRAY, J. M,, A study of the histological structure of mpuse ovaries
following exposure to roentgen irradiation, Am. J, Roentg. Radium
Therapy Nucl. Med. 25 (1931) 1.

[31]7 MANDL, A. M., A quontitative study of the sensitivity of cocytes to
x-irradiation, Proc. R. Soc. (London) B 150 (1959) 53.

(32] ANDERSEN, A, C,, SCHULTZ, F. T.,ond HAGE, T. J., The effect of
total~body x-irradiation on reproduction of the female beagle to 4 years
of age, Radiat. Res. 15 (1961) 745.

[(33] LACASSAGNE, A., and GRICOUROFF, G., Action of Radiation on Tissues:
Introduction to Radiotherapy, Grune and Stratton, Inc. New York. (1958).

(341 PECK, W. S., MCGREER, J. T., KRETZSCHMAR, N, R., and BROWN,
W, E., Castration of the female by irradiation, Radiofogy 34 (1940) 176.

[35) ZIMMER, K., Rontgenbestrahlung der Ovarien und nachfolgende Konzeption,
Strahlentherapie 92 (1953) 117,

[36] OAKBERG, E. F., and DIMINNO, R. L., X-ray sensitivity of primary
spermatocytes of the mouse, Int. J. Radiat. Biol. 2 (1960) 196.

[37] OAKBERG, E. F., Sensitivity and time of degeneration of spermatogenic cells
irradiated in various stages of maturation in the mouse, Radiat. Res. 2
(1955) 369.

[38] OAKBERG, E. F., Initial depletion and subsequent recovery of spermatogonia
of the mouse ofter 20 R of gamma rays and 100, 300, and 600 R of
x-rays, Radiat. Res, 11 (1959) 700.

DISCUSSION

F.H, SOBELS: You mentioned that the period of high genetic radio-
sensitivity at the end of the dictyate stage of the mouse oocyte seems to
coincide with cessation of RNA metabolism,. Do you or Dr, Russell know
of any other evidence that the apparent repair of premutational damage at
earlier stages is associated with RNA metabolism? ‘
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E.F. OAKBERG: At present we can only say that RNA metabolism
is an indicator of general metabolic activity, which may be connected with
repair systems,

L.B. RUSSELL: The low mutation frequency obtained when early
follicle stages are sampled may be due to mechanisms other than repair,
such as cell selection,

E.F. OAKBERG: A third possibility is that it is connected with a
possible difference in intrinsic sensitivity of the genetic material, as
W. L, Russell has pointed out (Proc, natn, Acad. Sci, U, S. A, 54 (1965)
1552 - 57),

F,H., SOBELS: What is the mechanism of cell death in the B type
spermatogonia?

E.F. OAKBERG: The precise mechanism is unknown, but there is an
immediate cell killing which is already detectable 3 ~ 4 hours after the
irradiation in both mouse and man., In man, many of them differentiate into
spermatocytes, which is a different response from what we see in the mouse
or rat, We really do not understand how the type A spermatogonial
population maintains itself. Recently Clermont and his group have suggested
there is a so-called Ay spermatogonium which is a true stem cell forming
a reserve population to replenish the seminiferous epithelium, One
interpretation of the human results could be that the actual spermatogonial
differentiation in man occurs more than 72 days before production of
mature sperm, but that we are unable to recognize the jnitial cell population,
sc we have the wrong estimate of the duration of human spermatogenesis,

H. M., BEAUMONT: I wonder if you would comment on cell selection
in oocytes.

E.F. OAKBERG: We certainly have evidence for increased cell
selection through atresia in the irradiated female, It is interesting that
the female can ovulate about the normal number of oocytes each oestrus
even though she has very few left. But atresia occurs at different times
in the control and irradiated females, In the irradiated female degeneration
occurs at oocyte stages 1 - 5; however, once a follicle has developed an
antrum the cocyte has a better chance of being ovulated in the irradiated
than in the control, The increased loss in the irradiated females must‘be
due to selection against those oocytes bearing the more severe types of
damage, probably chromosomal,

A, G. SEARLE: Is it known how much the duration of cocyte stages
6 - 8 depends on whether the female is having litters or not?

E, F, OAKBERG: The data on this are not good, because we cannot
follow a specific oocyte, There is no difference in the rate of cocyte
loss between virgin and continuously matedfemales; the depletion of the
oocyte pools occurred at exactly the same rates, This may result from
the fact that most of the loss of oocytes comes through atresia rather
than through ovulation,

L.B. RUSSELL: Another result relevant to this point comes from
our experiments with 50 R acute X-irradiation given to female mice.
When the young were killed at birth, as done in the fertility experiment,
an average of four litters was produced. But when you allow them to be
raised, as done in the mutation-rate experiments, the average number
of litters is smaller because they are more widely spaced. This also
points to loss through atresia rather than through ovulation,
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A.G, SEARLE: You gave a figure of 46 days for the interval between
formation of the primary spermatocyte and of the spermatozoon in man.
What is the minimum time between spermatozoal formation and ejaculation?

E.F. OAKBERG: The minimum time between release of the
spermatozoa in the tubule and their ejaculation is one day, but the average
is probably 10 - 14 days.

A,J. BATEMAN: Is there any evidence for premature death of the
spermatocyte before meiotic division?

E.F., OAKBERG: There is no evidence of any loss at this stage,
Normal numbers of spermatocytes reach division even with very high
exposure, apart perhaps from some at the very early preleptotene stage.
Most of the degeneration occurs at metaphase I, so the scoring of abnormal
anaphases may be misleading.

A.J. BATEMAN: An irradiated spermatocyte normally forms what is
called a restitution cell, Were they scored as survivors or non-survivors?

E.F. OAKBERG: In my opinion a restitution'cell is a figment of the
imagination, The concept of a restitutioncell is erroneous because the
spermatocytes which fail in meiosis form a giant spermatid which de-
generates. These cells play no role whatsoever in repopulation of the
testis, Investigators who have made this claim simply did not look long
enough to find the few A type spermatogonia present.

We scored as survivors all those spermatids which appeared to be
normal living cells, regardless of nuclear size,

A,J. BATEMAN: If you give a larger dose of about 1000 rads you get
very many spermatocytes which have failed to go through meiosis, They
accumulate in the testes and as a cell population can legitimately be called
restitution cells, 'Restitution’ is the classical cytological term for process
by which two daughter nuclei fuse, failing to separate, are included within
a single nuclear membrane,

E,F. OAKBERG: That is true, but these cells have nothing to do with
testes repopulation and the tem 'restitution cell' implies that they do.



