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ABSTRACT

Male prairie deer mice (Peromyscus maniculatusg bairdil)
of approximately 150 days of age were withdrawn fronm a
freely~groving, confined laboratory population. When
compared with bisexually paired controls, the population
mice exhibited significantly lighter bedy welghts and
testis welghts. Light and electron microscopic examination
of seminiferous tubules from these population animals
revealed a variable level of spermatogenic impairment
ranging from severe regression To apparently normal sper-
natogenesiag. Previous research suggests that elevated
adrenocortical production of sex sterolds due to stress
may cauge feedback inhibition of hypophyslal preduction of
FSH and LH, resulting in regression of the seminiferous
tubules.

The conclusions allowed by this study are:s 1) Sper=-
matogenlce impalrment 1s typical of deer mice from & freely=-
growing, coniined population, but is not typical of bvisex-
ually paired controls. 2) The extent of this spermato-
genic impairment is variable.
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ULTRASTRUCTURE OF THE SEMINIFEROUS EPITHELIUM
OF PRAIRIE DEER MICE (PEROMYSCUS MANICULATUS BAIRDII)

FROM A FREELY-GROWING, CONFINED POPULATION



INTRODUCTION

Freely-growling, confined laboratory populations of
Peromyscus panleulatus bailrdlil eppear to possess a mecha-
nism for self-regulation of growth (Terman, 1965)., This
mechanism operates by either cessation of reproduction or
falilure of the ycung to survive., Evidence suggests that
the regulatory mechanism 1s a physiological response to
behavioral cues intrinsic to each population, and resulting
from sonme attribute of increased density (Terman, 1965,
1969, 1973b). Sinilar density-related regulatory mecha-
nismng have been described in other species of nammals,

including house mice (]llus npusculus), voles (}iicrotus), and

white-footed mice (Peronvscuzs leucopus) (Christisn, 1971).

The nature of the physiocloglcal responsge resulting in
growth regulation has been partiaslly elucildated in recently
published xeports. Comparison of organ weilghts revealed
that the testes, vesicular glands, ovaries, uteri, and
bacula of animals from asymptotic populations were signif-
icantly lighter than those of bilsexually pailred controls
(Terman, 1969). Histological enalysis of the ovaries of
deermice from asymptotic populations revealed significantly
larger numbers of atretic follicles than those of controls,

and significantly smaller Graaflan follicles of maximum



size (Terman, 1973b). 1In the same experiment, evaluation
of the reproductive performance of population females
revealed markedly lower reproductive levels than those of
controls. These observations have allowed the conclusion
that in many population animals reproductive maturation and
function are severely impalred in response to the experi-
mental situation. Another recent series of experiments has
shown that reprcductive inhibition in deermice 1s reversi-
ble., Animals which were removed from a population setting
and paired with proven mates showed a rapid recovery of
reproductive capability (Terman, 1973a).

Regearcherz have guggested that the physiological
response to population conditicns 1is mediated through
increased pituit&ry-adrsnocdrtical and reduced pituitary-
gonadal activity (Christian, 1971). According to this
hypothesis, stress induced by ingreasing population density
or low socizl rank would cause increased ACTH production by
the pitultary. Adrenocortical production of sex steroids
would then be increcased to a level which could cause feed-
back inhibition of FSH and LI secretion by the pituitary.
Decreased FSH and LH would result in regression of the
reproductive organs. ~There is also a possibllity of a
direct effect of ACTH on the gonads. Some experimental
observations have been recported which tend to support the
possible involvement of the pitultary-adrenocortical axis
in reproductive inhibitien of confined laboratory popula-

tions of Peromyscus (Christian, 1971). Injections of 1, 2,




and 4 U ACTH in Peromyscus leucopus resulted in severe

inhibition of reproductive maturation and function in both
males and females, as manifested by a sharp reduction of
reproductive organ weights. Testicular damage appeared to
be mainly confined to the later stages of spermatogenesis.
In a related experiment, Christian found similar results
in grouped animals. In a more recent experiment, Gartner
et al (1973) showed that artificial overcrowding of male
mice resulted in partial suppression of spermatogenesis
and a decrease in the size of Leydlg cell nuclel, sugges-
ting a reduction in testicular testosterone secretion.
Lloyd (1971) showed that in grouped male mice, dominant
individuals were larger with reaspect to testis, seminsal
vesicle, preputial gland, gnd thymus gland weights, and
that organ vwelghts decreased in nice of descending rank.
This report 1s an ultrastructural study of the semi-

niferocus epitheliuvm of male deermice (Peromyscus rianicula-

tug bsirdili) from a freely-growing, confined population.

It 18 intended to provide a detalled description of sub-
cellular morpholcegical changes assoclated with spermato-
genic impsirment induced by the population environment.
From thssge observations some inferences may be drawn
regarding the physiological basis for this type of repro-
ductive inhibition.

Published histological descripitions of the normal
sperratogenic functicn in rodents are numerous and are

particularly useful in discussing impaired spsrmatogenic



function in inhibited deermice. Classification of stages
of spermatogenesis in the rat is provided by Leblond and
Clermont (1952), based upon acrosome development in the
spermatid as revealed by the PAS histological staining
technique. Oakberg (1955), using frequency distribution
analysls, established that in the albino mouse, 343 days
are required for a dormant type A spermatogonium to form a
mature spermatozoon. He also provided a classification
gcheme for spermatogenesis in the albino mouse which uti-
1lized the same coriteria developed by Leblond and Clermont
in their description of spermatogenesis in the rat.

An earlier study (lMoree, 1949) revealed "fundamental
sinilarities" of spernmatogenesis in Peromyscus and in other
rodent speciez studied. A recent comprehensive review of
the kinetics of spermatogenesis in mammals (Clermont, 1972)
provides en excellent synthesis of present knowledge.

Ultragtructural studies of spermatogenesis in verte-
brates have bzen reported by a large number of investiza-
tors. Gardner and Holyoke (1964), Gardner (19667, Ross.
1967), Bryan (19717, Comings and Ckade (1972), Wolosewick
and Bryan. (1973 described spermlogenesis in the mouse,
while others have reported fine structural details of
spermatogenesis in the cat (Burgos end Fawcett, 1955),
in the rat (Brokelmann, 1963; Carr, Clegsg, and Neek, 1968;
Kessel and Spaziani, 19693 Susi, Leblond, end Clermont,
19711 MacKinnon and Abraham, 1972; HMoens and Go, 1972;
Wooley and Fawcett, 1973), in marsupials (Ratiner, 1972),



in monkeys (Dym, 1973) and in other mammalian species
(Flickinger and Fawcett, 1967; Fawcett, Anderson, and
Phillips, 1971; Rattner, 19723 Rattner and Olson, 1973).

Gardner and Holyoke (1964) described the limiting
nembrane of the seminiferous tubule in the Swiss mouse as
multi-liayered, with a single layer of connective tissue
cells surrounding inner layers of external and internal
lamellae, and interlamellar cells, The internal lamella
1s composed of three layers: an inner layer and outer
layer of homogeneous material and an intermediate layer of
collagenous fibrils running parallel to the long axis of
the tubule. The interlamellar cells are called "peritu-
bular centractile cells" by Ross (1967), and a smooth
nugcle~type contractility is attributed to them. Another
function attributed to the peritubulayr contractile cell
layer is that of a blood-testis barrier to particles of
relatively large size (Vitale, Fawcett, and Dym, 1973;
Aragon end Lustig, 1972).

The Sexrtoll cells are tall, colummar cells which reat
on the liniting membrane of the seminiferous tubule, taking
up most of that surface. They extend to the lumen of the
tubule, and have numerous branching projectiocons which
surround the developing germ cells. This morphology 1s
reported to facilitate intercellular exchange of materials.
Nuclear chape is varisble in both ret (Leblond and Cler-~
mont, 1652), and nouse (Gardner and Holyocke, 1964) Sertoli

cells. Leblond and Clermont suggest that this is depen~-



dent upon the stages of spermatogenesis. In stages I-VIII
frequent spermatogonial divisions may cause crowding of the
Sertoll cells, resulting in elongated nucleil perpendicular
to the limiting membrane. Following release of spermatozoa
in stage VIII, the maturing spermatocytes move lumenward.
The Sertoli nuclei then stretch out into an orientation
parallel to the limiting membrane.

Gardner and Holyoke(1964) note that mouse Sertoli
nuclel possess many indentations, a falrly homogeneous nuc-
leoplasm containing some clumps of electron-dense granules,
and a gpherical nucleolus consgisting of interlacing electron-
dense masses. The endoplasmic reticulum 1s vesicular. The
cristae of the mitochondria are tubular. Burgos et al (1970)
note the presence of microtubules, isolated or in bundles,
in the cytoplasm of the Sertoll cell in all mammals. These
are thought to act as supportive elements.

Another functionally significant morphological feature
of Sertoll cell cytoplasm 1s the frequent appearsnce of lipid
body inclusions. Brokelmann (1963) attributes this to
phagocytosis of residual bodies by the Sertoll cell follow-
ing release of mature specrmatozoa. This hypothesls is
supported by Carr, Clegg, and Meek (1968) whose work with
electron dense dyes substantiated claims that Sertolil cells
act as phagocytes of dead cells and forelgn materials. Their
conclusion was that the Sertoll cell is a viasble part of the
reticulo-endothelial system, based on its phagocytic act-

ivity gnd other morphologlical characteristics.



Flickinger and Fawcett (1967) suggested that the
Sertoll cell might also serve as a mediator of "cytological
events of the cycle of the seminiferous epithelium..."
Noting the existence of apparent tight junctions between
ad jacent Sertoli cells, they sald that reduced resistance
to electrical impulses at these Junctlions could provide a
meang of cecordinating sinultaneous svents throughout a
large segment of the seminiferous tubule., Another inter-
pretation of the role of Sertoli=-Sertoll tight junctions
that has been emphasized recently by Dym (1973), Fawcett
(1972) and others is that of a blood-testis barrier which
prrovides compartmentalization of the germinal epithelium.
Using electron-opague tracers of varying sizes Fawcett
et al (1970) and Dym 1973) have shown that large markers
cuach as ferritin injected interstiticlly are excluded from
the gerninal layers of the rat and monkey by the peritu-
bular contractile cells of the limiting membrane, Smaller
narker particles such as horseradish peroxidase sometines
penetrate the first barrier, surrounding the spermatogonia
end preleptotene gnermatocytes. The Sertoli-Sertoll
Junctions, however, prevent further penetration. FHancini,
Castro, and Seiguer (1967), using immunohistochemical
localization of gonadotrophic hormones, showed preferen-
tial uptake of LH by Leydig cells, end demonstrated acceas
of F3H to spermaetogonia and Sertoll cells, but not to cells
in later stages of development. Aragon and Lustig (1973)
found that in mice the blocd-testis barrier is only a



partial or relative one. They showed that horseradish
preroxidase (HRP) tracer occasionally penetrates to the
level of primary spermatocytes and beyond, although its
diffusion is linmited to certain areas. They also showed
that the Sertoll cell is involved in the intracellar trans-
port of HRP from the tubular wall to the lumen. It is
implied by these results that similar transport of gonad=-
otrophins, steroids, or their metabolites occurs via the
Sertoll cell.

There are two morphologically distinct types of sper-
matogonia in mamnmals, first described by Regaud (1901), and
later designated Type A and Type B by Allen (1918). 1In
rodents, the nuclei of Type A spermatogonia contaln "dust-
like", {ine chromatin, and the nuclel of Type B contain
clunped chromatin. Type A spermatogonia act as stem cells,
producing both Typs B and Type A cells by mitotic division.
Type B spermstogenia differentiate into primary spermato-
cytes. Gardner and Holyoke (1964) described the cytoplasn
of both types of mouse spermatogonia as "finely granular®
with sparse endoplasnmic reticulum. HMitochondria are small
end vesiculated in appcarance. Moens and Go (1972)
recently demonstrated cytoplasmic bridges between srerma-
togonia in rats, indicating a possible means of comnunica=-
tion for synchronous division.

In electron micrographs, primary spermatocytes in
Swiss mice are described as having frequent intercellulax

bridges and intranuclear synaptinemal complexes (Gardner
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and Holyoke, 1964). As primary spermatocytes mature, they
increase in both nuclear and cytoplasmic volume. The first
meiotic division of the cell produces two secondary sperma=-
tocytes. These are rarely seen due to the short span of
tine before the second melotic division which produces the
spermatids. Secondary spermatocytes are smaller than the
primary spermatocytes and the mitochondrias have large
intracristal spaces similar to those of spermatids (Gardner
end Holyoke, 1964). The morphology of spermatogonia and
spermatocytes dees not differ among most mammalian species,
including the mouse, rat and hamster (Clermont, 1972).
Spermatids undergo spermiogenesis, a dramatic morpho-
logical tranzformation which resultz in nature spernatozoa
Pour phases of this process in the rat are described by

Loblond end Clormont (1%52). The Colzl plhose is charac—

terized by elaboration cf a glycoproteln product in the
Golgl bedy; az revealed by an intense PAS-positive reac-
tion. Vesicles containing the product fuse to form the
acresonic granule, which is apposed to the face of the
nucleus, In the cap phase, the acrosomic granule flattens
ovt on the nucleus, and a membranous cap spreads over the
enterior pole. The centrioles migrate to the caudal pole
of the nucleus and attach to a localized thickening of
the nuclear envelope. One, the distal centriole, acts
ag the bassl body for formatlon of the flagellum. The
Golgl apparatug nmlgrates caudally, but still contributes

to cap formation (Susi, Leblond, snd Clermont, 1971).



During the zcrosome phasge the head cap and acrosomic gran=-

ule become oriented toward the limiting membrane of the
tubule, the nucleus nmoves toward the anterior of the cell,
and the acrosomic granule contracts into the dense, elon-
gated acrosome (Leblond and Clermont, 1952). At this stage
the nucleus begins to elongate, and a manchette appears,
conslisting of a specles-specific number of microtubules
(Rattner and Brinkley, 1972). In rodents these are ori-
ented parallel to the long axis of the elongating sper-
matlid nucleus, originating at the nuclear ring regilon
below the head cap (Gardner, 1966; Rattner and Brinkley,
1972). lMacKinnon and Abraham (1972) reported the exis~
tence of links betyween microtubules of the caudal portion
of the manchette in Stags 14 rat spernatids.

llany authors have suggested that the monchette plays
an active role in elongatlion and condensation of the
nucleus during the acrosoms phase (licIntosch and Porter,
1967; Kessel, 1967; Xessel and Spaziani, 1969). An
opposing interpretation (Faucett, inderson, and Phillips,
1971; Rattner and Brinkley, 19723 Rattner, 1972) 1is
that the manchette plays & passive, restricting role,
providing a rigid structure to reinforce the shape attained
by the interactlon of other forces.

By the end of the acirosome phase, the nucleus is
extremely elcocngated and the chromatin has condensed congid-
erably. The cyteoplasm has condenssd around the flagellun,

and the manchette is beginning to disappear. The distal



centriole divides to form what is known as the "ring cen-
triole" or annulus.

In the final paturation phase, the annulus separates
from the centriolar complex and migrates caudally along
the flagellum, drawing with 1t the coarse fibers which
surround the 9+2 axonemal complex of microtubles. This
facilitates migration of the mitochondria into that space
to form a spiral mitochondrial sheath around the middle
piece of the sperm tail. The cytoplasm migrates from the
flagellum to the concavity of the sperm head, and 1s shed
as a residusl body of Regaud when spermiation occurs.

The differentiation of the mature spermatozZoon fionm
en early spermatid is a draxatic and conplex process. It
involves metamorphosis of a reletively unspecizlized cell
into a highly speciaslized cell with only one true functicn.
Although many aspects of this process have been descrided
on the light microscopic and ultrastructural level, a
complete elucidation of spermatogenesis has not yet been
achlieved.

Hormonal control of spermatogenesis has been ilnten-
slvely studied in recent years. Excellent reviews of the
large number of relevant publlications are availsble (Cler-
mont and Hervey, 1967; Steinberger, 1971).

Accoxding to Steinberger (1971i), it has been firmly
egtablished that follicle stimulating hormone (FSH),
luteinizing hormone (LH), and androgens are direcctly

involved in spermatogenesis. Other hormones which have

12



13
been shown to be involved to a lesser degree are somato-
trophic hormone (STH), thyroxine (Boccabella, 1963), and
prolactin (Hafliez et al, 1971; Hafiez et al, 19723 Tuch-
mann et al, 19723 Negro-Vilar et al, 1973a). However, the
precise hormonal requirenments for quantitative maintenance
of spermatogenesis have not been defined (Steinberger and
Steinberger, 1969).

A wide variety of experimental techniques have been
used in attempts to elucidate mechanlsms of hormonal con-
trol of spermatogenesis. Hypophysectomized rats were shown
to suffer marked loss of spermatogenic function (Clernmont
and Morgentaler, 1955). In their cquantitative study,
hypophysectomy resulted in decreased numbers of Type A
spermatogonia, primary spermatocytes, and Golgl phase sper-
matids, with no spermatids seen to rmature past the late cap
phase of Leblond and Clermont (1952). ILohstroh (1963)
noted variable levels of spermatogenic inhiblition in hypo-
gectonized rats, and suggested that residual gonadotrophic
activity nay be piresent in some animals. This seems to be
substantiated by a2 later experiment, in which injection of
hypophysectomized rats with antl-LH caused further testic-
uler etrophy (Lohstroh, 19639). All of these results
support Steinberger's clain that in rats and mice, success-
ful completion of melosls, formation of Type A spermato-
gonia, and spernzatid maturation are all dependent upon
pituitary gonadotrophins (1971).

In order to extend the knouwledss of spernmatogenic



control from the level of trophic hormone production to
that of target organ response, replacement therapy has been
used extensively. According to Lohstroh (1969), treatment
wilth both IH and F3H 1s necessary to re-initiate spermato~
genesis 1a long-term hypophysectomized rats. Treatment
with FSH, LH, or testosterone alone stimulates only partial
recovery. Boccabella (1963) reported improved recovery in
long=-term hypophysectomized rats treated with a combination
of testosterone, STd, and thyroxine. Go, Vernon, and Fritz
(1971) found that regressed rats exhibited inhibition of
formation of pachytene primary spermatocytes, and that this
could be overcome by administration of LH, F3H, or teszstos-
terone; however, e combination of either LH and FSH, or
FSH and testosterone was necessary to stimulate spermatid
format;on and subsequent spermiogenesis. In non-regressed
hypcphysectomized rats, testosterone alone is capable of
stimulating spermatid formation, suggesting that require-

ments for npalntensnce of spernatogenesis are different from

those for initisticon. HNumerous investigators have shoun

that small doses of testosterone in intact animals can
exert negative feedback upon pituitary gonadotrophin
release, resulting in degeneration of the seminiferous
epitheliun (Ludwig, 1950; Desjardins et 81, 1973; Ewing
et al, 1973; Negro-Vilar et al, 1973b). In larger doces,
exogenous testosterone acts directly to rpaintain sperma-

togeneslis even thougn pltuitary gonatrophins are inhibited.

14

Steinberger and Duckett (1967) treated rats with large doses



of testosterone, beginning just after birth and showed that
spermlogenesls proceeded up to Stage 15 of the cycle and
then stopped, evidently because of a lack of gonadotrophic
stimulation. Concomitant administration of a compound with
FSH and LH activity beginning at 60 days of age caused
mature spermatozoa to appear. The authors concluded that
FSH stimulation may be necessary for initiation of the late
stages of spermiogenesis.,

Other, more specific methods of preventling gonadotro- .
phic stimulation of the testes include treatment with
clomiphene (Kalra and Prasad, 1967), which inhibits FSH
and LH secretion by the pituitary without disrupting zdren-
ocortical or thyrocid function. Treatment with estrogen
(Davies et al, 1974) also inhibits FSH/LH secretion, though
with possible direct efifects on the testis. In rats whose
gonadotrophin prcduction is blocked by clomiphene treat-
ment, exogcnous FSH and testosterone act synergistically in
restoration of gpermatogenesis (Kelra and Prasad, 1967).

In estrogen~treated mice, yields of mature spermatids from
cap phase spermatids, cep phase gpermatids from pachytene
spermatocytes, and pachytene spermatocytes from prelepto-
tene spernatocytes are reduced. These ylelds are restored
to normal levels by testosterone treatment., FSH appeared
to augment the effect of testosterone on the yield of cap
phase gpermatids from preleptotene spermatocytes (Davies
et al, 1974).

| Using a different epproach to study interactions of

15
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the hypophysial-testicular axis, researchers have measured
gserum and pltultary FSH and LH levels in rats following
treatment with antispermatogenic agents. Gomes et al (1973)
found that FSH levels were elevated during the period of
maXimum depletion of the seminiferocus epitheliun, and
returned to control levels when spermatogenic recovery was
complete., This evidence suggested to the authors that
there 1s a feedback 1inhibition of FSH secretion by elements
of the spermatogenic cycle. Debeljuk et al (1973) studied
the effects of both masgsslve and selective depletion of the
eplthelliun on serum FSH and LH. Thelr results were in
agreement with Gomes et 21 (1973) for rats suffering massive
depletion. They also found slight but significant eleva-
tions on serum FSH and I1H following depletion of young
spernatids. They inferred from thesge regults that immature
spermatids are involved in feedback inhibition of FSH and
LH secretion.

Dorrington and Fritz (1974) studied effects of F3H and
LH on cyclic AlMP producticn by seminiferocus tubules in vitro.
By comparing cycllic AlP production before and after treat-
ments which elimlnated all cells except the Sertoll cells,
they were able to provide evidence that the Sertoli cell is
the principle target cell in the seminiferous epitheliunm
which responds to PPSH stimulation with enhanced cyclic AMP
production. Murphy (1965) noted Sertolil cell stimulation
following FSH administration using cytological criteria.

The results of both experiments suggesis the possible 1mpor-



tance of the Sertoll cell in mediation of hormonal effects
on spermatogenesis.

Some evidence has been presented for the involvement
of other pitultary hormones in spermatogenesis. Boccabella
(1963) noted that STH appears to act synergistically with
testosterone in promoting recovery of spermatogenesis in
regressed hypophysectomized rats. Negro-Villar et al (1973a)
measured serum FSH and prolactin during development of male
rats. They correlated high FSH and prolactin levels with
the initiation of rapld testicular growth, and a secondary
rise in serum prolactin was correlated wlth later growth
cf the accessory glands. Haflez et al (1971) neasured tes-
tosterone levels in hypophysectomized rats which had been
subject to treatment with prolactin and LH, both singly and
in combination. Thelr results suggest a synergism of 1LH
and prolactin in stimulation of testosterone production by
the Leydig cells. However, Tuchmenn et al (1972), using
light nmicroscopic techniqueg, found no disturbance or
alterstion of the testes or accessory glands following
treatnent with suvlpiride, &n  agent which greatly increases
prolactin secretion by the anterlor pitulitery.

The evidence currently avallaeble allows only a hypo-
thetical scheme of the qualitative aspects of hormonsal
control of spermatogenesis in the rat, as outlined by
Steinberger (1971). It is probable that formation of Type A
spermatogonia from gonocytes is dependent upon testosterone

stimulation. Division of these and subsequent formaticn of
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pre-meiotlc primary spermatocytes is apparently indepen-
dent of hormonal stimulation. Testosterone is required for
diakinesis and the first division of nmeiosis to occur,
resulting in the formation of secondary spermatocytes.
Maturation of secondary spermatocytes and spermatids through
Steps 1-15 may be dependent upon testosterone stimulation,
but this i3 not certain. The final maturation phase of
spermiogenesis, resulting in formation of mature spermato-
zoa, may be dependent upon FSH stimulation, possibly medi-
eted by Sertoli cells.

Another possible influence which could produce altera-
tions in testicular function is cryptorchidism. Clegg
(1963) reported that in the rat, artificilal cryptorchidism
results in degencration of the germinal epithelium and
spermatogenesis ceases. This damage resulted from higher
tenperatures within the abdominal cavity. Chowdhury and
Steinberger (1972) troansplanted immsture testes into
nature cryptorchid ones, and observed early stages of sper-
matogenesis in the transplant which were followed by degen-
eration. This suggests that jnltiation of spermatogenesis
is not prevented by a cryptorchid nrilisu, but spermatogenic
progressicn and moaintenance are inpalred. Lee and Fritz
(1972) showed a correlation between high lysosomal sctivity
and degensration of spermatogenic elements in cryptorchid

testes.



MATERIALS and METHODS

Population Animals

Animals included in this study were withdrawn from a
freely~-growing, confined population of prairie deermice
(Peromvscus raniculatus bairdil) which was part of a sepa-
rate experiment conducted by Dr. C. R. Terman. The popula-
tion was founded by four bisexual palrs of non-sib deermice
between 60-100 days of age, with all females being preznant.
These animals were placed in standard 20 square foot enclo-
sures with eight nest boxes and wood shavings as bedding.,
The first litter of each female was killed at 21 days after
birthn. Subsequent litters were left as part of the popula-
tion. At 21 days of age one nale and one female from each
litter were blinded, one 8ib of each sex was sham operated,
and the remaining animaels from each litter were left intact,
All animals in the population were left free-ranging. At
approximately 150 days of age, one intact male was randomly
selected from each of filve litters for use 1in this study.
Conbrol Anirals

Adult male deermice were paired with non-sib females
of the same approximate age (61-67 days) in partitioned
cages which allowed visual, auditory, and clfactory commu-

nication between the animals, but prevented tactile intar-
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action. When the males reached the age range of 151-154
days, they were sacrificed for use in this study.

Both population and control animals were maintained
under artificial lighting in & cycle of 12 hours bright
(four 40 watt fluorescent tubes) and 12 hours dim (four 15
watt bulbs). Temperature was maintained between 21° and
30°C. Food and water were supplied in excess of utiliza-
tion. IMechanical ventilation of the rooms provided complete
air exchange five to ten times per hour.

Collection of Tissue and Preparaticn for Electron lMicrescopy

All enimals were killed with chloroform, welighed, and
a notation was made as to whether the testes were abdom=-
inal or scrotal at the time of collection. The testes were
then imnmedlately trimmed of fat and connective tissue, and
velghed to the ncarest milligrem. Following the weighing,
the tunica albuginea was sliced open and the tissue wag
doused with a 4% glutaraldehyde, 0.1 phosphatz=buffered
solution at pH 7.4. The seminifercus tubules were care-
fully dissected out of the connectlive and interstitial
tissue, chopped into small pieces, and placed in a vial of
the same filxative for two hours. Fellowing three rinses
in 0.1 phosphate buffer, the tissus was post-fixed in 1%
osmium tetroxide, buffercd in 0.1l phosphate at pH 7.4,
The tissue was rinsed in 50% acetone, ond then stained for
20=24 heurs in 2% uranyl acetate in 70% acetone. Finally,
1t was dehydrated in succegsively increasing concentrations

of acetone, infiltrated asnd embedded in a L:16é6 solution of
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Epon 812, and cured for three days at 60°¢c. Silver sec-
tions were cut on an 1LKB Ultrotome III ultramlicrotome
using a diamond knife, and were collected on both uncoated
300-mesh copper grids and formvar coated one-hole grids.
The sections were stained with lead citrate (Venable and
Coggleshall, 1965). Sections for light microscopy were cut
on glass knives at 0.5-1.0 microns, and were stained with
toluidine blue.

Electron microscopic observations were made on a
Zelss EM 935-2 electron microscope. Photomicrographs were

taken on a Zeilss Photonicroscope 1.



OBSERVATIONS

Control Animals

The limiting membrane of the seminiferous tubule in

Peromyscus maniculatus bairdii is similar to that of the

Swiss mouse, as described by Gardner and Holyoke (1964).
At the light microscopic level;, the limiting menmbrane ap-
pears to be a thin strand of amorphous material, with occa-
sional thickening where the cell nuclei are located (Fig. 1).
Electron microscopic obzservation reveals that there is a
single outer layer of connective tissue cells surrounding
a homogeneous layer of collagenous material (Fig. 2).
Moving inward, the next layer consists of the peritudbular
contractile cells. These cells are extremely flattened and
elongated, wlth similarly elongated nuclel and a cytoplasm
sparsely populated with organelles, Just within this lsyer
lies enother homogeneous collagencus layer. Finally, there
are layers of fibrillar lamellae, ranging in number from
two to six, which runs parallel to the contours of the
periphery of the tubule.

Sertoli cells are characterized by several morpho-

logical distinctions. Sertoll nuclei in FPzrgoryscus nonic-

ulatug bairdil, as in other mammals, are relatively large,

irregularly shaped, and exhibit rnumerous indentations
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(Figs. 2, 3). The Sertoll nuclei are located along the
limi ting membrane at the periphery of the seminiferous
tubule, and generally exhiblt either a flattened or elon-
gated shape (Fig. 4). There is a single osmlophilic nucle-
olus, and the nucleoplasm is finely granular. Theése proces-
ses of the Sertoll cytoplasm stretch peripherally and to
the lumen, surrounding the developing germ cells. Large
1ipid droplets are frequently cbserved in Sertoll cell
cytoplesm (Fig. 5). MNitochondria of the Sertoli cells are
often elongated, with tubular cristae. Large numbers of
nicrotubules are present within the cytoplasm. Microfil-~-
aments are seen surrounding the ngcleus. These form a
perinuclear band from which other cell organelles are ex-
cluded (Figs. 3, 4). Characteristic Sertoli-Sertolil junc-
tions are observed, with closely opposed plasma membranes
foraing a dark center line in a band of amorphous.material
(Fig. 2).

As in previously repocrted obzervations on octher mam=-
nals (Gardner and Holyoke, 1964; Regaud, 1901), two types

of spermatogonis are distinguishavle in P. paniculatuz bair-

dil. The type A spermatogonia possess slightly ovoidal
nuclel with a finely grenuvlar nuclcoplasm end occasional
strand-1like clumps of darkly stalining material. The mnito-
chondria are characterized by the parallel arrangement of
flattened cristae (Figs. 6, 7). Type A spermatogonia are
frequently surrounded by prominent vacuoles (Fig. 6).

Type B spermatogonia are =similar in appearance except that

23
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the chromatin 1s heavily clumped and electron-dense (Fig. 2).
Preleptotene primary spermatocytes are similar in
appearance to Type B spermatogonia. Preleptotene sperma-
tocytes are recognized by more centrally located chromatin
and occasional dilation of the mitochondrial cristae
(Fig. 7). Primary spermatocytes which have initiated the
long meiotic proprhase are characterized by prominent nuclear
synaptinemal complexes which appear during zygotene and
persist until diakinesis (Figs. 8, 9). Also characteristic
of melotic primary spermatocytes are mitochondria with
dilated cristae, which persist through the remalnder of
spermatogenesis. Narrow intercellular bridges between
ad jJacent primary spermatocytes are frequently observed
(Fige. 9)¢ Incomplete éytckinesis apparently occurs through-
out spermatogenesls, as similar bridges are noted between
spermnatids.
Secondary spermatocytes (Flg. 10) were rarely seen
during this study. They are very similar to those of the
Swiss mouse, a8 described by Gardner and Holycke (19G64).

In P. moniculatuvs balrdil the nuclei are spherical, the

mitochondria have dilated cristae, and a chromatoid body
12 sometines seen.

Spernmiogenesis, the transformation of newly formed
spermatids into mature spermatozca, proceeds in P. ponic-

ulatus hnirdii Ain nuch the seme way as has been reported

for other rodents. Four distinct phases are discernible,

as previously described.for the rat by Leblond and Clermont
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(1952). They are the Golgl, cap, acrosome and maturation
phases., Newly formed Golgi phase spermatids are charac-
terized by spherical nuclei, centrioles and Golgl-mediated
acrosome formation (Fig. 11). In the earliest stages of
acrosome formation, the Golgl produces two membrane-bound
acrosomic granules which migrate to the nuclear surface
and coalesce to form one acrosomic granule (Figs. 12, 13).
The cap phase of spermiogenesis is characterized by a
progressive expansion of the acrosomal cap by continued
Golgl contribution. As the cap phase progresses, the Golgi
migrates posteriorly (Figs. 14, 15). In both the Golgi
phase and the cap phase, the nuclear chromatin is finely
granular and occasionally clumped. The mitochondria are
located along the cell periphery. Intercellular bridges
between spermatids are common during these two phases
(Fige. 15). It is during the cap phase that the forming
flagellum and centrioles become attached to the nucleus at
the caudal pole (Fig. 16).

The acrosome phase in P. naniculstus bairdil closely

regsembles that reported for othervrodents (Figs. 17, 18).
It is characterized by nuclear condensation and by forma-
tion of the manchette, a sheath of microtubules which runs
parallel to the long axis of the gpermatid. In the early
stages of this phase, cytoplasmic components, including
the mitochondria, Gelgi body, and endoplasmic reticulum,
mnigrate to the posterior half of the cell as the nucleus

begins condensation. The flagellum continues developnent
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from the distal centriole at the base of the nucleus., The
lower part of the cell extends into the lumen of the semi-~
niferous tubule. An unusual membrane configuration, similar
to the "fenestrated cisternae" described by Gardner (1966)
is also present (Fig. 18). As the acrosomal phase contin-
ues, the nuclei condense, elongate further and begin to
move back toward the periphery of the tubule. At this stage
they are deeply embedded in the Sertoll cytoplasm, and are
neighbored by the succeeding generations of spermatocytes
(Fig. 19).

During the early stages of the maturation phase in

P, maniculaitus bairdil, the secondary spermatocytes under-

go cell division to form Golgi phase spernmatids (Filg. 20).
An early naturation phase sgpermatid has completsly con-
densed, electron opaque chromatin and a moderately electron-
dense acrosomal cap which covers the top two-thirds of the
nucleus, A menchette of nicrotubuleszs still extends from
the nuclear ring to the middle piece of the flsgellunm,
forming a parallel sheath (Fig. 21). The supporting neck
of the flagellum is characterized by a striated structure
surrounding the centriocles and extending to the nuclear
plate (Fig. 23).

Late naturation phase spermatids eare distingulshed
by the loos of the manchette and the formation of a
mltochondrial sheath surrounding the flagellum (Figs. 23,
24). As the mature sperm are released Anto the lumen,

residual bodies of Regaud are left benind and are appar-
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ently phagocytized by the Sertoll cells (Figs. 25, 26).
These bodles are characterized by large masses of ribosomal
nmaterial, degenerating spermatid organelles, and lipid
droplets.

Population snimals

Extreme variability was observed in the testicular
response of each aninal to the population environment.
Consequently, observations upon each animal are separately
reported.,. In those instances where similarities exist
between animals, mention will be made of that specific
characteristic only once to avold redundancy.

The testis welghts and body weights of populatiocon
animals were compared with those of control animals using
the lMann-ihitney U test. The testis weights were signifi-
cantly lower in the population animals (p£.01). The body
welghts of populatiocon animals were also significantly
lower than those of controls (ps£.05). (See Appendix for
data).

Population Aniral No. 1

Light nicroscopic examination of the seminiferous
tubules of this mouse reveals a severely regressed condi-
tion (Flge 27). The tubules are much smaller in diameter
than those of controls. Sertoll cells and spermatogonis
comnrise the largest part of the tubular cell population,
and only a few primary spermatocytes and spermatids are
seen.

Electron microscoplic investlgation reveals some deep
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folds in the liriting membrane which are not commonly seen
in the control condition (Fig. 28). A small proportion of
the cells along the limiting membrane are Type A spermato-
gonia (Figs. 28, 29)., These cells are normal in appearance,
They are also present in all other population mouse semi-
niferous tubules. DMany of the Sertolil cell nucleil are dis-
placed toward the center of the tubule. They form a second
layer of cells, often contiguous with one another (Fig. 29).
There 1s no evidence of a Sertoli-Sertoll Jjunctional complex
as seen in contrelas. The Sertoll cell nuclel display more
exaggerated constrictions and indentations than are seen

in controls (Fige. 30). Inclusions of degenerating cellular
material characterize the Sertoll cell cytoplasm of this
and all other population aniumals except No. 5. These in-
clusions, apparently the remains of degenerated g=rms cells,
aere darxkly staininz and finely granular with some spots of
precipitated csmium gtain (Fig. 30). The numercus per-
ipheral prccesses which normally extend between developing
germ cells axre often bunched in the center of the tubule
(Fig. 3C). The identity of this bunched mass of membrane=-
oound ¢ztensiong 1s verified by the presence of character-
lotic Sertoll cell mitochondria and microtubules.

Some nelotic prinary spermatocytes are preserit in all
the tubules examined (Fig. 31), but nany of these appar-
ently degenerate before dividing (Fig. 32). The necrotic
spermatocyte nuclel are characterized by cluzped and vacu-

olated nuclecoplesm.
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In some tubules of this mouse, spermiogenesis is
observed to have progressed as far as the late cap phase
(Fig. 33). These cap phase spermatids have a normal ap-
pearance in many ways. A notable aberration is the appar-
ent lack of cytokinesls between some cells, resulting in a
multinucleate condition. This differs from the incomplete
cytokineslis seen in control snlimals in which narrow cyto-
plasmic bridges are seen between the cells. At some point
during the late cap phase spermatid degeneration occurs.
Figure 34 shows a palr of degenerating cap phase spermatids,
apparently still in a syncitial arrangement. Degeneration
of the cap phase spermatids is sinilar in appearance to
that of the primary spermatocytes. The nucleoplasm is
clumped and vacuolated, and other cellular organelles have
Jost their morphologlcal integrity. The acrosomal cap
appears grossly distended and vacuolated.

Population Anirael Ho. 2

At the light microscopic level, seminiferous tubules
from this aninal are observed to be greatly reduced in size
as compared to a control at the same gtage of the sperna-
togenic cycle (Figs. 35, 1). There are no lumina observed
in any tubules from this animal.,.

Electron microzcopic examination reveals an apparently
normal morphology of the limiting membrane and nany of the
germinal elements. Type A and B spermatogonia are present
end appear to be identical to controls (Figs. 36, 37).

Primary spermatocytes undergo apparently normal nrelotic
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prophase, as evidenced by the presence of synaptinemal
complexes (Fig. 37). Normal Golgi phase (Fig. 38) sperma-
tids predominate, although some spermatid nuclei appear to
be affected by the crowded condition of the small tubule
(Fig. 39). HMajor abnormalitles are noted in the appear-
ance of both acrosome and maturation phase spermatids.

The nucleil of many of these late spermatlids appear vacuo=-
lated and distorted in shape, suggesting that they may be
degenerating (Figs. 39, 40, 41), Some of the mitochondria
included in these cells are more vacuolated than normal
(Fig. B1). B8ertoll cell nuclei are normal in appearance,
with an obvious perinuclear belt of microfilaments (Fig.
42). An wusual proliferation of Sertoll c¢2ll mitochondris
is occaslonally observed surrounding a degenerating late
gpeyrmatid (Fig. 40).

Ponulation sniral Ho. 3

Light microscopic obzervations of the seniniferous
tubules of this mouse (Fig. 43) reveal a basic similarity
to the appcarance of Population Aninzal No. 2. Electren
nicroscopy chows nornal ultrastructure of germinal cellg
through the Golzl phasec of spzrmatid development (Fig. 44).
loat late spermatids show evidence of degeneration (Fig.
L5), However, a few of the more advanced spermatids appear
to retain their structural integribty (Fig. 46).

Porulation fnjon) lo. 4

Light uicroscopic examination of the seminiferous

tubules of this aninal reveals an apparently normal sper-



matogenic cycle, although the tubules are somewhat reduced
in size (Fig. 47). Some tubules are observed to have a
lumen, although in all cases 1t is somewhat smaller than
those seen iIn the controls.

Examination of these tubules with the electron nmicro-
scope also showed an apparently normal progression of sper-
matogenesis. Metaphase of the first division of a primary
spermatocyte 1s shown in Flgure 48. This rare observation
Includes the centrioles and spindle fibers. Another pri-
mary spermatocyte nucleus, still in prophase, lies adjacent
to the dividing nucleus as part of a syncitium. The lumen
of a tubule in the Golgil phase 1s shown, wlth late and
early spermatids both present (Fig., 49). A higher magni-
fication of the early and late spermatids reveals an gp-
parently normazl morohology of each (Fig. 50).

Populntion Aniral No. 5

Light microscoplc observation of seminiferous tubules
from this aniral show an apparently normal morphology of
the supportive and germ cells (Fig. 57). Electron micro-
scoplc observation confirms the presence of normal sperma=-

togenesis 1in this aninzl {(Fizgs. 52, 53).

31



DISCUSSION

Control Animals

This electron microscopic study of seminiferous tubules

of control Peromyscus maeniculatus balrdil confirms the basic

similarity of spermatogenesls in this anlimal to that des-
cribed in earlier work on two species of Peromyscus (Moree,
1949), the Swiss mouse (Gardner and Holyoke, 19643 Gardner,
1966), and the rat (Leblond and Clermont, 1952; Brokelmann,
1963). The only major difference between these observations

end the earlier ones is that in Peromyscus maniculatus balr-

diil the manchette microtubules of the acrosome phase persist
untlil after the succeeding generation of spermatids has
begun the Golgl phase. This 1s contrary to previocusly pub-
lished light microscopic studies of other species which
showed that the manchette disappears before the succeeding
Golgi phase has begun (lMoree, 1949; Leblond and Clermont,
1952). It seems possible that the greater resolution pro-
vided by the electron microscope is responsible for this
discrepancy.

Population Aninals

The cobservations reported in this study utilizing light
and electron microscopic techniques conflrm the expectation
that the spermatogenic functlion is impailred in some animals
from freely-growing, confined laboratory populations. The
extent of spernatogenic impalrment appears to be quite
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variable. Of the animals studied, the most drastic case
shows severe regression of the seminiferous tubules with
complete arrest of spermatogenesis. Another animal shows
no morphological disruptions of spermatogenesis, and only
a slight decrease in testicular weight (see Appendix).
This individual variasbility necessitates a separate discus-
sion of the findings 1n each animal, although an attempt
will be made to draw some general inferences also.
Population Animal No. 3 1s the most severely regressed
animal., The deep folds that are observed in the limiting
membrane, the marked lack of cytokinesis, as well as the
crowding and constriction of Sertoll cell nuclel, are par-
tially a reflectlion of the very small size of the seminif-
erous tubule. This reduction 1in size 1s obviously related
to depletion of the germinal elements within the tubule.
The lack of normal Sertoli-Sertoll tight Junctions may
be gulite gignificant, since the role of these Jjunctions as
part of the blood-testis barrier has been suggested (Dyn,
1973; Fawecett, 1972). The inappropriate passage of hor-
mones and other blood-borre chemicals could aggravate the
regressed condltion of the germinal elements. The role of
the Sertoll cell in phagocytosis of residual bodies of
Regaud and other waste material has been suggested by pre-
vious research (Brokelmann, 1963; Carr, Clecgg, and leck,
19683). That function 1s apparently intensified in this
aninzl es all developing germ cells degenerats before

maturity. Thus the regression may be partially mediated
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through the Sertoll cell by acceleration of one of 1its
natural functlions.

The most promising explanation suggested by these ob-
servations is that testicular regression is due to inade=-
guate stimulation by FSH, LH, and other pituiltary hormones.
The degeneration of spermatids at the cap phase of spermi-
ogenesis has also been reported in hypophysectomized rats
(Clermont and Morgentaler, 1955). The observed degenera-
tion at the spermatocyte level is also consistent with pre-
vious research which showed that regression was variable
in hypoohysectomized rats, probably due to low levels of
residual gonadotrophins (Lohstroh, 1963). Based on these
observations, and in light of the large body of previous
research on endocrine control of spermatogenesis, it is
reasonsble  to infer that reduced FSH and LH levels may be
responsible for the geverely regressed condition.

Another factor which may contribute to the reduced cell
nunbers end size of the tubules 1s a deflciency of other
pritulitary horrmones such as prolactin, growth hormone, and
thyroid hormone. Boccabella (1963) and others have sug-
gested that these hormones act synergistically with testos-
terone in maintenance of spermatogenezis and promotion of
testicular growth.

Another poosiblility suggested by previous research is
that regression may be partly the result of retention of
the testes within the abdomen. Studies using artificial

cryptorchidism in rats (Clegg, 1963: Chowdbury and Stein-
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berger, 1972) have shown a similar level of spermatogenic
regression. Records kept on the history of this animal
indicate that the testes were nonscrotal every time a check
was made.

Observations on the seminiferous tubules of Population
Animals No. 2 and lo. 3 suggest the existence of an inter-
nediate level of spermatogenic impalrment. The testes
welghts are far below the control level, although not so
low as Population Animal No. 1. The normal appearance of
the limiting nmembrane, spermatogonla, spermatocytes and
early spermatids in these animals suggest that the early
stages of spermatogenesis are not qualitatively affected.
It is important to note that impailrment appears to occur
at the level of the maturation phase spermatids. The sb-
normal appearance of these cells and apparently elevated
Sertoll cell phagocytic activity suggests that spermato-
genesis is at least partially shut down at this point.
Steinberger's hypothesls that the development of maturation
phase spermatids is under FSH control (1971) suggests two
possible explanaticns. FSH levels may be unusually low in
in these two animz2ls, or Sertoli cell mediation of FSH
stimulation may be iuwpailred. Eilther hypothesis would allow
for qualitatively normal spermatcogenesis through the acro-
sone phase, since thls 1s probably independent of FSH
stimulation (Steinberger, 1971).

Population animal Ho. 4 apparently produces mature

spermatozoa in spite of a markedly smaller paired testis
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welght. One possible explanation for this is that gonado-
trophins are at a minimally effective level, and other hor-
mones that may act synerglstically to regulate the quantity
of sperm produced are also at reduced levels. It is pos-
Sible that this animal may be infertile due to a reduced
number of spermatozoa rather than complete disruption of
spermatogenesis.

Population Animal No. 5 1s shown to be very close to
normal in paired testes weight and spermatogenic morphology.
Apparently the effect of the populaticn environment 1s
mninimal. This may be related to the socizl rank of the
anirmal within the population. If the animal was dominant,
one of the hypothesized inhlbiting mechanisms might be less
effective in curtalling spermatogenesis. Tnls hypothesized
inhibiting mechanism involves the pltuitary-adrensl axis
(Christian, 1965). If the population environment induced
stress, ACTH levels would presumably rise. Increased adre-
nal gland production of sex steroids could then have an
effect on the testes, probably by feedback inhibltion of
¥SH and LH production by the pitultary. A more dominant
anlmal would presumably be less affected by social stress,
and thus less likely to develop spernatogenic impairment.
RBecent experinental evidence which supports this hypotheeis
was precented by Lloyd (1971), who showed a high positive
correlation between soclal rank and testis weight in house-
mice. An experiment by Gartner (1973) dealing with group-

ing and stress shovwed an apparent relationship between
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group size and spermatogenic lmpalrment in mice.

Summary and Conclusions

Normal and impaired spermatogenic function of Peromys-

cus maniculatus balrdiil were investigated using the electron

microscope. In the control animals, the spermatogenic cycle
was shown to be basically similar to those reported for
other rodents.

Animals from freely-growing but confined populations
exhibit a variable level of spermatogenic impailrment. These
various levels of impairment were described, and possible
explanations were advanced.

In order to provide a comprehenglive descriptlon of the
phenomenon of spermatogenic impalirment in population animals,
further research much be carried out which was not within
the scope of this study. Specifically, a correlation of
this ultrastructural study with a gquantitative light micro-
scopic analysis should be done, dealing with the frequency
of appearance of cell types 1n a large number of seminif-
erous tubule cross-sections. Also, assays of the relevant
hormnones, such as FSH, LH, ACTH, testosterone, and estrogen

should be correlated with light microscopic and ultrastruce

tural evidence,
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Type A Spermatogonium
Acrosomal Cap

Acrosomic Granule

Acrosome Phase Spermatid

Type B Spermatogonium
Chromatoid Body
Centriole

Collagenous layer
Cap Phase Spermatid
Distal Centriole
Epithelial Cell
Flagellun
Fenestrated Clsternse
Golgl Apparatus

Golgl Phase Spermatid
Intercellular Bridge
Fibrous Lamellae
Lipid Droplet
Mitochondrion

Hanchette

Maturation rhase Spermatid

Hitochondrial Sheath

Microtubule
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Nuclear Ring

Nuclear Plate

Peritubular Contractile Cell
Proacrosomic Granule
Preleptotene Spermatocyte
Resldual Body of Regaud
Mature Spermatozoon

Sertoll Cell
Sertoll-Sertoll Junction
Spindle Fibers

Sertoll Cell Inclusion Body
Spermatocyte

Striated Connecting Plece

Synaptinemal Conmplex



Legend for Flgure 1

Transverse section of a seminiferous tubule. Light

micrograph, 520X.

Legend for Figure 2

An electron micrograph of cells along the limiting

membrane. These include a Sertoli cell,

gonis,

and some primary spermatocytes.

Type B spermato-
6110X.

Lo
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Legend for Figure 3

Cells along the limiting membrane, including a Sertolil
cell. Note the microtubules contained within the Sertolil

cell cytoplasm. 5, 540X,

Legend for Figure U4

The limiting membrane, Type A spermatogonla, Sertolil

cell and primary spermatocytes are shown. 4,970X

Legend for Figure 5

High nagnification electron micrograph of lipid
droplets in Sertoll cell cytoplasm. Note the surrounding

proliferation of rough endoplasmic reticulum. 26,000X.
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Legend for Figure 6

High magnification electron micrograph of a Type A
spérmatogonium. Note the parallel arrangement of the

mitochondrial cristae.

Legend for Figure 7

Electron micrograph of a Type A spermatogonium, also

showing a preleptotene spermatocyte. 6,000X.

Legend for Figsure 8

High magnification electron micrograph of a primary
spermatocyte nucleus. Note the prominent synaptinemal

complex. 9,660X.

ILexend for Figcure 9

Three adjacent primary spermatocytes. Note the

intercellular bridge between two of the cells. &, 390X.
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Legend for Figure 10

Two secondary spermatocytes are shown. Note the

chromatoid body. &,830X.

Lezgend for Figure 1

Early Golgl phase spermatid. 12,850X.

Legend for Figure 12

Golgl phase spermatlid adjacent to a maturation phase
spermatid of the preceding generation. Note the two

proacrosomic granules. 14,760X.
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Legend for Figure 13

Late Golgl phase spermatids. Note adjacent maturation

rhase gpermatids. 8,050X.

Legend for Figure 14

Cap phase spermatid. Note acrosomal cap, which

extends around the cephalic pole of the nucleus. 10,950X.

Lerend for Flgoure 15

Group of cap phase spermatids. Note intercellular

bridge between two. 5,540X%,






50

Legend for Figure 16

Cap phase spermatid nucleus with attached centrioles

and developing sperm tail. 30,000X.

Legend for Figure 17

Acrosome phase spermatids. Note the elongation of

the nucleus. 5,730X.

Legend for Ficure 18

High magnification of acrosome phase spermatid. Note
the manchette of microtubules and caudal shift of the
cytoplasm. 9,180X.
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Legend for Figure 19

Late acrosome phase spermatid. Notice continued

condensation and elongation of the nucleus. &4,780X.

Legend for Figure 20

Early maturation phase spermatids. Note adjacent

Golgl phase spermatid of succeeding generation. 6,720X

Legend for Figzure 21

High magnification of maturation phase spermatid.

Note persistence of manchette. 14,100X.

ILegend for Figure 22

High magnification of maturation phase spermatid.
Note developing striated connecting piece of the sperm

tail neck. 26,000X.

52






54

Legend for Figure 23

Late maturation phase spermatid. Note absence of

manchette. 11,420X.

Legend for Figure 24

Late maturation phase spermatid. Note formation of

mitochondrial sheath. 7,280X.

Legend for Figure 29

Release of mature sperm into lumen. Note residual

bodies of Regsud. &,390X.

Legend for Figure 26

Mature sperm in lumen. Note cross-sections of

sperm tail. 10,950X.
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Legend for Figure 27

Transversge section of a seminiferous tubule from

Population Animal No. 1. Light micrograph. 270X,

Legend for Figure 28

Electron micrograph of the limiting membrane of a
seninifercus tubule. Note deep infolding of fibrillar
lamellae. 8,570X.

Legend for Figure 29

Type A spermatogonium. 8,090X.

Legend for Fisure 30

Composite electron nmicrograph showing Sertoli nucleus
and cytoplasmic processes. Note inclusions of degenerating

celluler nmaterial. 10,000X.






Legend for Figure 31

Primary spermatocyte. Note synaptinemal complex,

ad jacent Sertoll cell nucleus. 8,740X.

Legend for Fipure 32

Palr of degenerating primary spermatocytes. Note

clumping of nucleoplasm. 4530X.

Lezend for Fizure 33

Pair of cap phase spermatids. Note lack of
cytokinesis. 3,930X.

Legend for Fisure 34

Palr of degenerating cap phase spermatids. Note

loss of structural integrity. 8,640X%.
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Legend for Figure 135

Transverse gectlon of a seminiferous tubule from

Population Animal No. 2. Light micrograph. 360X.

Legend for Figure 36

Electron micrograph of cells adjacent to the limiting

rerbrane. 5,800X.

Iecend foxr Figpurse 37

High magnification of a Type B spermatogonium and

a primary spermatocyte. 7,280X.

Lercend for Figure 38

Golgi phase spermatid. Note Golgl mediation of

acrosone formation. 10,470X.
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Legend for Figure 39

Abnormal maturation phase spermatid. Note distortion

of nucleus. 9,040X,

Legend for Figure 40

Degenerating maturation phase spermatid nucleus.
Note surrounding proliferation of Sertoll cell mitochon-

dria. 13,800X0

Legend for Ficure 41

Abnormal maturation phase spermatids. Note distortion

of nucleus. 8,570X.

ILegend for Figure 42

High magnification of Sertoll cell nucleus with an

obvious perinuclear band of microfilaments. 19,000X.
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Legend for Figure 43

Transverse gection of a seminiferous tubule from

Population Animal No. 3. Light micrograph. 360X.

Legend for Figure 44

Golgi phase spermatid. 25,000X.

Legend for Figure 45

Sertoll cell inclusions of degenerating cellular

material. 20,000X.,

Legend for Figure 46

Maturation and Golgi phase spermatids. 5,000X.
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Legend for Figure 47

Transverse section of a seminiferous tubule from

Population Animal No. 4. Light micrograph. 360X,

Legend for Figure A48

Primary spermatocyte in metaphase I of melosis.

Note centrioles and spindle fibers. 25,000X.

Legend for Figure 49

Maturation and Golgi phase spermatids. Note lumen
of tubule. &,010X,

ILegend for Fizure 50

High magnification of maturation and Golgl phase
spermatids., 10,470X.






Legend for Figure 51

Partial transverse section of a seminiferous tubule
from Population Animal No. 5. Note large numbers of

late maturation phase spermatids. Light micrograph. 300X.

Legend for Figure 52

Maturation phase spermatids. Note the absence of
manchette and the evidence of the mitochondrial sheath.

10,140X.

Legend for Figure 5773

Golgl and maturation phase spermatids. 10,920X,
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