
ULTRASTRUCTURE OP THE SEMINIFEROUS EPITHELIUM 
OF PRAIRIE DEER MICE (PEEOM3CSCUS MANICULATUS BAIRDII) 

FROM A FREELI-GROWING, CONFINED POPULATION

A Thesis 
Presented to 

The Faculty of the Department of Biology 
The College of William and Mary In Virginia

In Partial Fulfillment 
Of the Requirements for the Degree of 

Master of Arts

By
Stephen Richard Keller 

19 7^



APPROVAL SHEET

This thesis Is submitted In partial fulfillment of 
the requirements for the degree of

Master of Arts

Approved, May 197^

Jos ?ph L/ Scott, Ph.D.

C• HJLqhard Terman, Ph.D.
v / ' ✓ }

A H ' AlGCViH
Eric L. Bradley, Ph.D.

6 014 ̂ 7



TABLE OF CONTENTS
Page

ACKNOWLEDGMENTS...........     IV
LIST OF FIGURES........................   v
LIST OF T A B L E S .................................... vlli
ABSTRA C T............................................ ix
INTRODUCTION ..........    2
MATERIALS AND METHODS................................ 19
OBSERVATIONS ......................................  22
DISCUSSION.........     32
KEY TO ABBREVIATIONS................................ 33
FIGURES..........    ^0
APPENDIX........................  70
BIBLIOGRAPHY....................................  . 73

111



ACKNOWLEDGMENTS

The writer wishes to express his appreciation to 
Professor Joseph L. Scott, under whose careful guidance 
and criticism this investigation was conducted. The 
author is also indebted to Professors C. Richard Terman 
and Eric L. Bradley for technical assistance and critical 
reading of the manuscript. Thanks are also due Mrs.
Jewel P. Thomas and Mrs. Patricia Kipps for their expert 
technical assistance in certain aspects of the investiga­
tion. Finally, the writer is deeply indebted to his wife, 
Barbara, for typing the manuscript and for her patience 
and understanding.

iv



LIST OP FIGURES

Figure Page
1• Transverse section of a seminiferous tubule . . . 4l
2. Electron micrograph of cells along thelimiting membrane • . . . . . . . . . . . .  4l
3* Cells along the limiting membrane • • • • • • • •  43
4. The limiting membrane, Type A spermatogonia,

Sertoli cell and primary spermatocytes . . .  ^3
5* High magnificatlon electron micrograph oflipid droplets in Sertoli cell cyto­

plasm • • • • • • • • • • • • •  ..........  43
6 . High magnification electron micrograph of aType A spermatogonium • • •  .........   • 45
7• Electron micrograph of a Type A spermato­gonium • • • » • • •  ........................ 45
8 . High magnification electron micrograph of aprimary spermatocyte nucleus • • • . . . . .  45
9. Three adjacent primary spermatocytes . . • • • •  45

10. Two secondary spermatocytes • • • ................ ^7
11. Early Golgl phase spermatid . . . . . . . . . . .  47
12. Golgi phase spermatid • • • • • • • • • • • • • •  47
13* Late Golgi phase spermatids • • • • • • • • • • •  49
l4. Cap phase spermatid • • • • • • • • • • • • • •  49
15• Group of cap phase spermatids • • • • • • • • • •  49
16 . Cap phase spermatid nucleus   • • • • • •  51
17 • Acrosome phase spermatids • • • •     . 51

v



Figure Page
18. High magnification of acrosome phase sper­

matid. • • • • • • • • • • • • • • • • • • • 5 1
19• Late acrosome phase spermatid • • • • • • • • • • 5 3
20. Early maturation phase spermatids • • • • • • • •  53
21• High magnification of maturation phase sper­

matid •• ................  • • • • • • • • 5 3
22. High magnification of maturation phase sper­

matid • • • • • • • • • • • • • • • • • • • 5 3
23* Late maturation phase spermatid   • • • 55
Zk-m Late maturation phase spermatid « « • « • • • • •  55
25• Release of mature sperm into lumen • • • • • • •  55
26. Mature sperm in lumen • • • • • • • • • • • • • •  55
27* Transverse section of a seminiferous tubule

from Population Animal No. 1 . .  ......... 57
28• Electron micrograph of the limiting membrane • • 57
29 • Type A spermatogonium....................   • • • 57
30• Composite electron micrograph showing Sertoli

nucleus and cytoplasmic processes • • • • • 57
31. Primary spermatocyte • • •     • . . 59
32. Pair of degenerating primary spermatocytes • • • 59
33* Pair of cap phase spermatids..............   59
3^. Pair of degenerating cap phase spermatids • • • • 59
35* Transverse section of a seminiferous tubulefrom Population Animal No. 2. • • • • • • •  6l
3 6 . Electron micrograph of cells adjacent to thelimiting mambrane • • • • • •  ............  61
37. High magnification of a Type B spermatogoniumand a primary spermatocyte • • • • • • • • •  6l
38. Golgi phase spermatid • • •  ..........  • . • 6l

vi



Figure Page
39 • Abnormal maturation phase spermatid . . . . . .  63

40. Degenerating maturation phase spermatidnucleus
41. Abnormal maturation phase spermatids • • • • • •  63

**2. High magnification of Sertoli cell nucleus . . .  63

43. Transverse section of a seminiferous tubule
from Population Animal N o * 3 * * * » « * * « 6 5

44. Golgi phase spermatid  ............ *65
45. Sertoli cell inclusions of degenerating

cellular material .. .........  . . . . . . 6 5

46. Maturation and Golgi phase spermatids ........  65

4 7 . Transverse section of a seminiferous tubule
from Population Animal No. 4 . . . . . . .  67

48• Primary spermatocyte . . . .  ........... . . . . 6 7

49. Maturation and Golgi phase spermatids ........  67

50. High magnification of maturation and Golgi
phase spermatids. ........  . . . . . . . .  67

51• Partial transverse section of a seminiferous
tubule from Population Animal N, 5 . . . .  69

52. Maturation phase spermatids . . . . . . . . . .  69

53• Golgi and maturation phase spermatids . . . . .  69

vil



LIST OF TABLES

Table Page
1. Control animal body weights, testis weights,testis conditions and fixation dates • • . 71
2. Population animal body weights, testisweights, testis conditions and fixation dates • • • • • • •  ..............  • • • • 7 2

viii



ABSTRACT

Kale prairie deer mice (Per orgy sous manlculatus bairdll) of approximately 150 days of age were withdrawn from a freely-growing, confined laboratory population. When compared with bisexually paired controls, the population mice exhibited significantly lighter body weights and testis weights. Light and electron microscopic examination of seminiferous tubules from these population animals revealed a variable level of spermatogenlc impairment ranging from severe regression to apparently normal sper­matogenesis. Previous research suggests that elevated adrenocortical production of sex steroids due to stress 
may cause feedback inhibition of hypophysial production of FSH and LH, resulting in regression of the seminiferous 
tubules•

The conclusions allowed by this study are* 1) Sper- matogenic impairment is typical of deer mice from a freely- 
growing, confined population, but is not typical of bisex­ually paired controls. 2) The extent of this spermato­genlc impairment is variable.
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ULTRASTRUCTUKE OP THE SEMINIFEROUS EPITHELIUM 
OF PRAIRIE DEER MICE (PEROMYSCUS HANICULATUS BAIRDII) 

FROM A FREELY-GROWING, CONFINED POPULATION



INTRODUCTION

Freely-growing, confined laboratory populations of
Peromysciis manlenlatua frajxdJJL appear to possess a mecha­
nism for self-regulation of growth (Terman, 19&5)» This 
mechanism operates by either cessation of reproduction or 
failure of the young to survive s Evidence suggests that 
the regulatory mechanism is a physiological response to 
behavioral cues intrinsic to each population, and resulting 
from some attribute of increased density {Terman, 1965# 
1 9 6 9, 1973b). Similar density-related regulatory mecha­
nisms have been described In other species of mammals, 
including house mice (Hus rauscuius), voles (Plicrotus), and 
white-footed mice (Peromyscus leucopus) (Christian, 19?1) • 

The nature of the physiological response resulting in 
growth regulation has been partially elucidated In recently 
published reports* Comparison of organ weights revealed 
that the testes, vesicular glands, ovaries, uteri, and 
bacula of animals from asymptotic populations wore signif­
icantly lighter than those of blsexually paired controls 
(Terman, 1 9 6 9). Histological analysis of the ovaries of 
deermice from asymptotic populations revealed significantly 
larger numbers of atretic follicles than those of controls, 
and significantly smaller Graafian follicles of maximum
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size (Terman, 1973b). In 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 impaired In response to the experi­
mental situation. Another recent series of experiments has 
shown that reproductive inhibition in deermice is reversi­
ble. Animals which were removed from a population setting 
and paired with proven mates showed a rapid recovery of 
reproductive capability (Terman, 1973&)•

Researchers have suggested that the physiological 
response to population conditions Is mediated through 
increased pituitary-adrenocortical and reduced pituitary- 
gonadal activity (Christian, 1971 )• According to this 
hypothesis, stress Induced by Increasing population density 
or low social rank would cause increased ACTH production by 
the pituitary. Adrenocortical production of sex steroids 
would then be Increased to a level which could cause feed­
back Inhibition of FSH and LH secretion by the pituitary. 
Decreased FSH and LH would result In regression of the 
reproductive organs. There is also a possibility of a 
direct effect of ACTH on the gonads. Some experimental 
observations have been reported which tend to support the 
possible Involvement of the pituitary-adrenocortical axis 
in reproductive inhibition of confined laboratory popula­
tions of Peromysous (Christian, 1971)• Injections of 1, 2,
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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 
fi-t (1973) showed that artificial overcrowding of male 
mice resulted in partial suppression of spermatogenesis 
and a decrease in the size of Leydig cell nuclei, sugges­
ting a reduction in testicular testosterone secretion.
Lloyd (1971) showed that in grouped male mice, dominant 
Individuals were larger with respect to testis, seminal 
vesicle, preputial gland, and thymus gland weights, and 
that organ weights decreased in mice of descending rank.

This report Is an ultrastruetural study of the semi­
niferous epithelium of male deermice (Perotnyscus-nanlcnla- 
tu3. balrdil) from a freely-growing, confined population.
It is intended to provide a detailed description of sub- 
cellular morphological changes associated with spermato- 
genlc Impairment Induced by the population environment.
From these observations some Inferences may be drawn 
regarding the physiological basis for this type of repro­
ductive Inhibition.

Published histological descriptions of the normal 
spermatogenic function in rodents are numerous and are 
particularly useful in discussing Impaired spermatogenic
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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 
analysis, established that in the albino mouse, 3 ^  days 
are required for a dormant type A spermatogonium to form a 
mature spermatozoon. He also provided a classification 
scheme for spermatogenesis in the albino mouse which uti­
lized the same criteria developed by Leblond and Clermont 
in their description of spermatogenesis in the rat.

An earlier study (Koree, 1 9 4 9) revealed "fundamental 
similarities" of spermatogenesis in Peromyscus and in other 
rodent species studied. A recent comprehensive review of 
the kinetics of spermatogenesis in mammals (Clermont, 1972) 
provides an excellent synthesis of present knowledge.

Ultrastruetural studies of spermatogenesis in verte­
brates have been reported by a large number of investiga­
tors. Gardner and Holyoke (1964 ), Gardner (1 96 6 ) * Ross 
O.967 ), Bryan (1971 ), Comings and Okada (1972 ), Wolosewick 
and Bryan,(1973) described spermiogenesis in the mouse, 
while others have reported fine structural details of 
spermatogenesis in the cat (Burgos and Fawcett, 1955)» 
in the rat (Brokelmann, 19631 Carr, Clegg, and Meek, 19685  

Kessel and Spazlani, 1 9 6 9? Susl, Leblond, and Clermont,
1971* MacKinnon and Abraham, 1972t Moens and Go, 1972;
Wooley and Fawcett, 1973)» iu marsupials (Rattner, 1972),
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In monkeys (Dym, 1973) and In other mammalian species 
(Flickinger and Fawcett, 19&7I Fawcett, Anderson, and 
Phillips, 1971? Rattner, 1972; Rattner and Olson, 1973)• 

Gardner and Holyoke (1964) described the limiting 
membrane of the seminiferous tubule in the Swiss mouse as 
multi-layered, with a single layer of connective tissue 
cells surrounding inner layers of external and internal 
lamellae, and interlamellar cells. The internal lamella 
is 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 contractile cells" by Ross (196?)» and a smooth 
muscle-type contractility is attributed to them. Another 
function attributed to the peritubular contractile cell 
layer is that of a blood-testis barrier to particles of 
relatively large size (Vitale, Fawcett, and Dym, 1973?
Aragon and Lustig, 1972),

The Sertoli cells are tall, columnar cells which rest 
on the limiting membrane of the seminiferous tubule, taking 
up most of that surface. They extend to the lumen of the 
tubule, and have numerous branching projections which 
surround the developing germ cells. This morphology is 
reported to facilitate intercellular exchange of materials. 
Nuclear shape is variable in both rat (Leblond and Cler­
mont, 1952), and mouse (Gardner and Holyoke, 1964) Sertoli 
cells. Leblond and Clermont suggest that this is depen-
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dent upon the stages of spermatogenesis. In stages I-VIII 
frequent spermatogonial divisions may cause crowding of the 
Sertoli cells, resulting in elongated nuclei 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(196k) note that mouse Sertoli 
nuclei possess many indentations, a fairly homogeneous nuc­
leoplasm containing some clumps of electron-dense granules, 
and a spherical nucleolus consisting of interlacing electron- 
dense masses. The endoplasmic reticulum is 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 Sertoli cell in all mammals. These 
are thought to act as supportive elements.

Another functionally significant morphological feature 
of Sertoli cell cytoplasm is the frequent appearance of lipid 
body inclusions. Brokelmann (19&3) attributes this to 
phagocytosis of residual bodies by the Sertoli cell follow­
ing release of mature spermatozoa. This hypothesis is 
supported by Carr, Clegg, and Ileek (1 9 6 8 ) whose work with 
electron dense dyes substantiated claims that Sertoli cells 
act as phagocytes of dead cells and foreign materials. Their 
conclusion was that the Sertoli cell is a viable part of the 
reticulo-endothellal system, based on its phagocytic act­
ivity and other morphological characteristics.
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Flicklnger and Fawcett (1 9 6 7) suggested that the 
Sertoli cell might also serve as a mediator of "cytologleal 
events of the cycle of the seminiferous epithelium...” 
Noting the existence of apparent tight functions between 
adjacent Sertoli cells, they said that reduced resistance 
to electrical impulses at these junctions could provide a 
means of coordinating simultaneous events throughout a 
large segment of the seminiferous tubule. Another inter­
pretation of the role of Sertoli-Sertoli tight junctions 
that has been emphasised reoently by Dym (1973)» Fawcett 
(1972) and others is that of a blood-testis barrier which 
provides compartmentalization of the germinal epithelium. 
Using electron-opaque tracers of varying sizes Fawcett 
et al (19/0) and Dym 1973) have shown that large markers 
such as ferritin Injected interstitially are excluded from 
the germinal layers of the rat and monkey by the peritu­
bular contractile cells of the limiting membrane. Smaller 
marker particles such as horseradish peroxidase sometimes 
penetrate the first barrier, surrounding the spermatogonia 
and preleptotene spermatocytes. The Sertoli-Sertoli 
junctions, however, prevent further penetration. Kaneini, 
Castro, and Seiguer (1 9 6 7 ), using iimaunohistochemical 
localization of gonadotrophic hormones, showed preferen­
tial uptake of LH by Leydig cells, and demonstrated access 
of FSH to spermatogonia and Sertoli cells, but not to cells 
in later stages of development. Aragon and Lustig (1973) 
found that in mic© the blood-testls barrier is only a
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partial or relative one. They showed that horseradish 
peroxidase (HRP) tracer occasionally penetrates to the 
level of primary spermatocytes and beyond, although its 
diffusion is limited to certain areas. They also showed 
that the Sertoli cell is involved in the intracellar trans­
port of HEP 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 
Sertoli cell.

There are two morphologically distinct types of sper­
matogonia in mammals, first described by Regaud (1901), and 
later designated Type A and Type B by Allen (1918). In 
rodents, the nuclei of Type A spermatogonia contain "dust- 
like", fine chromatin, and the nuclei of Type B contain 
clumped chromatin. Type A spermatogonia act as stem cells, 
producing both Type B and Type A cells by mitotic division. 
Type B spermatogonia differentiate into primary spermato­
cytes. Gardner and Holyoke (196*0 described the cytoplasm 
of both types of mouse spermatogonia as "finely granular" 
with sparse endoplasmic reticulum. Mitochondria are small 
and vesiculated In appearance. Moens and Go (1972) 
recently demonstrated cytoplasmic bridges between sperma­
togonia In rats, indicating a possible means of communica­
tion for synchronous division.

In electron micrographs, primary spermatocytes In 
Swiss mice are described as having frequent intercellular 
bridges and intranuclear synaptlnemal complexes (Gardner
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and Holyoke, 196^)• 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 
time before the second melotlc division which produces the 
spermatids. Secondary spermatocytes are smaller than the 
primary spermatocytes and the mitochondria have large 
Intracristal spaces similar to those of spermatids (Gardner 
and Holyoke, 1 9 6^). The morphology of spermatogonia and 
spermatocytes does not differ among most mammalian species, 
including the mouse, rat and hamster (Clermont, 1972).

Spermatids undergo spermiogenesls, a dramatic morpho­
logical transformation which results in mature spermatozoa 
Four phases of this process in the rat are described by 
Loblomd and Clermont (1952). The Golgi phase is charac­
terized by elaboration of a glycoprotein product in the 
Golgi body, as revealed by an intense PAS-positive reac­
tion. Vesicles containing the product fuse to form the 
acrocaralc granule, which is apposed to the face of the 
nucleus. In the cap phase, the acrosomic granule flattens 
out on the nucleus, and a membranous cap spreads over the 
anterior pole. The centrioles migrate to the caudal pole 
of the nucleus and attach to a localized thickening of 
the nuclear envelope. One, the distal centrlole, acts 
as the basal body for formation of the flagellum. The 
Golgi apparatus migrates caudally, but still contributes 
to cap formation (Susi, Leblond, and Clermont, 1971)*
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During the acrosome phage the head cap and acrosomic gran­
ule become oriented toward the limiting membrane of the 
tubule, the nucleus moves 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, 
consisting of a species-specific number of microtubules 
(Eattner and Brinkley, 1972). In rodents these are ori­
ented parallel to the long axis of the elongating sper­
matid nucleus, originating at the nuclear ring region 
below the head cap (Gardner, 1966; Eattner and Brinkley,
1972), MacKinnon and Abraham (1972) reported the exis­
tence of links between microtubules of the caudal portion 
of the manchette in Stage 14 rat spermatids.

Many authors have suggested that the manchette plays 
an active role in elongation and condensation of the 
nucleus during the acrosome phase (Mclntosch and Porter,
1967? Kessel, 1 9 6?; Kessel and Spazlanl, 1 9 6 9)* An 
opposing interpretation (Fawcett, Anderson, and Phillips,
1971; Eattner and Brinkley, 1972; Eattner, 1972) Is 
that the manchette plays a passive, restricting role, 
providing a rigid structure to reinforce the shape attained 
by the Interaction of other forces.

By the end of the acrosome phase, the nucleus is 
extremely elongated and the chromatin has condensed consid­
erably, The cytoplasm has condensed around the flagellum, 
and the manchette is beginning to disappear. The distal
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centrlole divides to form what Is known as the "ring cen- 
triole" or annulus.

In the final maturation phase, the annulus separates 
from the centriolar complex and migrates caudally along 
the flagellum, drawing with It 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 is shed 
as a residual body of Regaud when spermlation occurs.

The differentiation of the mature spermatozoon from 
an early spermatid is a dramatic and complex process. It 
involves metamorphosis of a relatively unspecialized cell 
into a highly specialized cell with only one true function. 
Although many aspects of this process have been described 
on the light microscopic and ultrastruetural level, a 
complete elucidation of spermatogenesis has not yet been 
achieved.

Hormonal control of spermatogenesis has been Inten­
sively studied in recent years. Excellent reviews of the 
large number of relevant publications are available (Cler­
mont and Harvey, 1 9 6 7 j Steinberger, 1971) •

According to Steinberger (197Dt It has been firmly 
established that follicle stimulating hormone (FSH), 
luteinizing hormone (LH), and androgens are directly 
involved in spermatogenesis. Other hormones which have



13
been shown to be Involved to a lesser degree are somato- 
trophic hormone (STH), thyroxine (Boccabella, 19&3)t &n<I 
prolactin (Hafiez et al, 1971? Hafiez et al, 1972? Tuch- 
mann et al, 1972? Negro-Vllar et al, 1973a). However, the 
precise hormonal requirements 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 mechanisms of hormonal con­
trol of spermatogenesis. Hypophysectomized rats were shown 
to suffer marked loss of spermatogenic function (Clermont 
and Morgentaler, 1955)• In their quantitative study, 
hypophysectomy resulted in decreased numbers of Type A 
spermatogonia, primary spermatocytes, and Golgi phase sper­
matids, with no spermatids seen to mature past the late cap 
phase of Leblond and Clermont (1952). Lohstroh (1 9 6 3) 
noted variable levels of spermatogenic inhibition in hypo- 
sectomized rats, and suggested that residual gonadotrophic 
activity m y  be present in some animals. This seems to be 
substantiated by a later experiment, in which injection of 
hypophysectomized rats with antl-LH caused further testic­
ular atrophy (Lohstroh, 1 9 6 9 )• All of these results 
support Steinberger*s claim that in rats and mice, success­
ful completion of meiosis, formation of Type A spermato­
gonia, and spermatid maturation are all dependent upon 
pituitary gonadotrophins (1971)*

In order to extend the knowleda^ of spermatogenic
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control from the level of trophic hormone production to 
that of target organ response, replacement therapy has been 
used extensively. According to Lohstroh (19&9)* treatment 
with both LH and FSH is necessary to re-initiate spermato­
genesis in long-term hypophysectomized rats. Treatment 
with FSH, LH, or testosterone alone stimulates only partial 
recovery. Boccabella (1 9 6 3 ) reported improved recovery in 
long-term hypophysectomized rats treated with a combination 
of testosterone, STH, 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, FSH, or testos­
terone? however, a combination of either LH and FSH, or 
FSH and testosterone was necessary to stimulate spermatid 
formation and subsequent spermiogenesis. In non-regressed 
hypophysectomized rats, testosterone alone is capable of 
stimulating spermatid formation, suggesting that require­
ments for maintenance of spermatogenesis are different from 
those for Initiation. Numerous investigators have shown 
that small doses of testosterone in Intact animals can 
exert negative feedback upon pituitary gonadotrophin 
release, resulting in degeneration of the seminiferous 
epithelium (Ludwig, 1950? Desjardins et al, 1973* Ewing 
et al, 1973? Negro-Vilaret al, 1973b). In larger doses, 
exogenous testosterone acts directly to maintain sperma­
togenesis even though pituitary gonatrophins are Inhibited. 
Steinberger and Duckett (1 9 6 7 ) treated rats with large doses
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of testosterone, beginning just after birth and showed that 
spermlogenesis 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 spermlogenesis.

Other, more specific methods of preventing gonadotro­
phic stimulation of the testes include treatment with 
clomiphene (Kalra and Prasad, 1 9 6 7), which inhibits FSH 
and LH secretion by the pituitary without disrupting adren­
ocortical or thyroid function. Treatment with estrogen 
(Davies et al, 1974) also inhibits FSH/LH secretion, though 
with possible direct effects on the testis. In rats whose 
gonadotrophin production Is blocked by clomlphene treat­
ment, exogenous FSH and testosterone act synergistically in 
restoration of spermatogenesis (Kalra and Prasad, 19&7)*
In estrogen-treated mice, yields of mature spermatids from 
cap phase spermatids, cap phase spermatids from pachytene 
spermatocytes, and pachytene spermatocytes from prelepto- 
tene spermatocytes are reduced. These yields are restored 
to normal levels by testosterone treatment. FSH appeared 
to augment the effect of testosterone on the yield of cap 
phase spermatids from preleptotene spermatocytes (Davies 
et al, 1974).

Using a different approach to study interactions of
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the hypophysial-testicular axis, researchers have measured 
serum and pituitary FSH and HI 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 seminiferous epithelium, and 
returned to control levels when spermatogenic recovery was 
complete. This evidence suggested to the authors that 
there is a feedback inhibition of FSH secretion by elements 
of the spermatogenic cycle. Debeljuk ejt al (1973) studied 
the effects of both massive and selective depletion of the 
epithelium on serum FSH and LH. Their results were in 
agreement with Gomes et al (1973) for rats suffering massive 
depletion. They also found slight but significant eleva­
tions on serum FSH and LH following depletion of young 
spermatids. They Inferred from these results that immature 
spermatids are involved in feedback inhibition of FSH and 
LH secretion.

Dorrington and Fritz (197̂ *) studied effects of FSH and 
LH on cyclic AMP production by seminiferous tubules in vitro.
By comparing cyclic AMP production before and after treat­
ments which eliminated all cells except the Sertoli cells, 
they were able to provide evidence that the Sertoli cell is 
the principle target cell in the seminiferous epithelium 
which responds to FSH stimulation with enhanced cyclic AMP 
production. Murphy (1965) noted Sertoli cell stimulation 
following FSH administration using cytological criteria.
The results of both experiments suggests the possible impor-
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tance of the Sertoli cell in mediation of hormonal effects 
on spermatogenesis*

Some evidence has been presented for the Involvement 
of other pituitary hormones in spermatogenesis. Boccabella 
(1 9 6 3) noted that STH appears to act eynergistlcally with 
testosterone in promoting recovery of spermatogenesis in 
regressed hypophy sectoral zed rats. Negro-Vi liar et al (19 7 3&) 
measured serum FSH and prolactin during development of male 
rats. They correlated high FSH and prolactin levels with 
the initiation of rapid testicular growth, and a secondary 
rise in serum prolactin was correlated with later growth 
of the accessory glands. Haflez et al (1971) measured tes­
tosterone levels in hypophysectomlzed rats which had been 
subject to treatment with prolactin and LH, both singly and 
in combination. Their results suggest a synergism of LH 
and prolactin in stimulation of testosterone production by 
the Leydig cells. However, Tuchmann et al (1972), using 
light microscopic techniques, found no disturbance or 
alteration of the testes or accessory glands following 
treatment with sulpiride, fin . agent which greatly Increases 
prolactin secretion by the anterior pituitary.

The evidence currently available allows only a hypo­
thetical scheme of the qualitative aspects of hormonal 
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 formation of
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pre-meiotic primary spermatocytes Is apparently Indepen­
dent of hormonal stimulation. Testosterone is required for 
diakinesis and the first division of meiosls 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 is not certain. The final maturation phase of 
spermiogenesis, resulting in formation of mature spermato­
zoa, may be dependent upon FSH stimulation, possibly medi­
ated by Sertoli cells.

Another possible influence which could produce altera­
tions in testicular function is cryptorchidism. Clegg 
(1 9 6 3) reported that in the rat, artificial cryptorchidism 
results in degeneration of the germinal epithelium and 
spermatogenesis ceases. This damage resulted from higher 
temperatures within the abdominal cavity. Chowdhury and 
Steinbergar (1972) transplanted immature testes into 
mature cryptorchid ones, and observed early stages of sper­
matogenesis in the transplant which were followed by degen­
eration. This suggests that initiation of spermatogenesis 
is not prevented by a cryptorchid milieu, but spermatogenic 
progression and maintenance are impaired. Lee and Fritz
(1972) showed a correlation between high lysosomal activity 
and degeneration of spermatogenic elements in cryptorchid 
testes.



MATERIALS and METHODS
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Animals Included In this study were withdrawn from a 
freely-growing, confined population of prairie deermice 
(Peromvsous manlculatus balrdli) which was part of a sepa­
rate experiment conducted by Dr. C. R. Terman. The popula­
tion was founded by four bisexual pairs of non-slb deermice 
between 6 0 - 1 0 0 days of age, with all females being pregnant. 
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 
birth. Subsequent litters were left as part of the popula­
tion. At 21 days of age one male and one female from each 
litter were blinded, one sib of each sex was sham operated, 
and the remaining animals 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 five litters for use in this study.
fioQtsoI toinala

Adult male deermice were paired with non-slb females 
of the same approximate age (6 1 - 6 7 days) in partitioned 
cages which allowed visual, auditory, and olfactory commu­
nication between the animals, but prevented tactile Inter-
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action. When the males reached the age range of 151-15^ 
days, they were sacrificed for use in this study.

Both population and control animals were maintained 
under artificial lighting in a cycle of 12 hours bright 
(four 40 watt fluorescent tubes) and 12 hours dim (four 1 5  

watt bulbs). Temperature was maintained betvieen 21° and 
30°C. Food and water were supplied in excess of utiliza­
tion. Mechanical ventilation of the rooms provided complete 
air exchange five to ten times per hour.
Collection of Tissue and Preparation for Electron Microscopy

All animals were killed with chloroform, weighed, and 
a notation was made as to whether the testes were abdom­
inal or scrotal at the time of collection. The testes were 
then immediately trimmed of fat and connective tissue, and 
weighed to the nearest milligram. Following the weighing, 
the tunica albuginea was sliced open and the tissue was 
doused with a glutaraldehyde, Q.1H phosphate-buffered 
solution at pH ?.*K The seminiferous tubules were care­
fully dissected out of the connective and interstitial 
tissue, chopped into small pieces, and placed in a vial of 
the same fixative for two hours. Following three rinses 
in 0.1M phosphate buffer, the tissue was post-fixed in 1% 
osmium tetroxido, buffered in 0.1K phosphate at pH 7.^.
The tissue was rinsed in 50% acetone, and then stained for 
20-2^ hours in 2% uranyl acetate in 70% acetone. Finally, 
it was dehydrated in successively increasing concentrations 
of acetone, infiltrated and embedded In a 4i6 solution of
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oEpon 812, and cured for three days at 60 C. Silver sec­

tions were cut on an LKB Ultrotome III ultramicrotome 
using a diamond knife, and were collected on both uncoated 
3 0 0-aesh copper grids and formvar coated one-hole grids.
The sections were stained with lead citrate (Venable and 
Coggleshall, 1 9 6 5 )* Sections for light microscopy were cut 
on glass knives at 0 .5-l«0 microns, and were stained with 
toluidine blue.

Electron microscopic observations were made on a 
Zeiss EH 93-2 electron microscope. Photomicrographs were 
taken on a Zeiss Photomicroscope II.



OBSERVATIONS

Control Animals
The limiting membrane of the seminiferous tubule In 

Peromyscus monlculatus balrdll is similar to that of the 
Swiss mouse, as described by Gardner and Holyoke (196*0.
At the light microscopic level, the limi ting memb rane ap­
pears to be a thin strand of amorphous material, with occa­
sional thickening where the cell nuclei are located (Fig. 1). 
Electron microscopic observation 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 peritubular 
contractile cells. These cells are extremely flattened and 
elongated, with similarly elongated nuclei and a cytoplasm 
sparsely populated with organelles. Just within this layer 
lies another homogeneous collagenous 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 characterised by several morpho­
logical distinctions. Sertoli nuclei in Peromvsous manic- 
ulatus balrdll, as in other mammals, are relatively large, 
irregularly shaped, and exhibit numerous indentations
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(Figs. 2, 3)* Sertoli nuclei are located along the
limiting membrane at the periphery of the seminiferous 
tubule, and generally exhibit either a flattened or elon­
gated shape (Fig. *0. There is a single osmiophillc nucle­
olus, and the nucleoplasm is finely granular. These proces­
ses of the Sertoli cytoplasm stretch peripherally and to 
the lumen, surrounding the developing germ cells. Large 
lipid droplets are frequently observed in Sertoli cell 
cytoplasm (Fig. 5)» Mitochondria of the Sertoli cells are 
often elongated, with tubular cristae. Large numbers of 
microtubules are present within the cytoplasm. Microf1 1- 
aments are seen surrounding the nucleus. These form a 
perinuclear band from which other cell organelles are ex­
cluded (Figs. 3i *0* Characteristic Sertoli-Sertoli junc­
tions are observed, with closely opposed plasma membranes 
forming a dark center line In a band of amorphous.material 
(Fig. 2).

As in previously reported observations on other mam­
mals (Gardner and Holyoke, 19 64*? He gaud, 1901), two types 
of spermatogonia are distinguishable in P. manlculatns balr- 
dll. The type A spermatogonia possess slightly ovoidal 
nuclei with a finely granular nucleoplasm and occasional 
strand-like clumps of darkly staining material. The mito­
chondria are characterized by the parallel arrangement of 
flattened cristae (Figs. 6 , 7 ). Type A spermatogonia are 
frequently surrounded by prominent vacuoles (Pig. 6 ).
TypQ B spermatogonia are similar In appearance except that
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the chromatin is 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 prophase are characterized by prominent nuclear 
synaptinemal complexes which appear during zygotene and 
persist until diaklnesls (Figs. 8 , 9). Also characteristic 
of meiotic primary spermatocytes are mitochondria with 
dilated cristae, which persist through the remainder of 
spermatogenesis. Narrow intercellular bridges between 
adjacent primary spermatocytes are frequently observed 
(Fig. 9)* Incomplete cytokinesis apparently occurs through­
out spermatogenesis, as similar bridges are noted between 
spermatids•

Secondary spermatocytes (Fig. 10) were rarely seen 
during this study. They are very similar to those of the 
Swiss mouse, as described by Gardner and Holyoke {1 96^).
In P. manionlatus balrdll the nuclei are spherical, the 
mitochondria have dilated cristae, and a chromatoid body 
Is sometimes seen.

Spermiogenesls, the transformation of newly formed 
spermatids into mature spermatozoa, proceeds in P. manic- 
ulatus balrdll in much the same 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 Golgi, 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 Golgi 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 
Golgi contribution. As the cap phase progresses, the Golgi 
migrates posteriorly (Figs. 1^, 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 
(Fig. 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. maniculatns balrdii closely 
resembles that reported for other rodents (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 spermatid. In the early 
stages of this phase, cytoplasmic components, Including 
the mitochondria, Golgi body, and endoplasmic reticulum, 
migrate to the posterior half of the cell as the nucleus 
begins condensation. The flagellum continues development
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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 cistemae" 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 Sertoli cytoplasm, and are 
neighbored by the succeeding generations of spermatocytes 
(Fig. 19).

During the early stages of the maturation phase In 
P. maniculatus balrdll, the secondary spermatocytes under-OTW p iiT i.iu1 mi m  nM.mnim win ir i t  Tw.» f .i.n  mi. <limit «i. w "  *  W

go cell division to form Golgi phase spermatids (Fig. 20).
An early maturation phase spermatid has completely con­
densed, electron opaque chromatin and a moderately electron- 
dense acrosomal cap which covers the top two-thirds of the 
nucleus. A manchette of microtubules still extends from 
the nuclear ring to the middle piece of the flagellum, 
forming a parallel sheath (Fig. 21). The supporting neck 
of the flagellum is characterised by a striated structure 
surrounding the centrioles and extending to the nuclear 
plate (Fig. 23).

Late maturation phase spermatids are distinguished 
by the loss of the manchette and the formation of a 
mitochondrial sheath surrounding the flagellum (Figs. 23*
2k), As the mature sperm are released into the lumen, 
x*esldual bodies of Re gaud are left behind and are appar-
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ently phagocytized by the Sertoli cells (Figs. 25* 26).
These bodies are characterized by large masses of ribosomal 
material, degenerating spermatid organelles, and lipid 
droplets.
Population Animals

Extreme variability was observed in the testicular 
response of each animal 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 avoid redundancy.

The testis weights and body weights of population 
animals were compared with those of control animals using 
the Mann-Whitney U test. The testis weights were signifi­
cantly lower in the population animals (pZ.Ol). The body 
weights of population animals were also significantly 
lower than those of controls (pZ.05). (See Appendix for 
data)•
Population Animal No.

Light microscopic examination of the seminiferous 
tubules of this mouse reveals a severely regressed condi­
tion (Fig. 27). The tubules are much smaller in diameter 
than those of controls. Sertoli cells and spermatogonia 
comprise the largest part of the tubular cell population, 
and only a few primary spermatocytes and spermatids are 
seen.

Electron microscopic investigation reveals some deep
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folds in the limiting 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. Many of the Sertoli cell nuclei are dis­
placed toward the center of the tubule. They form a second 
layer of cells, often contiguous with one another (Fig. 29)• 
There is no evidence of a Sertoli-Sertoli junctional complex 
as seen in controls. The Sertoli cell nuclei display more 
exaggerated constrictions and indentations than are seen 
in controls (Fig. 30). Inclusions of degenerating cellular 
material characterize the Sertoli cell cytoplasm of this 
and all other population animals except No. 5* These In­
clusions, apparently the remains of degenerated germs cells, 
are darkly staining and finely granular with some spots of 
precipitated osmium stain (Fig. JO). The numerous per­
ipheral processes which normally extend between developing 
germ cells are often bunched in the center of the tubule 
(Fig. 30). The Identity of this bunched mass of membrane- 
bound extensions is verified by the presence of character­
istic Sertoli cell mitochondria and microtubules.

Some moiotlc primary spermatocytes are present in all 
the tubules examined (Fig. 31)t but many of these appar­
ently degenerate before dividing (Fig. 32). The necrotic 
spermatocyte nuclei are characterized by clumped and vacu­
olated nucleoplasm.
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In some tubules of this mouse, spermiogenesls 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 cytokinesis between some cells, resulting in a 
multinucleate condition. This differs from the Incomplete 
cytokinesis seen in control animals in which narrow cyto­
plasmic bridges are seen between the cells. At some point 
during the late cap phase spermatid degeneration occurs.
Figure y\ shows a pair of degenerating cap phase spermatids, 
apparently still in a syncitlal arrangement. Degeneration 
of the cap phase spermatids Is similar In appearance to 
that of the primary spermatocytes. The nucleoplasm Is 
clumped and vacuolated, and other cellular organelles have 
lost their morphological Integrity. The acrosomal cap 
appears grossly distended and vacuolated.
Population Animal No. 2

At the light microscopic level, seminiferous tubules 
from this animal are observed to be greatly reduced in size 
as compared to a control at the same stage of the sperma­
togenic cycle (Figs. 35# 1)• There are no lumlna observed 
in any tubules from this animal.

Electron microscopic examination reveals an apparently 
normal morphology of the limiting membrane and many of the 
germinal elements. Type A and B spermatogonia are present 
and appear to be identical to controls (Figs. 36# 37)*
Primary spermatocytes undergo apparently normal meiotic
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prophase, as evidenced by the presence of synaptinemal 
complexes (Fig. 37)* Normal Golgi phase (Fig. 3 8 ) sperma­
tids predominate, although some spermatid nuclei appear to 
be affected by the crowded condition of the small tubule 
(Fig. 39)• Major abnormalities are noted in the appear­
ance of both acrosome and maturation phase spermatids.
The nuclei of many of these late spermatids appear vacuo­
lated and distorted in shape, suggesting that they may be 
degenerating (Figs. 391 ^0, M ) • Some of the mitochondria 
included in these cells are more vacuolated than normal 
(Fig. ^1 ). Sertoli cell nuclei are normal in appearance, 
with an obvious perinuclear belt of microfllaments (Fig.
^2). An unusual proliferation of Sertoli cell mitochondria 
is occasionally observed surrounding a degenerating late 
spermatid (Fig. 40).
Population Animal Mo. 2

Light microscopic observations of the seminiferous 
tubules of this mouse (Fig. ^3) reveal a basic similarity 
to the appearance of Population Animal No. 2. Electron 
microscopy shows normal ultrastructure of germinal cells 
through the Golgi phase of spermatid development (Fig. kU-). 
Most late spermatids show evidence of degeneration (Fig.
^5) ♦ However, a few of the more advanced spermatids appear 
to retain their structural integrity (Fig. 4-6).
Population Animal No. b

Light microscopic examination of the seminiferous 
tubules of this animal reveals an apparently normal sper-
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matogenic cycle, although the tubules are somewhat reduced 
In size (Fig. 47), Some tubules are observed to have a 
lumen, although in all cases it is somewhat smaller than 
those seen in the controls.

Examination of these tubules with the electron micro­
scope also showed an apparently normal progression of sper­
matogenesis. Metaphase of the first division of a primary 
spermatocyte is shown in Figure 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 Golgi phase is shown, with late and 
early spermatids both present (Fig. 49). A higher magni­
fication of the early and late spermatids reveals an ap­
parently normal morphology of each (Fig. 50).
Population Animal No. 5.

Light microscopic observation of seminiferous tubules 
from this animal show an apparently normal morphology of 
the supportive and germ cells (Fig. 57)• Electron micro­
scopic observation confirms the presence of normal sperma­
togenesis in this animal (Figs. 5 2 , 5 3 )•



DISCUSSION

Control Animals
This electron microscopic study of seminiferous tubules 

of control Peromyscus manlculatus bairdli confirms the basic 
similarity of spermatogenesis in this animal to that des­
cribed in earlier work on two species of Peromyscus (Moree, 
1949)» the Swiss mouse (Gardner and Holyoke, 1964} Gardner, 
1 9 6 6), and the rat (Leblond and Clermont, 1952; Brokelmann, 
1 9 6 3)• The only major difference between these observations 
arid the earlier ones is that in Peromyscus manlculatus balr™ 
d.li the manchette micro tubules of the acrosome phase persist 
until after the succeeding generation of spermatids has 
begun the Golgi phase. This Is contrary to previously pub­
lished light microscopic studies of other species which 
showed that the manchette disappears before the succeeding 
Golgi phase has begun (Moree, 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 observations reported in this study utilizing light 
and electron microscopic techniques confirm the expectation 
that the spermatogenic function is impaired in some animals 
from freely-growing, confined laboratory populations. The 
extent of spermatogenic impairment 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 variability necessitates a separate discus­
sion of the findings In each animal, although an attempt 
will be made to draw some general Inferences also.

Population Animal No. 3 is 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 Sertoli cell nuclei, are par­
tially a reflection of the very small size of the seminif­
erous tubule. This reduction in size is obviously related 
to depletion of the germinal elements within the tubule.

The lack of normal Sertoli-Sertoli tight junctions may 
be quite significant, since the role of these junctions as 
part of the blood-testis barrier has been suggested (Dym,
1973* Fawcett, 1972). The inappropriate passage of hor­
mones and other blood-borne chemicals could aggravate the 
regressed condition of the germinal elements. The role of 
the Sertoli cell in phagocytosis of residual bodies of 
Hegaud and other waste material has been suggested by pre­
vious research (Brokelmann, 1963; Carr, Clegg, and Keek, 
1963). That function is apparently intensified in this 
animal as all developing germ cells degenerate before 
maturity. Thus the regression may be partially mediated
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through the Sertoli cell by acceleration of one of its 
natural functions.

The most promising explanation suggested by these ob­
servations is that testicular regression Is due to Inade­
quate stimulation by FSH, LH, and other pituitary hormones.
The degeneration of spermatids at the cap phase of spermi- 
ogenesis has also been reported in hypophysectomlzed 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 hypophysectomlzed rats, probably due to low levels of 
residual gonadotrophins (Lohstroh, 1 9 6 3). Based on these 
observations, and In light of the large body of previous 
research on endocrine control of spermatogenesis, it is 
reasonable to infer that reduced FSH and LH levels may be 
responsible for the severely regressed condition.

Another factor which may contribute to the reduced cell 
numbers and size of the tubules Is a deficiency of other 
pituitary hormones such as prolactin, growth hormone, and 
thyroid hormone. Boccabella (19&3) and others have sug­
gested that these hormones act synergistically with testos­
terone in maintenance of spermatogenesis and promotion of 
t e s 11 c ul ar gro w th •

Another possibility 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, 19&3? Chowdbury and Stein-
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berger, 1 9 7 2) 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 No. 3 suggest the existence of an inter­
mediate level of spermatogenic impairment. The testes 
weights are far below the control level, although not so 
low as Population Animal No. 1. The normal appearance of 
the limiting membrane, spermatogonia, spermatocytes and 
early spermatids in these animals suggest that the early 
stages of spermatogenesis are not qualitatively affected.
It is Important to note that Impairment appears to occur 
at the level of the maturation phase spermatids. The ab­
normal appearance of these cells and apparently elevated 
Sertoli cell phagocytic activity suggests that spermato­
genesis is at least partially shut down at this point. 
Steinberger*s hypothesis that the development of maturation 
phase spermatids is under FSH control (1971) suggests two 
possible explanations. FSH levels may be unusually low in 
in these two animals, or Sertoli cell mediation of FSH 
stimulation may be impaired. Either hypothesis would allow 
for qualitatively normal spermatogenesis through the acro­
some phase, since this is probably independent of FSH 
stimulation (Steinberger, 1 9 7 1)•

Population animal No. 4 apparently produces mature 
spermatozoa in spite of a markedly smaller paired testis
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weight. One possible explanation for this is that gonado­
trophins are at a minimally effective level, and other hor­
mones that may act synergistlcally 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 is shown to be very close to 
normal in paired testes weight and spermatogenic morphology. 
Apparently the effect of the population environment is 
minimal. This may be related to the social rank of the 
animal within the population. If the animal was dominant, 
one of the hypothesized inhibiting mechanisms might be less 
effective in curtailing spermatogenesis. This hypothesized 
Inhibiting mechanism Involves the pituitary-adrenal axis 
(Christian, 1 9 6 5)• 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 inhibition of 
FSH and LH production by the pituitary. A more dominant 
animal would presumably be less affected by social stress, 
and thus less likely to develop spermatogenic impairment. 
Recent experimental evidence which supports this hypothesis 
was presented by Lloyd (1971). who showed a high positive 
correlation between social rank and testis weight in house 
mice. An experiment by Gartner (1973) dealing with group­
ing and stress showed an apparent relationship between
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group size and spermatogenic impairment in mice.
Summary and Conclusions

Normal and impaired spermatogenic function of Peromys­
cus manlculatus balrdll 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 impairment. These 
various levels of impairment were described, and possible 
explanations were advanced.

In order to provide a comprehensive description of the 
phenomenon! of spermatogenic impairment 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 quantitative light micro­
scopic analysis should be done, dealing with the frequency 
of appearance of cell types In a large number of seminif­
erous tubule cross-sections. Also, assays of the relevant 
hormones, such as FSH, LH, ACTH, testosterone, and estrogen 
should be correlated with light microscopic and ultrastrue- 
tural evidence.



KEY TO ABBREVIATIONS

A Type A Spermatogonium
AC Acrosomal Cap
AG Acrosomic Granule
AS Acrosome Phase Spermatid
B Type B Spermatogonium
CB Chromatoid Body
Ce Centriole
Co Collagenous layer
CS Cap Phase Spermatid
DC Distal Centriole
E Epithelial Cell
F Flagellum
FC Fenestrated Clstemae
G Golgi Apparatus
GS Golgi Phase Spermatid
IB Intercellular Bridge
La Fibrous Lamellae
LI Lipid Droplet
m Mitochondrion
ma Manchette
MS Maturation Phase Spermatid
sis Mitochondrial Sheath
Dit Micro tubul e
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NR Nuclear Ring
NP Nuclear Plate
P Peritubular Contractile Cell
PAG Proacrosomlc Granule
PLS Preleptotene Spermatocyte
RB Residual Body of Regaud
S Mature Spermatozoon
Se Sertoli Cell
Se-Se Sertoli-Sertoll Junction
SF Spindle Fibers
SIB Sertoli Cell Inclusion Body
SP Spermatocyte
St Striated Connecting Piece
sy Synaptinemal Complex
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Legend for Figure 1

Transverse section of a seminiferous tubule. Light 
micrograph, 52OX.

Legend for Figure 2

An electron micrograph of cells along the limiting 
membrane. These include a Sertoli cell, Type B spermato 
gonia, and some primary spermatocytes. 6110X.
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Legend for Figure 3

Cells along the limiting membrane, including a Sertoli 
cell. Note the microtubules contained within the Sertoli 
cell cytoplasm. 5»5^0X.

Legend for Figure ^

The limiting membrane, Type A spermatogonia, Sertoli 
cell and primary spermatocytes are shown. **,9 7 0X

Legend for Figure 5

High magnificatlon electron micrograph of lipid 
droplets in Sertoli cell cytoplasm. Note the surrounding 
proliferation of rough endoplasmic reticulum. 26,OOOX.





Legend for FIgure 6

High magniflcatlon electron micrograph of a Type A 
spermatogonium* Note the parallel arrangement of the 
mitochondrial cristae.

Lepcend for Figure 7

Electron micrograph of a Type A spermatogonium, also 
showing a preleptotene spermatocyte* 6.000X.

Legend for Figure 8

High magnification electron micrograph of a primary 
spermatocyte nucleus. Note the prominent synaptinemal 
complex. 9,660X.

Legend for Figure 9

Three adjacent primary spermatocytes. Note the 
intercellular bridge between two of the cells. **,390X.





Legend for Figure 10

Two secondary spermatocytes are shown. Note the 
chromatold body. 4,830X.

Legend for Figure 11

Early Golgi phase spermatid. 12.850X.

Legend for Figure 12

Golgi phase spermatid adjacent to a maturation pha 
spermatid of the preceding generation. Note the two 
proacrosomic granules. 1^,7 6 0X.
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Legend for Figure 13

Late Golgi phase spermatids. Note adjacent maturation 
phase spermatids. 8,050X.

Legend for Figure l4

Cap phase spermatid. Note acrosomal cap, which 
extends around the cephalic pole of the nucleus. 10,950X.

Legend for Figure 15

Group of cap phase spermatids. Note intercellular 
bridge between two. 5>5^0X.
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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»7 3 0X.

Legend for Figure 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. ^,780X.

Legend for Figure 20

Early maturation phase spermatids. Note adjacent 
Golgi phase spermatid of succeeding generation. 6,72OX

Legend for Figure 21

High magnification of maturation phase spermatid. 
Note persistence of manchette• 1^,100X.

Legend for Figure 22

High magnification of maturation phase spermatid. 
Note developing striated connecting piece of the sperm 
tail neck. 26,000X.
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Legend for Figure 23

Late maturation phase spermatid* Note absence of
manchette. 11,420X.

Legend for Figure 2^

Late maturation phase spermatid. Note formation of 
mitochondrial sheath. 7,28OX.

Legend for Figure 2 5

Release of mature sperm into lumen. Note residual 
bodies of Regaud. 4,390X.

Legend for Figure 26

Mature sperm in lumen. Note cross-sections of 
sperm tail. 10,950X.
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Legend for Figure 27

Transverse 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 
seminiferous tubule. Note deep infolding of fibrillar 
lamellae• 8,57 OX•

Legend for Figure 29

Type A spermatogcnium. 8,090X.

Legend for Figure 30

Composite electron micrograph showing Sertoli nucleus 
and cytoplasmic processes. Note inclusions of degenerating 
cellular material. 10f000X.
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Legend for Figure 31

Primary spermatocyte. Note synaptinemal complex,
adjacent Sertoli cell nucleus. 8,740X.

Legend for Flprure 32

Pair of degenerating primary spermatocytes. Note 
clumping of nucleoplasm. 458OX.

Legend for Figure 33

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

Legend for Figure 34

Pair of degenerating cap phase spermatids. Note 
loss of structural integrity. 8f640X.
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Legend for Figure 36

Transverse section of a seminiferous tubule from
Population Animal No. 2. Light micrograph. 3&0X.

Legend for Figure 36

Electron micrograph of cells adjacent to the limiting 
membrane. 5»800X.

Legend for F1gure _2Z

High magnificatlon of a Type B spermatogonium and 
a primary spermatocyte. 7»280X.

Legend for Figure 38

Golgi phase spermatid. Note Golgi mediation of 
acrosome formation. 10,**70X.
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Legend for Figure 39

Abnormal maturation phase spermatid. Note distortion
of nucleus. 9»0^0X.

Legend for Figure 40

Degenerating maturation phase spermatid nucleus. 
Note surrounding proliferation of Sertoli cell mitochon­
dria. 13»300X.

Legend for Figure ki

Abnormal maturation phase spermatids. Note distortion 
of nucleus. 8 ,5 7 0X.

Legend for Figure 42

High magnificatlon of Sertoli cell nucleus with an 
obvious perinuclear band of microfilaments. 19.000X.
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Legend for Fixture 43

Transverse section of a seminiferous tubule from
Population Animal No. 3* Light micrograph. 36OX.

Legend for Figure 44

Golgi phase spermatid. 25»000X.

Legend for Figure 45

Sertoli cell inclusions of degenerating cellular 
material. 20.000X.

Legend for Figure 46

Maturation and Golgi phase spermatids. 5fOOOX.
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Legend for Figure k?

Transverse section of a seminiferous tubule from
Population Animal No# Light micrograph. 3&0X.

Legend for Figure *>8

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. 4,01OX.

Legend for Figure 50

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





63

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 62

Maturation phase spermatids. Note the absence of 
manchette and the evidence of the mitochondrial sheath. 
10,14-OX.

Legend for Figure 63

Golgi and maturation phase spermatids. 10,920X.
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