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FORWORD

Although numerous histological and histochemlical studies have
been performed on the mammalian testis with regard to the precise
rhythmic pattern or "wave® of spermstogenesis, the regulating
mechanism or mechanisms responsible for this phenomenon have
remained obhseure. It has been postulated that if such a mechanism,
in fact, does amxist, it would most probably exercise its influence
at the moment of release of the mature spermatozoas from the
seminiferous epithelium,

Yoreover, it has been demonstrated in experimentslly-induced
hypoglycemiz in rats that the effect of prolonged hypoglycemia
on the seminiferous epithalium results in loss of maturation of
gorminal cells. As a result of these studies the relationship
of glucose to the maturation of testicular cells appears te be
of importance. Therefore, it is the purpose of this investigation
to present a possible mechanisam responsible for the precisely
regulated maturation pattern of the seminiferous epithelium;
and, in addition, to further evaluate the effects of glucose on

the cells of the seminiferous epithelium by attempting to demonstrate

this dependency in terms of individusl testicular cell types.
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ABSTRACT

A histochemioal study has been carrised out on the detached
eytoplasm of the maturing spermstid of the mouse. The detached
cytoplasm has heen designated as the cytoplaamie body (CB) and
its morphological development divided into four distinot phases,
Phase CB-1 begins with the formation of the eytoplasmic tag
during stage 11 of spermiogenesis and was found to contain numerous
small granules of RNA, glycogen, polysaccharides with 152-glycol~
groups and 1ipid. During phase CB«2 and CB~3, coalasesnce and
fusion of these gramiles ocours whiech results 4in a contrally-
oriented plaque of RNA and glycogen, peripherally-oriented
satellites of 1:2 glyecl-eentaining polysaccharieds, and large
globules of lipid. During phase C3-4, the eytoplasmic body
membrane becomes approximated to the plaque and migration begins
toward the basement membrane of the seminiferous tubule where
some of the residual bodles undergo phagocytosis by Sertoli ecells.
A loss of ths RNA and 1ipid components of the residual body becomes
evident without an accompanying loss of the glycogen content.

The 132-glyccl-containing polysaccharides within the satellites
appear to spread over the surface of the glycogen plaque which
ultimately becomes no longer demonstrable by the staining techniques

employed in these studies,
iv




The radiocautographic inecorporation of If-Lysino—H3 into protein
of cells of the senminiferous eplthelium of the rat has been studied
following a 1 hour incubatlion of slices of testis with the labeled
precursor. In addition, the effect of exogenous glucose on
protein labeling of the successive cells of the cycle of the
seminiferous epithelium of the rat has been investigated., The
data obtained indicate that in the absence of added glucose the
most heavily labeled cells of the seminiferous epithelium are the
resting primary spermatocytes, with little or no label appear-
ing in the remaining cells of the spermatogenic cycle. The
addition of glucose caused a significant increase in protein
labeling from tritiated lysine in all the cells of the spermato-
genie cycle with the greatest degree of stimilation being noted
in the pachytene primary spermatocytes and spermatids. It is
suggested that the transition from somatic mitosis to the first
meiotic prophsse is associated with a marked increase in protein
labeling while the incorporation of radicactive lysine into protein
of the pachytene primary spermatocytes and spermatids is the
most sensitive to the addition of exopenous glucose.
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CHAPTER I
INTRODUCTION




The mitotic phase of spermatogenesis cccurs throughout the
divisions of the spermatogonia. The significance of this phase is
threefold. (1) Through miltiplication of cslls the foundation is
laid for a large gell population to be discharged into the seminal
fluid. (2) During the multiplication phase most of the spermeto-
gomia progressively ohangs in owder to ultimately undergo meiosis.
(3) It is in ths process of muitiplication of spermatogonia that
the pattern of the spermatogenic eyole emerges. The number of
spermatogonis which develop synchronously into matuwre spermatids
and the mumber of calls which are set aside at definite times as
stom cells determine to a large extent the morphological pattern
of spermetogenssis (52).

1.

In the early days of research on spermatogenesls, spermatogonla

were rarely identified with precision. Evem after von la Valetle
St. George (1876) had named them, thay were often confused with
Sertoli cells because of their identification being primarily one
of position in the perdiphery of the tubule.

The first elaborate description of spermatogonis in the rat
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led to a most significant conclusion, namely, that the term spermato-
gonium may be applied to several distinet generations of cells.
Regand (48) deseribed a first generation of cells as "dusiy" because
of the fine distribution of chrematin in their nucleli, and a second
gensration resulting from mitoses of the first as “erusty® because
of their coarse chrematin granulss, The dusty cells were found to
be larger and Regaud demonstrated that their muclei stained with
safranin if fixed in scetic bichromate, The crusty cells were
smaller, and their nuclei stained with hematoxylin if fixed in
scetic bichromate.

Regaud stated that the best wey to account for the numerical
relationship betwsen dusty and ormsty spermatogonia and spermato-
eytes would be to assume, as a dominant mode of divislon, true
mitosis for the dusty ocells but amitosis for crusty spermatogonia.

Allsn (2) also deseribing the dpermatogonia of the rat, divided
them into Type A spermatogonia and Type B spermatogonia. The latter
he interpreted as very early spermatocytes in which the reorganization
of the mcleus from mitotic telophase to meiotic prophase occurred.

Rooser~runge (50) cams to the conclusion that Type A spermato~
gonia divide at several different stages and finally after 2-3
divisions change into cells of Type B, which still undergo mitotic
division,

Clermont and Leblond (11) were able to distinguish three kinds




of spermatogonia: Type A intermediate; and Type B. They reported
five pesks of mitotic activity. A correlation of spermatogonial
counts with an exact determination of the stages of spermatogenesis
enabled thesa authors to describe the developmsnt of spermatogonia
in the following mamner: in the begimming of each spermatogenic
cyeles a spermatogonium of Type A gives rise to two spermatogonia,
and these in turn give rise to four Type A spermatogonia, Ome of
the four Type A spermatogonia becomes a "dominent® cell which will
not divide until the next cyels, The other three Type A spermato-
gorda divide again in a synchronous fashion gliving rise to six
intermediate spermatogonis; these divide onece more to form 12 cells
known as Type B spermstogonia. VWhen these divide, they give rise
to 24 cells which Clermont and leblond have designsted as "resting
spermatocytes® because they are post mitotic as well as being
premeiotic. l}orphologically they sre indistinguishable from Typs A
spermatogonia, but their position in relation to germ calls in
other stages has permitted their correet identification.
2. Glysegans

An opportunity for comparing the glycogen content of the
spermatogonia of many mammels has besn afforded by Nicander(ul)
vie found no glycogen in any of the spermetogonia of the mouse,
very little glyeogen in other rodents and in the dog, and a large
amount of glysogen in spermatogonia of the bull.




Eramer (25) has desoribed the spermatogonis of the bull in
oonsiderable detail., He recognized Type A cells which in contrast
to those found in rodents and many other marmals contained granules
whieh stained conspiouously with the periodic acid-Schiff (PAS)
reagent,

Yontagna (A1) utilising histochemical methods on biopsy
specimens of adult human testis demonstrated glyocogen as being
predominantly loecalized in the germinal calls of the seminiferous
epithelium, Here the spermatogonia, primary spermatocytes and
Sertolli cells contained spprecisble amounts of glyvogen.

24

Data on the development of the primary spermatocyle has been
expremely sparse, Verkle (38) measured the nuclei of govm cells
in the rat throughout their development and found that the nuclear

volume of the primary spermatocyte increased fowrfold from the stage
immediately following the last spermatogonial mitosis to that
immediately preceding meiotic metaphase.

Watson (63) attempted to measure the growth of the primery
spermatocyte employing the electron mieroscope snd arrived at the
conclusion that in the rat these cells show little growth until
the beginning of the sypotens stage, after whiech they grow steadly
and rapidly until they divide.

teled (14) investigated the RNA content of spermatocytes as




demonstrated by pyronine staining and found that the cytoplasmie REA
increased gradually during the early pachytene stages and then
decreased until cell division took place. He suggested that this
finding implisd that an increase of RNA is a determining factor
for the first msiotie division.

Daoust and Clermont (15) deseribed various changes ocowrring
in the nucleoli of the spermatocytes. An increase in nuber of
mieleoll oceurred during the leptotens and sygotens stages, as well
a8 an increass in szize during the early pachytens stags. The nocleo~
11 of the spermatocytes were found to stain deeply with pyronin ¥
at this stage of meiocsis, In the latur pachytens stages the nucleoll
appeared to be spherical to ovoid and have a welle-defined RHA-nege-
tive center which expanded until it ocoupled most of the area of
the mucleclus in the diplotens stage, At this time only a very thin
rim of ANA-positive material was left, The evidence appeared to be
good that the amount of RHA inoreased markedly in the early primary
spermatocyte but that during the subsequent period of vigorous
vte almost completely disappeared from both
the eytoplasm and nunleuns,

Yontagna and Hamilten (41) found thet the early spermatoeytes
in man contained considerable amounts of glysogen, but that the
Ayeogen disappeared in later stages of the primary spermatooytes.
o glycogen was found in the secondary spermatocytas, These
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findings seemed to point to a rapid utilization of carbtohydrats during

the peried of volume growth of the primary spermatocyte,

3« Spermaldds:

Very few studies have been carried out on the loss of cytoplasm
from the spermatide After their formation they show no tendency %o
grow (43), In the rat their cytoplasamic woluwe remsins unchanged
until the time when the next generation of spermatids undergoes
formation, At that time the older generation of spermatids has reache
ed the eerly sorosome phase, during which both mucleus and cell
elongate, Ii appears certain, however, that the spermatozoon has less
than 25¢ of the volume of the sarly spermatid (33).

The loss of cytoplasm by the spermatid is a conspicuous phanomenon
because the degenerating cytoplasm stains intensely with hemstoxylin,
fat stains, and osmium tetranxide. Regaud (48) originally described
the development of these cytoplasmiec remains, snd named them "the
residual bodies®, Deoust and (lermont (15) have demonstrated that
the RNA of the spermatids is collected into larger and larger granules,
until it is set free in the residual bodies shortly before the relesse
of the mature spermatozooa fyom the seminiferous epitheliws,

Lacy (29) has studied the residual bodies with both light snd
elesctron mieroscopy and has found that in addition to containing
lipid bodies and a mass which contains numerous RNA particles, the
residual bodies also include some mitochondria whish tend to fuse




with each other to form membranous bodles,

4, Sertald cells:

The structure of the nurse cell in the mammalian testis has
presented morphologists with a consideratle challenge. In general,
the original observations on fresh and macerated testicular material
made by Sertoll and his immediate followers have revesled more
than have most of the subsequent studiss which have been carried
out using fixed preparations,

Sertoli's first paper (55) en the cells which were named after
hir is frequently quoted in the literature without the full
appreciatian that this contribution contains the major part of all
that is presently known about the structure of this csll in the
testis, Sertoli's experimental technique involved a slow dissccla~
tion of the seminiferous tubules of the testis. His bast results
were obtained by leaving pleces of human testls in a solutlon of
merouric chloride (0.158) for several days. Sertoli deseribed
the nurse cells of the testis as having a large nucleclus as well
as containing wmany fat droplets in the oytoplasm, which varied in
ampunt and distridbution, He regarded the cells as individual
units, not as a symeytium, and emphasized that they did not generate
germ cells,

The first investigation of spermatogenesis which extensively
uged enmbedded sections only served to confuse the issus of the




supporting cells of the testis (20). von Zbner considered the
cells interdispersed betuween the gera cells to be syncytial and
derived from leukocytes. Von La Valette St. Georgs (31) defended
Sertoli’s original ideas and the controversy was carried on for
meny years. The old controversy whether there is true ‘copulation'
between spermatids and supporting cells has been wmwquivecally
sotiled by means of the electiron microscope which has falled to
demonstrate any true union between these two testicular cell types (8).
Histochenical methods have confirmed the cyelie nature of the
metabolism in the Sertcli cell, von Sbner (21) first demonstreted
in the rat that fat occurs in large masses in the basal parts of
the Sertoli cells immediately after the release of gpermatozos
into the seminiferous tubular lwsen. During the morphologleal
transformation of the spermatids, fat asppsars in the mors central
parts of ths Sertoli cells in dustlike particles. Toward the end
of spermiopgenasis the cytoplasm of the spermatid begins to show
inoressing amounts of fat, von Ebner considered that these find-
inge demonstrated a matritional cwrrent supplylng the spermatids.
Acoording to his view, not only were the Sertoll elements essential
in produsing this ocurvent, but they retrieved ihe fat used Ly the
spermatids snd transformed it for re-use. Xunze (23) emphasized
the heteraogensous charscter of ths substances which had until that
time been larpely described as 'fsts of the testis’, He found




extratubular and intratubular fatty substances to be essentially
identical in many spscies of mammals and in each case, found
mixtures of natural fats, cholesterel esters and phospholipids to
be present. rontagne and Hamilton (40) used a vardety of tesis
for lipids and demonsirated large lipid droplets in the basal part
and dustlike fat in the eentral per: of the Sertoli ocelle,
PAS-positive materia) was first desoribed in the Sertoll cell
of the rat, mouse, hamster and guinse~pig by Leblond and Clermont (33).
In all these animals there were oyelia ohanges in the amount and
distribution of PAS-positive gramies, These were most clearly
observed in the mouse, where it was shown thet PAS-stained material
in the Sertoli ocells is at a minimum svon after the appesrance of
a new gemeration of spermatids, During the formation of the
acroseme many {ine granules appear betwsen the Sertoli nucleli
and the heads of the spermatids, Ieblond and Clerment suggested
that these granules may indicate the passage of nutritive materisl
from the Sertoli oells to the scroscmic sysiem of the spermatids,
Clermont (13) gave a more detalled sccount of this PAS-positive
material in the Sertoli oells of the hamster, Cyelic changes
were quite prominent and the largest part of these granules was
shown to be glycogen. The glycogen diminished abruptly at the
tims that the heads of the spermatids elongated and did mot
increase again until the beginning of the acrosoms formatien
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of the next generation of spermatids,

Ricander (44) investigated the glycogen content in the testis
of horses, bull, sheep, dog, cat, rabbit, guinea-pig, rat and
mouss, He found cyclie changes in tubular glyvogen in all animals
except bulls and mice., IMost tubular glycogen was present in the
Sertoll calls exvept in bulls, eats, and rats. Generally, the
highest concentration was seen in the early stagesz of the spermatoe
genic cyele, the lowest in late stages of the spermatogenic cyvle,
but in stallions and cats, these conditions were sssentially reversed,
Hisander stated that the glycogen of the Sertali cells appeared
to be utilised in the courss of spermiogenesis,

It is now generally agreed that a cell which is about to enter

into division muet have completed the production of spindie protein
and the duplication of the essential cellular components (7).
The preliminary mutritional reguiremsnts of the cell must therefors
have been very diverse, These requirements may perhaps vary
slightly from tissue to tissue or from species to species and in
the case of any partiecular cell type they can only be defined
adequately by in yitro studies (59).

Although it 4s well known that certain abnormal dists may
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strongly influence the mitotic rate, it is most Improbable that
well~fed and healthy animals ever suffer from any shortage of raw
materials for the construction of new cells, In particdlar it is
mozt improbsble that the control of mitotie activity in any tissue
can normally be exercised in terms of limitations in the supplles
of basie raw materisls, except in the sense of s specific inhible
tion, perhaps by hormones, of soms particular metabolic pathway (7)e

It is now evident that the ability of a cell to enter mitosis
is closely dependent on the establishmant of an snergy store which
is sufficiently great to satisfy the needs of the oslls throughout
the whole mitotic process (7). Jouse epidermis, as an example of
an atilt tissue, when kept in viire in a saline medium develops
move mitoses when such substances as glucose, fructose, pyruvate
or lactate are added and when oxygen is introduced in ths gaseous
phase (L),

Epidermel mitotic activity cesses in anaerobic conditions,
slthough the cells can survive without oxygen for approximstely
1 week (36). Adult epidermis iz evidently unable to develop
normal mitotie activity wnder anaercbic conditions in spits of the
claim that it is a tissus with a high rate of glyeolysis and a
low vespiratory quotient (&), Pothoman (47) has doubted the existence
of ths Krebs eyoels in the epidermis, howsver, it is now knowun
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that enzymes associated with the ¥rebs eycle are present in the
mtotically active bassl cell layers (%3) and that the mitochondria
are especislly large and sbundant in these layers (42).

Sath for mammalian epidermis (4) and for cleaving eggs (59) the
conelusisn has besn resched that the snergy needed by a cell dure
ing dvision must be mobilised and stored before that division can
bepin and that this store iz most probably in the form of some
anergy-rich and presumably phosphorylated molecule. Swann (59)
also considers that this emerpy reservoir may prove to be a special
one which is reserved exvlusively for use during celliular division,
and that the final energy transfer way be through ATP.

mands of pre-mitotie oulls for s suitable carbohydrate

substrate and an adequate swnly of oxypen can only be eriticslly
demonstrated in yitre. Within a normal marmal there is probably
never any shortape of these raw materisls. ZIven in starved mioe
the fall in the blood glucoss level is mot great, and the umarked
depression in epidermal mitotic activity that ocours is evidently
dus primarily to the action of adrenalin seersted in response to
the stress of the situstion (8).

3. lerupnes:

Tt is therafore possible that mitotic sctivity in adult tissues
may depend on the proper function of at least two major complexes
of meteholic pathways, First, there is the metabolle complex
which leads to the duplication of the various essential structures




of the call and the formation of the spindle prolein, and second,
the metabolie complex which leads ts the productlon and storage
of enargy.

The growth lormone hae haen reportsd to stimlate mitosis in
the islets of Lanzerhams (10), and in the adrensls of the hypo-
physeotomized rate (7). In addition, thyrotropins stimilate
mitoses in the thyrold (1), Tt is alsc possible that the gornadow
troping may act in the seme fashion on the gonads, although in
this oase there is evidence that the observed incressed mitotlc
rate may in faot be meinly due to the sction of the androgens and
agtrogens which ave secreted by the gonads in response to the
stimalus of ths gonadotyopine (7).

Other hormones which may have soms limited effeet on callular
mitoses in normsl adult mevmals are thyroxin (56) and insulin,
WEh an insuffleiency of insulin, thers may be a subsequent lovere
ing of intracellular glucose with the result that cells may lack
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sufficlent enerzy and the mitotic rate may fall, Thers is evidence

that in the mormal mouse an inerease in 4insdlin concentration ray
lead to a raissd spldermal respiratory rate (46) and s reised

epidermal mitotic rate (5).

Tt has leng been knmown that a considerable amount of the
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cytoplasm of the spermatid is lost during the maturation phase of
spermiogenesis. This exfoliated or detached cytoplasm hes been
reported to form a conspicuous ring of acidophilic bodiss referred
to as the “residual bodles® (48)., Studies indirectly concerned
with the residual body have demonstrated that during meturation,
processes are ocowrring within the cytoplasm of the spermatids
which result in an incressing RiA-positive gramilarity of the oyto=
plasm, This increasing pranulation continues until at the moment
of release of the meture spermstoroa, one largs RiA-positive body
is evidant within the center of this mass of detached cytoplasm (15).
Yore recently (29), it has been demonstrated, by way of light and
electron mloroscopy, that in addition to the well documented Rlisw
positive component within the residual body, apprecishle amounts
of lipid and mitochondria are evident. Little information exists
at the present time slucidating the ultimate fate of the residual
body.

Although rumerous histologicsl and histochemical studies have
besn performsd on the mammalian testls with regard to the precise
rhythmie pattern or “wave" of spermatogenesis, the repulating
mechanism or mechanisms responsible for this phenomenon have
remgined obscure. It has been postulated that if such s mechanism
doss exist, it would most probably exerolss its infiuence at the
moment of release of the mature spermatozoa from the seminiferous
epithelium (52),
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Although numerous cytologleoal studies have been carried out on
ths meiotic behablor of chromssomss,very little is known about
protein synthesis occurring in cells undergoing melotic division (49).
Not only is meiosis the mechanism by which the diploid nmumber of
chrompsomes is reduced to the haploid muwber of chromosomss found
in the gametes, but the recombination of chromosomal segments during
the crossing over phase of melosis provides for constant changing
of the eell's genotype. The bicchemical events associated with
the transition from somatic mitosis to melosis are almost entirely
unimovn, However, the definition by Leblond and Clarmont (33) of
the cycle of the seminiferous epithelium of the rat in relation-
ship of the differentiation of the spermatids offers an excellent
opportunity to investigate this problem by mesns of radioautographic
techniques.

Fasent data have indicated that the incorporation of L-Lysine-
tmc1* into protein of slices of rat testis is stimulated by exn-
penous glueose to & greater extent than into protein of s large
mmber of other tissues of the rat (16), In addition, it was found
that experimental eoryptorchidism in the rat is characterized by
a marked increase in the incorporation of L-Lysine-U-Cl¥ into
tasticular protein as compared to the normsl, sorotal testis (19).
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The present studies were designed to investigate the effect of
exngenous glucose on protein labeling from lelLysine-iJ in each
of the successive cells of the cycls of the seminifercus
epithelium of the rst as measured by the radioautographic

techninus,




CHAPTER II
MATERIALS AND METHODS
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CHAPTER I1

YATERIALS AND METHODS

The animals used were 3545 gram msle Swiss mice, approx-
imately 20 weeks in age, obiained from the Abrams Small Stock
Breeders (Chicago, Illinois),

The animals were sacrificed by decapitation. The testes
woere immediately removed and placed in cold Carmoy's solution
(6:351) overnight, Following fixation, the tissue was dehydrated
in three changes of cold absolute ethanol, clesred in methyl
sslicylate and embedded in Tissuwemat (M.P, 55.0-53,5°C). Tissues
were sectioned at £x and mounted on glass slides. In place of
the usual albumin fixation, paraffin ribbons oontaining the tissue
were applied to a layer of distilled water placed on the slide
and the specimen allowed to expand to its original sise at 50°C (23),
The excess water was then removed by toueching the edge of the
elide to s plece of filter paper. The tissue was then permanently
fixed to the glass slide by rolling a rubber stopper over a plece
of moist filter paper placed over the specimen. The preparation
was then allowed to dry at reom temperature for 1 hour prior
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1. NUCLEIC ACIDS

The Feulgen technique (58) was utilized to demonstrate the
localization of DNA. As a control, unhydrolyzed sections were
placed in distilled water at 60°C for 8 minutes before staining
with Shiff's reagent.

The methyl green-pyronin Y method (54) as modified by Taft (61)
was employed to demonstrate the presence of both DNA and RNA.
Feulgen's technique confirmed the localization of DNA as indicated
by the methyl green (Mational Aniline), and ribonuclesss digestion
confirmed the localization of RNA as indicated by pyronin Y
(National Aniline). Idgestion in protease-free ribonuclease
(¥ann Research Laboratories Inc., Mew York, N,Y,) was ecarried out
at a concentration of 1 mg/ml at an incubation temperature of 370C
for a period of 90 minutes to 25 hours depending on the amount of
RNA to be removed. As a conirol, unhydrolysed sections (distilled
water) were run simultaneously with the RiAase digestion,

2.  GLICOGEN

The Periodic acid-Schiff reaction (36) was employed to
demonstrate polysaccharides. To confirm the presence of glysogsn
as demonstrated by the PAS reaction, Best's carmine stain (3) was
used. As a control procedure for the Best's carmine stain a 20
minute digestion at 37°C was carried out with a 0.5% solution
of saline-activated malt dlastase (Merck and Co., Rahway, N.J.).
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In order to establish the pressnce of carbohydrates containing
112-glycol groups es demonstrated by ths RA3 reactlon, the acetyla~
tion technigue of 1AN13e (34) was utilized. 1In owrder to looalize
RFA and PAS-reactlive matarial simmltaneously, PAS-toluidine blue
staining corhination was employed., The loealization of RNA by
toluidine blue was followsd closely and found to be identical to
that found with pyronin Y.

3. LIRIS

For the demonstration of lipoid materisl, the testis was fixed
in cold 107 neutral formalin overnight and smbedded in gelatin,
The tissues wore out at 10u on a fyeezing microtome, Visualizee
tion of the lipoid material was demonmstrated by staining with
Sudan IV. Following counter~staining with toluidine blue, the

tissue was mounted in glycerine jelly.

The animsle used in these experiments were 60 day old, 185
220 gram male Spragus-Dewley rate obtained from the Abrame Small
Stock Preeders, Chicago, Tllinols and fed Rockland Rat diet ad
1ibltun. The animals were saorificed Ly deeapitation and the testes
rapldly removed. The outer capsule was eut with s seissors and
the testiocular tissus gently expressed by manual pressure. Slices
of testis which aversged O, 5 in thickness were obtained with the
aid of a Sﬁdia—ftiggs microtame at 4°C, The slices from a single
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animal, consisting of many intact seminiferous tubules, were placed
in slternate Warburg flasks in a random fashion and incubated
in a Warburg apparstus at 37.5°C. It was found that shaking of
the slices at 140 oscillations per mimute during the incubation
perdod caused the seminiferous tubules to be teased apart, result-
ing in separated intact tubules having essentially equal diameters.
Inasmuch as the depth of the seminiferous tubules from the
basemsnt membrane to the lumen was determined to be similar in
both the control and the sxperimental systems, this technique allous
for a uniform penetration of substrates from the medium through
the depth of each seminiferous tubule in the two systems. The grain
counts obtained in the presence and sbsence of exogenous glucose
was thersfore independent of the depths of the counted sectlons
from the surface of the seminiferous tubule. The main chamber
of the flask contained 200mg wet weight of tissue in 3.0ml of
Krebs-Ringer bicarbonate buffer at pH 7.4. The side-arm contained
100pc of tritiated Lysine in a volume of 0.2 ml. L-Lysine~H>
was obtained from the Nuclear-Chicage Corp. and had a specific
activity of 91 me/mmwle, The final concentration of L-Lysine-i3
in the incubation flask was 3. x 10~%). ‘men glucose was employed
as an sxogenous substrate, the final concentration of glucose in
the incubation flask was 0,009}, The gas phase was 95% Gn and $% COp.
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At the end of 1 hour inoubation perioed, the flask was removed
from the manometer and the flask eontents poured through a 90-mesh
ataiﬁlsssusteal sieve to collect the testicular slices, The
tissue held back by the sieve was washed threa times with Irebs-
Ringer buffer and gently placed in eold Carnov's solution by means
of foreeps. In one experiment, the tissue was washed with buffer
and then left in buffer containing 0.1% non=-radicactive lysine
for 30 minutes at 40%C in order to dilute any trace amounte of
I~Lysine~i3 not removed by the buffer washings alone, Tollowing
fixation in Carnoy's solution overnight (26), the tissue was
dehydrated in alcohol, cleared in methyl salicylate, and embedded
in Tissuemat. Tissues were sectioned at 51 and mounted on glass
slides. The sections were deparaffinized and irmersed in water
and sllowed to alr dry prior to dipping in nuclear emulsion,

E)

The slides were dipped in molten Kodak nuclear track emlsion
type NTE3 under a Wrattan safelight number 2, The slides wers
allowed to dry and were then stored in black plastie boxes, ssaled
with black tape and then placed in the refrigerator for 4 days,
The exposed slides were developsd for 5 minmutes in Kodak Dektol
developer and fixed for 10 minutes in Xodak Fixer, The slides
wers removed from a water rinse, the surface blotted with filter
paper and allowed to dry for 30 minutes. After being stained in
hematoxylin solution (Harris), the slides were mounted in




Permount and examined, In addition, alternate sections which were
not dipped with nuclear emulsion were stained with either hema-
toxylin, hematoxylin-ecsin or the pericdic acid-Sehiff reagent
with toluldine blue counter-staining in order to classify properly
the 14 stages of the cycle of the seminiferous epithelium in the
rat according te the deseription of Leblond and (lermont (32).

F) COUNTIN

Graln counting was carried out under oil-immersion using a
vYhipple micrometer eyepiece grid. Grains wers counted within 4
squared 50K area glving a total areas counted as grains per 200;:.2.
Background counts were made of areas of emulsion not directly over
tissues incubated with tritiated lysine and compared with grain
counts obtained from aress of emlsion directly over tissues
which were not exposed to tritiated lysine. In both instances,
the average background count was found to be 8 grains per 200;1?.
The background was therefore routinely determined by counting
grains in tissue~free areas in the neighborhood of the cells to be
examined, The average number of grains per 200)12 above background
per slide was determined by counting 5 adjacent microscopic fields
consisting of 200"\.2 over & given area of cells, At least two slides
from each animal were used for counting each stage in the oyocle
of the seminiferous epithelium, A total of 4 individusl animals
were used in the present studies, After the proper classification
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of a tubule as to its stage in the cycle of the seminiferous

epithelium, the average number of grains per ZOOp? above backe-
ground was determined over the following areas: spermatogonia

in stages I-XIV; first layer of primary spermatocytes in stages
VI-XIV; secondary spermatocytes in stage 1IV; first layer of
spermatids in stages I~{IV and second layer of spermatids in
stages I~VIII, The area of 200,? used for grain counting was
found to contain four cells for each of the successive cells of
the cycle of the seminlferous epithelium with the exception of

the second layer of primary spermatocytes in which two cells

were found to ocoupy an area of 200p2, Because of the continuous
nature of the spermatogenic cycle, it is possible in this manner
to observe the various capacitiss of the successive cells of the
cycle of the seminiferous epithelium of the rat to incorporate
LrLysiao-HB into protein begimnning with a stem cell spermatogonium
in stage VIII and ending with the maturation phase of the spermatids,
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CHAPTSR 111

RESULTS

The morphological classification of spermiogenesis in the

mouse as proposed by Oakberg (45) bas been used in this investiga~-
tion, During the development of the spermatid, a considerable
amount of cytoplasm is lost. The remmant of the eytoplasm detached
from the spermatid has long been known as "the residual body" (48).
The data of this present study indicates, however that the residual
body is but the final stage in a complex series of morphological
changes occurring in the discarded cytoplasm of the spermatid.
Consequently, the cytoplasm released from the spermatid has been
redesignated as the cytoplasmic body and the morphogenesis of

this cytoplasmic body (CB) divided into ths following four mejor

phases as summarized in Flate 1,

Flate II, figure ! demonstrates Stape 10 of spermiogenesis
in the mouse. Only a small amount of RNA-staining material occurs
in the cytoplasm of the spermatid during the development of the
cytoplasmic tag, However, in the further course of spermio-
gonesisz, the RNA-positive material appears to coalesce into
discrete granules (Flate II, Fig., 2). This coalescence ocours
at Stage 11 of spermiogenesis which has also been designated in
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the present investigstion as phase C3=1 in the morphogenesis
of the cytoplasmic body. In addition, the entire scytoplasmic
tag in phase CB-1 stains with PAS reaction., Two distinot types
of gramilations were cbserved with this stain: 1) Numerous very
small PAS-reactive granules scattered uniformly throughout the
cytoplasm of the spermatid, and 2) larger, lightly-staining
PAS-reactive granules, also found in the cytoplasm of the spermatid.
When sectlons were stained with Best's carmine and digested with
malt diastase, only the larger PAS-reactive granules were found
to contain glyeogen. Moreover, sections which were originally
stained with PAS and then subjected to toluldine blue counter-
staining indicated that only the larger PAS-reactive granules
also stained with toluidine blue,

Plate II, figure 3 indicates the increase in size of the RNa-
positive granules during late phase CB~l in the morphogenesis of
the cytoplasmic body. At this atage of development, each
ecytoplasmic tag was found to contain from 8 to 15 RNA-positive
granules, Ffrozen sections stained with Sudan IV demonstrated
finely dispersed lipoid droplets throughout the spermatid cyto-
plasm, By late CB~1l, these lipoid droplets were found to have
migrated toward the distal send of the spermatid.

When the cytoplasmic tag becomes detached from the maturing
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spermatid, this structure has been designated as the cytoplasmic
body in this investigation. FPlate 1I, figure 4 illustrates

phase C3=-2 in the morphogenesis of the cytoplasmic body follow-
ing its liberation from the spermatid at Stage 16 of spermio-
genesis, The remnant of the cytoplasmic membrans of the maturing
sperm becomes the cytoplasmic body membrane and is PaS-reactive.
At this period of development, there is an increase in both the
size of the RNA-positive gramiles found in the cytoplasmic body
along with an increase in their staining intensity with pyronin Y.
There is also a decrease in the total number of RHA-positive
granules in each cytoplasmic body. These RNA-positive granules
sontinue to coalesce and will ultimately form the RNA plaque at
phase CB~3 in the morphogenesis of the cytoplasmic body. On the
other hand, the smaller PAS~reactive granules continue to coalesce
into larger granules which become located along the periphery of
the oytoplasmic body in CB=3 (Plate II, Flg. 5 and 6), and which
will ultimately form the PAS-reactive satellites seen at this
phase of the development of the eytoplasmic body., The larger
PAS-reactive granules located within the cytoplasmic body and
which stained positively with Lest's carmine were also found to
ultimately fuse to form part of the plaque area visible in phase
CB=3. In sdditlon, the lipoid droplets were observed to further
coalesce into larger globules which were located in a random
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fashion throughout the eytoplasmic body. 5y late phase (Gi~2, these

lipoid globules have migrated toward the cytoplasmie body
membrane. A fusion of two or more cytoplasmic bodies was also
observed in many instances, producing a synoytial~like appearance

of these structures,

Plate II, figure 5 demonstrates early phase CP~3 in the

morphogenesis of the cytoplasmic body. The cozlescence of the
RNA~positive granules has continued until at this point of
development, a single large RNA-plaque is visible within the
cytoplasmic body. It is of interest to note that the large RiA-
positive plague also contains a PAS-resctive component since the
plaque stains with both toluidine hlue and PAS-reaction., The
coalescence of the smaller PAS-reaective granules during their
peripheral migrotion has alsc resulted in the formation of larger
PAS~satellites which are now in apparent contact with the cyto-
plasmic body membrane. Utilizing the acetylation technique of
Lillie (34), it was found that both the PAS-satellites and the
eytoplasmic body membrane are composed of polysaccharides contain-
ing 1:2-glycol groups.

Flate II, figure 6 presents late phase CB~3 in the morphogenesis
of the cytoplasmie body., The plaque area of the eytoplasmic body
at this period in development stains very intensely with pyronin-Y
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a8 well as with the PASe-reaction, UWhereas at phase Ci-1, a2 90

minute digestion with RNAsse was sufficient to remove all of the
demonstrable RNA, it was necessary to employ a 25 hour enzymstic
hydrolysis at phase CB~3 in order to completely remove all of the
visible RNA. The shape of the plaque varies from en essentially
aphoria&l form to an almost amorphous mass. In addition, the
RiA~plaque now demonstrates numerous indentations., Sections stained
with Sudan IV at this point of development (Flate III, Fig. 7)
reveals the presence of lipoidepositive material in the cytoplasmic
body space. These lipoid globules appear to be responsible for
the indentations of the plaque area, Plate III, figurez & rnd 2
demonstrate that these large lipoid globules sre formed within

the eytoplasmic bodies which are located along the psriphery of
the seminiferous tubulaer lumen, From this position, migration

of the eytoplasmic bodies begins toward the basement menmbrane

of the seminiferous tubule., At the onset of this migration,

the lipoid material begins to decrease and simultaneously with
this decrease, the cytoplasmic body membrane eollapses, resulting
in a decrease in the eytoplasmic body space as well as a candensa-
tion of the PAS~satellites on the now spherical RlA-plague at the
initiation of phase Cb-4 in the morphogenesis of the eytoplasmic
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Two fates of the eytoplasmic body can be demonstrated during
its migration from an initial position along the periphery of the
seminiferous tubule lumen at phase CB=3 to its final position
nesr the basement membrane of the seminifercus tubule during
phase CB~U4,

The first fate of the cytoplasmic body involves its phagocytosis
by a Sertoli cell (Flate III, Fig. 10 and 11), Further changes in
the strueture of the cytoplasmic body subssequently occur within
the Sertoll cell eytoplasm, The cytoplasmic body membrane becomes
approximated to the plaque, resulting in the obliteration of the
oytoplasmic body space. This obliteration would appear to be due
to the removal of the 1lipoid globules from the cytoplasmic body
space by the Sertoli cell. This transfer of lipoid material from
the cytoplasmic body space to the Sertoli cell results in the
accumilation of finely-dispersed lipoid granules which ultinmately
aggregate in the basal regions of the Sertoli cell eytoplasm, When
the cytoplasmic body space is no longer visible, the cytoplasmic
body can now be designated as the residual body. Further develop-
ment of the residual body within the Sertoli eell cytoplasm
includes the loss of its RNA content followed by a gradual loss
of its glycogen content. In addition, the PAS-satellites appear
to spread over the surface of the plaque which now has decreased
in size until its apparent disappearance in the eytoplasn of
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the Sertoli cell.

The second fate of the eytoplasmic body involves its migration
toward the bassment mermbrane of the seminiferous tubule without
undergoing phagocytosis by a Sertoli cell, During this migration
of the eytoplasmic body, similsr morphological changss occur as
previcusly described for the eytoplasmic bodies found within the
cytoplasm of the Sertoli cells., These changes include the loss
of RNA (Plate III, Fig. 12) as well as the loss of its lipoid
granulations in the region of the spermatogonia and primary
spermatocytes. Following these morphological changes, the residusal
bodlies continue to migrate toward the level of the spermatogonia
(Flate III, Fig. 13) and ultimately ocoupy a final position
against the basement membrane of the seminiferous tubule (Flate III,
Fig. 14), 1In a similar fashion to that which was observed within
the Sertoll cell eytoplasm, the residual bodies decresase in size
while continuing to stain with Best®s carmine but not with toluidine
blus, Eventually, the residusl bodies can no longer be demonstrated
by the staining procedures employed in this investigation.

Flate IV presents the results of a histological examination

of the seminiferous epithelium of the rat following a 1 howr
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incubation period of slices of testes at 37.5°C, The 14 stages of
the cycle of the seminiferous epithelium in the rat have been |
classified according to the daseription of Leblond and (lermont (32).
It was found that the seminiferous epithelium of the rat testls
retains its morphologleal integrity during the incubation period
of the slice., In addition, it was found that a satisfactory
classification of the various stapes of spermatogenesis could be
ocbtained by staining with hemstoxylin alone. No counterstain
was used on the radioautograms inasmuch as the grains could be
seen more easily without it and the hematoxylin alone was found
to give sufficlient background stain,

Flate V indicates the degree of labeling observed in radio-
autographs of sections taken from slices of rat testes incubated
with I.,-I.ysma-HB in the presence of 0,009} glucoss, An exposure
time of 4 days was found to give adequate grain densities for
counting in all of the present experimental series, Stagus ViI
and VIII of the cycle of the seminiferous epithelium soen to be
characterized by & quite dense labeling pattern over the area of
the primary spermatocytes with fewer grains appearing over the
area of the spermatids, GStage XIII, on the other hand, shows a
more homogenous grain distribution over both the primary spermmto-
cytes and the spermatids.

Flate VI presents representative radiocautographs of sections




taken from slices of rat testes incubated with L~Lysine-HJ in the
presence and absence of glucose., A marked stimulation of protein
labeling upon the addition of exogenous glucose was observed in
the grain distribution over the pachytene primary spermatocytes
present in Stage VII, (lucose was also found to cause a great
inorease in the number of grains appearing over the area of the
gpermatids. In the absence of glucose, the spermatogonia and
young spermatocytes were found to be the most heavily labsled
cells with a gradual decline of the labeling being observed over
the transitional and pachytene primary spermatocytes., Few or no
grains appeared over the area of the spermatids at any of the
various stages of spermiogenesis in the absence of glucose in the
inoubation medium,

Plate VII is a plot of the average grain count per 200u° above
background over each of the successive cells of the cycle of the
seminiferous epithelium of the rat testis 1 houwr after incubatlon
with L=Lysine-H3. In the control system, the only cells found
to incorporate appreciable amounts of the isotops into protein
were the spermatogonia and the young primary spermatocytes,
Inmediately after the division of type B spermatogonia into the
resting primary spermatocytes, there was a marked increase in the
degree of labeling over these cella, A gradual declins in grain
counts then occwrred over the area of the transitional primary
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spermatooytes with little or no labeling appearing over the areas
of the remaining cells of the spermatogenic cycle. A marked
inerease in the overall degree of protein labsling from L~Lysine-H3
in the cells of the spermatogenic cycle was observed in the glucose~
supplemented system. Again, the most heavily labeled cells were
found to be the primary spermatocytes. However, in contrast to
the results obtained in the control system, the early pachytene
primary spermatocytes contained the most dense grain distribution.
During the two meictic cell divisions, s sharp decrease in the
grain count was observed, with the greatest dscrease in labeling
being seen over the secondary spermatocytes in metaphase. Whereas
few if any grains were seen over the spermatids in the control
system, the addition of exogenous glucose produced a marked
inerease in the number of grains appearing over these cells,

Table 1 presents a statistical evaluation of the data obtained
in terms of the number of grains per 200p° sbove background
observed for each main group of the successive cells of the cycle
of the seminiferous epithelium, The mean data for the control
and the glucose-supplemented system obtained for cells from each
of the four individual animals employed in the present studies have
been compared using the "t" test, In every lnstance, the
difference in the incorporation of tritisted lysine into protein
of cells of the rat seminifercus epithelium observed for the




control and the glucose-supplemented system proved to be highly
significant.

Flate VIII summarizes the affects of exogenous glucose on the
incorporation of I-Lysine-H> into protein of successive cells of
the cycle of the seminiferous epithalium of the rat testis, The
addition of plucose was found to cause essentially a three-fold
stimilation of protein from L-Lysine-HJ in the spermstogonia and
the resting leptotene, zygotene and transitional primary spermato-
cytes. However, glucose enhanced protein lsbeling from L-Lysine-i3
by a factor of 20 in the pachytene primary spermatocytes. Glucose
was found to have relatively little effect on protein labeling of
the cells involved in the later stages of meiotie division,
namely the primary and secondary spermatocytes in metaphase,
However, during the process of spermiogenesis in which the spermatids
underge thelr morphogenie transition into free spermatozoa, glucose
was found to exert its most pronounced stimilatory effect on
protein labeling observed in the various cells of the cycle of
the seminiferous epithelium of the rat testis,
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CHAPTER IV

DISCUSSION

Rumerous attempts have been made to formulate s "trigger

mechanism® which would regulate the periodicity of the spernato-
genic eycle. Roosen-Runge (52) has speculated that the release
of older spermatids from the seminiferous tubular lumen is in
some unknown manner associated with the regulation of the develop~
ment of sarlier generations of the germinal epithelium. Lacy (30)
demonstrated that the bulk of the lipid observed in the Sertoli
cells was derived from the phagooytosis of the residusl bodies
and that following the release of the spermatozoa, there was a
gradual reduction in the lipid content of the Sertoli call, indicat-
ing the release of some gubstance that might influence spermato-
genesis,

It has been known since Kolliker (26) first established the
cellular svolution of spermetozoa, that the oldest generation
of germ cells lies in the center of the seminiferous tubule and
the youngest generation of perm cells lies at the periphery of
the seminiferous tubule. won Ebner discovered that successive

stages of spermatogenesis were arranged next to one another along




the length of the tubule, and immedigtely raecognized that this
arrangement was a fortunate ciroumstance making possible the
investigation of the *genealogy of germ cells'. The "wave~like"

character of the longitudinal arrangement of stapss was further

studied in the rat by Regaud (48) who contended that the wave progress-

ed in a spiral arrangement slong the tubule. Curtis coneluded that
in the mouse, and even more so in the rabbit, the spermatogeniec
waves varied in length, in continuity, in inoidental courss, and
in their general direction slong the tubule. The spermatogenic
wave was found to reverse its course and gemeral direction in the
rabbit. In the mouse the spermatogenic wave was fuund to descend
from the rete testis; that is, the older stages were always closer
to the rete, the younger stages farther away.

The phenomenon of the spermatogenic wave is the result of (a)
synchronous development of groups of germ cells and (b) of the
progressive spread of this cellular development to adjacent areas
of the tubule. When the groups of cells are very large and the
spread is regular, as is spparent in the rat, a falrly regular
spermatogenic wave results, Uhen the groups are very small, as
in man, it becomes difficult to determine whether contiguous
groups are in suscessive stages of development and the wave is
no longer manifest even if it exists in reduments. In most mammals
intermediary conditions are found, in which the wave pattern is




quite obvicus,

Neveloping germ cells are essentially synchronized in most
animals, (leland (11) attempted to develop a hypothesis to
explain this synchronization, He discussed his views thorouphly
and rejected a "rigidly timed self-limited situation in the 1life
history of the cells™ bescause of evidence from the general field
of bioclogy that “when cells are not in closs connection with one
another, biologieal variability is sufficient to preclude a high
degree of synchronizsation®, On the other hand, he examined the
degree of cellular connection within the germinal epithelium and
found the histological structurs of the tubules well adapted to
secure synchronization. He assumed the germ cells to be embedded
in a syneytial continuum of Sertoli cells and observed the close
proximity of cells, This led to the hypothesis that selective
influences may be transmitted from cell to cell being mediated
by the Sertoli cells and responsible for the cellular synchroniza-
tion.

While the syneytial nature of the Sertoli cells must not be
re jected, there is convineing evidence that spermatocytes and
spermatids are commonly interconnected by cytoplasmice bridges,
and that bridges most probably exist beiween cells attached to
different adjacent Sertoll cells. The close approximstion of
germ cell and Sertoli Cell has been adequately demonstrated in
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electron mierophotographs, and the tranamission of substances
from Sertoll cell to germ cell and viee a versa has been inferred
with high probability from a variety of histochemical and
morphological investigations. It is, therefore, sasy to assume
that correlative stimuli may travel through large areas of the
gorminsl epithelium and thus affect synchronization, The final
limitation of the areas may come about through the rate of speed
with which stimull may pass through germ and Sertoli cells, In
fact, the nature of the spermatogenic wave may depend on the speed
of transmission along the tubule; thus, the phenomenon may be
basically similar te that of a true "wave® than von Ebner (21)
originally thought. For these reasons, it was postulated that
the local regulating mechanism involved in the successive replace-
ment of germ cells about a radial axls during the spermatogenic
cycle may be due to a Sertoli cell hormone, the production of
which is initiated or accelerated by the phagocytosis of the
residual bodles,

The data of this investigation indicates that glycogen is a
significant constitutient of the cytoplasmic body. Following the
development of the cytoplasmic body into the residual body at
phase CB-4, two possible fates of this structure have been demons™
trated. The residual body can either be phagoeytized by a Sartoll
cell or can indspendently migrate to a finsl position along the

bssement membrane of the seminiferous tubule. In either case,
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the possibility exists that the residusl body can contribute
apprecisble amounte of glycogen to either the Sertoli cell or te
the germinal epithelium (44),

One possible function for the glyeogen of the residual bodles
which are phagoeytized by the Sertoli cell may involve the conver-
sion of glycogen to glucose-G-phosphate and then to &-phosphogluconate
via the haxose monophosphate shunt with a resulting increase of
TPNH aocting as a co-factor for steroid synthesis in much the same
msnner as has been demonstrated by Hayano and Dorfman (22),

Sweat and Lipscomb (60) and Tchen and Flock (62). In this way,
the glycogen of the residusl bodies may aid in the initlation
or acceleration of the production of a Sertoli cell steroid
hormone as originally postulated by Laey (30).

The effect of exogenous glucose on protein labeling of the

gsuccessive cells of the eycle of the seminiferous epithelium

of the rat has been investigated utilizing radicautographic
techniques. lysine would appear to be a particularly useful

labeled precursor for studying protein labeling radioautographically
inasmuch as lysine has been shown to be a relatively stable

molecule (52), other than being incorporated into protein. Lysine
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doas not readily underge transamination (9) and has been found to

yield only extremely small amounts of triecarboxylic acid cyolev
intermediates during the course of its catabolism (18).

A typical seminiferous tubule of the rat will contain a few
spermatogonia located zlong the basement membrane, one or several
layers of spermatocytes further in, and clusters of spermatids
located along the lumen of the tubule. Because of the ease of
identifying the first 14 stapges of the development of the spermatids
according to the description of Leblond and Clermont (33), it has
been possible to determine the pattern of grain distribution
foon L~Lysine~-H3 over each of the cell associations during the
development of the spermatogonia into free spermstogoa, including
the following main phases of spermatogenesis: (1) the mitotic
divisions of the spermatogonia, (2) the first meiotic prophase
of the primary spermatocytes and (3) the morphogenic development
of the spermatids, known as spermiogenesis,

Five mitotlc peaks have been found to occur during the divisions
of the spermatogonia in the spermatogenic cycle (32). The first
three peaks of spermatogonial mitoses, occurring at Stages IX, XII
and I, give rise to type A spermatogonia., The fifth peak of
spermatogonia mitoses ocemrs at Stage VI snd results in the
division of type B spermatogonis into young spermatocytes resulting
from the division of type B spermatogonia at Stage VI, This
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large increase in protein labeling, reaching a peak at the resting

primary spermatocyte stage, apparently occurs at the transition

from somatic mitosis to the first meiotliec prophase., It is interest~
ing to note that the premeiotic synthesis of DiA also takes place

in resting primary spermatocytes and that no further synthesis

of DNA has been found to ocour in later stages of spermatogenesis (39).
Indeed, the data of the present studies indicate that virtually

no protein synthesis ocours in these later stages of spermatogenesis
in the absence of exogenous glucose.

The predominant feature of meiosis involve paring, crossing
over, and reduction in chromosome number (49), It was found that
the addition of glucose produced an overall stimulation of protein
labeling in sll of the successive cells of the seminiferous
epithelium of the rat. However, glucose was found to exert a marked
stimilation of protein labeling in the primary spermatocytes whose
nuclel were at pachynema and whose chromosomes were undergoing
crossing over. These data sugpest ths possibility that glucose
may be intimately involved in the mechanisms of recombination
of chromosomal segments during melosis, thereby playing an important
role in the constantly changing pattern of genes. In contrast
to these resulis, a marked decrease in protein labeling in the
presence of glucose was observed in the secondary spermatocytes
Just prior to the second maturation division, In a similar fashion,




the first and second melotic divisions ocourring during the
development of Trillium anther has been reported to be assoclated
with a fall in protein sulfhydryl groups (57). The fact that
glucose was found to exert such a remarkabls stimilation of
protein labeling in the more mature testicular cells undergoing
spermiogenesis may offer a partial explanation for the atrophie
changes of the maturing spermatids resulting from experimentally-

L2

induced hypoglycemia (35). Any decrease from a normal intracellular

glucose content in the testis which may result from a lowered

blood glucose level may be reflected in s decrease of testicular
protein biosynthesis with a resulting atrophy of the seminiferous
germinal epithelium and an impairment of the spermatogenic cycle.
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CHAPTER V

SUMMARY

A histochemical study of the detached cytoplagm of the maturing
spermatid has been carried out utilizing the mouse testis.

The detached cytoplasm has been designated ae the cytoplasmic
body and four distinet phases in its morphogenesis have been
reported,

The cytoplasmic tag of stage 11 of spermiogenesis has been
designated as phase Ci~1 in the morphogenesis of the cytoplasmic
body and was found to contain individual granules of RNA,
glycogen, polysaccharides with 132-glycol groups and lipid,
During phase CB~2 and CB-3, coalescence and fusion of these
granules oceurs which result in a centrally~oriented plague

of RNA and glycogen, peripheral satellites of 1: 2=glycol
containing polysaccharides and large globules of 1lipid,

During phase CB-4, the cytoplasmic body membrane becomes
approximated to the plaque and at this stage of development

the cytoplasmic body can be compared to the "residual bodies®
of Regaud.

Periphersl migration toward the basement membrane of the
seminiferous tubule now occurs with some of the residual

bodies undergoing phagocytosis by Sertoli cells while others
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eventually occupy a final position at the level of the
spermatogonia. At this time a loss of the RNA and lipid
components occurs without an accompanying loss of the

glycogen content. Eventually the glycogen plaque can

no longer be demenstrated by the staining techniques

employed in the present studies,

The radiocautographiec incorporation of L-Lysine-i3 into pwotein
of cells of the seminiferous epithelium of the rat has been
studied following a 1 howr incubation of slices of testis
with the labeled precursor, In addition, the effect of
exogenous glucose on protein labaling of the successive cells
of the cycle of the seminiferous epithelium of the rat has
been investigated.

In the absence of added glucose, the most heavily labeled
cells of the seminiferous epithelium were the resting primary
spermatocytes, with little or no label appearing in the
remaining cells of the spsrmatogenic cycle.

The transition from somatic mitosis to the first meiotie
prophase has been found to be associated with a marlded increase
in protein labeling from radicactive lysine,

The addition of glucose caused a significant increase in
protein labeling from tritiated lysine in 211 the cells of

the spermatogenic cycle with the greatest degree of stimulation
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being noted in the primary spermatocytes and spermatids.
Glucose was found to exert a marked stimulation of protein
labaling in the primary spermatocytes whose nuclei were
at pachynema and whose chromosomes were undergoing crossing~
over. These data suggest that glucose may be intimately
involved in the mechanisms of recombination of chromosomal
segments during meiosis, thereby playing an important role
in the constantly changing pattern of genes.
The observatlion that glucose was found to exert such a
remarkable stimulation of protein labeling in the more
mature testicular ecells undergoing spermiogenesis may offer
a partial explanation for the atrophie changes of the maturing
spermatids resulting from experimentally indueced hypoglycemia,
Any decrease from a normal intracellular glucose content in
the testis which may result from a lowered blodd glucose
level may be reflected in a decrease of testicular protein
biosynthesis with a resulting atrophy of the seminiferous
germinal epithelium and an impairment of the spermatogenic

ecycle,
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PLATE I

Diagranatic representation of the four phases in the morphogenesis
of the residual body of the mouse testis, The abbrevistions used
are as follows: CB, cytoplasmie body; CT, cytoplasmie tag;

GLY~G, glyeogen granule; CLY-P, glycogen plagque; LD, lipoid
droplet; LG, lipoid globule; M, oytoplasmic body membrane; PAS-g,
PAS-reactive small granule; PAS~(, PAS-reactive large granule;
PAS-P, PAS~reactive plaque; PAS~S, PAS-reactive satellitej RB,
residual vody; RNA~G, RiA~resetive granule; RNA-P, RNA-positive
plague; S5CM, spermatid cell membrane; SN, spermatid nucleus;

Sps cytoplasmic body space.
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PLATE I1
EXPLANATION OF FIGURES
All sections were cut at 8
. Magnifieation x 1,900
Stage 10 (43) of spermiogenesis in the mouse. Note the lack
of gramilations in the cytoplasmic tags (arrow). Toluidine
blue.
Stage 11 of spermiogenesis in the mouse (early Phase CB~l in
the morphogenssis of the eytoplasmic body). lNote the appearance
of RNA graniles (arrow) in the oytoplasmic tag (CT). PAS~
toluidine blue.
Stage 14 of spermiogenesis in the mouse (late Fhase CB-1 in the
morphogenesis of the cytoplasmie body). Note the increase in
size and the decrsase in number of the RNA granules (arrow)
in the cytoplasmic tag {(CT). Toluidine blue.
Stage 16 of spermiogenesis in the mouse (Phase C5-2 in the
morphogenesis of the cytoplasmie body)e The detached oytoplasm
of the maturing spermatids has besn designated as the cyloplasmic
body (CB) in the present report. lNote the further incresse in
size along with a decrease in the number of the RNA granules,
Toluidine blus.
Early Phase CB~-3 in the morphogenesis of the cytoplasmic body,
Note the single large RNA plague (F) in the cytoplasmic body
and the PAS satellites (S). FPAS~toluidine blue.
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6.

Lats Phase CB~3 in the morphogenesis of the cytoplasmic
body. The RNA plaque (P) now demonstrates indentations.

Note the numerous PAS satellites (S) which have also increased

in size and lie in close proximity to the cytoplasmic body

mepbrane (¥). PAS~toluidine blue.
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PLATE III
EXPLANATION OF FIGURES

Late Phase Ch=3 in the morphogenesis of the eytoplasmic body

stained with Sudan IV~toluidine blue. The arrow indicates
Sudanophilia in the oytoplasmic body space, Note that the
lipoid material (arrow) produces the indentations of the

RNA plsque (P). Frozen sectlon cut at 10 p. Magnificatlon

x 1,900,

Late Phase CB~3 in the morphogenesis of the cytoplasmic body
stained with Sudsn IV-toluidine blue demonstrating lipoid
material (arrvows) in cytoplasmic bodies along the periphery

of the seminiferous tubule lumen. Frozen section cut at

10 n. Megnification x 1,900,

Lower magnification of the seminiferous tubule stained with
Pyronin Y. Hote the periluminal localisation of the cytoplasmic
bodies during phase CB-3, Section cut at 8 e lagnification

x 600,

Phase CBel in the morphogenesis of the cytoplasmic body. When
the membrane of the eytoplasmic body is no longer visible,

the oytoplasmic body has been designated as the residual body
(RB) in the present report. lote the Sertoli cell phagooytizing
a residual body. Iron hematoxylin, Section cut at 8 .
Magnificstion x 1,900,
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Higher focal plane of Figure 10 demonstrating the Sertoli
cell cytoplasm (C) passing over a residusl body (RB).
-‘mg:nu“i@ation x 1,900,

Decrease in the staining intensity of the RNA plaque with
toluidine blue in Phases CB~3 and CB~4 in the morphogenesis
of the cytoplasmic body. Section cut at & p. Hagnification
x 1,900, |

Migration of residual bodies (arrows) to the level of the
spermatogonia. Sectlon cut at 8 y and stained with iron
hematoxylin. Magnifieation x 1,900,

Mgrstion of residual bodies (arrows) to ths level of the
basement membrane. Sections ecut at 8 p and stained with
iron hematoxylin, Magnification x 1,900,
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PLATE IV
Histological examination of the seminiferous epithelium
following & 1 hour ineubation period of slices of rat testes
at 37.5°C. (.{) to (14) illustrate the 14 stages of the cycle
of the seminiferous epithelium in the rat according to the
description of Leblond and Clermont (30). Fixatien in Carnoy's
solution; 5 u sectlons stained with hematoxylin., Magnification

approximately x 700,
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PLATE V
Radioautographs of sections taken from slices of rat testes
incubated for 1 hour with L-Lyaino-ﬁ3 in the presence of
0.009 M glucose. (2), (4) and (6) represent stages VII, VIII
and XIII, respectively while (1), (3) and (5) represent correspond-
ing alternate serial secotions stained without dipping in nuclear
emulsion. All sections were cut at 5 p and stained with
hematoxylin, Exposure of the radicautograph was for 4 days.
Magnification approximately x 700.
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FLATE V
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PLATE VI
Radioautogmmé of sections taken from slices of rat testes
ineubated for 1 hour with L-Lysine-H> in the presence and
absence of 0,009 M glucose, (1) and (2) represent stage I
in the absence and presence of glucose, respectively; (3) and
(4) represent stage V in the sbsence and presence of glucose,
respectively; (5) and (6) represent stage VII in the absence
and presence of glucose, respectively; (7) and (8) represent
stage IX in the absence and presence of glucose, respectively;
(9) and (10) represent stage XIII in the absence and presence
of glucose, respectively. All sections were cut at 5 n and
stained with hemstoxylin, Exposure of the radicautograms was
for 4 days. Magnification approximately x 700,
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. PLATE VII
Incoi-po'rat.ion of L-Lysino-H3 into protein of cells of the seminifer-
ous epithelium of the rat testis, Ilask contents: L-Lysine-H3
(3.4 x.107%M), 100 jie in 0.2 nl; 0,009 ¥ glucose in alternate
flasks; Krebs~Ringer bicarbonate buffer, pH 7.4, to a total volume
of 3.2 ml, The gas phase was 95% O and 5% COp. Flasks were
incubated for 1 hour at 37.5°C. Each point on ths curvas represents
the average of four individusl axperiments involving 20 determina-
tions for each of the designated cells of the cycle of the semi-
niferous epithelium, The standard error for each value in the
control system was &/- 3 grains/200 p? sbove background while
the standard error for each value in the glucose-supplemented
system was +/- 7 grains/200 u? sbove background. I-iIV refer to
stages of the cycle of the seminiferous epithelium of the rat
according to the deseription of Leblond and Clermont (30).
Numbers 1-19 refer to spermatids at various steps of spermiogenesis,
The following letters refer to: A, type A spermatogonia; B, type B
spermatogonia; R, resting primary spermatocytes; L, leptotene
primary spermatocytes; Z, zygotene primary spermatocytes; T,
transition primary spermatoecytes; ¥, primary spermatoeytes in
metaphases DI, diplotene primary spermatocytes; Si, secondary

spermatocytes in metaphase.
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PLATE VIII
Bffect of gluﬁoaa on the incorporation of L-Lysine-H3 into
protein of successive cells of the cycle of the seminiferous
epithelium of the rat testis, For experimental details see
legend for Fig. 4. Each point on the graph represents the average
- of the designated cells of the cycle of the seminiferous epitheliunm
as obtained in Fig., 4 for groups of four rats, The space allotted
to each of the successive cells of the spermatogsnic cycle
shown on the abscissa is proporticnal to its relative duration (30).
The following letters refer to: G, spermatids in the Golgl phases
C, spermatids in the cap phase; A, spermatids iIn the acrosome
phasej Mt, spermatids in the maturation phase, For additional

abbreviations, see legend for Fig. 4.
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EFFECT OF GLUCOSE ON THE
INCORPORATION OF L-LYSINE-H* INTO PROTEIN OF CELLS
OF THE SEMINIFEROUS EPITHELIUM OF THE RAT TESTIS
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The individual values presaented for each animal represent the
average cf the following successive cells of the cycle of the
seminiferous epithelium: type A and type B spermatogonia in stages
I%-VI; resting 10 spermatocytes in stages VII~VIII; leptotene 1°
spermatocytes in stapes IV=XII3 zygotene 1° spermatocytes in
stage XIII; transition 1° spermatocytes in stages YIV=-V; pachytens
19 spermatocytes in stages VI-XIIy diplotens 19 spermatoeytes in
stage XIII; metaphase 1° sparmatocytes in stage XIV; metaphase

20 spermatocytes in stage XIV; golgl phase spermatids in stages
I~I1I; eap phase spermatids in stages IV=YII; acrosome phase
spermatids in stapes VIII~ilV; and maturation phase zpermatids in
stages I~-VIII,

W

Expressed in grains/200 p? above background




TABLE 1
INCORPORATION OF L~LYSINE-H3 INTO PROTEIN OF CELLS OF THE

63
SEMINIFEROUS EPITHELIUM OF THE RAT TESTIS

Animal  Spermatogonia Resting Leptotene

No. 19 Spermatooytes 1° Spermate
Control Glucose Control Glucose Contrel Glueose
|

1= 11 Lo 39 70 37 68

2 18 38 41 68 50 52

3 11 43 by 71 37 67

5 17 4 35 72 Ho73
HMean»* 14 Ly 4o 70 41 65

SeDs 2,8 2.0 3.0 1.2 b4 6.4

t 11,6 13.2 13.7

P 0,001 0.001 0,001
Animal Pachytene Mplotene Ystaphasze

No. 19 Spermatocytes 1% Spermatocytes 19 Spermatocytes
Control Glucose Control Glucose Control Glucose

Zygotene Transition
10 Spermatocytes 10 Spermatooytes
Control (lucose Contrel (Qucose

3 8 8 74
W 68 32 60
40 58 13 66
¥ 5 31 7
37 60 2h 68
Z.Q 3Q 8 6‘8 ’4‘; 8
?o 7 230 ?
0,001 0,001
Mataphase Golgi phase

20 Spermatooytes  Spermatids
Contral (lucoze Control Glucose

! b 84 8 65 1 5% 2 25 2
2 3 ™ 7 67 b % 3 2 b 66
3 3 77 7 66 5 58 6 22 0 %
b 7 8 7 77 8 & 13 B 3 &
Mean L 81 7 &9 T 6 25 2 60
SeDs 1.4 4.8 0.4 4,0 2,0 1.8 3,6 3.8 1,0 3.2
t 69,0 22,3 27.0 16,4 24,0
P 0,001 0,001 0,001 0.001 0,001
Animal Cap phase Asrosoms phase Maturation phase
Yo, Spermatids Spermatids Spermatids
Control Glueose Control Glucose control Glucose
1 o 38 1 W 1 3%
2 5 58 3 55 b 52
3 2 k6 2 53 2 %
L 11 s 2 1 »
Mesan 4 4 2 % 2 M
3.0, 3.2 6.2 0.6 3'2‘, 1.0 5‘3
t T2 24,5 3‘4'-8
P 0,001 0,001 0.001
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