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ABSTRACT

The pars tuberalis of the normal, young adult guinea
pig, studied by mears of light and electron microscopy, was
seen to be composed»of a nﬁmher of cell types.‘ Three gran-—-
ulated cell profiles exhibiting ultrastructural character-
"istics of protein synthesis and storage were seen, the gran-
ules of the first averaging 121lnm, those of the second,
114nm and those of the third, 229nmm. The first of these
was the dominant granulated cell profile observed. The
second was seen in only two animals and was very éimilar
to the first, distinguishable only by its greater amount
of rough endoplasmic reticulum, some of which was dil=ted.
Therefore, these two profiles are thought to represent the
same cell type. The third cell profile was relatively rare
and light microscopical staining procedures demonstrated it
to be the only chromophilic cell type in the pars tuberalis,
reacting positively to both alciah blue and periodic acid-
Schiff.

Two nongranulated cell profiles were also observed,
both being very numerous. One was primerily identified by
its cytoplasmic filaments, approximately 1003 in diameter,
and the second was recognized by the presence of abundant,
dilated rough endoplasmic reticulum. The latter cell vpro-
file was almost always seen to border on a follicular 1umén
which contained 'colloid'. The 'colloid' itself reacted

positively with alcian bliue, periodic acid-Schiff, chrome
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alum haematoxylin, aldehyde fuchsin and Azur II.
| Larger cystic structures were also observed and these
are described.

Many fenestrated capillaries were seen between the
pars tuberalis and the median_eminence along their lengths.
Blood vessels surrounded entirely by tuberal tissue,.on the
other-hand, were usually seen'tb be small arterioles., Nei~
ther the light nor the electron microscopical examination,
however, provided evidence of a general innervation of the
pars tuberalis.

Posgsible functions of the tissue and theirvcontrol

are discussed in light of these findings.
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INTRODUCTION

Light microscopical examination has yielded valuable
information as to the existence and position of the pars
tuberalis which lies on the surface of the tuber cinereum
(of the hypothalmus) from which it derives its name (Tilney,
1913). It has been described in nearly all vertebrates,
notable exceptions including the fish, whose pituitary
embryology is substantially different, thus making deter-
mination of homologous areas difficult to establish, and

Ophidians and Lacertilians, whose embryonic pars tuberalis
.anlagen develop into atypical tuberalis tissue or seem to
disappear altogether (see reviews of Hanstrom, 1966 and
Wingstrand, 1966).

The pars tuberalis originates from two lateral lobes.
of the oral epithelium of Rathke's pouch which grow and
extend anteriorly as a forked tongue adjacent to the devel-
oping neural tissue. Iventually, the fork—-shaped anlage
fuses along its midline fto form a continuous unit, growing
closer to the neural element. Capillaries condense between
the oral and neural elements, after which the ﬂeural tissue,
'the‘capillariés and the epithelium fuse together (Tilney,
1913, Herlant, 1964). In the adult animal, the pars tuber-
alis is usually continuous with the pars distalis although
in a few species, the tuberal lobe extends further and be-
comes isolated from the rest of the adenohypophysis, e.g.,
Anura (Green, 1947). It is the establishment of this common
pattern of origin and development in wost mammals, amphib-
ians, reptiles and birds to which fhe pars tuberalis owes

its discrete identification,
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Light microscopy, nowever, has not ﬁroduced much
information at the cytological level which is relevant to
the function of the pars tuberalis. The " presence of ‘col-
loid' deposits in the adenohypophysis and in the pars tuber-
alis in particular has long been recognized in many animals
(e.g., cat, Tilney, 1913, Atwell, 1929; ﬁorpoise, Wis-—
1ocki-and Geiling, 1936; guinea pig, Kirkman, 1937; rab-
bit and cat, Dawson, 1937) but the significance of these
deposits has not been established. Concerning the'cells -
themselves, a few investigators have reported é substantial
number of basiphils (Tilney, 1913, Kutas, 1958) and PAST
cells in the human and Rhesus monkey (Pearse and van Noorden,
1963, Fand, 1965, Knowles and Kumar, 1969, Conklin,1968),
but mbst studies on mammals, avians and reptiles'agree
that the majbrity of cells are either chromophobic orx
very faintly basiphilic (Guizzetti, 1925, Wislocki and
Geiling, 1936, Severinghaus, 1936, Dawson, 1937,

Wingstrand, 1951, Allanson et al., 1959, Beck, et.al., 1969,
Klein et al., 1970, Allanson, 1971, Doerr-Schott, 1971,
Dierickx et al., 1971, Cameron and Foster, 19725, Stoeckel
et al., 1973a & b). As a result, light microscopical
methods comparable to those utilized in the study of the
pars distalis to obtain evidence of cellular function
(i.e., ablation of different endocrine organs or the ad-
ministration of various drugs followed by an examingtion
of the altered cytology as indicated by changes in the
staining patterns of the cells) have not been applicable.
In more recen® vears, the results of fluorescent antibody
technigues have provided evidence of some LH~containing

cells in the pars tuberalis of the human (Midgley,
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1966) and of the wrat (faker and Yu, 1975) while
others report ACTH-containing cells in thé human (Pearse
and van Noorden, 1963).

The small size of the pars tuberalis and its position
surrounding the neural stalk has made it difficult to isolate
for the purposes of obtalning pure extracts for injection
experiments or for bioassay. Injections of tuberal ex-—
tracts have resulfed in the stimulation of the interstitial
cells of the testis and luteal tissue in the rat (Legait,
1969), but this could Be due to contamination by tissue
from the anterior pars distalis as easily as from influences
of the pars tuberalis. A similar‘doubt could be expressed
with regard to bioassays whiéh have indicated a TSH, ACTH
or gonadotrophic content (Reichlin, 1963).
| The relatively small size of the pars tuberalis, of
course, is no impediment to an electron microscopical in-
vestigation and in recent years, an increasing number of
ultrastructural studies have been appearing. Together with
the increasing use of tissue culture. techniques, enzyme
techniques and the more established methods of organ removal
and drug injection, electron microscopical investigations
provides a broader scope for further study. First, however,
the normal ultrastructural characteristics of tuberal tis-
sue must be more firmly established and it is for this
reason that such an examination of the guinea pig pars
tuberalis has been undertaken. As far as can be deter-
mined, no other work on this subject has been carried out.

Electron microscopical examination of the pars tuber-
alis has largely involved study of the rat (Kobayashi et al.,
1963, Stutinsky et al., 1964, Oota and Kurosumi, 1966, Rinne,
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1966, Klein et al., 1970, Xotsu, 1971, Uﬁsicker, 1971, Hotsu
and Daikoku, 1972, Stoeckel et al., l973a.& b, Costoff, 1373,
Stutinsky et al., 1973, Brandi and Peillon, 1973, Dellumann

et al., 1974), although the cat (Green and van Breemen,
1955, iiorato and Ferriera, 1960, Dellmann et al., 1974),
rabbit (Allanson et .al., 1959, Young et al., 1965, Cameron
and Foster, 1972a), Rhesus monkey (Knowles and Kumar, 1969),
frog (Dierickx et al., 1971, Doerr-Schott, 1971, Vandenberghe
et al.,1973), mouse (Unsicker, 1971, Stoeckel et al., 1973a,
Dellmann et al., 1974), doormouse (Stoeckel et al., 1973a,
Dellmann et al., 1974), chicken (Grignon and Guedenet, 1968,
Dellmann et al., 1974), newt, hamster and cattle (Dellmann
et al., 1974) have also been examined. ZExcept for the ear-
liest studies, all reports either agree or are donsistent
with the view that the tissue contains many granulated

cells showing ultraétructural evidence of protein synthesis
and secretion; that is to say, small cytoplasmic granules
appear to originate in a well developed Golgi zone, they are
sometimes observed very near the plasmalemma and the cells
contain rough endoplasmic reticulum (Young et al., 1965,
Oota and Kurosumi, 1966, Rinne, 1966, Grignon and Guedenet,
1968, Knbwles and Kumar, 1969, Klein et al., 1970, Dierickx
et al., 1971, Doerr-Schott, 1971, Kotsu and Daikoku, 1972,
Cameron and Foster, 1972a, Stoeckel et al., 1973a & b, Van-
denberghe et al., 1973, Dellmann et al., 1974). Light
microscoplcal correlation studies show that in many of

these animals the granulated cells are either chromophobic
or very faintly PaST (illanson et al., 1959, Klein et al.,
1970, Dierickx et al., 1971, Doerr—Schott, 1971, Cameron

and Foster, 1972a, Stoeckel et al., 1973a & b). These
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'chromophovic' cells, however, have not been recognized
as being ultrastructurally similar to any.cell type of the
pars distalis, and hence, it has been suggesited that perhaps
the granulated cells of the pars tuberalis may produce a se-
cretory product(s) which is, as yet, unidentified (Morato,
1965, Dierickx et al., 1971, Cameron and Foster, 1972a,
Kotsu and Daikoku, 1972, Stoeckel et al., 1973b, Dellmann
et al., 1974). |

It should be hote& that the reported granulated cells
of the pars tuberalis are not restricfed exclusively to
onftype. In animals reported to have largely éhromophobic
cells, a few typical chromophiles are seen (e.g., Dawson, 1937,
Beck, et al, 1969, Legait and Contet, 1969). Similarly,
electron microscopical reports frequehtly indicate at least
one other morphologically distinct cell type which is usually
recognized as an invasive pars distalis cell (Rinne, 1966,
Cameron and Foster, 1972a, Stoeckel et al., 1973b, Dellmann
et al., 1974) although these cells are relatively.uncommon.

It follows that information on the ultrastructure of
the guinea pig pars distalis is extremely relevant to the
interpretation of any evidence concerning granulated cells
in the pars tuberalis. Smith (1963%) reports three cell
types in the guinea pig pars distalis as follows: acid-
ophils containing ~ 400nm granules, basiphils containing
~ 200nm granules and nongranulated stellate cells
containing"fibrilleéﬂ These limited findings are backed
partially by the light microscopical studies of several
investigafors who found evidence leading them to conclude
that there is only one type of basiphil in the guinea pig

pars distalis (Kirkman, 1937, Hagquist, 1938, D'Angelo, 1963).
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In contrast, however, Peterson (1957) reported two
types of mucoid cells in the pars distalis of the guinea
pige. Similarly, Amat (1970) reported histochemical stain-
ing differences between a thyrotroph and a second type of
basiphil in this tissue. Ultrastructural evidence more
in line with these findings was given in a paper by smat
and Boya (1970) in which they describe presumed mammatrophs,
somatotrophs, thyrotrophs, gonadotrophs and prolactin cells
together with a nongranulated stellate cell. They make no
mention of an ACTH cell. Their classification 'was based
on morphological comparisons (including granule sizes) with
recognized cell types in other animals.

The basis for comparing pars tuberalis cells with
pars distalis cells in the guinea pig, therefore, appears
to be weak. A supplementary examination, however brief,
has been thought necessary, not so much to confirm or re-
fute the preceding reports, but rather to aid in the inter-
pretation of any granulated cells found in this study.

Many of the ultrastructural reports on the pars tuber-
alis mention the presence of nongranulated cells. The
literature, however, is often unclear as to their distri-
bution and frequency and their morphology is not well de-
fined. The absence of a more active interest in these
cells may in part be due to the fact that the function of
nongranulated cells in the pars distalis (see reviews of
Dingeman and Feltkamp, 1972, and Vila-Porcile, 1972) is
8%ill not understood. There does seem to be a generzl con-
census, however, that there are nongranulated cells in the
pars tuberalis which exhibit a poorly developed Golgi

apparatus, contain little endoplasmic reticulum and are
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frequently associated with at least some{type of follicle
(Cota and Xurosume, 1966, Kotsu and Daikoku, 1972, Cameron
and Foster, 1972). Cameron and Foster reported more spe-
cifically on a sizeable number of steliate interstitial
cells in the rabbit pars tuberalis, the cytoplasm of which
was characterized by abundant microfilaments. They observed
that these filaments were not disassociated when the tiésue
was incubated with cytqoholasin B, In contrast, Morato
and'Férriera (l96d) described nongranulated cells in the

cat pars tuberalis with characteristics substantially dif-
ferent from those generally reported by other investigators.
They found tﬁo kinds of nongranulated cells, one dark and
one light, the latter associéted with ‘'colloidal' deposits
and possessing many cytoplasmic vacuoies to which small
osmiophilic grains were attached. They suggested that the
dark aﬁd light cells represented different stages of the
same cell type,

In the light of these reports, it would seem appro-
priate to observe carefully the nongranulated cell pop-
ulation of the guinea pig pars tuberalis and to note its
similarities and dissimilarities to the above observations
- and also, to compare it with the nongranulated cells of the
pars distalis as reported by others.

On the question of glycogen, numerous authors have
reported its presence in the cells of the pars tuberalis
(in the rat, Oota and Xurosumi, 1966, Klein et al., 1970,
Stoeckel et al., 1973a & b, Dellmann et al., 1974; in
mice, Siperstein, 1955, Stoeckel et al., 1973a, Dellmann
et al., 1974; in the frog, Dierickx et al., 1971l; in the

doormouse, Stoeckel et al., 1973a, Dellmann et al., 1974;
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in the hemster, cat, cattle and newt, Dellmann et al., 1974).
Stoeckel et al. (1971) stated that the glycogen content of
the granulated cells of the pars tuberalis of the mouse
distinguishes them from the rostral ACTH cells in an area
where these two types of cells come into contact. The
above findings are based, in most instances, on the ultra-
structurai morphology of tissue fixed with glutaraldehyde
followed by osmium tetroxide. Only Stoeckel et al.
1973 supported their findings with a histochemical'technique.
On the other hénd, Cameron and Foster (1972) reported that
glycogen was not seen either on the ultrastructural level
or on the light microscopical level using a periodic acid-
' Schiff reaction with diastase control. In addition, Knowles
and Kumar (1969) made no mention of glycogen in the tuberal
tissue of the Rhesus monkey. In this study, therefore, an
attempt has been made to investigate the glycogen content
of the guinea pig pars tuberalis.

The question bf how the pars tuberalis is regulated
is not yet clearly answered. While reports concerning
certain experimental animals describe neurosecretory material
entering the tuberal tissue (Beck and Daniel, 1960, Beck, etal.
1969, Daniel and Prichard, 1970, Naik, 1972, Stutinsky et al.,
1973), those concerning normal animals show much disagreement.
Papers on the electron microscopical examination of the
rabbit (Cameron and Foster, 197&), frog (Dierickx et al.,
1971), doormouse (Stoeckel et al., 1973a, Dellmann et al.,
1974), rat (Unsicker, 1971) and monkey (Knowles and Xumar,
1969) report nerve fibres in the tuberal tissue, although
there is considerable discrepancy as to the type of nerve

fibres observed; peptidergic and adrenergic both heve been
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mentioned. In contrast, other ultrastructural studies on
the pars tuberalis of the frog (Doerr-Schott, 1971), rat
(Stoeckel et al., 1973a & b, Dellmann et al., 1974), mouse
(Stoeckel et al.,'l973a, Dellmwann et al., 1974) and in the
hamster, cat, cattle, chicken and newt (Dellmann et al.,
1974) have not found evidence for innervation of the tissue.

The reports resulting from light microscopical inves-

- tigation also lack agreement. Neurosecretory fibres have
been observed entéringithe tuberal tissue of the rat (Arko
and Kivalo, 1958, Okomoto and Ihara, 1960) and some amphi-
bians (Legait and Burlet, 1966). Nerve fibres have also been
reported iﬁ the pars tuberalis of the cat (IMetuzals, 1959).
Szentagoth:fK?%§68), reporting on the cat and dog, and Beck
‘et a£126ggporting on the goat, observed rare nerve fibres
in the tuberal tissue but only in a small and restricted
area at a low level of the stalk. ZFurthermore, Wingstrand
(1951) observed only autonomic (perivascular) nerve fibres
in the avian tuberal tissue. In contrast, Beck and Daniel
(1960) report the absence of both nerve fibres and neuro-
secretory material in the sheep and goat and Fuxe (1964)
reports no direct adrenergic innervation (using an immuno-
fluorescent technique) in the mouse, rat, guinea pig,
hamster, rabbit and cat.

Alternatively, it is possible that the pars tuberalis
may be regulated via a blood supply. While it is not within
the scope of this study to investigate the guinea pig
hypophysial vascular system, this aspect has been examined
by others (Boerner-Patzelt, 1954, Weatherhead, 1968). They

have found that the portal vascular system of this animal

resembles that of other mammals (e.g., vole, Enemar, 1957;
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mouse, Lnemar, 1961; rat, Glydon, 1357, Cambell, 1966; rabbit,
Ternby, 1972); that is to say, the anterior hypophysizl ar-
tery feeds the primary capillary plexus which is located
between, and runs parallel to, the pars tuberalis and the
infundibular stem. The primary capillary plexus in turn gives
rise to the long and short capillary loops which ultimately
feed the wider portal vessels, many of which pass through the
pars tuberalis en route to the pars distalis. The intimate
location of the primary plexus and the portal vessels in
relation to the cells of the pars tuberalis iﬂ‘many animals
may be responsible for the observation that the ﬁars tuberalis
is an extremely vascular region of the pituitary gland (Wis-
locki and Geiling, 1936, Stevens, 1937, Harris, 1955, Allan-
son et al., 1959, Bloom and Fawcett, 1968).

Apart from the portal vascular system, there might be
other explanations for the blood vessels reported in the
pars tuberalis. In an embryologic study of the hypophysial
blood supply of the guinea pig, Weatherhead (1968) reports
that as the pars tuberalis anlage grows anteriorly over
the prospective median eminence, it contains some capil-
laries of its own which eventually Join those of the pri-
mary plexus. A similar description of the development of
the pars tuberalis vasculature has been reported in the
mouse (Enemar, 1961). In the frog, Dierickx et al. (1971)
also reports a separate vascularization of the pars tuber-
alis, the efferent capillaries of which anastomose with the
capillary plexus of the median eminence, Likewise, Wing-

strand (1951) reports on the embryonic development of the

w .

avian hypophysis in which the generzl pattern is that a

t

the pars tuberalis anlage developes, it carries with 1
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a capillary supply. Hot until some timeﬂafter birth does
the epithelium of the pars tuberalis come to enclose the
portal vascular system. However, cytoplasmic granules of
the avian pars tuberalis cells are seen in about the 6~day
old embryo.

While the nature of the vascularization of the pars
tuberalis is not clearly understood, the studies cited above
do not preclude the possibility that the regulation of this
tissue may be a function of its vascular system.

The major anatomical divisions of the mammalian hypo-
physis were established by Rioch, Wislocke and O'Leary (1940).
Several of these divisions are important enough to mention
now so as to facilitate the understanding of anatomical
regions mentioned in this thesis. Diagram I (page 30) may
be referred to. The adenohypophysis (originating from the
oral epithelium of Rathke's pouch) includes the pars dis-
talisv(PD), the pars intermedia (PI) and the pars tuberalis
(PT). The neurohypophysis (originating from the floor of
the brain) includes the pars nervosa (PN), the infundibular
stem (IS) and the median eminence (ME). Two further im-
portant terms must be kept in mind, the neural stalk, which
refers to the tissue of both the IS and the ME, and the
hypophysial stalk, which refers to the neural stalk plus
the surrounding adenohypophysial tissue (including the PT).

In conclusion, +the aim of this study is to de-
seribe the PT in the adult guinea pig with respect to its
gross anatomy, its light microscopical characteristics and
its ultrastructural cyftology. ILlectron microscopical ex-
periments in this study mainly involve male animals which,

through the absence of morphological changes related to
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the estrus cycle, are thought to be moreiadvantageous for the
determination of clear ultrastructural cell types.. Lestly,

a brief examination of the guinea pig YD is carried out in
order to supplement the information available on this tissue
for the purposes of evaluating the possible morphological

unigueness of granulated cells of the PT.
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MATERIALS AND METHODS

Animals

Twenty-seven Hartley albino guinea pigs were used in
this study. After their arrival at the St. Mary's Hospital
Medical School animal house, they were placed in quarantine
for three weeks before being used for any exveriments. They
were fed SG1l pellets and water ad libitum. Animals were
killed between 9 weeks .and one year of age. At the time of
sacrifice, they weighed at least 300 grams in the case of

females and at least 400 grams in the case of males.

Sacrificing

Animals were killed by one of two mgthods; One pro-
cedure involved killing the animal outright by breaking its
neck. The pituitary gland in these cases was quickly dis-~
sected out and immersed in the appropriate fixative. The
second method involved killing'via the process of perfusing

the anaesthetized animal with fixative.

Perfusion technigue

An ether soaked cotton wool pad and an animal were
placed together in a closed wooden box., When the guinea
pig gave no reflex responses, it was removed ahd pinned out
on a cork board with the etherized pad held in pdsition
around its nose. The chest cavity was then opened. Upon
exposing the heart, 0.05 cc. of heparin was injected into
the ventricle. The pericardial membrane was then removed,
the lower tip of the heart cut off and a small tear made in
the atrium to provide an outlet for the perfusate. DIextraven

110 was next perfused through the animal by means of a
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cannula fitted to & hospital infusion set which was hung
from about four feet to give a reasonable flow pregsure,
Forceps were used simultaneously to hold the cannula in place
and to close the open end of the heart. Dextraven 110 was
administered for several minutes until the liver and the
skin about the nose began to look pale. The cannula was
then disconnected from the dextraven source and reconnected
to a second infusion set which supplied the required fixative.
A small amount of fast green dye was addgd to the
fixative in the cases of formal cadmiﬁm calcium\chloride,
formal calcium chloride and gluteraldehyde in order to
create a built-in marker by which the effectiveness of the
perfusion could be judged. The yellow colour of Bouin and
Bouin-Hollande fixatives was an adeguate marker on its own.
Colouration of the skin around the eyes was a good indication
that the fixative had probably reached the pituitary gland.
The perfusion of fixative was usually continued for a
minimum period of five minutes after which the cranium and
a large portion of the brain was removed, leaving.the pitu-
itary gland @ttached to a small piece of hypothalmus) in
place., This was then carefully freed from the surrounding
meninges and immediately immersed in a small amount of fix-
ative for some additional time. DBefore immersion, the
colouration of the gland was checked to determine the

actual success of the perfusion.

Light microscopy

Fixatives used for examining the pars tuberalis under
the light microscope included formal cadmium calcium chloride

(FCC, Eaker, 1944), formal calcium chloride (FC, Baker, 1944),
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Bouin and Bouin-Hollande (Iangeron, 194253 Tissue which was
fixed in Bouin or Bouin-3ollande (for three to five days) was
rinséd repeatedly in 70% ethanol to remove excess fixative
before continuing with the process of dehydration and émbed—
ding. Tissue fixed (vernight) in FCC was rinsed in running
tap water for two hours to remove excess cadmium befbre
proceeding with dehydration and tissue fixed ©vernight) in
FC was taken immediately through the dehydrationfand enbed-
ding schedule. For all pituitary glands used in light |
microscopical experiments, the dehydration proceés involved
taking the material through a series of graded ethanols -
15 minutes each in 70% and 90% alchohol and one hour in
absolute ethanol (four changes of 15 minutes each). The
tissue was then cleared in chloroform overnight and vacuum
embedded the following day in 57°C wax (three changes of
15 minutes each) before being cast in Leuckhart's I pieces.,
Blocks containing the whole pituitary glend attached
to the brain were cut serially on a Spencer microtome in
either the vertical, transverse or horizontal plané at a
thickness of 5« for most staining techniques and at 8« and
10« for some of the neurosecretory stains and for all silver
impregnations. Some sections were mounted directly on to
degreased glass slides using a drop of albumin solution as
an adhesive. Others were floated on to a 50°C water bath
containing approximately 0.002% each of gelatine and
potassium dichromate before mounting on glass slides,
Erlich's haematoxylin and 1% alchohol soluble eosin
was used for general purposes and Jordon and Baker's

pryonin methyl green (PNMG, 1955) with an RNAase control
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wWas used for cellular RUA detection. Toicheck for evidence
of innexrvation of the PT, Bargmann's chroﬁe alum haemstox-~
ylin (CAH, 1949), Gabe's aldehyde fuchsin (4F, 1953) and
Kerr's alcian blue (4B, 1965) were used to detect neuro-
secretory substances and Bodian's silver (protargol) im-
pregnation (1937), to detect nerve fibres. The specificity
of the neurosecretory stains was checked by omitting the
oxidation step for some slides and noting that substances
continuing to stain were not neurosecretory (e.g., 'colloid!').
As a control for the silver impregnafions, one slide of cer-
ebellum tissue which had been fixed in'Boﬁin-Hollande vias
processed in each tray of pituitary slides to be impreg-
nated. A double impregnation was routinely performed as
suggested by Bodian. After dewaxing the slides and bring-
ing them down to H20, they were placed in the prescribed
protargol solution for 24 hours, washed, reduced and washed
again before being returned to a fresh protargol solution

for a further 24 hours. After repeating the reduction pro-
cedure, the normal schedule was resumed to completion. Every
other Bodian impregnated section was counterstained with
either Gabe's AF or with Foley's counterstain (Humason, 1972),-
thus aiding the distinction between nervous and non-nervous
tissue and, in the case of Gabe's AF, also demonstrating
neurosecretory material. Periodic acid-Schiff (PAS, Fearse, .
1968), aldehyde fuchsin (AF, Gabe, 1953), alcian blue (Xerr,
1965), lead haematoxylin (ILH, MacConaill, 1947 ~ when stain-
ing Bouin fixed sections, pretrezatment with 0.2N HCL zc per
Solcia et ai., 1968, was carried out) and a combination of
AB/PAS/Orange G (APG) were used to investigate the tinctor-

ial properties of the cells of the pars tuberalis. Lhe
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gquality of these technigues was aglways checked by examining
their effectiveness on the cells of the pars distalis. ZIastly,
the presence of glycogen was investigated by use of Best's
carmine method and the PAS’reaction, both with diastase con-
trols.

In addition, thick sections cut from specimen blocks
piepared for electron microscopy were examined under the
light microscope. One micron sections mounted on glass
slides were stained with Azur II (0.5% Azur II in 3% sodium
tetraborate). 'Sectioné two microns thick were also mounted
on glass slides and subsequently treated with a solution of
absolute ethanol which had been saturated with potassium
hydroxide to remove the TAAB resin (Imai et al., 1968).
After three rinses in absolute ethanol, these sections were
stained with PAS.

Table 1 shows which fixatives were used for each of

the histological techniques.

Routine electron microscopy

Guinea pigs were perfused with half strength glutar-
aldehyde (Karnovsky, 1965) at room temperature, after which
the pituitary gland was removed and immersed in full strength
fixative for a further two hours, again at room temperature,
The tissue was then stored in sodium cacodylate buffer (pH
7.2) at 4’ C overnight. The specimen was further dissected
to obtain five pieces of PT attached to the neural stalk,
each piece representing a precise area of the tissue as fol-
lows; three ventral areas (anterior, central and posterior)
and two dorso-latteral areas (anterior and vosterior). These

bits were then placed in separate vials, post-fixed in



24—

TABLE 1
Bouin- Glutar-

Fcec IC Bouin Hollande aldehyde
H&E X X X X
PLiG X X
PAS X X X X XL
APG X X X X
AT X X X 2
4B X X X
LH X X X
CAH X X
AZUR. II _ X

Palade's osmium tetroxide (1952) for one hour at 430, rinsed
in distilled water and bulk-stained in 3% aqueous uranyl
acetate for one hour. Again, the tissue was washed in dis-
tilled HZO followed by dehydration through graded aichohols,
similar to the procedure for light microscopy. Embedding
necessitated placing the pieces into a mixture of equal parts
absolute ethanol and TAAB resin for one hour and afterwards
into 100% TAAB resin overnight. The pieces were then embed-
ded in fresh TAAB resin and placed in a 56 C oven to poly-
merize for twenty-four hours.

Sections were cut on a Huxley ultramicrotome (Cambridge
Institute Company). One micron thick sections stained with
Azur II were used to locate the tissue of the pars tuberaiis

in the block and to select particular areas for electron
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microscopical examination. Thin sections:showing either a
silver or pale gold interference colour were mounted on
degreased 200-hole copper grids. In some cases when serisl
sections were desired, 100-hole copper grids coated with

2% amyl acetate were used instead,

Sections were stained with Reynold's lead citrate
(Venable and Coggeshall, 1965) for two minutes, the solution
having been previously centrifuged. Sodium hydroxide pel-
lets were placed in the staining chamber to absorb CO, in '
order to reduce contamination,: Grids.were examined on an
AEI-EM6B electron microscope at 60 kV.

Selection of female animals for rou-—
tine electron microscopical studies

While it has not been possible in this study to examine
thoroughly the effects of the estrus cycle on the cells of
the PT, it was thought appropriate to determine, for the
record, at what stage in the cycle each of the female guinea
pigs was at the time it was sacrificed. In order to do this,
three female animals were observed for three consecutive
cycles and vaginal smears were taken twice daily during the time
the vagina was not closed by a covering membrane. Vaginal
cells were obtained by“inserting a flat wooden toothpick into
the vagina after which a smear was prepared on a degreased
glass slide. The slide was then immediately immersed in 100%
methanol for at least 15 minutes to fix the cells. The smears
were stained by the Papanicolaou method (1942) and examined
to identify cornified cells, nucleated epithelial cells and
leucocytes and to note changes in the proportions of these
types of cells.

Two female animals were ultimately sacrificed, one in
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estrus and the other in diestrus at approximately mid-cycle.

Granule and microfilament measurement technique

icrographs of granulated cells from each of the an-—
imals studied by routine methods were randomly selected.

The absolute magnification (at least X15,000) for each
photograph was determined by accurately calibrating the
microscope using a platinum line graticule (2,160 lines/mm).
Twenty granules, selected randomly from each of 40 cells,
were measured along their longest axis to the oqteide mem-—
Erane by means of a Lumex optieal micrometer with.a mm scale
marked off to 2mm. The mean value (i standard efror) and
standard deviation of the granule measurements for several
categories of cells were calculated. In addition, the
student's t-test was used to check for significant differ-
ences between the granule sizes of the various categories

of cells.

Photographs of 10 cells, enlarged to at least X75,C00
and corrected to absolute magnification, were used for the
measurements of cytoplasmic filaments. Ten 1ongitudinally
cut filaments were selected randomly from each photograph
and their diameters measured,

Method of fixing tissue with potassium
permanganate for electron microscopy

The hypophysial stalks of two animals which had been
killed outright were immersed in freehly made 2% unbuffered
potassium permanganate (pH 7.2-7.4) for two hours at room
temperature, after which the tissue was rinsed in 25%
ethanol for two 1lO0-minute changes. The tissue was then cut
into several smaller pieces, dehydrated and embedded follow-

ing the same schedule as in routine processing. Lo atteupt
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was made to orientate these fragments. Two pieces from each
pars tuberalis were examined under the electron microscope
for the presence of glycogen.

Incubation of the PT with cytocholasin
B in preparation for electron microscopy

The PT of two male guinea pigs which had been killed
outright were used in this experiment. Each PT was divided
into four pieces which were then placed each in culture
media as follows: a control medium containing 97% 199
medium with 2% calf's serum and 1% DMSO, and tﬂree other
culture media consisting of the control medium combined wifh
cytocholasin B to give concentrations of 50ug, 100ug and
150ug of cytocholasin B/ml of medium. The pieces were
incubated for 5% hours at room temperature, after which
they were rinsed in two changes of Hank's solution and two
changes of sodium cacodylate buffer before being fixed in
glutaraldehyde followed by osmium tetroxide in the normal
manner. Dehydration and embedding followed standard pro-
cedures.,

Ultrastructural examination of
the guinea pig pars distalis

Tissue fragments of the pars distalis from two male and
two female animals were fixed and embedded following the rou-—
tine method for electron microscopy. Six fragments (4 from
males and 2 from females) were sectioned, stained and exam-

ined in the normal manner.,
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TABLE 2

Summary of experiments carried out with respect

to fixatives used and sex of the animals

Light microscovical experiments - 13 animals sacrificed (50°,8%2)

Fixatives FCC FC Bouin ‘Bouin-Hollande
Perfused 10 10 | 20
22 2% 29
Immersed , 197
19% 1%
*

Fixation by perfusion was attempted but was unsuc-
cegssful and therefore the pituitary gland was dis-
sected out and immediastely immersed in fixative.

Electron microscopical experiments - 14 animéls-sacrifiéed 1207, 2%)
Fixative Glutaraldehyde Potéssium.permanganate'
Perfused 70
29
Iﬁmersed B 100, 2d*+* plend
| * %

Pituitary gland was incubated for 54 hours in
culture medium for the cytocholasim B experi-
ment before immersing in fixative.
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RESULTS

Gross anatony of the guinea pig hypophysis
with particular resvect to the pars ftuberalis

The guinea pig pituitary gland is horizontally orienta-
ted at the base of the diencephalon, its long axis running
parallel to that of the brain. As in other rodents, and
indeed most vertebrates, the guinea pig adenohypophysis is
composed of the pars distalis, the pars intermedia and the
pars tuberalis, and the neurohypophysis is composed of the
pars nervosa, the infundibular stem and the median eminence,
These anatomical regions are illustrated in diagram 1. The
pars tuberalis is seen to wrap around much of the hypophysial
stalk as drawn in diagrams 2b and 3. The infundibular recess
of the third ventricle runs parallel to nearly the entire

length of the pars tuberalis (diagram 3).

Light microscopical results

(Figures 1 - 63 at the back of the volume are micrographs
which will be referred throughout the results)

The cells of the guinea pig PT are arranged in long cords
spread over the neural stalk. Qhe thickness of the tissue
varies, but it is usually between two and five cells deep ex-
cept in the posterib-ventral and anterio-dorsal regions where
it may be up to twelve cells deep. There is no precise point
of division between the YD and the PT although the transition
is relatively abrupt as seen by a sharp increase in the number
of chromophiles in the PD as compared to the largely chromo-
phobic cells of the PT. The primary capillary plexus lies
befween the tuberal tissue and the adjacent nervous tissue,

most capillaries being seen to run parallel to the long axis
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medial sagittal section parasagittal sectiomn

Diggram 1, Tracings of three vertical sections of
the guinea pig hypophysis attached to the brain

to illustrate the location and shape of the tissues
comprising the gland. PN - pars nervosaj; PD - pars
distalis; ME - median eminencej; IR - infundibular
recess; IS - infundibular stem; III V - third
ventricle; £} -~ pars intermedia; [F - pars
tuberalis. X13
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Diazram 2a. Sketch of the

PT (ventral view) lying at
the base of the diencepha-
lon (d)., The PT is attached
to the PD posteriorly. The
brain is shown to be cut
transversely at the anterior
extreme of the PT to illus-
trate the third ventricle
(IITI V).
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Diagram 2b. Same view add-
ing four hypothetical trans-—
verge sections of the PT

to show the relative changes
in the dorsal extent and

the depth of the tissue
along its length., The third
ventriecle has not been

drawn in for simiplicity.

Diapram 3, Sketch of the PT as viewed from its dorsal

—_——

surface (DPT - dorsal pars tuberalis) to further show
how it wraps part way around the median eminence (ME) .,
The narrow opening represents the third ventricle

(ITI V) cut in the horizontal plane, just dorsal %o
where it fang ouvt (dotted lines) internally within the

median eminence, The latter igs

also cut in the hori-—

zontal plane at the point where it is continuous with
the diencephalon. IS — infundibular stem; [F] - epithe-
1lial tissues of the pars intermedia and the pars dis-

talis,.
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of the ME. The shape of the cords conforms with the presence
of the small blood vessels lying against and within the PT,
These features are seen in Figures 1 - 8.

As stated above, the PT is composed largely of'chromopho—
bic cells; more specifically, the majority of cells do not
stain with orange G, eosin, PAS, AB, AF or LH. An infrequent-
ly seen cell type (Figures 5 - 7), usually located adjacent to
a blood vessel, stains strongly with PAS and AB when the tissue
has been fixed with FC or FCC, and faintly when fixed with
Bouin or Bouin-Hollande. Moderate PAS staining of this cell
is also seen in 2u« sections fixed in glutaraldehyde/osmium
tetroxide from which the TAAB embedding resin has been remov-—
ed by potassium hydroxide. TAAB embedded 1um sections‘stained
with Azur I1I also reveals the darkly stained granuies of this
cell type. This mucoid cell type is seen to be fusiform to
rounded in shape and to have an eccentrically placed nucleus.
Although rare, it is seen in all areas of the tuberal tissue.

Both the periodic acid-Schiff reaction and the Best's
carmine method with diastase control give no evidence for gly-
cogen in the cells of the PT. A moderate amount of cytoplasmic
RNA, however, is indicated by staining the tissue with PMG,
with and without an RilAase control.

'Colloid' substance (Figures 5 and 7), staining positively
with PAS, CAH, AB and AF occurs regularly throughout the PT.

It also stains deeply with Azur 11, sometimes exhibiting meta-
chromasgia. I% is found in the centre of a group of cells, the
nuclei of which are located away from the lumen. When the ox-
idation step is omitted in the above mentioned staining metaods,
the luminal substance(s) continues to dye strongly. This con-

trasts with the reaction of neurosecretory material in the ME
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hich will be described shortly.

’Colloidal‘ deposits are also seen in very large cystic
structures (Figures 5 and 9) which often occur in the posterio-
veﬁtral PT, but occasionzally are seen in other regions. The
luninal content stains identically with that previously de-—
scribed except that Azur 11 staining always reveals extensive
metachromasis. The 'colloid'!'-filled lumina of the cysts are
bordered by a tightly packed wall of chromophobic cells which
are frequentvly either cuboidalyor columnar in shape. At randon,
border cells appear which possess many cilia extending into
the iumen (Figure 9). In nany cysts, other cells occur imme-
diately behind the border cells and have a plasma membrane
characterized by many villous processes which tend to extend
across stretches of extracellular space., Similar processes
may also be seen on the basal surfaces of the border celis

themselves.,

enceg Tfor the presence of neurosecretory waterial

o]

o evi
is seen in the PT after staining sections serially with AB,
AT or CAH., Using vthese same stains, the tractus hypophyseus
(containing axons from the supraoptic and paraventricular
nuclei) is scen to contain positively staining Herring bodies
and some smoll bheaded fibres which are confined largely to the
internal ME and which coniinue to occur through the IS (Figure
8). As a conbtrol to check whether these results are evidence
of neurosecretory material, ithe oxidation step has been occa-
sionally omitted before staining., The HE, the IS znd the PN
in these instances are found to pe void of positively stain-
ing substances. Sodian's silver impregnaticn is seen to reveal
many argyrophilic fibres of the tractus hypophyseuvs, and also

many finer fibres in the external iE, presumably nerve fibres



—34

of the tuberohypohysial tract. ZFibres are never seen entering
the parenchyma of the PT, in contrast to nunmerous fibres which
are seen to enter and transverse the tissue of the PI in the

same sections.

Routine electron microscopical resulis

The systematic examination of five areas of each of ten
animals, eight males and two females, was carried out. The
first results to be reported deal with the eight male animals,
for although a comparable morphology is seen in the females, it
will be described later with respect to its variations.

Five distinct cell profiles and a transition cell profilé
are observed in the PT. A characterization of each follows.

Cell profile I (Figures 10 -~ 15). This cell profile is

the predominant cell found in six of the eight male animals

- exanmined, representing a quarter to a third of the cells ob—-
served., It is evenly distributed throughout the entire tissue,
is about the same size as other cells and often has an angular
shape with one or several processes. Its plasma membrane
makes a varizble degree of contact with the basement membrane.
Its numerous cybtoplasmic granules are the primary icdentifying
feature of this cell type. The granules average 121lnm

in Llength (see Table %, page 39). They have a very elec-
tron dense core snd a variably sized hzlo (i.e., an electron
lucent space between the core and the enveloping membranes) .
The cytoplasm contains a moderate amount of fiat, rough endo-
plaswic reticulum (RER) which may assume either a snake-like
path through the cell (Figure 11) or wmay form small stacks
(Figure 13). 4 single, relatively large Golgi regicn is

present in which may be seen smooth and coated vesicles,
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small electron dense granules with rather large haloes (figure
13) and occasional electron dense content in lamellae which
appear to be budding. A moderate number of elongated mito-
chondria are seen, the cristaé of which may be variable in
their orientation.

The cytoplasm is seen to contain numerous polyribosomes.
Microtubules are also present and are occasionally very
striking in cellular processes where their long axes are
orientated parallel to the processes., A variety of lysosome-
like bodies are seen, including multivesicular bodies and dark
bodies, the latter of which may be spherical, dumb-bell-shaped
or ring-shaped. Lipid-like inclusions are also observed, though
infrequently.

Paired centrioles occupy a perinuclear position (Figure
13). Cilia are also seen to originate from profile I cells.
Transverse views of cilia are rarely encountered, but of the
few seen, either a 9+l or a 9+2 tubular formation is observed,
the axial tubule(s) being difficult to discern,

Desmosomes, usually without attached filaments, are occa-
sionaliy seen joining profile I cells to cells of profiles IV
and V described below. The plasmalemma is also seen to po-—
ssess occasional pinocytotic-like invaginations. Groups of
granules are sometimes seen aggregated against the plasma-
lemma adjacent to the basement membrane (Figure 14), while
less often, the membrane of a single granule appears to fuse
with the plasma membrane. Exocytotic-like profiles (Figure
15), however, are rarely observed.

Cell profile II (Figures 17 - 20). This cell profile ap~

pears distinct from that just described due to its more exten-

give RER which is observed to form deeper stacks and the cis-
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ternae of which are marginélly dilated, revealing an amorphous,

homogeneoué natrix (Figures 17 and 20). Coexisting with the

stacked RER is some spherically dilated RER which appears to

contain a similar amorphous matrix substance. Occasional cyto-—

plasmic myelin-like structures are seen and very rarely, a

small number of filaments measuring 9OK in diameter (Figure 40).
This cell profile appears in only two of the eight male

animals studied. Correspondingly, the number of profile I cells

in these animals is seen to be greatly reduced, and in some

areas, totally absent. Tne frequency, distribution, size and

shape of profile II cells are comparable to that of cell pro-

file I and their granules similarly average l1l4nm in length

(see Table 3, p. 39), although haloes around the dense cores

are consistently reduced to a minimum. The active looking Golgi

zone 1is also comparable to cell profile I, as are all

other organelles, including the presence of granules aggregated

against the plasma mewbrane (Figure 18),

Cell profile III (Figures 21, 22, 24, 25). Although this

is the least frequently observed profile (perhaps one or two
seen per electron microscopical section), it is observed in all
areas of the PT. Cells of this type are usually found adjacent
to a blood vessel. They are round to fusiform in shape and con-
tain a round to oval nucleus eccentrically placed, Due to their
freguency, shape and location, they are considered to correspond
with the mucoid cells found in light microscopical prepara-—
tions.

Under the electron microscope, this cell type is easily
identified by its larger cytoplasmic granules which average
229nm in length (see Table 3, p. 39). As in the previous two

cell types, the very electron dense granules of profile III
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cells are membrane-bounded; occasionally, however, there is an
additional medium density zone within the enveloping membrane
(Figure 22)., The granules of cell profile III are never seen
to fuse with the plasma membrane.

The RER tends to form several layers near the edge of the
cell, but it is also found generally throughtout the cytoplasm
(Figures 21 and 22). The cisternae .are just slightly dilated
and a moderately dense amorphous matrix is seen within., Cell
profile III contains a large Golgi zone which frequently con-—
tains smooth and coated vesicles, immature looking granules
~and lamellae which are dilated at the ends (Figure 22). Also,
prominent mitochondria with closely packed transverse cristae
are typical. Some free ribosomes, an occasional microtubule
- and very rarely, a few filaments are seen in the cytoplasma
The plasma membrane contains noticeably more pinocytotic—
like invaginations than are found in the other cell types.

Desmosomes, cilia, centrioles, lipid-like inclusions
and lysosome-like bodies are as described for the previous
two granulated cell types. 1In one instance, a profile III
cell appéared to be extruding myelin-like substances (Figures
24 and 25).

Histograms showing the distribution of granule sizes for
profiles i, I1 and III are seen on page 38. Table 3 6n page 39
shows, for each profile, the'mean lengths of the granules in
the individual cells sampled and the mean length, standard
deviation and standard error for the profile sample as a
whole.

Cell profile IV (Figures 26 — 31, 51) This cell

profile is the only one not seen to be evenly dis-

tributed throughout the tuberal tissue; it has not been
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Histograms showing the distribution of granule
sizes for each cell profile
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TABLE 3

Mean granule diameter in nanometers per cell and
overall mean, standard error of the mean (S.E.HM.),
standard deviation (SD), and range of granule
‘sizes per cell profile. '

Cell Profile I Cell Profile II Cell Profile III

(20 cells) (10 cells) (1.0 cells)

101 106 113 206

125 114 99 224

117 122 112 238

135 .09 135 207

133 130 111 225

121 111 115 230

125 128 98 224

120 133 120 249

133 120 113 242

113 128 122 227
overall |
mean 121 114 229
SD £25.125 +20.720 t44.199
S.E.M., *1,.256 1,465 +3,125
range 65 - 195 50 - 180 140 -~ 345

The student's t-test reveals significant differences in
the mean diameter of all three cell profiles.

obgserved in the dorsal region. It is identified by the large
guantity of dilated, round RER in its cytoplasm. The cisternae
are observed to contain a small amount of flocculent substance
and, on occasion, inclusions in the form of either small
vesicles or dense particles are seen (Figure 29).

Cells of profile IV are usually cuboidal or elongated in
shape and are invariably seen to border a 'colloid'-filled
lumen, The polarity of the cells is characterized by an eccen-—
trically placed nucleus located near the basal pole, a cen-
trally located Golgi body and fregquently a periluminal fila-
mentous network (Figure 26), The fine filsments of such

networks of ten run parallel to the lumen extending from tight
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Junction to tight junction, the latter being components of the
Junctional complexes of the periluminal plasma membrane.
Several layers of long lamellae and a moderate number of

smooth vesicles are found in the Golgi zone of many profile

IV cells (Figure 29). Occasionally the lamellae are seen to
"be dilated at their ends (Figure 30). No granules or electron
dense particles, however, are observed in the membrane struc-r

| tures of the Golgi apparatus. The mitochondria appear mofe

electron dense than those in other cell profiles and they

are not numerous,

"~ The cytoplasm is also seen to contain polyribosomes, some
microtubules, a few random microfilaments and an occasional
-multivesicular body. A few membrane~bound granules, ranging
in size from 100nm to 600Onm, are usually present, the matrix
of which is granular (Figures 27 and 28); they are quite prob-
ably lysosomes. Centrioles are frequently observed near the
Juminal margin éf the cell (Pigure 36). They are sometimes
seen in pairs perpendicularly orientated to each other. Cilia
have never been observed to originate in this cell type

Several characteristics make the plasma menbrane dis-—
tinctive. In many places, the basal and latteral plasma mem-—
brane is increased by means of microvillous-like extensions.
Two neighbouring profile IV cells having interdigitating
plasma membranes are illustrated in Figures 31 and 51. Des-
mosomes are numerous. JLhey are usually associated with fil-
aments when joining a cell of this type to a nongranulated
cell (i.e., cell profiles IV and V) and are usually unas-
sociated with filaments when joining a cell of this type to
a granulated cell (i.e., cell profile I, II or III).

Several features of the luminal surface include micro-
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villi (Figure 32) and what appear to be vesicles fused to the
plasma membrane (Figures 26 and 52). In other places, however,
the apical surface may be seen to be very smooth (Figures 29
and 31).

A similar fusion between vesicles and the plasmalemma
is infrequently observed at the basal pole of the cell (Figure
~ 28). The number‘of profile IV cells surrounding a 'colloid'-
filled lumen varies greatly from only a few to many. The

lumen plus the associated cells is referred to as a follicle.

Cell profile V (Figures 39 - 44). The last cell profile
to be described is also nongranulated. It is seen evenly dis-
tributed in all parts of the PT and is readily recognized by
an abundance of filaments in its cytoplasm. Examination of
the latter at high magnification reveals a beaded structure
90 - 1104 in diameter. A transverse view of a filament
revealing an electron lucent core and a dense wall from which
four or five spikes may be seen to radiate is shown in Figure
42, Filaments £ill the entire cytoplasm of some'cells, but
in other cells, they are frequently thinned out somewhat, par-
ticularly towards the cell periphery. The cells themselves,
like cells of profiles I and II, oftgn have an angular shépe
with one or several processes. The eccentrically placed nuclei
are usually rounded but they may, though infrequently, be in-
dented.

A small amount of shoft, flat RER is seen among these
filaments and near the cell periphery. The mitochondria are
moderate to few in number. One or several small Golgl apparatuses
are frequentiy seen at the cellular margin (Figure 39), al-
though in some instances a wmore centrally located. Golgi body is

present which tends to be larger and not unlike that of cell
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profile IV (cf page 40). Electron dense substances are not
observed within the Golgi membranes,

Polyribosomes, multivesicular bodies and lysosome-
like dark bodies are observed in the cytoplasm, the latter
being rod, round or dumb-bell-shaped. Also, very small
.cytoplasmic disruptions-are not uncommon in these cells (Fig-
_ure 41). Hicrotubules are infrequently seen.Neither cilia
nor centrioles are ordinarily observed.

A feﬁ microvillous—-like extensions of the plasma membrane
are sometimes observed. Desmosomes are numerous and like those
of profile IV, they are usually associlated with filaments when
Jjoining a cell of this type to a nongranulated cell and are
unassociated with filaments when joining a cell of this typé
to a granulated cell. Pinocytotic-like invaginations are often
observed zlong the plasma membrane.

Sometimes, particularly in the dorsal region of the PT,
cells of profile V are seen to be associated with 'colloidal!
deposits (¥igure 44).

Transition cell profile (Figures 45 and 46). Certain

cells appear to provide evidence of a trénsitional morphology
between cells of profile IV and profile V. They are identi-
fied primarily by the cytoplasmic coexistence of numerous
filaments (ﬂ'lOOK in diameter) and spherical RER of the type
found in cell profile'IV. Characteristics of the transition
cell profile which are similar to those of cell profile IV
and V include the high frequency and the morphology of des-—
mosomes, microvillous-like extensions of the plasma membrane
and cellular associations with 'colloid! deposits.

Other cytological observations coucerning the eight male
animals now foilowso

Cysts. Due to the random method of selecting the elec-—
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tron microscopical sections in this study, only a few examples
of cysts were observed. Furthermore, as their bulk is quite
large by electron microscopical standards, the observations
are not hecessarily comprehensive. Nevertheless, they are
considered to be of considerable interest.

Like'therfollicles previously described, cysts are
'colloid'-containing structures bordered by cells; the num-
ber of associated cells, however, andrthe lumen itself, is
much larger. A cyst is always seen to be separated from the
rest of the tuberal parenchyma by basement membranes and a
wide extracellular space. Furthermore, most of the cells
are of a different type to those already described in this study.

Thus, the cells forming the wall are frequently columnar
or cuboidal, a fact also noted by 1ight microscopy. Neigh-
bouring cells are joined to each other by junctional complexes
situated near their apices. Under the electron beam, most
cells are characterized by a dark cytoplasm containing what
appears 0 be much smooth endoplasmic reticulum (SER), some
large dark bodies which may be lysosomes, some scattered
bundles of microfilaments, a few strands of flat RER and
rather fatter mitochondria than in previously described cells
(Figures 53 and 54). The nucléus is frequently indented. Be-
tween the nucleus and the lumen, a small Golgi zone is fre-
quently observed. Microvilli or microvillous-like extensions
may be.observed on all cell surfaces. This cell profile will
be referred to as Dark Cell I.

Among the dark cells bordering on the lumen, cells with
a lighter cytoplasm are found at random intervals., While the
cytoplasmic characteristics vary, making classification dif-

ficult and uncertain, these cells appear to fall into two
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categories. One is very similar t0 the dark cells except
that the organelles and cytoplasm are less dense. Polyribosomes
are easily discerned and the SER contains a moderately dark
matrix (Figure 50). Many long cilia are.seen to arise from
the luminal edge and project into the lumen. In cross section,
the tubular arrangement in these cilia is usually seen 1o be
9+2 (Figure 49 - note, however, that one cross section is
suggestive of 94%). A second type of light cell (Figure 48)
contains abundant filamenits, a number of dark mitochondria,
some flat RER and a few dark bodies. Nearer the luminal edge,
many small vesicles are seen. This kind of cell is usually
seen to be protruding somewhat into the lumen and this ap-—
pearance is accentuated by microvilli on thé luminal surfaces.

On one occasion only, all the columnar cells of the cyst
were seen to be identical to those of cell profile IV (Figure
51). Of particular note, the luminal plasma membrane exhibits
possible evidence of actual penetration of electron lucent
vesicles through the plasma membrane (Figure 52). Also,
some pinocytotic—liké invaginations are seen,

Surrounding the cells which are in immedlate contact
with the lumen, there are usually several layers of a second
kind of dark cell (Yigure 47 - Dark Cell II). Its cytoplasm
normally contains wany free ribosomes, broad mitochondria,
some flat strands of RER and a few dark bodies, some of which
could be lipofuscin‘inclusions. Its plasma membrane pos—
sesses many microvilli which extend into the broad intercel-
lular spaces existing between cells of this kind. In many
placés, desmnosomes with filaments join cells of this type
together,

Tuminal substances. 'Colloid! is the name which has been
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given to the content observed in follicles and cysts in most
describing

light microscopical studiesxﬁhese structures in the pituitary
: glaﬁd. In the case of cysts, on the ultrastructural level,
this content is largely seen to be a relatively dense, amor-
phous substance. It tends to be flocculent near the cell
boundaries, coexisting with a few myelin-~like particles
(Figures 50 and 51). It then becomes more dense and homo-
geneous, filling the entire cavity.

In the smaller follicles delimited by cells of profile
IV, the substance(s) appears to be more variable. Its density
varies from follicle to follicle (contrast Figure 31 with Fig-
ure 44)§ In some instances, the luminal content appears to
be homogeneous, while in others, electron dense, particulate
material is present (compare Figures 31, 32, and 37). Some-
times, evidence of an accumulation of small, round membranous
structurés is seen, a finding also verified in tissue fixed
in potassium permanganate (Figures 34 and 35). Figure 33
shows a portion of the content of a follicle cut very near
the tangential surface of the bordering cells, illustrating
another occasional finding, that is, an aggregation of more
electron dense particles near the edge of the cell (includ-
ing transverse cuts of microvilli) than in the lumen generally.

Vascular and perivascular morphology. Between the PT

and fhe neural stalk lies the primary capillary plexus, some
capillaries of which encroach perpendicuiarly onto the tuberal
tissue (Figure 58). Thae endothelium of these capillaries, both
on the surface facing the median eminence and on the surface
facing the pars tuberalis, contains numerous fenestrations,
each with a closing membrane (Figure 46). TFenestrated cap-

illaries are also seen on the external ventral surface of the
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tissue. The endothelial cells are surrounded by a basement
membrane and a wide perivascular space in which perivascular
cells, collagen fibres and an interstitial matrix are found.
Rarely is a plasma cell observed. A gecond basement membrane is
seen adjacent to the parenchyma of the PT.

Although fenestrated capillaries are found more deeply
within the PT, more commonly,.the blood vessels so situated
are arterioles (Figure 60). The endothelium of the latter
possess numerous pinocytotic vesicles. ©OSmooth muscle cells
are seen next to the endothelium and these also contain many
pinocytotic vesicles (Pigure 61). Nerve fibres containing
small synaptic vesicles (30 - 50nm in diameter), microtubules
and round mitochondria can be observed next to the smooth
muscle cells in some sections., Arterioles are found in all
areas of the tissue,. |

Nerve fibres. Only upon two occasions were nerve fibres

seen to have penetrated the basement membrane and entered the
PT. In one instance, the fibre penetrated some tuberal tis-
sue that had protruded into the normal area of the median
eminence. The fibre contained some electron lﬁcent vesicles

(~ 50nm in diameter) and several dense cored vesicles (# 120nm
in diameter). In the other instance, the probable fibre, con- '
taining many microtubules, was obliquely cut and, therefore,
had a honeycomb appearance. Both examples were located in

the posterio-ventral region of the tissue. Normally, however,
nerve fibres are not found in the PT except, as mentioned above,
in association with smooth muscle cells in the perivascular

spaces.



—4 7

Electron microscopical results
concerning female guinea pigs

The vaginal smears examined in this study, when stained
by the Papanicolaou method, 4o not reveal decisive changes
in the ratios-of cornified cells, nucleated epithelial cells
and leucocytes to correspond to each stage in the estrus cycle
as reported in earlier studies (Stockard and Papahicolau,
1917, Sella, 1922, Young, 1937). As in these earlier re-
ports, however, the vaginal membrane is found to be broken
for about four days of the cycle. During this period, the
vaginal smears observed in this study are usually seen to
contain the three kinds of cells mentioned above, each well
represented. The only change in their proportions occurs
at about twenty-four hours after the vaginal membrane opens
when almost no leucocytes are present. This, therefore, is
considered %o coincide with estrus, a criterion also used
by Donovan and Lockhart (1972). The estrus cycle is ob-
served to be approximately sixteen days long, day one be-
ginning with estrus.

Two female guinea pigs, one in estrus and one in di-
estrus (killed on the eigth day of the cycle) have been
examined. UCells of profiles I, IIL, IV and V are easily
identified in the young female and no change in the dis-—
tribution or location of these cells is noticed. There are,
however, far fewer granules in the cytoplasm of many of the
profile I cells in both animals. (Figure 16)., No other dif-
fefences, however, have been obse:véd between the cells of

the female and the male animals,
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Electron microscopical results concern-
ing potassium permanganate fixed Tissue

Immersing normal guinea pig liver in 2% unbuffered
potassium permanganate is found, in this study, to fix
cellular alpha glycogen particles (Figure 55). Following
an identical procedure to fix tuberal tissue, scattered,
electron dense, fine particles are found in the cytoplasm
of some profile II cells (Figure 56). These probably re-
present a small amount of beta glycogen. No similar find-
ings are observed in other cell types.

As previously mentioned, an accumulation of membran-—
ous structures is seen in the lumen of some follicles in
tissue fixed in this manner. |

Electron microscopical results concern-
ing tissue incubated with cytocholasin B

Cytocholasin B appears t0 have no effect on the cyto-
plasmic filaments in the cells of profile V when the tuber-
al tissue is incubated in any one of three concentrations
of this drug (i.e., 50ug/ml, 100u4g/ml and 150xg/ml). While
cells are easily identified in all cultured specimens, in-
creased vacuolation and increased numbers of disrupted
cells are seen in the incubated tissue as compared with the
normal. Also, the delimiting membranes of a great many gran-—
ules were observed to be fused with the plasma membranes.

Electron microscopical results concerning
the pars distalis of the guinea pig hypophysis

Six specimen fragments (four from male animals and two
from females) of the pars distalis have been examined.spe~
cifically to see if the PD contains cells corresponding to
any of those described in the PT. A cell type similar to

cell profile III is identified in the PD by its cyfoplasmic
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granules, which usually measure between 200um and 250nm in
diameter, and by its comparable RER, A second cell type is
similar to cell profile V in that the cytoplasm contains many
filaments measuring about 1004 in diameter. Also, the RER is
sparce and the Golgi apparatus is poorly developed. Cells
corresponding to the other types observed in the PT have

"not been seen.
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DISCUSSION

.The guinea pig pars tuberalis has been observed to com-
pare with the general light microscopical picture of many
other animals (human, Guizzetti, 1925; porpoise and whale,
Wislocki and Geiling, 1936; rat, Severinghaus, 1936, Klein
et al., 1970, Stoeckel et al., 197%a & b; rabbit, Dawson,
1937, Allanson et al., 1959, Cameron and Foster, 1972a; cat,
Dawson, 1937, avian, Wingstrand, 1951; goat, Beck ef alo,
1969; frog, Doerr-Schott, 1971, Dierickx et al., 1971;
mouse and doormouse, Stoeckel et al., 1973a & b) in that it
is mainly composed of chromophobes. Only a very small num-
ber of cells were observed to be PASY/ABT,

Purves and Griesbach (1951) and Halmi (1952) demon-
strated that the mucoid cells of the rat PD could be separ-
ated into two groups, those that were PAS+/AF+ and those that
weTe PAS+/AF+o The former group was considered to be gonad-
otrophs and the latter, thyrotrophs. Heath (1965) demon-—
strated that using a performic acid-alcian blue-periodic
acid=-Schiff-orange G stain, pituiltary cells staining purple
(as a result of staining positively with both alcian blue
and periodic acid~Schiff) were a type of gonadotroph. Ac-—
cordingly, the PAST/ABY/AF” cells observed in this study
could be gonadotrophs.

Ultrastructural examination has produced a more exten-—
sive characterization of the PAST/ABY cell which appears to
be identical to cell profile III. The low frequency and
perivascular location of this cell type is similar in both
light and electron microscopical sections. Furthermore,.the

PAS staining of lm araldite sections adjacent to electron
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microscopical thin sections confirms this correlation. The
size of the granules in cell profile III (average, 229nm’

in diameter) and, to a lesser extent, the cells' position
near a blood vessel and the ultrastructure of its cytoplas-~
mic RER(cf page 37) makes this cell profile very similar to
gonadotrophs described by Farquhar and Rinehart (1954), Barnes
(1962), Salazar (1963), Dekker (1967), Kurosumi (1968), Kur-
osumi and Oota (1968), Heath (1970), Costoff (1973) and
Zambrano et al. (1974). The ultrastructural identificétion

of cell types in the guinea pig PD is, unfortunately, not

well established. Smith (1963) did not identify a gonadotroph
as such, and Amat and Boya (L9700 describe a gonadotroph with
granules ranging from 170 to 200nm in diameter, but did not
describe any cells with granules measuring_m%mer to 230nm

on the average. In the brief examination of the PD carried
out in this study, however, a cell which appeared identical

to that of cell profile III was found not infrequently. .-

The PT in other animals has been observed to contain a
few mucoid cells which also have been regarded as gonado-
trophs on the basis of the cells' pasT staining affinity
and their ultrastructural features (Xnowles and Kumar, 1969,
Klein et al.,‘l970, Stoeckel et al., 1973b). Hidgley
(1966) repofts LH-containing cells in human tuberal tissue
using fluorescent antibody techniques. Baker and Yu
(1975) recently reported that in an immunocytpchemical anal-
ysis of the cells of the rat PT with antisera to all the aden -
ohypophysial hormones, only LH-containing cells were demon-
strated. These were, however, rare throughout most of the PT,
only beconming somewhat more frequent near the PD. Further

support for the view that there may be some gonadotrophic
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function in the PT comes from the work of Legait (1969) who
found that PT extracts injected into prepubertal rats re-
sulted in the stimulation of the interstitial cells of the
testes and luteal tissue. These reports, btogether with the
evidence found in this study, makes the interpretation that
thevmucoid cell found in the PT of the guinea pig is a gonad-
otroph very probable.

Ultrastructural examination of.the PT showed that the
cells corresponding to the chromophobes seen.with the light
microscope are comprised of four cell profiles, two gran- .
ulated and two mnongranulated. The two granulated cell
profiles (I and II) contain granules of similar dimensions
(average diameter, 121lnm and 1l4nm respectively). Applica—
tion of the student's t-test to granule measurements, however,
has revealed significant differences between the two celi pro-
files. Furthermore, cell profile II is readily distinguish-
able by its prominent RER, being both more abundant and having
cisternae which are slightly more dilated than in cell pro-
file I. The other cellular organelles, however, are compar-
able in the two cell profiles, particularly the moderate
number of mitochondria with their irregularly orientated
cristae and the tendency of some granules to aggregate at
the plasma membrane. Also, the number of cells of profile II
is seen to be in approximately the same proportion and of the
sane distribution in two animals studied as cell profile I
is in other animals. Therefore, these cells are considered
to be of the same type, cell profile 1II being somewhat more
active in terms of protein synthesis than cell profile I.

The reason for this difference (observed only with regard

to male animals) is obscure as the animals! ages and weights
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were similar in all cases; the male guinea pigs were over 400
grams and between nine weeks and one year of age. Possibly,
however, this age range does allow some physiological dif-
ferences between the animals which might be relevant to the
function of these cells, and therefore, might account for +the
ultrastructural differences observed. To this point, the age
of puberty and first fertile ejaculation of the malé guinea
pig is reported to occur between the ages of eight and twelve
weeks (Webster and Young, 1951, Laﬁe—Petter and Porter, 1963,
Asdell, 1964, Paterson, 1967). In the absence of knowledge
concerning the specific function of this cell type, further
speculation is difficult.

The size of the granules of cell profiles I and II sug-
gest that they could be thyrotrophs comparable to those re-~
ported in the rat (Farquhar and Rinehart, 1954, Lever and
Peterson, 1960),‘sheep (Hopkins and Thornburn, 1972), rabbit
(Foster et al., 1969), mouse (Barnes, 1962, Sano, 1962) and
in cattle (Mikami (1970). Xutas (1958) reported the presence
of thyrotrophic hormone in the PT of cattle and of the human
on the basis of bioassays of the tTissue and the demonstration
of AFT cells. The difficulties, however, of obtaining pure PT
extracts for bioassay, free from contamination by factors of
the PD, necessitalbes weighing such evidence cautiously. Cer-
tainly, the cells of profiles I and II in this study were
AR, VWhile the specificity of aldehyde fuchsih for the thy-
rotroph cell is widely accepted, perhaps it is well to note
that Amat (1968) and Marescaux et al. (1960) reported that
an AF'T cell in the PD of the guinea pig is indeed a thyro-
troph. Similarly in this study, AFY cells were observed in
the PD but not in the PT. Furthermore, cells of profiles

I and II are PAS™, indicating that thyrotrophin, a muco—
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polysaccharide, is not present. DLastly, Baker and Yu (1975)
found no indication of ISH~containing cells in the rat PT
using an immunological technique. Hence, the evidence sug-
gests that the cells of profiles I and II are not thyrotrophs.

Some studies have concluded that the ACTH cell is a
chromophobe (Siperstein, 1963, Racadot, 1963, Knutson, 1966).
It might be considered, therefore, that cells of profiles I
and II are ACTH cells, |

On the ultrastructural level, there has been much con-
troversy over the identification of the ACTH cell. On the
one hand, several investigators have argued that it is a non-
granulated, follicular cell (Farguhar, 1957, Finerty and Keller;
1961, Rennels, 1964, Bergland and Torack, 1969, Schecter, 1969),
Others have presented evidence that the ACTH cell of the PD
is a granulated cell (Siperstein, 1963, Kurosumi and Oota,
1966, Kurosumi and Kobayashi, 1966, Kurosumi, 1968, Conklin,
1968, Mikami and Diamon, 1968, Siperstein and iiller, 1970,
Paiz and Henninger, 1970, Foster 1971, Cameron and Foster,
1972b). The ACTH cells described‘in these studies have been
characterized as containing granules averaging between 150nm
and 250nm; the granules tend to be 'haloed' and the RZR has
been seen to be composed of single, short‘and rather flat
cisternae appearing throughout the cytoplasm. As cells of
profiles I and II have similar characteristics, it might be
argued that they are ACTH cells. Although the size of the
granules in these two cell profiles is considerably smaller,
for the present it night be considered that a species varia-
tion could account for this difference. Stutinsky et al.
(1964) and Klein et al. (1970) concluded that many of the
granulated cells of the PT in the rat may be ACTH cells,
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A comparison, however, between fhe granulated PT cells
and the recognized ACTH cells of the same species has been
the basis for the view maintained by a number of investi-
gators that the PT does not contain ACTH cells (rat, Stoeckel
et al., 1973%a & b; rabbit, Cameron and Foster, 1972a;
frog, Doerr-Schott, 1971, Dierickx et al., 1971). Unfortu-
nately, neither Smith (1963 nor Amat and Boya (L970) identified
/an ACTH cell in the pars distalis of the guinea pig and
hence, it is more difficult to draw any concluéions as to
the possible ACTH content of cell profiles I and II. 1In
this study, however, a brief examination of the PD does not
reveal any cell type similar to profiles I and I1.
7 MacConaill's lead haematoxylin (1947) has been used to
stain cells of the PD in fish (Stahl, 1958, Olivereau, 1964,
Mattheij, 1968), quail (Tixier-Vidal et al.,1968)and dog (Solcia
et al., 1969). These investigators considered the positively
stained cells to be MSH and ACTH cells. In this study,
large cells in the PD were observed to stain intensely with
this dye and cells of the PI were also seen %o sﬁain.moder—
ately. The cells of the PT, however, did not appear to ex-
hibit any positive staining with lead haematoxylin. If this
technique were accepted as a reliable indication of ACTH and
MSH cells generally (noting that such a premise is open to
guestion as only one of the above reports relates to mammals),
then the presence of ACTH cells in the PT might have to be
ruled outo.

Fluorescent antibody technigues have produced evidence
of ACTH cells in the human (Pearse and van Noorden,

196% )., Baker and Yu (1975), however, using

antisera to ]porc:ine,.éll'"zﬂr ACTH andlﬂy‘39 ACTH found no pos-—
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itively reacting cells in the rat PT, although positively
reacting cells were observed in the PD.

The evidence as stated above, does not provide a firm
basis for stating whether or not cells of profiles I and II
are ACTH cells.

If the cells of profiles 1 and II are not considered
to be ACTH cells, there remains the possibility that they
represent a type of pituitary cell, the function of which is
unknown. That the PT contains granulated cells of unknown
function has been, in fact, the opinion of most investigators
working on tuberal tissue in iecent years (Legait and Burlet,
1966, Oota and Kurosumi, 1966, Dierickx et al., 1971, Kotsu
and Daikoku, 1972, Cameron and Foster, 19723 Stoeckel et al.,
197%a & b, Dellmann et al., 1974, Baker and Yu, 1975). These
reports observed granules in a tuberal cell to range anywhere
from an average of 100nm (rabbit, Cameron and Foster, 1972a)
to a range of 180nm - 250nm (chicken, Dellmann et al., 1974).
The mean diameter of granules of profiles I and II is seen to
be about the same as that in the rat (Rinne, 1966, Klein
et al., 1971, Stoeckel et al., 1973a & b, Dellmann et al.,
1974). Clearly, the evidence suggests that cells of profiles
I and II, like granulated cells of the PT in other animals,
are involved in.protein synthesis, storage'and release, pos-
sibly of a hormone (as ultrastructurally indicated by sub-
stantial quantities of RER, the appearance of gfanule for-
mation in the Golgi apparatus, the abundant membrane bounded
granules in the cytoplasm and the aggregation of some of these
granules at the plasma membrane). It would follow that a
'hormone(s)' from these cells is secreted, presumably into
the poxrtal vascular system, and eventually arrives at a tar-

get organ. It has been suggested that the PD itself could
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‘be the target of a PT 'hormone(s)! (Morato, 1965, Kobtsu and
Daikoku, 1972). Alternatively, the target organ could be
far removed from the pituitary gland as in the case with tar-
get organs of other adenohypophysial hormones. Dellmann et
al.(1974) report that under a variety of experimental con-
ditions including thyroid inhibition with PTU, adrenalectony,
castration, hypophysectomy, water deprivation, NaCl addition
to the diet, hypercalcemia induced by vitamin D2 suppiements
to the diet and metyrapone treatment there were no changes
in the granulated cells of the PT with the exception of
gonadotrophs. Similarly, Oota and Kurosumi (1966) observed
no change in the PT +tissue after adrenalectomy, castration
or thyroidectomy and Kotsu (1971) and Xotus and Daikoku
(1972) found no change after hypophysectomy and adrenalectomy.
Discounting their cytoplasmic filaments, cells of pro-
file V resemble the nongranulated PT cells reported by. others
{Kobayashi- ét al., 1963, Young et al., 1965, Oota and Xuro-
sumi, 1966, Knowles and Kumar, 1969, Kotsu and Daikoku, 1972,
Brandi and Peillon, 1973, Stoeckel et al., 1973a, Dellmann
et al., 1974) insofar as they typically have a poorly de-
‘ velo?ed Golgi apparatus and scant RER. The abundant f£il-
aments throughout the cytoplasm, however, make this cell
type distinct, closely resembling only the interstitial cells
reported in the PT of the rabbit (Cameron and Foster,.1972a)
and possibly the 'border' cells in the newt (Dellmann et al.,
1974), although in the latter case the description given is
inadequate to make an accurate comparison. The filaments in _
both the rabbit interstitial cells and the cells of profile V
measure approximately lOOK in diameter and transverse sec-

tions suggest a tubular morphology.
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With respect to diameter size, the filaments found in
cell profile V are similar to the intermediate filaments
described in other tissues (smooth muscle cells, Somlyo el
al., 1975; precardiac cells, Rash et al., l97da;oviduct cells,
Vrenn and Wessells, 1970; glial cells, Spooner et al., 197L;
salivary gland, Spooner and VWessells, 1970; fibroblasts, Gold—
man and Follett, 1969, Goldman, 1971, Goldman et al., 1975;
macrophages, Allison et al., 1971, Daemsand Brederoo, 1973;
fibroblasts,chondrogenic cells and nerve cells, Ishikawa
et al., 1969; developing skeletal muscle, Ishikawa et al.,
1968), Unlike cytoplasmic thin filaments (v~ 40-70nm in
diameter) which have been observed to disassemble or not
appear under the influence of cytocholasin B,a fungal metab-
olite (axonal growth cones, Yamada et al., 1970; glial cells, .
Spooner et al., 1971; sélivary glands, Spooner and Vessells,
1970; oviduct tissue, Wrenn and Wessells; 1970), intermediate
filaments seen in the oviduct tissue, the glial cells and the
salivary gland were not affected by the drug. In this study
and in that of Cameron and Foster (1972a), the filaments ob-
served in nongranulated cells of the PT were not affected
by cytocholasin B. Other investigators have found that thin
filaments may bind with heavy meromysin which ultrastructur-
ally forms arrowhead complexes along the filaments (Ishikawa-
et al., 1969, Allison et al., 1971). Again, this formation
has not been seen to occur in the,lOOK fiiaments of the same
cells. Ishikawa et al. (1968) found that intermediate fil-
aments did not bind fluorescene-labelled antibody directed
against myosin or actin, proteins of thick muscle filaments
and at least some thin filaments. (Adelman et al., 1968).
Goldman et al. (1975) also found that the thin filaments
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of 3173 cells bind with actin-antibodies while the intermediate
filaments do not. Also, Rash et al. (197Ch) found that inter-—
mediate filaments were not extracted by several chemical
agents which did extract actin and myosin filaments from the
cytoplasm of cells. Lastly, intermediate filaments, unlike
thin filaments, have been observed by others to have a tub-~
ular appearance in cross section (Schmitt, 1968, Goldman and
Follets, 1969, Somlyo et al., 1973).

The above evidence indicates that the morphological
differences of these two groups of filaments are not arti-
ficial ones resulting from the tissue preparation techniques
euployed and that the chemistry of the filaments is indeed
different. The basic protein component of intermediate £fil-
aments is not presently knowm although Uehara‘et al. (1971)
suggest that it may be tropomyosin.

Several investigators have suggested that intermediate
filaments might be involved with the mainltenance of cell
shape (Goldman, 1971, Daems and Brederoo, 1973, Kennedy et al.
1974). If such were the case, cells of profile V might pro-—
vide sustentacular support to the tuberal tissue as a whole,

a view also put forward by Cameron and Foster (1972). The
many desmosomal contacts made between this type of cell and
all other types might be functional to the sustentacular role.

Filaments have also been reported in the_cytopiasm of non-
granular PD cells of the guinea pig (Smith, 1963), rabbit (Sal-
azar, 1963), delphinid (Harrison and Young, 1969) and foetal
rabbit (Schecter, 1969, 1971). They have been observed in the
nongranular PI cells of the rabbit (Cameron and Foster, 1971)
and in thyrotrophs of thyroidectomized lizards (Forbes, 1972).

Cell profile IV appears to be almost unigue in compar-—-
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ison with cells described in the PI of other animals. Exam-—
ination of the literature has revealed only one ultrastructural
description of a similar kind of cell. This report (Morato,
1960) describes and displays photographs of a follicular cell
with many large cytoplasmic vesicles to which densely osmio-
philic grains are atbtached. These grains appear as though

they might be ribosomes. liorato's description, unfortunately,
does not provide further information and.his micrographs in-
dicate considerable lack of adequate fixation. A better
comparison, btherefore, cannot be made.

Cell profile IV, although primarily recognized by its
abundant, spherical RER, is seen to exhibit other specific
morphological features which perhaps give better indications
as to its function. Very few cytoplasmic granules are ob-
served and the Golgi zone, located between the nuéleus and
the apical pole, is of a moderate size and does not appear to
be involved with granule condensation and packaging (several
membrane~bounded granules are seen in many of these cells,
but their size varies greatly - from 100nm to 600nm - and
their cores are seen to be finely granular - they are perhaps
lysosomes). From these observations, it would seem that cells
of profile IV are not involved with protein synthesis and
storage, or at least not with the same mechanism of protein
synthesis and storage as occurs in other types of pituitary
cells (e.g., gonadotrophs, thyrotrophs). Of more particular
note is the evidence suggesting a transfer of substance(s)
between the follicular lumen and the cells. Near the peri-
luminal plasmalemna, the RER decreases sharply and many ves-
icles are observed. Not infrequently, some of these smaller

vesicles may be seen to be fused with the plasmalemma or



-61-

appear as though 'budding' off the plasma mewbrane. Occasion-
ally, invaginations are obszsrved which are rather like irreg—
ularly shaped pinocytotic or exocytotic profiles. If such
morphology is indicative of a transfer of substances, the
direction of the transfer cannot be stalted. In the same
context, the additional presence of microvilli might suggest
an absorption in the direction of the cells, but this is more
speculative.

The presence of junctional complexes at the apical pole
of the lateral plasma membrane of profile IV cells indicates
that there is a probaﬁle selective storage of the luminal con~—
tent. The filamentous network often observed‘in the apical
zone of these cells, the extremes of which are seen to be
agsociated with the tight junctions and gap junctions, is con-
sidered to be similar to a terminal web. These networks
might well aid in the stability of a cellular seal around the
follicular lumen., Any hygothetical transfer of material into
or out of the lumen, therefore, probably ﬁould involve the
intercellular activities of the cells of profilk IV. Hence,
it is suggested that the activity of the Golgi apparatus and
the encoplasmic reticulum of these cells is involved with
the chemical reactions which either produce 'colloid! or use
'colloid' in another capacity.

Microvilli also occur on the lateral and basal plasma-
lemma. As they clearly increase the surfasce area of the
plasma membrane, they might be considered to function in the
absorption of large amounts of suovstances from the intercel—
lular fluid,

There are many reports which describe nongranulated cells

in the adenohypophysis (Rinehgrt and Farquhar, 1955, Farquhar,
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1957, Salazar, 1963, Smith 1963, Kagayama, 1965, Yoshida,

1966, Dent and Gupta, 1967, Yamada and Yamashita, 1967, Xur-
osumi, 1968, Cardell, 1969, Harrison and Young, 1969,

Heath, 1970, Phifer et al., 1970, Schecter, 1971,

Pearson and Licht, 1973). These cells usually have been
referred to as either stellate and/or follicular cells.

They have been considered to have a possible phagocytic fune-
tion by some investigators (Yamashita, 1969, Farquhar, 1971,
Dingemans and Feltkémp,1972, Vile-Pareile, 1972, Vila-Forcile etadl, 1973,
Others have thought that follicular cells are ACTH cells
(Farquhar, 1957,,Finerty and Keller, 1961, Rennels, 1964, Berg-
land and Torack, 1969, Schecter, 1969). This study has not
produced evidence to support either'of these views unless the
various particulate substances found in'follicular‘lumena

| might be argued‘to result from a phagocytic process.

Mainly because of their abundant, round RER, the profile
IV cells in the guinea pig PT:are ultrastructurally distinect
from any follicular cells reported to date as far as can be
determined. While they may be involved with a phagocytic
process, alternatively, these cells may be involved with the
depositing and storage of 'colloid' in a follicle for a pos=-
itive function, perhaps not unlike thyroid cells,

In this study, a cell bearing the same major morpholog-
ical features of both cell profiles IV and V was observed.
Furthermore, while cell profile V was not ordinarily seen to
border on a 'colloid'-filled lumen, it was found to do so
occasionally, particularly in the dorsal area of the PT where
profile IV cells are never found. This tends to suggest the
possibility, at least, of different physiological states of

the same cell resulting in a corresponding change in the



-morphology.

Increzses in the number and size of ‘'colloid! deposits
in the adénohypophysis has been reported by some investizators
to occur with age (horse, dA8ser, 1941; rat, Wolfe, 1943; human,
Shanklin, 1949; hamster, Spagnoli and Charipper, 1955; mouse,
Blumenthal, 1955; rat, doormouse and mouse, Stoeckel et al,,
1973a). Blumenthal reports that *'colloid!'-filled follicles
" become cystic with old age. This might éxplain the occurance,
in this study, of a rather small cyst completely surrounded
by cells of profile IV instead of the usual Dark Cell I,
Also, there are a number of cellular characteristics common
to both follicles and cysts in the guinea pig PT: junctional
complexes, a comparable cellular polarity, small cytoplasmic
-vesicles and microvilli on all sides of the plasma membrane.
Lastly, it has been observed in the guinea pig that in the
posterior PT, very near the PD, there is a marked increase in
the number of profile IV cells, and the follicles of this small
region are always very much 1érger than normally found in the
rest of the PT. Cysts are also seen tp be much more numerous
in the PD-PT transitional zone than elsewhefe (a findingiggted
by Kirkman, 1937). The high incidénce of both follicles and‘
cysts in this region, therefore, is thought to support Blum-
enthal's statement.

That cysts and follicles might represent minute.parts of
the hypophysial cleft which become isolated in develépment
has also been considered (Kirkman, 1937, Yoshida, 1966,
Xurosumi, 1968, Vanha-Perttula and Arstila, 1970, Dingemans
and Feltkamp, 1972). Again, cellular similarities between
nongranular follicular cells, cysts and hypophysial cleft

cells have been observed by other investigators (Dingemans
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and Feltkamp, 1972, Vila—Porcile, 7972). ©his study, Lowever,

has not provided any further evidence to expand or reinforce

"this hypothesis.

Unfortunately, during the experimental stage of this study,
it was not known that bulk staining of tissue in aqueous uranyl
acetate removes glycogen from cells (cardiac cells, Rash et dl., 1970a;
platlets, personal communication, A. Hoyes) and hence, all
routinely prepared specimens in this study are subject to this
extraction. Howevef, Qnithe basis of small disruptions in
the cytoplasm of’profile’V cells and thé evidence of fine
particles in the.cytoplasmvof profile V cells fixed in po-
tassium permanganate,vit is thought possible that a variable
but small amount of glycogen is present in cells of this type.
In support of this interpretation, the cytoplasm of many smooth
muscle cells was seen to be comparable. It is not possible
to state that glycogen is not present in other types of cells,
but similar evidence has not been observed in either the gran-
ulated cell profiles or in cell profile IV. The negafive
results of the PAS reaction and Best's carmine technigue, both
with diastase control, can only be explained if the amount
of glycogen is very low and hence, not adequate for detection
by these methods.

Glycogen has been reported in both the granulsted and
nongranulated cells of the PT in a number of animals (rat,

Qota and Xurosumi, 1966,'K1ein et al., 1970, Stoeckel et al.,
1973a & b, Dellmann et al., 1974; mouse, Siperstein, 1955,
(foetal and newborn), Dellmann et al., 1974; frog, Dierickx
et al., 1971; doormouse, hamster, cat, cattle and newt,
Dellmannet al., 1974). Stoeckel et al. (1971) stated that

the glycogen content of the granulated ceils of the »T
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in the mouse distinsguishes them from the rostral ACTH cells

in an area where these cells come into conﬁact. Dellmaﬁn et
al. (1974) reportec the presence of glycogen in all the animals
observed in their study with the exception of the chicken.
However; their micrographs seem to indicate that glycogen is
not always presént in granulated cells of the rat and in ad-
dition, glycogen could not be seen in any of their micrographs
of feline or bovine tuberal tissue. Klein et al._(l970) reported
that the amount of glydogen in the PT of the rat %aried in-
versely with the granule content. In the PT of the rabbit,
Cameron and Foster (1972a) reported that glycogen was not.seen
either on the ultrastructural or the light microséopical

level using the PAS reaction with distase control. Knowles

and Kumar (1969) make no mention of glycogen in the tuberal
tissue of the Khesus monkey. The presence of glycogen,
therefore, may possibly vary from specie$ to speciefs On.The
otaer hand, the presence and amount of glycogen may depend

upon the physiological state of the cells.

Finally, there is the guestion of how the tuberal tissue
is controlled. 1In tanis study, AF, CAH and AB stainihg tech=-
niques were employed to investigate the possible presence of
neurosecretory fibres in the PT and in all cases. the evidence
was negative. 'Colloid! deposits in the PT were observed to
stain positively with all of these stains, but unlike neuro-
secretory material, they continued to react positively when
the oxidation step of the technique was omitted, thereby mak=-
ing the two sutstances histologically distinguishable. In
rare instances, a beaded fibre entered the external zohe of thé
ME,

Bodian's protargal impregnation technicgue was repeatedly

attempted without obtaining positive results in the tuberal
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tissue, but densely argyrophilic fibres were observed in the
neural stalk and in the ?PI. Although fine fitres wefe oﬁserved
in the external Mi using this method, it was thought that their
numbers were not equal to those observed in the same region
under the electron microscope. Szentagothai et al., (1963)remark
that fine fibres associated with arterioles are extrermely
difficult to impregnate, perhaps because the silver available
in the section during reduction may be taken up by the larger
"fibres leaving little for the finer fibres. Also, Wingstrand
(1951) noted that in his work, the lower the pH of the silver
proteinate, the more selective the impregnation is for nerve
- fibres, although sensitivity may also be reduced. Increasing
the pH, on the other hand, may result in the additional im-
pregnation of glial and reticular fibres. Therefore, a del-
icate balance must be achieved in order to get an accurate
result for nerve fibres alone. In view of these considerations,
the evidence for the presence:or_absence of adrénergié and
cholinergic nerve fibres in this study is considered to rest
more with the ultrastructural findings.

The examination of approximately 1,000 micrographs
provided evidence of nerve fibres in the tuberal tissue
only twice, fhese were observed in the anterio-ventral region
of the tissue in a location where the epithelium was observed
to be protruding somewhat into the region of the infundibular
stem. These are, therefore, considered to be merely invasive
nerve fibres from the stalk and not evidence of a general in-
nervation of the tissue. As the different cell profiles were
observed to be well distributed in the tissue (except for
profile IV cells which were absent in the dorsal arezs), there

is no reason to think that a particular region may be more
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likely invervated than another, It is possible,though
not probable, that in the examination of tissue randomly
selected from each of five areas of the PT nerve fibres were
missed, i.e., the evidence strongly favours the viaw that'there'
is no innervation of any cell type in the guinea pig Fi. VThis.
view finds support in the work on other animals both on the
light microscopical level (rat, Daikoku et al., 1967; sheep
and goat, Beck and Daniel, 1960; mouse, rat, guinea pig, ham=-
ster, rabbit and cat, Fuxe, 1964) and on the ultrastructural
level (frog, Doerr-Schott, 1971; rat, Stoeckel et al., 1973a
& b, Dellmann et al., 1974; hamster, cat, cattle, chicken-
and newt, Dellmann et al., 1974; mouse, Stoeckel et al.,
1973a, Dellmann et al., 1974).

There is, however, a body of evidence in support df the
view that tuberal tissue is innervated. Arko and KXivalo
(1958), using Gomori's aldehyde fuchsin,.reported neurosecre—
tory material around the portal vessels and in the pars tuber-
alis. Their photographs, however, do not appear to suprort
their observation that neurosecretory material is actually
within the parenchyma of the PT. Okomota and Ihara (1960),
using Gomori's CAH and AF staining methods, report that
there are nerve fibres in the PT of the rat, but their proto-
graphs illustrate AF* deposits which are referred to as neuro-
secretory material but which distinctly appear to be *'colloidal!
deposits.

Furthermore, it may be that the frequency of the nerve
fibres observed and their precise anatomical position mey be
extremely relevant to the evaluation of a possible innexva-

tion of the cells of the PT. Clearly, some investigators note
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et al.,
fibres (Szentagnthaix;l968, Beck, et al., 1969). In such cases,

the distribution of cell types in the PT of the animels in-
volved would be important for purposes of interpretation.
In the goat, cat and dog, this information does not apuear
to be available, but in general, the literature has not'pro—
vided evidence of an uneven distribution of cell types ex-
cept in the immediate vicinity of the PD-PT transition zcne
and certainly invthis study, the evenness of cell type dis-
tribution is almwost abéolute. If one may assume, for the no-
ment, that this is the general pattern in all animals, one
would quiry whether or not a few nerve fibres in a small and
restricted area could reasonably be considered as. evidence of
innervation of the cells as a whole. |

Others note that only perivascﬁlar fibres are.observed
(WingStrand, 1951, Barry and Cotte, 1961,. Bargmann, 1969), and
again, the significance of these could no% be clearly under-
stood to mean an inneivation of the tissue.

Lastly, one could consider that the control mechanism
of the PT may be subject to species variation. In this re-
spect, Dellmann et al. (1974) notes that of eight animals
studied, only one (the newt) apoeared to have an inhervated
PT. TFurthermore, they note that only in this one animal.
was the primary capillary plexus seen to be embedded within
the tuberal epithelium as opposed to primarily*lying.betweeﬁ
the PT and the neural stalk. They suggest that this wzy ne-
cessitate nerve fibres carrying hypoﬁhyéiotrophic hormecnes to
the portal vascular system to pass through the tuberal epi-
thelium,

Also, with respect to poscible specie specificity, it
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may be noted that in the frog, where nerve fibres have also
been reported in the tuberal tissue (Dierickx et al., 1S71)
the P% is situated far from the primary capillary plexus. Jhere-
fore, if it were the case that in ofher anitalg the primary
plexus transported hypophysiotrophic hormones to the »T, this
would not be possible in the frog, thereby possibly neces- .
sitating a direct innervation of the tissue. Again, the line -
of reasoning is not conclusive but it is, perhaps, worfhy of.
further Speculationo

Clearly, the literature concerning the poséible innerva-
tion of tuberal tissue reveals much controversy and further
experimentation will be necessary to clarify this issué.

The guinea pig PT is thought to be more likely controlled
'by a blood supply than by a nervous mechanism. The evidence
in this study shows that a large number of fenestrated cap-
illaries border the internal length of the PT and because of
their location, frequency and tendency to form capillary loops
which penetrate the ME, they are considered to be part of the
primary capillary plexus of the portal vascular system. - Fur-
thermore, a small number of capillaries are seen to be en~.
tirely surrounded by tuberal tissue, although most vessels so
situated are seen to be arterioles. The arterioles, however,
could be considered to represent portal vessels and thus not '
involved in the regulation of the tissue. Lastly, some fen-
estrated capillaries are also observed to lie on the external
surface of the PT. The origin and nature of the capillaries
surrounded by tuberal tissue and those lying external %o it
cannot be determined from this study. However, the above
. observations allow, for the present, several speculations

as to the possible vascular control of the PI. On the cne
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hand, the PY may receive from thelhypothalﬁus (via the primary
| capillary plexus) hypophysiotrophic hormoneé which regulate
its cellular activities. VWhile the weight of the evidence
of adenohypophysial control lies with hypothalmic regulation,
there are, in addition, recent studies on steroid hormone
uptake in some anterior lobe cells, indicating a directd feed—'_
back control mechanism (Stumpf et al., 1975, Piacsek and iMeites,
1966, Leavitt et al., 1973). Hence, it might also be considered
that the tuberal ceilsraie regulated by a direct feedback
mechanism which might inﬁolve the primaiy capillary plexus
and/or other capillaries. Evidence that the PT has its own
capillary blood supply independent of the portal vasculsr

gystem has been presented in émbryologic studies of avians
(Wingstrand, 1951) and guinea pigs (Wéatherhead, 1968) and

in a study of the frog (Dieriékx et al., 1971). To carry
the speculation a bit furtﬁ%iffg%lée%night cautiously put for-
ward the suggestion that the fuberal tissue is controlled by

a direct feedback mechanism via tuberal capillaries and that
the presumed secretion factors of the granulated PI cells
are carried off by the primary capillary plexus into the -
portal vessels. Needless to say, the actual determination

of the role of the blood vessels observed within and immedi-
| ately adjacent to the PT of the guinea pig and other animals

requires much further research.
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SUMMARY

Profile I and II cells contain small granules avercging
121nﬁ ané 11l4nm respectively. They are considered to
be the same cell type in as much as all cytoplasmic
features are similar with the exception of the RER which
1s seen to be more extensive in profile II. While these
cells are found in all regions of the PT, they are not
recognized to be of any cell type found in the PD. |
Cytoplasmic granules annear to be packaged in the Golgi
zone and are frequently seen to aggregate in groups
against the plasma membrane. In addition, the delimit-
ing membrane of some granules is seen to fuse with the
ﬁlasma membrane.

Profile III cells represent the only chromophilic cell
of the PT, staining vositively with PAS and AB but
negatively with AF,., They contain granules averaging
229nm and are observed adjacent to capillaries, Al-
though rare, they are seen in all areas of the ?T.
Granules appear to be packaged in the Golgl apparatus
but are never seen to provide evidence of secretion.
These cells are considered to be gonadotrophs.
Granulated cells are never observed to come into contact
with follicular lumina.

Profile IV cells are identified by their abundant
round RER. They almost always border on follicular
lumina and morphological evidence indicates that fhey
are involved with the deposition and/or uptake of

'colloid' materials of these follicles. Cell profile I
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has.not been observéd in the dorsal région of the TT.
Profile V cellg are identified by their abundant
cytoplasmic filaments which measure approximately

1003 in diameter and have an electron lucent core.
These cells are observed in 211 areas of the PT. Their
function is unknown but they may be sustentacular in
nature. In rare instances, they are observed to border.
on the lumen of a 'colloid'-filled follicle.

A cell profile is observed which has the primary
morphologicél chargcteristics common to both cell
profile IV and V, suggesting that a morphological
transition occurs between these two cell types. The
frequency and direction(s) of a ﬁossible transformation
are not known,

The 'colloid' of cysts and follicles have similar
staining affinities and ultrastructural morphology.
Cysts are most freguently observed in the posterio-
ventral PT but may be seen in other areas. The majority
of cells of these structures contain electron dense
cytoplasm and are unlike those of profiles I-V, Oc;
cassionally, a few cells similar to thosé of profile

IV and V are seen to border on the lumen of a cyst,
Evidence for the possible presence of glycogen has

been observed only in cell profile V.

Desmosomes are observed joining cells of all types to
each other. Those Joining two nongranulated cells

are usually observed to be associated with filaments.
Elsewhere, their association with filaments is uncommon.

Cilia with a 9+2 tubular pattern are seen to extend into
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the lumina of cysts from a few cells which contain

light cytovnlasm., =ley are never seen to extend-into
follicular lumina. ©ilia are also infrecuently seen
to originate from granulated cells and in one instence,
a cilium was seen to originate from a profile V cell,
Centrioles are found in the perinuclear cytoplasm of
granulated cells and in the periluminal cytoplasm of
profile IV cells. |

No evidence of innervation for aﬁy cell type of the
PT was observed in this study. |
Capillaries of the primary plexus are observed to fun
ad jacent to the internal surface of the PT along its
length., Capillaries are also seen on the external
surface of the tuberal tissue. Blood vessels seen %o

be entirely surrounded by tuberal tissue, however, are

more often arterioles rather than capillaries,



~74-

BIBLIOGRAPHY

Adelman, M.R., Borisy, G.G., Shelangki, M.L., Weisenberg,
R.C., Taylor, E.W. (1968). Cytoplasmic filaments
and tubules. Fed. Proc., 27:1186-93.

Allanson, M, (1971). Observations on the pituitary gland
of some members of the suborder Suiformes (Mammalisz:
Artiodactyla). J. Zool. (Lond), 164:451-61.

Allanson, M. Foster, C.L., Menzies, G, (1959). Some
observations on the eytology of the adenohypophysis
of the non-parous female rabbit. Quart. J. Micr. Seci.,

- 100:463-82. ' :

Allison, A.C., Davies, P., Petris, S. de (197L). Role of
contractile microfilaments in macrophage movement
and endocytosis. Nature (lNew Biol,), 232:153-55.

Amat, P, (1968). Cytologie adenohypophysaire chez le
cobaye. C.R. Assoc. Anat., 140:400-08.

Amat, P. (1970). Thyrotroph subtypes in the guinea-pig's
- pituitary after partial and total thyroidectomy.
Acta Anat. (Basel), 76:112-22, .

Amat, 7P., Boya, J. (1970). Estudio preliminar de la
ultrastructura del 1lobulo anterior de la hipopfisis
del cobaya. Anales de Anatomie, 19:437-54.

Arko, H., Kivalo, E., (1958). Neurosecretory material and
the pituitary portal vessels. Acta Endocrinol. (Kbh) ,
29 :9"14 L)

Asdell, S.A. (1964). Patterns of Mammalian Reproduction,
pp.386-~400. Constable & Co, Ltd,, London,

Atwell, W.J. (1929). On the finer structure of the pars
tuberalis of the hypophysis. Endocrinologie, 5:1-9,

Baker, J.R. (1944)., The structure and chemical composition
of the golgi element. Quart., J., Mier. Seci., 85:1-72.

Baker, B.L., Yu, Y. (1975). Immunocytochemical analysis
of cells in the pars tuberalis of the rat hypophysis
with antisera to hormones of the pars distalis.

Cell Tiss. Res., 156:4’4’3_490

Bargmann, W. (1949). Uber die Neurosekretorische Verkniip-
fung von Hypothalamus uvnd Neurohypophyse., Z., Zell-
forsch. Mikrogk. Anat., 34:610-34.




~75-

\

Bargmgnn, W, (1969). Das Neurosekretorische Zviischerhirn-
Hypovhysen System und seine synaptischen Verknupfingen.
J. neurovisc. Relzt., Suppl. 9:64-77.

Barnes, B.G. (1962), Electron microscope studieg on the
secretory cytology of the mouse anterior pituitary.
Endocrinology, 71:61.8-28.

Barry, J., Cotte, G. (1961). Etude ﬁreliminaire au
microscope electronigue, de 1'eminence mediane
du cobaye. 2. Zellforsch. WMikrosk. Anat., 53:714-24.

Beck, E,, Daniel, P.M. (1960). On the presence of nerve
fibres in the pars tuberalis of ungulates after
pituitary stelk section., J. Anat., 94:574 (abstn).

Beck, E,, Deniel, P.M., Prichard, M.M.L. (1969). Regenera-
tion of hypothalemic nerve fibres in the goat, .
Neuroendocrinology, 5:161-82.

Bergland, R.¥., Torack, R.M. (1969), An ultrastructural
study of follicular cells in the human anterior
pituitary. Am. d. Path., 57:273-98.

Bloom, W., Fawcett, D.W. (1968). A Textbook of Histology,
W.B. Saunders Co., Philadelphia, bondon & Toronto.

Blumenthal, H.T. (1955). Aging processes in the endocrine
gland of various strains of normal mice: relationship
of hypovohyseal activity to aging changes in: other
endocrine glands. J. Gerontology, 10:253-67.

Bodian, D. (1937). The staining of paraffin sections of
' nervous tissues with activated protargol.The role
of fixatives. Anat. Rec., 69:153-62,

Boerner-Patzelt, D, (1954), Weckselbeziehungen zwischen
der frihen Entwicklung der Hyvophyse und dem Entstehen
ihres Blutgefassystemes, Z. mikrosk—Anat. Forsch.,

Brandi, A., Peillon, F. (1973). Ultrastructure et histo-
chimie des follicules et de cellules folliculaires
de 1'adenohypophyse de rat en culture organotypiaque.
C. R. Soc. Biol. (Paris), 167:1531-34,

Cambell, H.J. (1966), The development of the primary
portal plexus in the median eminence of the rabbit.
J. Anat,, 100:381-87,

‘Cameron, E., Foster, C.L. (1971). Some light- and electron-
microscopical observations on the pars intermedia of
the pituitery gland of the rabbit., J. Endocrinol.,
49:479-85, '




’ __'76__

Cameron, E., Foster, C.L. (19722). Some light— and
electron-microscovnical observations on the pars
tuberalis of the pituitary gland of the rabbit.
J. Bndocrinol., 54:505-11.

Cameron, E., Foster, C.L. (1972b), Ultrastructural
chenges in the adenohypovhysis of metyrapone-
treated rabbits. J. Endocrinol., 52:343-47.

Cardell, R. (1S69). The ultrastructure of stellate cells
in the pars distalis of the salamender pituitary
-gland. Am, J, Anat., 126:429-56.

Conklin, J.L. (1968)., The development of the human fetal
adenohypophysis. Anat. Rec., 160:72-92,

Cosfoff A, (1973), Ultrastructure of Rat Adenohypophysis,
chap. 9. Acedemic Press, N.Y. & London. :

Daems, W.Th., Brederoo, P, (1973). Electron microscomical
studies on the structural, phagocytic properties
and peroxidatic act1v1ty of resident and exudate
peritoneal macrophazges in the guinea pig. Z Zellforsch.

Mikrosk. Anat., 144:247-97,

Daikoku, S,, Morishita, H., Hashimoto, T., Takahashi, A,
(1967). Light-microscopic studies on the development
of the interrelationship between the neurosecretory
- pathway and the portal system in rats. bEndocrinol. Jap.,
14:209-24,

D'Angelo, S.A. (1963). Histophysiology of TSH secretion.,
In: Cytologie De L'Adenohypophysis (J. Benoit &
C. Dalage, ed.). Centre National de la Rescherche
Scientifique, Paris,

Daniel, P.M., Prichard, M.M.L. (1970). Regeneration of
hypothalamlc nerve fibres after hypophysectomy in
the goat. Acta Endocrinol. (Kbh), 64:696-704,

Dawson, A.B. (1937). The relationship of the epithelial
components of the pituitary gland of the rabbit and
Ca‘b. Ana‘b. REC. [ 69:471""85. .

Dekker, A, (1967). Pituitary basophils of the syrian
hanster: an electron microscopic investigation.
Anat. Rec., 158:351-368,

Dellmann, H.-D,, Stoeckel, M.E., Hindelang-Gertner, C.,
Porte, L., Stutinsky, F. (1974) A comparative
ultrastructural study of the pars tuberalis of
various mammals, the chicken and the newt.

Cell Tiss. Res., 148:313-29,




—T77~

“Dent, J.K. Gunta, 2.J. (1967). Ultrastructural observations
the develommental cyvtology of the pituitary gland in
the spotted newt. Gen. Comv, i#ndocrinol,,

8:273-88.

Dierickx, X,, Lonbgerts-Vandenberghe, M.P., Druyts, A.
(1971). The structure and vascularizasion of the
pars tuberalis of the hypophysis of Rana ftemvoraria.
4o Zellforsch, Mikrosk, Anat., 114:135-50, '

Dingemans, X.P., Feltkamp, C.A. (1972). Nongranulated
cells in the mouse adenohyoonhysis. Z. Zellforsch.
likrosk. Anat., 124:387-405,

Doerr-Schott, J. (1971). La "pars tuberalis" de Ransa
temooreriag L.: cytologie et ultrastructure. Gen.
Comp. mndocrinol., 16:516-23, :

Donovan, B.T., Lockhart, A.M. .(1972). Light and the timing
of ovulatiom in the guinea-pig. J. Reprod. Fertil,,
30:207-11, :

Enemar, A. (1957). The development of the hypophysial
vascular system in the bank-vole (Clethrionomys
Glareoulus). Acta Anta. (Basel), 31:76-111.

Enemar, A, (1961). The structure and development of the
hypophysial portal system in the laboratory mouse,
with particular respect to the primary plexus.
Arkiv, Zool, (2nd. Ser.), 13:203-52,

Fand, S.B. (1965). Demonstration of «x-glycerophosphate
dehydrogenase in the human pituitary gland with
special reference to the cells of the pars tuberalis.
Endocrinology, 77:320-24.

Farguhar, M.G. (1957). "Corticotrophs" of the rat adeno-
hypophysis as revealed by electron microscopy.
Anst. Rec., 127:291 (abstn).

Farquhar, M.G. (1971). Processing of secretory products
by cells of the anfterior pituitary gland. In:
Memoirs of the Society for Endocrinology, (H. Heller
& K. Lederis, ed,). No. 19, pp. 79-124, Cambridge
University Press, Cambridge.

Farquhar, M.G., Rinehart, J.F. (1954). Electron microscopic
studies of the anterior pituitary gland of castrate
rats. Endocrinology, 54:516-41.°

Finerty, J.C., Keller, A.D. (1961)., Regional locatization

on

of adrenocorticotrophic cells in the anterior hyvophysis

of the dog. Anzt. Rec., 139:228-29,



_78~

Forbes, M.5. (1972). Fine structure of the stellate cell
in the vars distalis of the lizard, Anolis carolinensis.
J. Morphol,, 136:227-45,

Foster, C.L., Cameron, E., Young, B.A. (1969). Ultrastruc-
tural changes in the adenohypophysis of hypothyroid
rabbit. J. Endocrinol., 44:273-77.

Foster, C.L. (1971). Relationship between ultrastructure
and function in the adenahypophysis of the rabbit.
In: Memoirs of the Society for Endocrinology,
(H. Heller & K, Leéderis, ed.). No. 19, pp. 125-46.
Cambridge University Press, Cambridge

Fuxe, K., (1964), Cellular localization of monoamines in
the median eminence and the infundibular stem of
some mammals, 2., Zellforsch, Mikrosk. Anat., 61:710-24.

Gabe, M. (1953). Sur queloues applications de la color-
atlon par la fuchsine-paraldéhyde. Bull, Nicr. aonl.,
3:153-62,

Glydon, R. (1957). Development of the blood supply on the
pituitary in the albino rat, with special reference
to the portal vessels. J. Anat., 91:237-44,

Goldmen, R.D. (1971). The role of three cytoplasmic fibres
in BHK-21 cell motility. J. Cell Biol., 51:752-62.

Goldman, R.D., Follett, E.A.C. (1969). The structure of the
major cell processes of isolated BHK21 fibroblasts.
Exptl., Cell Res.,, 57:263-76.

Goldman, R.D., Lazarides, E., Pollack, R., Weber, K. (1975).
The distribution of actin in non-muscle cells. Exptl.
Cell Res., 90:333-44.

Green, J.D. (1947). Vessels and nerves of amphibian
hypophyses: a study of the living circulation and
of the histology of the hypophysial vessels and
nerves. Anat. Rec., 99:21-54.

Green, J.D,, Van Breemen, V. (1955). Electron microscopy
of the pituitary and observations on neurosecretion.
Am. J. Anat., 99:177-203.

Grignon, G., Guedenet, J.-C. (1968). Observations sur
1'ultrastructure de la neurohypophyse et de la pars
tuberalis chegz le poulet au cours de la vie embryon-
naire et apres 1'éclosion. Arch. Anat. Histol. Embryol.
norm. €xp., 51:277-86,




-79-

1

Guizzetii, P. (1925), Sulla porzione linguiforme dell'
hyovovhysis cerebri nell'uomo e suli di lei cordcni
di epithelio vavimentoso stratificato. Lo Sperimen-—
tale, 79:73-150,

Hagquist, C.W. (1938). Cellular chenges in the antericr
hypovhysis during the reproductive cycle in the
female guines pig. Anat. Rec., 72:211-29,

Halmi, H.S. (1952). Two tyves of basophils in the rat
pituitary: "Thyrotrophs" and "Gonadotrophs" Vs,
Beta and Delta cells. Endocrinology, 50:140-42, -

Hanstrom, B. (1966). Gross anatomy of the hypophysis in
memmnals. In: The Pituitary Gland, (G.W. Harris & B.T,
Donovan, ed ), chap. 1., pp. 1-57, Butterworths,
London. . ‘ |

Harris, G.W. (1955) Neural Control Of The Pituitary Gland.
Edward Arnold (Publishers) Ltd,, London.

Harrison, R.J., Young, B.A. (1969). Stellate cells in the
Delphinid sdenohypophysis. J. Encdocrinol., 43:323-24,

Heath, E.H. (1965). Application of the performic acid-
alcian blue-periodic scid-Schiff-orange G stain to
sections of pituitary glandés from domestic mammals,
Am, J. Vet. Res., 26:386-71.

Heath, . (1970). Cytology of the pars anterior of the
bovine adenohypophysis. Am. J. Anat., 127:131-158,

Herlant, M. (1964). The cells of the adenohypophysis and
their functional significance. Int. Rev. Cytol.,
17:299-382.

Hopkins, P.S., Thornburn, G.H. (1972). The effects of
.toetal thyroidectomy on the development of the ovine
fetus. J. Endocrinol., 54:55-66,

Hoser, V. J. (1941). Altersveriénderungen der Hypophyse
des Pferdes. IV, Beitrag zur Altersanatomie des
Pferdes., 2, Altersforsch., 3:113-25,

Humason, G.L. (1972). Animal Tissue Technigue, p. 228.
- W.H. Freeman & Co,, San Francisco

Imai, Y., Sue, A., Yamaguchi, A. (1968). A removing method
of the resin from eposy-embedded gections for 1igh
microscopy. J. Blectron Microsc. (Tokyo), 17:84-85,

Ishikawa, H., Bischoff, R., Holtzer, H. (1968). Hitosis
and intermediate-size filaments in develoning skeletal
muscle, J. Cell Res., 38:538-55,




—~80-

Ishikawa, H., Bischoff, R., Holtzer, H, (1969). Formation
of arrowhead complexes with heavy meromysin in a
variety of cell types. J. Cell Biol., 43:312-28,

Jordon, B.H., Baker, J.R. (1955). A simple Pyronine/
Methyl Green technigue., Quart, J, Micr, 3ci,,
96:177-79. _

Kagayama, M. (1965). The follicular cell in the pars distalis
of the dog pituitary gland: an electron microscope
study. Endocrinology, 77:1053-60.

Karnovsky, M.J. (1965). A formaldehyde glutzraldehyde
fixative of high osmolarity for use in electron:
microscopy. J. Cell Biol.,, 27:137A-138A,

Kennedy, W.R., Webster, H.D., Yoon, K.S. (1974). Human
muscle spindles: microfilaments in the group 1A
sensory nerve endings. Anat. Rec., 180:521-32.

Kerr, T, (1965). Histology of the distal lobe of the
pituitary of Xenopus laevis Daudin. Gen. Comp.
Endocrimol,., 5:232-40.

Kirkman, H. (1937). A cytological study of the anterior
hypophysis of the guinea pig and a statistical
analysis of its cell types. Am., J. Anat., 61:233-87.

Klein, M,, Stoeckel, M,, Porte, A., Stutinsky, F. (1970).
Arguments ultrastructuraux en faveur de l'existence
de cellules corticotropes (& ACTH) dans la pars
intermedia et dans la pars tuberalis de l'hypophyse

. du rat. C. R. Acad. Sci. [Dl (Paris), 271:2159-62.

Knowles, 3ir F., Kumar, A.T.C. (1969). Structural changes
related to reproduction in the hypophysis and in
the pars tuberalis of the rhesus monkey. Part I. The
hypothalamus. Part II, The pars tuberalis, Philos.
Trans, R. Soc. Iond. (Biol. Sci.), 256:357-75.

Knutson, F, (1966) On the cellﬁlar site of corticotrophin
production., Acta Endocrinol. (Xbh), 52:305-18,

Kobayashi, T., Kobayashi, T, Yamamoto, K., Inatomi, M.
(1963). Electrom microscopic observations on the
hypothalamo=hypophyseal system in the rat. 1. The
ultrafine structure of the contact region between
the external layer of the infundibulum and pars
tuberalis of the anterior pituitaty. Endocrinol. Jap.,
10:69-80.

Kotsu, T. (1971). Studies on the pars tuberalis of the
hypophysis. 2. I'ine structural changes following
hypophysectomy. Shikoku Acta lMedica, 27:483-93.,




81—~

Kotsu, T., Daikoku, S. (1972). Ultrastructural changes
of the pars tuberalis and median eminence of rats
following hyvovphysectomy. Arch, Histol. Jap.,
34:167-84.

Kurosumi, K., (1968). Functional classification of cell
types of the anterior pituiltary gland accomplished
by electron microscopy. Arch. Histol. Javn., 29:329-62.

Kurosumi, K., Kobayashi, Y. (1966). Corticotrophs in the
anterior pituitary glands of normal and adrenalecto-
mized rats as revealed by electron microscopy.
Endocrinology, 78:745-58,

Kurosumi, K., Oota, Y. . (1966). Corticotrophs in the
anterior pituitary glands of gonadectomized and
thyroidectomized rats as revealed by electron
microscopy. Bndocrinology, 79:808-14.

Kurosumi, K., Oota, Y. (1968). Electron microscopy of two
types of gonadotrovhs in the anterior pituitaty glands
of persistent estrous and diestrous rets. Z Zellforsch,
Mikrosk. Anat., 85:34-46,

Kutas, J. (1958). Die thyreotrophe Aktivitit verschiedener
Teile der Hypophyse. Acta Biol, Acad. Sci, hung.,
9:99-103.

Lane-Petter, W., Porter, G. (1963). Animals for Research,
chap., 10 Academic Press, London and New York,

Langeron, M. (1942). Précis de Microscopie, (Masson et cie eq,).
Pe. 361.L1brar1es de l'académie de Mede01ne, Paris.

Leavitt, G., Kimmel, G.L., Friend, J.P. (1973). Steroid
hormone uptake by anterior pituitary cell suspensions.
Endocrinology, 92:94-103.

Legait, H. (1969). Recherches experimentales sur le lobe
' tuberal de 1l'hypophyse chez le rat impubdre. C. R.
Soc. Biol. (Parls§ 163:714-15,

Legait, H, Burlet, A. (1966). Reserches morphologiques
et eXperlmentales sur les lobes tubéraux des
amphibiens. C.R. Soc. Biol. (Paris), 160:2437-39,

Legait, H., Contet, J.L. (1969) Etude histophysiologigue
de la pars tuberalls de 1l'hypophyse chez le rat.
C. R. Soc. Bicl. (Paris), 163:489-91.

Lever, J.D., Peterson, R.R. (1960) Cellular identities in
the pars distalis of the rat pituitary. Trans, K.Y,

MacConaill, 1.A. (1947) Staining of the ceniral nervous
system with lead-haematoxylin. J. Anat,., 81:371-72.



—-82-~

‘., #ebel., A, (1960). Htude du

flarescaux, J., rfebre, ’
- ’, L Z - . . -
DVOUVOLY tﬂzreOSulivLant de lg gland nituitaire du
cobave zores throidectomie. C. . Soc. Biol, (Paris),

154:1311-14,

Mattheij, J.A.H. (1968). The ACTH cells in the adenohyvuoo-
vhysis of the Hexican cave fish Anoptichthys jordani
as identified by metopirone (SU 4885) treatment.

Z. Zellforsch. Mikrosk. Anat., 92:588-95,

- Metuzals, J. (1959). Hypothalamic nerve fibres in the
pars tuberalis and ovia-anachnoid tissue of the cat
and their degeneration pattern after a lesion in the

- hyvpothalamus, Experientia, 15:36-38.,

Midgley, A.R. (1966). Human vpituitary luteinizing hormone:
an immunohistochemical study. J. Histochem., Cytochem,,
14:159-66,

Mikami, S. (1970). Light and electron microscopic
investigations of six types of glandular cells of
the bovine adenohynonhy51s. Z, Zellforsch, M1kr00k

Mikami, S., Daimon, T. (1968). Cytological and cytochemical
investigations of the adenohypophysis of the sheep.
Arch, Histol., Jap., 29:427-45.

Morato, M.J.X. (1965). Les relations des vaisseaux
porte-hypophysalres avec la pars tuberalis et leur
r8le fonctionnel probable. C. R. Soc. Biol. (Parl ),
159:520-22. :

Morato, M.J.X., Ferreira, J.F.D.,(1960). Premieres observa-
tions sur Multrastructure de la pars tuberalis., Archives
of Portugese Sci, Biol., 3:45-53.

Naik, D.V. (1972). Influence of neurosecretion on the
activity of median eminence and pars intermedia in
hereditary nephrogenic diabetes insivpidus mice with
bilateral supraoptic lesions, 5. Zellforseh. Mikrosk.
Anat., 125:460-79.

Okamota, S., Ihara, Y. (1960) Neural and neurovascular
connection between the hypothalamic neurosecretory
center and the adenohypophysis. Anat. Rec., 137:

Olivereau, M. (1964)., L'hématoxyline au plomb permet—
elle 1! 1dent1flcau10n des cellules cortlcotrophes

de 1'hypophyse des t&léostéens? Z. Zellforsch. Mikrosk.
Anat., 63:496-505, - _



-83-

Oota, Y., Kurosumi, X. (1966) Electron microscovical
studies on the pars tuberalis of the rat hyvophysis.
Arch, Histol., Jdap., 27:501-20.

Paiz, C., Hennigar, G.R. (1970). Electron microscopy
and histological correlation of human anterior
pitvitary cells. Am. J. Path., 59:43-74,

Palade, G.E. (1952). A study of fixation for electron
microscopy. J. Exv. Med,, 95:285-98,

Papanicolaou, G.N. (1942). A new procedure for staining
vaginal smears, Science, 95:438-39,

Paterson, J.S. (1967). The guinea pig or cavy. In: The
UFAW Handbook On The Care and Management Of TLabora~
tory Animals, (ed. by UFAW). chap. 16. E. & S.
Livingstone Ltd.,, Edinburgh & London.

Pearse, A.G.E. (1968). Hlstochemlstry, Theoretical and
Apoplied, Vol. 1., ».660. J. & A, Churchill ILtd., London,

Pearse, A.G.E., van Noorden, S. (1963). The functional |
cytology of the human adenohypophysis. Can, Med,
ASSOC. Jo, 88:462‘710

Pearson, A.K., Licht, P. (1973). Ultrastructure of the
pars distalis of the ligard Anolis carolinensis
with specisl reference to the identification of the
gonadotrophic cell, Z, Zellforsch, Mikrosk. Anat.,
137:293-312.

Peterson, R.R. (1957). An electron microscopic study
of the pituitary basophils in the guinea pig.
Anet. Rec., 127:346 (abstr.).

Phifer, R.F., Spicer, S.S., Orth, D.N. (1970) Specifiec
demonstration of the human hypophyseal cells which
produce adrenocorticotropic hormone. J, Clin.
Endocrinol. Metab.,, 31:347-61.

Piacsek, B.E., Meites, J. (1966). Effects of castration
and gonadal hormones on hypothalamic content of
luteinizing hormone releasing factor (IRF). Endocrimol.,
79:432-39. ' '

Purves, H.D., Griesbach, W.E. (1951). The significance of
the Gomori staining of the basophils of the rat
pituitary. Endocrinology, 49:652-62,

Racadot, J. (1963). L'ovlglne cytologigue de 1! hormone
cortlcotrone de 1l'hyvovhyse chez le chat impubere.
C. R. Soc. Biol. (Paris), 157:1931-34.




_84-

Rash, J.E., Biesele, J.J., Gey, G.O.(l970éL Three clzss
of filaments in czrdiac differentistion. J. Ultraos

Res., 33:408-35.

Rash, J.E., Shay, J.W.,, Biesele, J.J. (1970a)k Preliminary
biochemiczal investigations of the intermediate
filaments, J., Ultrastruct. Res., 33:399-407.

Reichlin, S. (1963). Keuroendocrinology. N. Eng. J. Iled.,
269:1182-91,

Rennels, E.G. (1964). Electron microscopic alterations in
the rat hypophysis after scalding. Am, J, Anat.,
114:71-76.

Rinehart, J.F., Farquhar, M.G. (1955). The fine vascular
organization of the anterior pituitary gland. An
electron microscopic study with histochemieal corre-
lations, Anat. Rec., 121:207-40.

Rinne, U.K. (1966). Ultrastructure of the median eminence
of the rat. Z. Zellforsch. Mikrosk, Anat., 74=98—122.

Rloch, D.M., lelockl, G.B., O'Leary, J.L. (1940).
précis of preoptic, hypothalamic and hynophy51al
terminology with atlas, Res. Publ, Assoc, nerv,
ment., Dis., XX:3-30,

Salazar, H. (1963). The pars distalis of the female rabbit
hypophysis: an electron microscopic study. Anat.
Rec., 147: 469 98

Sano, M. (1962). Further studies on the Theta cell of the
mouse anterior pituitary as revealed by electron
microscopy, with special reference to the mode of
secretion, J. Cell Biol., 15:85-97,

Schecter, J. (1969). The ultrastructure of the stellate
cell in the rabbit pars distalis, Am. J. Anat.,
126:477-88,

Schecter, J. (1971). The cytodifferentiation of the rabbit
pars dlstalls. an electron microscopic study. Gen.
Comp. Endocrlnol., 16:1-20.

Sehmitt, F.O0. (1968). Fibrous protlens - neuronal organelles.
Proc. Natl. Acag. Sci. (USA), 60:1092-1101.

Selle, R.M. (1922). Chenges in the vaginal epithelium of
the guinea-pig durlng the oestrous cycle. Am._J. Anat.,

30: 429 49,




—85-

v

Severinghaus, A.#. (1936). The cytology of the pituitary
gland. Proc, Assoc., Res. lerv, ifent. Diz., 17:69-117.

Shanklin, W.¥. (1949). On the tresence of cysts in the
human pituitary. Anat. Rec., 104:379-407.

Siperstein, E.R. (1955). Histochemical demonstration of
glycogen in mouse pituitary. Proc. Soc. Exp. Bio. Med.,
86:296-300. |

Siperstein, E.R. (1863). Identification of the adreno-
corticotrophin-producing cells in the rat hywophysis
by autoradiography. J. Cell Biol., 17:521-46.

Siperstein, E.R., Miller, K.J. (1970). Further cytophy-
siologic evidence for the identity of the. cells that

produce adrenocorticotrovhic hormone. Endocrinology,
86:451-86. '

Smith, R.E. (1963). An electron microscopic study of the
adenohypophysis of the guinea pig. Anat. Reec.,
145:352 (abstr.).

Solcia, E., Capella, C., Vasszllo, G. (1969). Lead-
haematoxylin as a stain for endocrine cells.
Histochemie, 20:116-26.

Soleia, E., Vassallo, G., Capella, C.(1968). Selective
staining of endocrine cells by basic dyes after
acid hydrolysis. Stain Technol., 43:257-63.

Somlyo, A.P., Devine, C.E., Somlyo, A.V., Rice, R.V. (1973).
Filament organization in vertebrate smooth muscle.
Philos, Trans. R. Soc. Lond. (Biol, Sci.), 265:223-29,

Spagnoli, H.H., Charipper, H. A. (1955). The effects of
aging on the histology and cytology of the pituitary
gland of the golden hamster (Cricetus Auratus), with
brief reference to simultzneous changes in the thyroid
and testis. Anat. Rec., 121:117-39.

Spooner, B.S., Wessells, N.K. (1970). Cytochalasin B
upon microfilaments involved in morphogenesis of
salivary epithelium, Proc. Natl. Acad. Sci. (USA),
66:360-64,

Spooner, B.S., Yamada, K.H., Wessells, N.K. (1971) Micro-
filaments and cell locomotion., J. Cell Eiol., 49:595-613.

Stahl, A. (1958). Sur la présence d'une durelité cellulaire
au niveau du lobe intermédisire de 1l'hpovhyse de B
certains poissons. C. R. Soc. Biol, (Paris), 152:
1562-65.




-856-

Stevens, H.H. (1937). 4 study of the vascﬁlarity of the
pituitary body in the cat. Anat. Rec., 67:377-94.

Stockard, C.2., Papanicolaou, G.H. (1917). The existence
of a typnical oestrous cycle in the guinea-pig -
with 2 study of its histological and physiological
changes., Am. J. Anat., 22:225-83.

Stoeckel, M E., Dellmann, H.-D., Porte, A., Hindelang-
Gertner, C. (1971). The rostral zone of the inter-
mediate lobe of the mouse hypophysis, a zone of
particulur concentration of corticotrophic cells,
%, Zellforsch., Mikrosk. Anat., 122 310-22.

Stoeckel, M.E., Hlndelang-Gertner, C., Porte, A., Dellmann,
H,, Stutinsky, F. (19732 Sur les caractéres cytolo-
giques spe01f1ques de la _pars tuberalis de l'hypophyse
et sa différenciation précoce chez le foetus de rat.

C. R. Acad. Sei, (0 (Paris), 277:97-100.

Stoeckel, M.E., Porte, A., Hindelang-Gertner, C.,
Dellmann, .~D., (197%b). A light and electron micro-
scopic study of the pre- and postnatal development
and secretory differentiation of the pars tuberalis
0f the rat hypophy51s. 42, Zellforgsch, Mikrosk., Anat.,
142:347-65. '

Stumpf, W.B., Sar., M, Keefer, D.A. (1975). Localization
of hormones in the pituitary : receptor sites for
hormones from hypovhysial target glands and the brain.
In: The Anterior Pituitery, (A. Tixier-Vidal & i.G.
Farguhar, ed.). pp. 63-82. Academic Press, N.Y., San
- Francisco & London,

Stutlnsky, .y Klein, M.J., Stoeckel, M.E., Porte, A,
(1973). Reactions des fibres neurosecretories apres
irritation de le base du 3% ventricule chez le
rat blanc, C. R. Assoc. Anat., 57:177-86.

Stutinsky, F., Porte, A., Stoeckel, (1964)., Sur les
modlflcatlons ultrastructurales de la pars tuberalis
du rat aprés hyvpophysectomie. C.R. Acad. Sci.

(Paris), 259:1765-1767.

Szentagothai, J. Flerko, B.,lMess, B., Halasz, B. (1968).
Hypothalamic Control of the Anterior Pituitary, chap. 2.
Akademiai Kiado, Budavest.

Terneby, U.K. (1972). The develovment of the hyvwophysial
vascular system in the rabbit, with vparticular regard
to the primary plexus and portal vessels. J.. Neurovisc,
Relat., 32:311-46. ‘




-87-

Y

Tilney, F. (1913). in analysis of the juxta-neural
epithelial w»ortion of ths hypophysis cerebri, with
an embryological and histological account of a
hitherto undescribed nart of the organ. Int.
llonatsschr. Anat. Fhysiol., 30:258-93,

Pixier—Vidal, 4., Follett, B.K., Farner, D.S. (1968)..
The anterior nituitary of the Japanese quail,
Coturnix coturnix javonica. The cytological effects
of vhotoweriodic stimuletion., Z. Zellforsch. Hlikrosk.
Anst., 92:610-35. |

Uehara, Y., Campbell, G.R., Burnstock, G. (1971). Cyto-
plasmic filaments in developing and adult vertebrate
smooth muscle. J. Cell Biol., 50:484-97.

Unsicker, K. (1971). On the innervation of mammalian
endocrine glands (anterior pituitary and parathyroids).
Z. Zellforsch. Mikrosk. Anat., 121:283-91,

Vandenberghe, K. Dierickx, K., Goossens, N. (1973). Seasonal
changes of the ultrastructure of the pars tuberalis
of the hypophysis of Rana temvorarias. 2. Zellforsch.
Mikrosk. Anat., 145:459-69,

- Vanha-Perttula, T., Arstila, A.U. (1970). On the epithelium
of the rat pituitary residual lumen. 2. %Zellforsch.
Mikrosk. Anat., 108:487-500.

Venable, J.H., Coggeshall, R. (1965). A simplified lead
citrate stain for use in electron nicroscopy. J. Cell
Biol., 25:407-08.

Vila-Porcile, E, (1972). Le reseau des cellules folliculo-
stellaires et les follicules de l'adenohypophyse
du rat (pars distalis). Z. Zellforsch. Mikrosk. Anst.,
129:328-69,

Vila-Porcile, E,, Olivier, L, Radacot, O. (1973). Exocytose
polarisee des corps regiduels lysosomaiauxX deg cellules
a vrolactine dans l'adenohypophyse de la ratte en
post-lactation. C. R. Acad. Sci. (Paris), 276:355-57,

Weatherhead, B. (1968). The Maturation and Function of the
Hypothalamo-Neurohypothyseal System. Ph, D, Thesis,
University of Birmingham,

Webster, R.C., Young, W.C. (1951). Adolescent sterility in
the male guinea pig. Fertil. Steril., 2:175-81.

Wingstrand, K.G. (1951). The Structure and Development
of the Avian Pituitary, CWK Gleerup, ILund.




_88-

Wingstrand, X, G. (1966). Comparstive anzatomy and evolu-
tion of the hvpophy51s. In: The Pituitary Glana,
(G.W. Harris & B.T. Donovan, ed.), chap 2, pp 50-126,
Butterworths, London.

Wislocki, G.B., Geiling, E.M.K. (1936). The anatomy of the
hypophysis of whales. Anat. Rec., 66:17-41.

Wolfe, J.M. (1943). The effects of advancing age on the
structure of the anterior hypophyse and ovaries
of female rats. Am. J, Anat., 72:361-83,

Wrenn, J.T., Wessells, K.K. (1970) Cytocholasin B:
effects upon microfilaments involved in morphogenesis
of estrogen-induced glands of oviduct. Proc. Natl.
Acad. Sci. (UsSA), 66:904-08.

Yamada, K.M., Spooner, B.S., Wessells, N.K. (1970). Axon
growth : roles of microfilaments and microtubules.
Proc. Natl, Acad. Sci. (USA), 66:1206-12,

Yamada, K., Yamashita, K. (1967). An electron microscopic
study on the possible site of productlon of ACTH
in the anterior pituitary of mice. Z. Zellforsch.
Mikrosk. Anat., 80:29-43,

Yamashita, K. (1969). Electron microscopic observations
on the postnatal development of the anterior pitui-
tary of the mouse. Gunma Symp. Endocrinol., 6:177-96.

Yoshida, Y. (1966). Electron microscopy of the anterior
pituitary gland under normal and different experi-
mental conditions. Meth. Achivem, Exptl. Path.,
1:439-54.

Young, W.C. (1937). The vaginal smear picture, sexual
recept1v1ty and the time of ovulation in the gulnea
pig. Anat. Rec., 67: 305-25.

Young, B.A., Foster, C.L., Cameron, E, (1965). Some
observations on the ultrastructure of the adeno-
hypovhysis of the rabbit. J. Endocrinol., 31:279-86,

Zambrano, D., Cuerdo-Rocha, S., Bergmann, I. (1974).
Ultrastructure of rat pituitary gonadotrophs
following incubations of the gland with synthetic
LH-RH. Cell Tigs. Res.,, 150:179-92.




-89~

MICROGRAPHS

Migureg 1 through 9 are light micrographs.

Figures 10 through 63 are electron micrographs taken
of tissue from male guinea pigs which was fixed in glutar—
aldehydé followed by osmium tetroxide unless otherwise
stated, Where appropriate, cell profiles are labelled as
I, II, ITI, IV or V to correspond to the profiles described

in the text.






Fipure 1. A sagital view of the guinea pig pituitary
gland labelled to show the different epithelial and
nervous regions., (fixed in PC, stained with APG) X40

Fig 2. A transverse cut through the hypophysial
stalk of the pituitary gland., The primary capillary
plexus is seen to be situated between the median emi--
nence and the pars tuberalis. Neurosecretory material
can be observed in the median eminence (arrows)., (fix-
ed in Bouin solution, stained with CAH) X60

Fizure 3. A horizontal view of the pars tuberalis
whlch is attached to the neural stalk. DNote the long-
itudinal arrangement of the blood vessels in the pars
tuberalis. (fixed in FC, stained with H & E) X60

Figure 4. Vertical view of the pituitary gland in the
region of the pars tuberalis to show the continuous
morphology of the pars tuberalis to the pars distalis
ventrally and the close proximity of the pars inter-
media to the pars tuberalis in the dorsal regions.
(fixed in FCC, stained with H & E) X90

Apbreviations for Figures 1 through 4: PT - pars tub-
eralis, PI - pars intermedia, PD - pars distalis, PN -
pars nervosa, 1S — infundibular stem, ME — median
eminence, IR - infundibular recess, III V - third
ventricle, 4 - dorsal, v - ventral, ant - anterior,
post - posterior.
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Figure 8. Vertical view of the hypophysial stalk.
Pogitively stained neurosecretory material is seen in
the internal median eminence and in the infundibular
stem (some of which is circled). Positively stained
'colloid' (c) is seen in small follicules and in one
cyst of the pars tuberalis. Vv - ventral; ant -
anterior. (fixed in Bouin solution, stained with AT')

X120

Fipure 9, A cyst and adjacent epithelial cells in the
posterior pars tuberalis. Note the extensive meta-
chromasia of the 'colloid' in the lumen of the cyst
(IC) and the multiciliated cell (c). (fixed in
glutaraldehyde followed by osmiwn tetroxide, stained
with Azur II) 1440
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Figure 10, Two cells of profile I showing typical rough

endoplasmic reticulum (ER), mitochondria (M) and num-
erous scattered granules in the cytoplasm, X10,000

Figure 11, A process of a cell of profile I con-
taining abundant cytoplasmic granules with variable
amounts of electron lucent space between the dense
cores and the granule membraneg. Also note the scat-

tered, long rough endoplasmic reticulum (ER), X11,000

Figure 12. Enlargement of an area of the preceding
photograph showing a small foot-like appendage of a
cell of profile I, at the end of which is seen an
electron dense substance (arrow). Also note the coated
vegsicle (v) which appears to be attached to the plasma

membrane X25,000







Figure 13, The synthetic pole of a cell of profile I,
Imrature appearing granules (arrows) and coated ves-—
icles (some of which are circled) arc seen in the Golgi
zone (G). D - desmosome; ER - rough endoplasmic retic-
ulum; I - mitochondria; cen - paired centrioles; mt -
microtubules; bm - basement membrane; PVC- perivascular
cells, X15,000

Figure 14. Perivascular region of a cell of profile I
showing aggregetion of granules at the plasma membrane
(arrow). g - granule; mt - microtubule; ¢ - collagen;
x» — fenestrations in endothelium of capillary. X40,000

Figure 15, IExocytotic-like figure in a profile I cell.

,500







Figure 16. Micrograph of a profile I cell from a female
guinea pig in diestrus. TFewer cytonlasmic granules are
seen than in male specimens (compare with Figures 10
through 13). The Golgi apparatus (G) is seen to contain
numerous vesicles and some lamellae which appear to
dilate into vesicles at their ends (circled). Part of

a cell of profile IV is also seen bordering on a fol-
licular lumen (FL). mt - microtubulegs; M - mitochon-
dria; D -~ desmosomes. X15,000

Figpure 17. A profile II cell showing extensive rough
endoplasmic reticulum (ER), some of which is flat, and
some of which is dilated and rounded. X15,000

Figure 18. An enlargement of a portion of Figure 17
showing the aggregation of granules at the plasma
membrane, The granules in some instances appear
unbounded and adhere closely to the plasmalemma
(arrows). X37,500







Fipure 19, A synthetic region of a cell resembling a
rofile II cell., ©Note the electron dense substancesg
d) in the Golgi apparatus. cv - coated vesicles;

mvb - multivesicular body; ER - rough endoplasmic

reticulum, X 15,000.

Figure 20, A profile II cell showing extensive rough
endoplasmic reticulum (ER) separated by the nucleus
from a larger Golgi region (G) in which numerous coated
vesicles can be seen, D -~ desmosomes. X15,000







Figure 21, An elongated profile 1II cell showing rough
endoplasmic reticulum (ER), much of which is near the
plasma membrane, and abundant mitochondria (}). X10,000

| Figure 22. Cell of profile III near a capillary (cap).
Note the wvariable density of the substance within the
membrane of some granules (%), the electron dense sub-

stance within one cisterna of the rough endoplasmic
reticulum (d) and the morphology of some Golgi lamellae
which appear to dilate into vesicles at their ends (dl).
cv - coated vesicles; M - mitochondria; G - Golgi ap-
paratus; ER - rough endoplasmic reticulum; ¢ - collagen
in the perivascular spaces; f - transverse view of
endothelial fenestrations. X15,000

























Figure 31. A follicle surrounded by profile IV cells.
Note that a nearby profile I cell does not come into
contact with the follicular lumen (FL). Dark cells
(Dk CII) of the type frequently seen on the external
surface of cysts are seen here in contact with cells
of profile IV, * - marks the interdigitation of
villous structures of the adjacent plasma membranes.
FN - filamentous network, X6,000

Figure 32. Higher magnification of a 'colloid'-filled

follicular lumen and the apical cytoplasm of bordering
profile IV cells. The 'colloid' in this follicle is
heterogeneous, circles 1 and 2 enclosing morphological-
ly different particulate substances, Junctional com-
plexes can be seen between adjacent cells at the apical
pole (tj - tight junction, gp - gap junction, D -
desmosome), Note the dense bodies (DB) and coated
vesicles (ev), larger cytoplasmic vesicles (v), micro-
villi (mv) and longitudinal view of a centriole (cen).
X20,000













b1 ure 36, A possible projection of a follicular lumen
TFL) into the cytoplasm of a cell., FN - filamentous
networks; cen - centriole, Arrow points to coated
dilation at the end of what appears to be a cisterna

in a neighboring granulated cell. X30,000

Figure 37. Series of desmosomes connecting two fol-
TiculaT cells to which filaments appear to be attached.
The follicular lumen contains dense particulate sub-
stances, X20,000

Ficure 38. A transverse cut through a centriole (cen).
Tine sets of tubules in triplicate are easily seen,
X60,000







e 39, A profile V cell identified by its abundant
content of filaments., The short scattered rough endo-

plasmic reticulum (¥R), Golgi apparatus (G) and a few
dense mitochondria (M) are typical of this type of
cell., ZX10,000
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Fisure 40. A profile V cell in which the cytoplasmic
filaments are seen to be more abundant nesrer the nucleus.,
Several adjacent profile II cells can be seen in one of
which cytoplasmic filaments (F) are observed. C - collagen;
mt - microtubules; np - nuclear poresy; M - mitochondria.
X15,000

Firure 41, Region of contact between three adjacent

profile V cells, Desmosomes (D) and numerous microvil-
lous—like extensions (mv) are seen. Also note disruptions

of the cytoplasm which appear as though some substance
may have been extracted (circled), M - mitochondria.
X30,000

Firure 42. High magnification of cytoplasmic intermed-
iate-sized filaments from a cell of profile V. Note
the tubular morphology of = filament cut in cross sec-
tion (arrow) and what appezrs to be radiating spikes
from the electron dense wall of another filament cut
transversly (circled). X165,000







Pizure 43, A profile V cell in which filaments (F)

are less abundant than usual and in which there is a
perinuclear Golgi apparatus (G). ER - rough endoplas-
mic reticulum; cv - coated vesicles; mv - microvillous-
like processes; M - mitochondria, X15,000

Figure 44 A follicle bordered in this section by two
cells of profile V, FL - follicular lumen. X6,000







IV cell is also

46







Figure 47. Dark cell II (Dk CII) seen in the external region
of 2 cyst and showing typical features of this type of cell:
numerous large mitochondria (M), desmosomal contacts (D) with
ad jacent cells, a few long, flat cisternae of rough endoplas-
mic reticulum ZER), a livofuscin-like inclusion (%) and micro-
villi extending from the plasmalemma (mv). Broad intercellular
spaces typically are present between these cells., X15,000

Figure 48, A cell containing abundant intermediate-sized
filaments bordering on the lumen of a cyst. This cell appears
much like a profile V cell except that here a definite cellular
polarity is evident with the nucleus located at the base of the
cell, the Golgi apvraratus in a perinuclear position and many
small vesicles and microvilli (mv) at the apical vole, This
cell is bordered by dark cells (Dk CI and Dk CII), ER -

rough endoplasmic reticulum; tj - tight junction; LC - lumen

of the cyst; M - mitochondria; db - dark bodies. X15,000
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Fipure 49. A transverse view of four cilia extending
into the lumen of a cyst. These appear to have a 9+2
tubular formation. X30,000

Firsure 50, A multiciliated epithelial cell bordering
o the lumen of a cyst (IC). A coated vesicle is cir-
cled. ©C - cilia; my - myelin-like substance; mv -
microvilli; ph -~ basal body. X15,000

Figure 51, Cells of profile IV bordering on the lumen
of a cyst (IC). bm - basement membrane; G - Golgi ap-
paratus; cen -~ centriole; 1 - lipid-like body; * -
interdigitating microvillous-like extensions of adja~
cent plasma membranes. X10,000

Figure 52. An enlargement of the apical plasma mem-
brane of severagl cells in the previous photograph.

Note the pinocytotic-like profile (arrow) and the small
vesicles closely associated with either side of the
plasmalemma (*), tj - tight junction; FN - filamentous
network., X25,000
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Figure 53. Several type I dark cells (Dk CI) and part of
a ciliated epithelial cell (CE) bordering on the lumen of
a ¢cyst. The dark cells are seen to contain numerous
mitochondria (M), some strands of rough endoplasmic re-
ticulum (ER) and what appears to be smooth endoplasmic
reticulum (SER). G - Golgi apparatus; tj - tight junc-
tion; # -~ interdigitating microvillous-like structures

of the lateral plasma membrane. X15,000

Figure 54. Dark cell I (Dk CI) bordering on a cyst in
wnich the smooth endoplasmic reticulum (SER) is abundant.
0f varticular note, coated vesicles (circled), large
heterogeneous lysosome-like dark bodies (zrrows) and a
few filaments (F) can be seen in the eytoplasm., G -
Golgi apparatus; mv - microvilli at the apical plasma
membrane, X20,000







Figures 55,56 and 57. Tissue fixed in potassium per-
manganate and printed at a magnification of X15,000,
N - nucleus; M - mitochondria; FL - follicular lumen;
ER - probable membranes of endovlasmic reticulum in a
profile IV cell.

Pig, 55. A guinea pig hepatocyte showing alpha
clycogen (gly)

Figg, 56 and 57. Sections of cells of the guinea
plig pars tukeralis. Probable cell types are iri-
dicated. Fig. 56, in particular, shows a small
number of fine, scattered particles in the cyto-
plasm which could possibly represent beta glycogen.







ure 58, TLow magnification micrograph of cells in
cap - capillary; ME -
median eminence; A - arteriole. X3,000

Ficure £9., Survey micrograph of cells in the anterio-
ventral pars tuberalis showing cells of profiles I and
IV, some of which are labelled, DNote the large peri-
vascular space (PV3). X6,000



















