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INTRODUCTION

Excluding vascular elements, it can be said that the neuro-
bypophyg¥s arises totally from neural tissue. According to Kleeman and
.

Cutler (1963) the mammalian neurohypophysis consists of: 1) & group of
specialized hypothalamic nuclei, 2) the median eminence, 3) the neuro-
hypophyseal tract, and 4) the pars nervosa (synomyms: neural lobe,
posterior lobe of the pituitary). Nerve fibers of the neurohypophysesl
tract terminate in the pars nervosa (Kleeman and Cutler, 1963).

Progress in physiological research on the neurohypophysis has
far exceeded anatomical findings. For example, the presence of bio-
logically active hormones fn the neural lobe was known for more than 50
years (Ol1¥ér and Schafer, 1895) before Bargmann in 1948 was able to
clearly demonstrate histologically the existence of morphological fea-
tures consistent with the available physiological data. The concept of
neurosecretion has developed subsequently and at present adequately fits
in with the current data.

The secretory function of the supraoptic and paraventricular
nuclet {s now clearly understood but the exact nature of production and
release of the hormones is still obscure. It is known that neuro-
hormones are actively synthesized {n the hypothalamic nuclei a.d that
these hormones are conjugated in some way to carrier proteins and are
packaged for ransport down axons fnto the release area. This release
area {s commonly called a "neurchemal organ”. These concepts have been
developing over the last 20 years and through the efforts of many

fnvestigators a relatively good working knowledge of the controls and

e



operational factors in the hypothalamo-neurchypophyseal system have been
achieved.

Neurosecretion as an endocrine process is not limited to the
mammal. It is known to exist in such diverse systems as the sinus glands
of crustaceans, the corpus cardiscum of insects, the annelid brain, the
pericardial and postcommissure organs in crustaceans, the urophysis of
€tshes and in a variety of analogously constructed orgsns in arachoids
and myrispods (Bern and Knowles, 1966).

The classical definition of neurosecretion involves the light
microscopic demonstration of secretory material in neurons by standard
cytological methods which distinguish glandular activity. Certain
staining methods, notably including that of Gomori, were adopted by
"neurosecretionists” as standard procedure for the demomstration of
neurosecretory material (NSM). Unfortunately, these procedures were
very nonspecific and really identified only inclusions stainable with
either chrome-alum or paraldehyde fuchsin. Thus these stains may or
may not indicate neurosecretory material.

The advent of the electron microscope further refined cyto-

logic criteria that could be 1 d to study ory

The observation in neurons, for example, of electron-dense granules in
the range of 1000} to 3000& gave rise to the hope that a dependable
criteria for the identification of neurosccretory systems had been
discovered. It soon became apparent that granules in this category were
present in areas where there is presumably no neurosecretion (Bern and

Knowles, 1966). Consequently, at the present time the definition of
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such a systen ls somevhat more complicated tham was first anticipated.
The present concept of a neurosecretory system is one in which a part
of the nervous system carries on hormonogencsis and the hormone is
released at the site of a neurchemal organ (Bern and Knowles, 1966).
This provides a location for releasing the hormone into the systemic
circulation. P

In the case of the vertebrate posterior pituitary, the known
hormones involved are: vasopressin, synthesized mainly in the supra-
optic nucleus of the hypothalamus, and oxytocin, predominantly elabor-
ated in the paraventricular nucleus. These hormones have several
functions and will be described only briefly here. Oxytocin is an
octapeptide which {nfluences the smooth muscle of the uterus and stimu-
lates myoepithelial contraction {n the breast during lactatfon.
Vasopressin, slso an octapeptide which derives its name from its vaso-
pressor sctivity, {s known as anttdiuretic hormone because of fts
prominant effect on the renal tubules in preveating diuresis

The importance of thes¢ two hormones makes the study of the
system significant clinically as well as academically. For example,
in diabetes insipidus there is decreased production, or total lack, of
antidfuretic hormone (ADH). As a result the patient exhibits polyuria
and polydipsia. An understanding of the entire system is not only
important {n treating this patient but alsc in being aware of the
possible locatfons for the causative lesfon. This is a good example of
a neuroendocrine system in which the nervous system has control over

the entire body by way of the vascular system. The functional 'apli-
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cations of such a system induced the writer to undertake a research
project concerned with neuroendocrinology.

Considerable effort by many workers has been devoted to
studies of the hypothalamo-neurchypophysial axis and, in particular,
the methods and controls for the release of hormones under physiologic

and experimental conditions. /

A number of review articles are available covering the hormones

of the hypothal 1 system. A work on
produced by neurosecretory cells was published in 1954 (Scharrer and
Scharrer, 1954). Niels Thorn's (1958) review covers earlier research
on mammalian antidiuretic hormone and the very complete work of Sawyer
(1961) discussed all aspects of the neurchypophysial hormones up until
that time. A complete review on the neurohypophysis by Kleeman and
Cutler (1963) discussed the topic in gemeral from 1957 to 1963. The
latter perhaps is the most complete work covering the basic systemic
processes in relation to their pathological and clinical correlates.
The work by Acher (1966) is a treatment of the chemistry of neuro-
hypophysial hormones. The work by Sawyer and Mills (1966) discussed
the control of vasopressin secretion.

One of the best sources to date for organismic physiology of
the neurohypophysis {s the 1968 review by Farrell, Fabre, and Rauschkolb
(1968). A review by Share (1967) is a good reference for those interest-
ed in the bloassay and physiclogical control of the release of vaso-
pressin. Several other reviews may be consulted for additional discus-

sion and references: (van Dyke, 1955; Rothballer, 1966; Gauer and



Henry, 1963; Kleeman and Cutler, 1963; Sawyer, 1966).

The cytologic of the s may be divided
into three categories: teurons, glial cells (the so-called pituicytes),
and vascular system elements. For the historic development of the
cytology of the gland, the reader s referred to Christ (1966)

The pars nervosa contains ummyelinated axons and terminals of
nerve fibers whose cell bodies are located chiefly in the supraoptic
and, to a lesser extent, in the paraventricular nuclei of the anterior
hypothalamus. These fibers reach the neurohypophysis by way of the
hypothalamo-hypophysial tracts tn the infundibular stem and, after rami-
fication in the gland their terminals expand abutting the capillary nmet-
work of the gland. Bodian (1951) has described these terminal expan-
sions as the palisade layer. Cell bodies in the hypothalamus, the
axons, and the terminals all contain varying amounts of neurosecretory
material which can be seen in properly stained light m{croscoplc prepara-
tions as colloid particles inside the fibers. In electron microscopic
observations these are seen as osmiophilic neurosecretion granules (NSG).

In the opossum Bodisn has described three layers or zomes in

the neurohypophysis

the hilar zone, which is the area containing the
nerve fibers and the pituicytes; the septal zone, containing blood ves-
sels and connective tissue; and the palisade zome, which contafns rows

of nerve endings and pituicyte proce

This precise organization has
not been demonstrated in other animals.
Nerve fibers in the neurohypophysis are similar to those found

10 the central nervous system gemerally. Their axons contain consider-



able numbers of meurotubules, mitochondria, neurofilaments as well as
the NSG and occasional outpocketing of synaptic-like or "synaptoid”
vesicles.

Numerous studies of the cytology and ultrastructure of the
neurchypophysis are avsilable for various species: human (Lederis,
1965); rabbits, both normal (Barer and Lederis, 1966) and drug-treated
(Pujita and Hartmann, 1961); the rat in a strain with homozygous dia-
betes tnsipidus (Brattleboro strain) (Scott, 1968); the neural lobe of
the rat (Bargmann and Knoop, 1957; Palay, 1957; Hartmann, 1958; Palay,
1955; Monroe, 1967; Dantel and Lederis, 1966; Monroe and Scott, 1966);
the rafnbow trout, Salmo irideus (Lederis, 1964); cats and dogs
(Bargmann and Knoop, 1957); the common grass snake, Tropidonotus natrix
(Bargmann, Knoop and Thiel, 1957); the toad, Bufo arenarum (Gerschenfeld
Tramezzani and DeRobertis, 1960); the opossum, Didelphis virginiana
(Bodian, 1951; Bodian, 1963; Roth and Luce, 1964); birds (Robayashi
1963); the white crowned sparrow, Zomotrichia leucophrys gambelii (Bern

et.

1966); the desert rat (R. L. Holmes, 1968); the fetal monkey
(Holmes, 1966); the hedgehog, Erinaceus europ. L (Holmes and Kieraan,
1964); the parakeet, Melopsittacus undulatus (Kobayashi, Bern, Nishioka,
and Hyodo, 1961); the lizard, Klauberina riversiana (Rodriquez and

LaPointe, 1969); the bullfrog, Rana catesbeiana (Oota and Kobayashi,

1963); the turtle, Clemmys japonica (Oota, 1963b); the chicken, Gallus

domesticus (Duncan, 1955); the fish, Oryzias latipes (Oota, 1963a); the

mouse (Oota, 1963¢); and the pigeon, Columbia livia domestica (Oota and

Kobayash{, 1962).
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Other review articles covering the cytological aspects are
available (Kleeman snd Cutler, 1963; J. F. Christ, 1966).

This study vas undertaken in an attempt to resolve some of the
controversial problems evident in the literature.

It is known, for example, that osmotic stress causes the
posterior pituitary to become depleted of its neurosecretion granules
and that there is an increase in the number of synaptic vesicles in the
axonal endings (Palay, 1957; Gerscheafeld, et. al., 1960; Berm, et. al.,
1966; Danfel and Lederis, 1966 and others). Some have speculated that
these changes are due to an lncrease in neurotransmitter substance at
the site of rolease (Cerschanfeld, et. al., 1960; Kobayashi, et. al.,
1965 and Koelle, 1961). Others have felt that these vesicles are the
result of budding off and that they represent "ghosts" of the larger
vesicles after they had lost their contents and fragmented (Holmes and
Knowles, 1960; Lederis, 1964). There seemed to be some question in the
literature as to whether these small vesicles were typical synaptic
vesticles.

Some workers reported the appearance of swellings along the
axons (Barer end Lederis, 1966) and others did mot. Another factor
involved in the dectsion to study this structure was the fact that the
majority of electron microscopic descriptions of the gland were done
with techniques that are now outdated. These techniques resulted® in
inferior and often very inadequate fixation and detail.

It must be remembered that while electron microacopy yields

static pictures, they represent a stage in a dynamic, living state. With
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this in mind, & detailed study and reevaluation of the ultrastructure of
the posterior lobe of the pituitary scemed desirable.

In order to correlate morphological changes with functional
stages of hormone release, animals were subjected to various osmotic
stresses. The results obtained were considered in light of recent

pharmacological, physiological, and biochemical advances.



MATERIALS AND METHODS

Approximately 60 female, 250 gram Sprague-Dawley rats were
used in this study. Of this number, 26 were ;xled as "normal" animals
for controls and to find the best fixation procedures for preserving
the posterior pituitary gland.

Fixation Procedure. The immersion technique so frequently
used by other {nvestigators has not resulted in consistently acceptable
fixation of nervous tissue. Dripping the fixative onto the surface of
1iving tissue allows only the superficial layers of the tissue to be
studied and deeper layers are too poorly fixed to be useful. Based on
the extensive work by Karlsson and Schultz (1965, 1966) and Schultz and
Karlsson (1965) it was possible to employ a well-established procedure
of perfusion fixation (fig. 1). A detailed discussion of this and other
fixation procedures is available (Sjostrand, 1967). The technique used
here involved tracheal cannulation and respiration with a gas mixture
of S1 CO; and 95T 02. The COp facilitates vasodilatfon of the cerebral
vessels. A discussion of this phenomenon has recently been published
(Skinhoj and Paulson, 1969). An opening cut in the plastic tubing
connect ing the cannula to the gas cylinder allowed the animal to breathe
voluntarily. Following thoracotomy the operative assistant veatilated
the animal by covering the hole intermittantly with his finger. The
thoracic and abdominal skin was incised along the midline and widely
reflected and a slightly para-sagittal incision into the thorax was
made, usually on the right side, from the xiphoid process to the right

first rib. Llateral cuts were made just above the diaphragm. Two large
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hemostats laterally reflected the flaps of the thoracic wall as well as
occluded the severed internal thoracic artery. The flaps of the thoracic
wall were then held open by means of two large hemostats. The ascending
aorta was exposed by retraction of the thymus gland with two small clamps.
The pericardial sac was stripped away and a loose ligature was placed
around the aorta taking care not to disrupt the vasculature. The left
ventricle was incised and the glass cannula for perfusion inserted into
the ascending aorta and tied in place. The right atrium and/or ventricle
was widely opened and perfusion started at a pressure of about 1.4
meters of water. The perfusion apparatus used was an intravenous in-
fusion set with o squeeze-type flow regulator.

A standard fixative solution was employed for all animals used
in the quantitative study. This consisted of 3% glutaraldehyde, 1% gum
acacia and Soremson’s phosphate buffer (pH 7.3) adjusted to 320 mOsm.

The flow rate vas adjusted so the 250 l of perfusate was completely
used 1o 15 minutes.

Removal of Tissue. After perfusion, the brain was exposed and
the optic nerves sectioned and the brain gently pulled back to gatin
access to the median eminence area. Great care was taken to minimize
pulling up on the brain in an attempt to prevent disturbance of the
{nfundibular stalk. In most instances, however, exposure of the pituitary
area necessitated retraction of the brain with resultant breaking of the
delicate {nfundibular stalk. No adverse effects, however, could be
traced to this occurrence. The brain could then be removed leaving the

pituttary exposed and eccessible.
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la the rat the pars nervoss is located cemtrally and anteriorly
with a horseshoe-like ring of anterior pituttary lateral and posterfor.
The small pars intermedia is fnterposed between them. Care was taken to
be as gentle as possible when excising the posterior lobe from the gland,
since disruption of tissue by post-mortem mechanical manipulation is
known to cause membrane breaks as well as other morphological modift-
cations (Cammermeyer, 1960).

Since this study {nvolved comparative values, an effort was
made to sample approximately the same general area of the pars nervoss
tn cach specimen, gemerally the central portion.

Preparation for Examination. The small pieces of tissue (less

than 0.5 millimeter square) were placed in sbout 2 milliliters of 320
wOsm Sorenson phosphate buffered (pH 7.3) 1% osmium tetroxide for three
hours. This pos(»fixnt(ﬁ procedure was used both on the basis of its
fixative reaction which {s dependent on the ability of UIOA to act as a
strong oxidizing agent (Porter and Kallman, 1953) and on the basis of
the heavy metal causing a selective reaction with various parts of the
tissue. This selective reaction accounts for its usefulness as an
electron stain.

Following the postfixation, the tissue vas dehydrated {n a
graded series of aqueous acetone (40, 75, 95, and 100%) and embedded {n
Vestopal W according to the method of Kurtz (1961). Sectioning was done
on an LKB 8800 Ultrotome and the sectiomns were mounted on copper grids
with a single 1 by 2 millimeter rectangular hole, using a Formvar sup-

porting film. Glass knives were used on the microtome and the sections
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were floated onto a S% acetone solution. While they were floating on the
surface of the fluid the copper grids were brought up under them and with
some manipulation they could be properly oriented on the rectangular
hole.

Staining of the mounted sections vas accomplished by floating
the grid on one drop of lead citrate (Reynolds, 1963) for 5 minutes and
uranyl acetate (Watson, 1958) for 30 minutes.

The stained, mounted sections were then placed fn a vacuum

evaporator and a thin co.

£ carbon was evaporated onto them.
tion of the specimens vb“ carried out on a Siemens Elmiskop IA electron
microscope (Siemens America Inc., 350 Fifth Ave., New York, New York,
10001) usfng a 200 4 condenser IT aperture and a 30 4 thin metal
objective aperture.

Experimental Procedures. In order to study changes of the pars
nervosa during osmotic stress, two experimentsl approaches were employed.
The first group consisting of 10 animals, was divided into & subgroups.
In an effort to capture the dynamics of the antidiuretic response, in-
creasing time intervals were allowed between removal of drinking water
from the snimals end sacrifice by perfusion with the fixative. These

intervals were 1% days, 25 days, & days, and 7 days (table 1).

Table I
CHRONIC DEHYDRATION GROUP
Days with No Drinking Water Number of Antmals
1% 3
2% k)
4 2
7 2
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The study of the neurchypophysial response to acute hyper-
osmotic stress was done on Group II. Infusion of & hypertouic sodium
chloride solution was employed for this purpose. The solution chosen was
10 milliliters of 61 NaCl per Kg body weight and this amount was slowly
infused into the femoral vein. In order to accomplish this, a longitudi
nal {nciston was made over the area of the femoral triangle and the
femoral sheath exposed. The vein was carcfully dissected free and two .
ties were placed around it; the use of a dissecting microscope was found
to be essential. A clamp was placed cephalad to the ties. The tie most
caudad was tied down tightly to insure cessation of blood flow to the
area beyond and a very small incision was made in the vessel wall, A
small catheter tube (Intramedic Polyethylene Tubing PE 10) comnected by
meana of a 27 gauge needle to a Sage infusion pump, model 255 W-1 (Sage
Instruments, Inc., 2 Spring Street, White Plains, New York, 1060l), was
then {nserted into the lumen of the vessel and the second tie fastened
securely. The clamp was then removed allowing free communication between
the catheter tube and the vessel lumen. Varying speeds of infusion were
employed and for varying periods of time. The time delay before perfusion
fixation was also varied in order to study the antidiuretic response to
acute osmotic shock. The various time periods used are illustrated in
table 11

Quant{fication Methods. The number of micrographs needed to

adequately sample a ti

ue with electron microscopic techniques is unduly
large when one comsiders the "smallness” of the sample, because of the

degree of magnification and the thinness of sections used. The fact that
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groups of micrographs to be compared must be matched for magnification
and other variables such as individual differences from specimen to
specimen related to their history and to the level of the section, must
be taken into consideration. Complete quantification of all data men-
tioned would be beyond the scope of this project.

Some of the animals in the chronically stressed group were
subjected to the following sampling methods. Measurements were made on
8 X 10 prints. A clear acetate sheet with an inscribed & inch grid was
placed over the print to be counted., With the point-counting method the
relative area of each of the components of interest (see table X) was
obtained by counting the structures that were located under the inter-
sections in the grid. This resulted in 275-300 counts per picture with
the point-counting method that was used. The relative area occupied by
specific compoments is obtained by the number of {ntersections found to
overly those components divided by the total number of intersections
counted. While complete statistical 1alysis of the data was not possible,
the standard error was calculated for each of the measurements, using the
following formula: S2(p) = L 1-p) where p s the fraction of the number
of counts for a given component divided by the total number of counts (n),
and S is the variance whose square root is the standard error (Eranko,
1955).

In addition, in order to check the sampling error, s measure-
ment vas made of the actual area covered by the various components. To
do this as accurately as possible, the micrograph was divided {nto much

finer subdivisfons and the actual area of the components was estimated.
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For this purpose the area within the & inch squares made by the grid
previously described was divided into &4 smaller squares and the propor-
tional area occupied by a component within these estimated on the basis
of 10. This resulted in obtaining 10,220 area counts from ome 8 X 10
micrograph as compared to only 275-300 point counts for the same micro-
graph. This facilitated a determinat{on made of the error of the point-
counting method. The results show that this error was within limits of
acceptability (table I111), and in most cases approximated the figures
obtained for the standard error calculations.

Measurements and Magnification. The magnification for each
micrograph was computed by noting the direct meter reading of the micro-
scope for a given picture and consulting a calibration chart. The cali-
bration chart was obtained by using a diffraction grating replica (Ermest
Fullam, Inc., Catalog No. 1008). To obtain the correct final magnifi-
cation, the original magnificat{on was multiplied by the photographic
enlargement factor. Sizes of granules, vesicles and membranes could
then be determined by direct measurement of the enlargement and dividing
by the total magnificatfon.

The osmolality measurements were done for the acute osmotic
stress series in order to provide a check on the actual osmotic state bf
the antmal at the time of death (table II). These measurements were
made with an Advanced freezing point depression Osmometer, Model 3LLAS-67
(Advanced Instruments, Inc., 45 Kenneth’Street, Newton Highlands, Mass.,

02161) .



TABLE III

_[_
cm ”ﬂ

COUNTING METHOD
[ PoINT-COUNTING
(D AREA COUNTING

1 Small endings with no NSG 4 Syoaptic vesicles
2 Extracellular space Pituicyte cytoplasm
3 NSG in dilation of sxon 6 Pituicyte nucleus

w



OBSERVATIONS

The ultrastructure of the rat neurohypophysis has been des-
cribed in detail by others (Palay, 1955, 1957; Daniel and Lederis, 1966;
Bargmann and Knoop, 1957; Monroe, 1967; Monroe and Scott, 1966). The
use of newer procedures for fixation and embedding used in this study

has made it nece:

ry to study and describe the histology of normally

hydrated rats used for controls.

The Normal Hydrated Animal

Organelles found in the neuronal processes in the posterior
lobe of the pituitary are seen in figs. 6 and 7. Mitochondria are
found in the axons of nerve fibers leading into the parenchyma of the
gland as well as in the terminal dilations of the fibers. They are elon-
gate or oval in shape and are typical of those found elsewhere in the
central mervous system. They appear to be homogeneously intermingled
with the dark neurosecretory granules and consist of an fnner and outer
limiting membrane with cristae. This same appearance was also noted in
the experimental preparations.

Neurotubules, oriented longitudinally, are present in nerve
fibers except in their terminal portions. The structure of these neuro-
tubules is seen in cross section as well as longitudinal section (fig. 7).
They correspond with the membranous system of undulating tubules observed
by Palay in 1957. Palay described wide dilations in these tubules
occasionally containing neurosecretion granules, but these were not seen
in this material. Neurosecretory material appears as large osmiophilic
granules in the nerve fibers separate from this tubular system. The

-18-
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neurotubules are typical of those seen in other parts of the nervous
system and appear to remain unchanged and i{ntact in osmot{cally stressed
aninals.

The dark neurosecretion granules (NSG) are 1000 & - 1500 A in
diameter and are seen in the nerve fibers and in their terminal dilations.
The presently accepted concept is that these vesicles are manufactured
{n the supraoptic and paraventricular nuclei of the hypothalamus, packaged
by the Golgi apparatus of the neuronal cell bodies in these areas and
migrate down the axon as discrete granules, accumulating in the terminal
portions of the axoms. Large aggregations of these structures account
for the colloidal droplets seen {n light microscopic investigatfons, still
occasionally termed Herring bodies.

* There are two vesicular components in the axons of normally
hydrated animals. The axon proper appears to contain only large electron
dense granules. The synaptic-like vesicles, often termed synaptoid
vesicles, are found in the axon endings which are frequently abutted
against the outer basement membrane of the perivascular space. These
vesicles, here termed synaptoid, contain no electron dense material in
contrast to the larger granules. Table IV s & histogrsm of synaptoid
vesicle diameter measurements. The average diameter was found to be 520 A.
Synaptotd vesicles are found densely packed and occasionally form a hexa-
gonal array (fig. 9). Occasionally they are found in scattered groups
among accumulations of the larger neurosecretion granules. They do not
occur as isolated vesicles but as densely packed aggregations (figs. 4

v

S, and 9). These vesicles resemble those found {n other parts of the
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mammalien central nervous system snd in neuromuscular junctfons. Their
membranes measure about 50 X in thickness.

Determinations of pleomorphic vesicle diameters are tabulated
in plate IV. Notice the size distribution of the pleomorphic vesicles
tn comparison to the synaptic vesicles where the former vary widely
from 325 A to 1500 A in diameter and the synaptic vesicles vary much
less and range from 410 A to 675 i.

Large electron dense granules are a distinctive feature of the
neurchypophysial nerve terminals. These granules are 1000 - 1500 A in
diameter and their limiting membranme {s about 70 - 75 A thick. They are
distributed throughout the terminal among the synaptoid vesicles and the
oftochondria. These lesge granules correspond to the neurosecretory
granules of light microscopy that can be seen in sections of the neuro-
hypophysis stained by chrome alum-haematoxylin or paraldehyde-fuschin.
They occur not only in the pars nervosa but also in the hypothalamo-
hypophysial tract and the supraoptic and paraventricular nuclei.

The endings, containing aggregations of granules, abut on the
perivascular space and measure from & - 3 microns in diameter. Occasion-
ally, however, much larger accumulations are seen in the neurons (fig. 18)
and correspond to the Herring bodies seen in light microscopic studies.
In this study one Herring body was observed which measured 21 microns in

diameter.

Extracellular Space

An unusual finding in this investigation was the considerable
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amount of extracellular space found in the pars mervosa. Values for
this component were counted by the point counting method and the control

animals varfed from 14.1% to 14.8T.

The Pituicyte

The pituicytes are the only cellular structures of the poster-
for pituitary gland which are not neurons or connected with the vascular
system. They are believed to be neuroglial in origin and are thought to
be similar to the astrocytes seen in cerebral cortex (Farquhar and Hart-
mann, 1957; Schultz, Maynard and Pease, 1957). One can readily fdentify
the pitutcyte nuclei since they are the only nuclet located fa the pars
nervosa except for those in vascular elements. They are typical glial
nuclei with a sparsely distributed pattern of dense chromatin material
vithin a matrix of moderate density. The nuclei in normal animals
measure from 6 to 16 microns in their longest dimension. The pituicyte
cell has many ramifying processes which are intimately associated with
neuronal endings and fibers (figs. 7, 11, 14, 22).

The pituicyte cytoplasm is easily distinguishable by the
presence of many free ribosomes. Frequently these appear to be oriented
either closely surrounding lipid droplets of the cytoplasm, or in assoct-
atfon with rough endoplasmic reticulum (figs. 15 and 20). The cisternae

of the rough endoplasmic reticulum occ

fonally contain a dense matrix.
Mitochondria are distributed throughout the entire cytoplasm and are
typical of glial cells. Microtubules are much less frequently seen than

in neurons.
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Smooth endoplasmic reticulum is seem occasionally but not
frequently in the pitulcyte cytoplasm. The most prominent exsmple of
this smooth endoplasmic reticulum fs found in figure 15 where an elabor-
ate system of tubules is casily observed.

The Golgi apparatus is very prominent and seems to be widely
dispersed in the pituicyte cytoplasm. Frequently it is found in associs-
tion with lipid droplets but not as intimately associated with them as
are the ribosomal clements previously mentioned (figs. 15 and 28). One
pituicyte seen in a montage contaimed 6 areas of Colgi membranes adjacent
to 18 14p{d droplets. The possible {mplications of these relationships
will be discussed later. h

The lipid droplets are not membrame bound and are relatively
homogeneous with oo apparent substructure. According to Gersh (1939)
they are comprised predominantly of neutral unsaturated lipids. Diameters
of these droplets measure from 600 - 1500 millimicrons with the usual
size being about 1000 millimicrons. 1t was found in this study that the
11pid droplets quite consistently show a halo effect where the periphery
of the droplet exhibits greater electron density. Occasionally a large
portion of the granule appears to contain this slightly darker material
with small areas of lighter density. The significance of these obser-
vations is unclear. An example can be found in figs. 28 and 35.
Occasional lysosomal structures are also seen in the pituicyte cyto-

plasm (figs. 14, 15, and 18).
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Perivascular Space

Like other endocrine organs the posterior pituitary gland
contains a rich vascular network. Exchange between the vasculature and
parenchyma {s greatly facilitated by an elaborate network of inter-
connecting perivascular spaces. These have been described in detail by
otners (Liss, 1958; Wittkowski, 1967 and Barer, 1965).

The basement membranes are broad sheets which serve as barriers
on efther sfde of the perivascular space. The sheetlike nature of these
membranes {s demonstrated fn fig. 13, where a tangential section fortuf-
tously sliced the membrane longitudinally. The basement membrane has a
width of about 600 A. The inner layer of basement membranme, lying
directly adjacent to the endothelial wall, is intimately associated with
the endothelium and remains in close apposition to it. The outer layer
s at various distances from the vessel and can be directly adjacent to
the fnner layer of the basement membrane. At times, however, spaces
between these two layers have been observed as great as 100 4 . Although
these occured in sections that stretched between adjacent vessels, it
does give an fdea of the extens{veness of the PVS. The usual size range
s a few microns. Functional possibilities that could be correlated
with this elaborate space will be discussed.

The fibroblasts are a classical component of the perivascular
space. They are frequently seen and possess long, slender processes
(fig. 32) reaching for considerable lengths from the perikdrya. Their
cytoplasm is dark with numerous ribosomes, both free and in association

with rough endoplasmic reticulum (figs. 10 and 28).




Another component of the PVS s collagen fibers which are
abundantly distributed throughout the PVS (figs. 4, 24, and 32). These
collagen fibers demonstrate a periodicity (fig. 5) and generally tend to
be about 375 - 475 & in width. The collagen fibers are frequently seen
fn relatfon to the fibrocyte from which they sre derived (fig. 32)

The two most frequently found nerve endings of the perivascular
space are fllustrated in fig. 8. These tnclude endings with dark neuro-
secretfon granules (NSG) as well as endings densely packed with tubular
structures. The PVS also contains endings with synaptoid vesicles (figs.
4, 5, 6, and 9) and pleomorphic vesicles (figs. 27 and 40). The latter
will be described below. Counts were made in two control animals of the
relative volume of the various types of endings in the perivascular space
Table X shows that free space accounted for 69 and 61.4% of the total
perivascular space for the two control animals. Those processes which
contain dark NSG comprised 13.3 and 11.4% of the total PVS while the
processes with no dark granules accounted for 6.8 and 12.6% of the total
PVS. Thus it is apparent that there is no significant difference in the
amounts of those endings with dark NSG and those without. Both occupy
approximately the same amount of space in the PVS. The fibroblasts were
found to occupy 10.7 and 14.51 of the total PVS for the two animals
respectively. Since these counts were done at very low magnifications
{t was tmpossible to differentiate between the various types of endings
that are included in the term "with no dark granules”.

The degencrating Herring body seen in fig. 17 {s an apparently

normal constituent of the neurchypophysis. Many features {ndicating
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degeneration can be seen such as myelin figure formations (fig. 37).
These multi-lamellar bodies consist of seversl layers of membrane and
these bodies are found in various stages of formation. Also to be found
in these degenerating cell processes are remnants of neurotubules. These

are present shattered fragments of tubular material randomly scattered.

CHRONIC DEHYDRATION EXPERIMENT
In order to verify the state of the animals in this experiment,
their weights were recorded during their respective water deprivation

periods and these figures are given in table V.

Axois

In an animal deprived of drinking water for 2% days there is
a marked decrease in the overall number of dark neurosecretion granules
(table VI). There are nerve terminals completely lacking in neuro-
secretion granules as well as numerous terminals with their full compli-
ment of dark NSG. Almost invariably, however, those terminals whose
dark NSG are depleted display numerous small vesiclés which will here be
termed pleomorphic vesicles. These vesicles are different than those
encountered in the normal situation, and are different than the synaptoid
vesicles normally found in the control animals. They range in size from
325 to 1500 A and exhibit variable shapes. Their average size was 685 A.
They may be oval or spherical as are the synaptoid vesicles. They may
also be {rregularly shaped, sppearing to be partially collapsed (fig. 27).

The degree of depletion of the NSG appears to be proportional
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TABLE V
WEIGHT LOSS OF ANIMALS IN CHRONIC WATER DEPRIVATION EXPERIMENT
The following figures represent the averages of the weight in

grams of 4 animals for each group.

Days Thirsted

Day 2 Day Thirst 4 Days 24 Days 1% Days*
[ about 300 31 298 303
18 hrs. 272 284
1 272

1% 285 272 271
2 257

% 261

3 246 258

4 247

o 229

5

6 209

? 198

*Average of 3 animals
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to the time of dehydration, with fewer present in the & day group and
very few dark NSG in the 7 day animals. The relationships of the NSG
depletions are shown in table VI where fibers containing NSG for the
various groups are compared.

Table VII compares for each group the percentage of total area
of the cell processes which had no dark granules in them. Since these
counts were made on low power micrographs, the exact nature of each
ending could not be distinguished. Consequently, some pituicyte small
processes as well as neuronal processes are included.

While increased water deprivation decreased NSG it also pro-
dyced tncreasing amounts of the pleomorphic vesicles as well as resulting
in the disappearance of the prominant synaptic vesicle accumulations seen
in the normal animal. Vesicles the size and shape of the synaptic vesi-
cles, occasionally occur in the dehydrated animals; however, the usual
groups of synaptic vesicles seen in the control were not noted in de-
hydrated animals.

In an effort to distinguish further the differences between
the typical synaptoid vesicles and the pleomorphic vesicles, measurements
of membrane thicknesses, from center to ceater of the outer dark layers,
were made. These measurements show that synaptoid vesicle membrenes are
about 50 A wide. Pleomorphic vesicles have o membrane width of abo@t
70 - 75 X which is similar to that of the NSG.

In the four day dehydrated animals occ

tonal nerve endings
can be found densely packed with neurosecretion granules. A prominent

feature of this group is the increased number of endings in the peri-
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vascular space (figs. 32, 33, 34, and 36). Endings found in the peri-
vascular space are not unusual but in the experimental animal there are
more of them and their appearance changes. Where they were predominantly
filled with dark granules in the controls, they now are filled with two
types of structures. The pleomorphic vesicles already described are
frequently found, some endings containing formed elements which appear

to be either flattened or tubular. They are probably tubular since

close examination of figs. 15 and 31 shows that when these structures

are viewed in longitudinal sections the triple-layered membrane structure
1s not eastly visible but is quite consistently seen {n cross sections.
This would lead one to conclude that they are tubules instead of flat-
tened vesicles since the trilaminar structure {s seen best when the

angle of section is not longitudinal with the membrane but rather at
cight angles to it. [T is not certain that these are neural endings.
Figure 34 {illustrates that {n the 2% day animal there is a blending

of the normal vesicular structures of neurons with the tubular structures
within the same cell. This would imply that the other cells exhibiting
these tubular structures are neurons.

Occasionally one sees endings in the perivascular space con-
taining densely packed dark neurosecretfon granules. The usual com-
ponents of the PVS such as collagen fibers and fibroblast processes are
also secen. The processes with tubular structures can also be found in
the parenchyma of the gland {.e. outside the PVS

Another unusuasl finding is the occasional appearance of a

nerve ending with a dark matrix which makes the clear vesicles prominent.
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The significance of this type of ending is unknown (figs. 28 and 29)

The clear pleomorphic vesicles were not readily distinguish-
able {n the control animals. Table XI summarizes their occurrence for
the various groups. In the 25 day animal they accounted for 26.2% of
the total area counted and in the 7 day water deprived animal they

occupied 25.7% of the area

Pituicytes

The pitufcytes exhibit no significant variation in number or
volume as {ndicated by the quantitative studies. In the four day water-
deprived animal an unusual pituicyte was encountered. This cell fs
shown in fig. 35. It is identified as a pituicyte on the basis of the
normal cytoplasmic constituents. This cell appears to be undergoing
mitosis and might be in metaphase although this {s difficult to determine
because the sectiag is thin and its orientation is unknown. Nuclear
fragments are shown and upon close examination microtubules can be seen
randomly scattered. The prominant feature of the cell is the extensive
vesiculation within the cytoplasm which {s not typical of normal pitut-
cyte cytoplasm. This s the only such cell encountered in the 60 animals

examined.

Perivascular Space

Counts were made of the processes found {n the spaces sur-
rounding the capillaries. The results of these counts are found in
table VII1 where the percentage of PVS occupied by cell processes with

dark granules is shown. The striking scarcity of dark vesicles {n the
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30
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20 )
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% OF 25
TOTAL

5 f I
6.8 126 349 230 44.0

25 4 ™

CONTROL Days Thirsted
PROCESS WITHOUT NSG IN PVS
*AVERAGE OF TWO ANIMALS
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TABLE X1
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% OF

TomL 20
AREA | g
10
]

o 26.2] 257

Control 25 7

Days Thirsted

ENDINGS CONTAINING PLEOMORPHIC VESICLES
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PVS of the water-deprived animals 1is demonstrated in this table. Table
IX shows the occurrence in the PVS of processes without dark granules
and indicates a marked tncrease in fibers which contain no dark granules.
This category included those nerve processes which contsin pleoworphic
vesicles as well as those which contain the flattened or tubular struc-
tures. The micrographs counted for this comparison were of low magnifi-
cation and therefore differentiation between the varfous types of clear
vesicles was not feasible.

The PVS ares occupied by fibroblasts did mot vary sigaificantly
with the osmotic state nor did the free space of the PVS. The total
figeres for all the counted parameters are found in table X. Total
volume for the PVS did mot change significantly with changing conditions
nor did the pituicyte volume. The extracellular space was found to vary
slightly but this was probably due to the sampling variations previously

discussed, rather than to any experimental procedures.

ACUTE HYPEROSMOLALITY EXPERIMENT
There were virtually no changes observed {n the specimens of
the pars nervosa which had been subjected to acute osmotic atress. This

absence of change is discussed later.



DISCUSSION

Chronic. The experimental procedures employed with chromic
osmotically stressed animals sre similar to those used by Enestrom (1967),
Howe and Jewell (1959), Zambrano and DeRobertis (1967) and others for
the study of the supraoptico-neurchypophysial system. Similar results
could have been achieved using other methods of dehydration such as
infuston of hypertonic saline or by hypertonic drinking water. The
latter might be preferable since it would limit the stress to hyper-
osmolality rather than other features of the response, such as increased
blood volume.

One advantage of the method used was that the state of the
animals could be documented by daf ly weight determination (table V).

Acute. The method used for acute osmotic response was a
relatively rapid {nfusion of hypertonic saline solution through the
femoral vein. While it s true that a number of factor? are known to
cause vasopressin release (see Sawyer, 1966), blood volume and osmotic
pressure of the plasma are the most ifmportant. However, since the
osmotic pressure of the blood produces the strongest response (Sawyer,
1966) an acute response was elicited using this method. Table II shows
that there was an osmotic stimulus as evidenced by the serum osmotic
checks taken at perfusion. Thus, it can be rcasonably assumed that
animals in the acute experiments were experiencing increased vasopressin
release.

The fact that there was ‘neilher obvious depletion of NSG nor
occurrence of pinocytosis in the acute experimental group indicated that

-38-
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these are not the usual methods for accomplishing relatively minor
adjustments in body osmolality. This inference is temable only if ome
assumes that increased vasopressin rclease was occurring.

The disadvantage of this acute method {s that while the
osmotic load {s being increased rapidly, so is the blood volume which
would have the opposite cffect on the system. But since control animals
were infused with equal volumes of isotonic saline, this effect was
discounted. Further proof of the net effect was the increase in serum

osmolality which verified the osmotic stress (table II).

Quantitative Methods

In studies such as this, few attempts have been made by
electron microscopists to quantitate morphological data. In this report,
however, quantification has been employed to facilitate comparisons.

The error tnherent in the sampling methods used has been
evaluated by two methods. It must be remembered that standard error
calculations used in the graphs and listed in table X represent only an
estimation of the error that is present in the counting technique. This
does not take into consideration such errors as sample and biological
variations. Although the standard errors are not absolute, they serve

as useful indices for comparisen.

The Hormones
While the present study has not attempted to elucidate problems

concerning the biochemistry or logy of al .

the following material is a8 2 for the di 1
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of the data and findings of this paper

Isolation of two highly purified, physiologically active
substances from mammalfan posterior pituitary (see Sawyer, 1961) has
precipitated an fatensification of research activity on the pharma-
cology and physiology of neurohypophysial hormones.

Heller (1966) has compiled a comparative chart showing the
phyletic distribution and chemical composttion of the varfations of these
hormones. Their chemistry has been the subject of intense investigation.
The active principles are known to be polypeptides with a molecular
weight of about 1,000. These hormones can be extracted from the gland
in combination with a protein of molecular weight about 30,000 (Sawyer,
1961). It is not known if the hormones are released from granules bound
to the carrier protein, or {n a free state. The lateer, hovever, is
usually assumed.

Van Dyke, et. al. (1941) felt that the protein which he iso-
lated contained vasopressin and oxytocin. Acher (1956, 1957) and co-
workers later showed that it was more likely that the protein represented
the "carrier substance” to which the peptides were bound in a relatively
loose association during tramsport and storage (Sawyer, 1961)

Numerous morphological studies, for example those of Palay

(1957), have indicated that » 1s largely within

membrane-bound vesicles. Sachs (1963) has recently verified these
findings. He studied the occurrence of vasopressin among various cell
organelles and found that the greatest biologicsl potency, as measured

by bloassayable pressor activity in the rat, was located in the neuro-
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secretory granules. The activity of the granules from the hypothalamo-
median eminence complex (3-5 units/mg) was much less than that observed
for the neurosecretory particles isolated from homogenates of neural
lobe tissue (14-24 units/mg).

Interesting developments have been made recently with respect
to the hormone carrier proteins. Chauvet, et. al. (1960) have investi-
gated in several species of mammals the inactive portion of the van Dyke
protein which they have termed "meurophysin”. They found that vasopressin
and oxytocin can combine with neurophysin regardless of species origin of
the peptides or neurophysin. Later, various workers recognized the fact
ehdtivIEh atarensgal slactraptiarants’ of aautaphyss) seyeral different
proteins could be separated (Hope, et. al., 1964, Prankland, et. al.,
1966). Interest was further lotensified by flodings in 1964 (Caitan
Cobo and Mizrachi) that the two polypeptide hormones were released
separately in man. This led to speculation that there was a separate
carrier protein for each hormone. Dean and Hope (1966, 1967) tsolated
two different protein constituents from neurosecretion granules of bovine
posterior pituitary glands. Similar proteins were found {n extracts of
acetone-dried powder of the same tissuc. Hollenberg and Hope (1968)
analyzed and characterized the extracted materiasl and Dean and Hope
(1968) verified the results with highly purified NSG, accomplished by
sucrose density gradients at 145,000 g for up to 5 hours. They found
comparable amino acid constituents in proteins examined by both methods.
Neurophysin-11 was distinguished from neurophysin-I by the absence of

histidine. It was found that neurophysin-1 and oxytocin are stored
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together in neurosecretory granules which are different than those in

which P II and P in are stored (Dean, Hope and
Kazic, 1960). These findings were the result of densiry gradient
centrifugation.

Bindler, Labella, and Sanwal (1967) also working with the
bovine posterior pituitary separated nerve endings into three fractions
They found that each was a nearly homogeneous population of "meuro-
secretosomes”, and that they differed from each other in their vasopressin
oxytocin (VP/OT) ratfos. VP was localized in denser and OT in lighter
neurosecretosomes. This corroborated earlier studies in which simflar
observations had been made in subfractions of neurosecretory granules.
There were, however, no apparent morphological differences among the
three subfractions. For some time it had been felt that there were
particles specifically containing either OT or VP (Labella, Beaulfeu and
Reiffenstedn, 1962) and now this {dea seemed confirmed.

More recent studies (Hollenberg and Hope, 1968) showed that
"neurophysin-1 binds three molecules of either vasopressin or oxytocin
whereas neurophysin-11 binds only two molecules of each hormone per
molecule of protein. Complexes containing two molecules of oxytocin and
one molecule of 8-arginine vasopressin per molecule of protein are formed
by neurophysin-1 and -II; both proteins appear to possess three poly-
peptide-binding sites per molecule.”

Now, however, it appears that there may even be & third neuro-
physin, at least in the bovine posterior lobe. . Using ion-exchange

chromatography three protein peaks have been obtained. The first and
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third are neurophysin-1 and -11 respectively. The protein producing
the intermediate peak was fdentified electrophoretically as the minor
soluble-protein component of NSG (Rauch, Hollenberg, Hope, 1968). This
protetn apparently can bind hormone and its presence suggests the pos-
sibility of a third peptide that might be associated with the third

neurophysin.

Hormone Release

The problem of mechanisms by which the neurchypophysial
hormones are released 1is one which has received much attention recently.
Douglas and Poisner (1964a and 1964b) have described a mechanism of
release of vasopressin which involves depolarization followed by a
calcium-dependent link. They visualize & system tn which an action
potential arrives st the pars nervosa from hypothalamic centers and this
tmpulse stimulates an uptake of calcium in the endings. They also poiat
out that sometimes the uptake of calcium and the secretion of hormome
fafl to parallel each other. The depolarization step fs tmplicated by
experiments in which high K levels and electrical stimuli caused vigorous
hormone secretion and Ca uptake.

These authors (Dougles and Poisner, 1964b; Poisner and Douglas,
1968) are among many who have noted similarities between the neurchypo-
physial system and adrenal medullary hormone release mechanisms. Further
studies (Poisner and Douglas, 1968) indicate that ATP and ATPase may
participate fn the release of hormones.

Ginsburg (1968) presents a detailed discussion of the "enhanced
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diffusability" theory of hormone release. Two possible ways in which
catt could act to cause release are, first, by converting the hormones
to a more readily diffusible form or, secondly, by promoting an exocytic
or reverse pinocytotic process involving the fusfon of granular and
neuronal membranes. The fmplicatfons of each of these theories on the
basis of other known factors are discussed in detail (Ginsburg, 1968).

Dyball (1968) has recently reported examination of physiologic
factors affecting the release of vasopressin under carefully controlled
experimental conditious. He found the three most effective stimuli
(hemorrhage vagal stimulation, and intracarotid injection of Ca Clz)
released both VP and OT but in different proportions.

Bodian (1965, 1966) has described morphological evidence for a
neuroapocrine method of secretfon in the neurohypophysis of the monkey.
According to his descriptfon the neurosecretory endings are liberated
intact into the PVS and then into the vessel lumen. The evidence for
this is based on breaks in the basement membranes and in the endothelial
wall ttself. The feasability of such a mechanism is difficult to consider
and breaks such as those reported are frequently caused by inadequate
preparation techniques. To use this evidence for the proposal of such a
mechanism of release seems unwarranted. The present study does not

indicate the existence of such a mechanism in the rat.

Neuronal Considerations
Synaptoid Vesicles. Many workers have observed that with

increased osmotic stress a depletion of the neurosecretory granules (NSG)
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and an increase of small electron-lucid vesicles occurs (Gerschenfeld,
et al, 1960; Bern, et al, 1966; Hartmann, 1958; Palay, 1957; Barer and
Lederts, 1966; Daniel and Lederis, 1966; Palay, 1955; Monroe, 1967)
These vesicles appear identical to those which have been described as
cholinergic (DeRobertis and Bennett, 1954). These synaptic-like vesicles
have been the subject of much debate among researchers, some feeling
that they contain neurotransmitter substances such as acetylcholine
(Gerschenfeld, et al, 1960) while others have suggested the possibility
that these vesicles are seen as a result of release of hormone and
represent remnants or fragments of the neurosecretory granules (Knowles
and Bern, et al, 1966; Scharrer and Kater, 1969).

Synaptic-like vesicles ranging in size from 300-500 A {n
diameter have not been proven to contain cholinergic neurotransmitter.
Therefore, in this paper they will be termed synaptoid

In an effort to elucidate the role of cholinergic neuro-
transmitters in the pars nervosa considerable work has been done by
LaBella, Bindler and coworkers. Their finding of cholineacetylase in
the posterior pitultary (LaBella, 1968) could be indicative of a cholin-
ergic mechanism. [ts enzyme act{vity, however, relative to that in brain
and other known cholinergic tissues, was of a low order and a relatively
large proportion was of the nomspecific or butryl variety (see LaBella,
1968). LaBella (1968) reported that acetyl:holinesterase has been found
in the pars nervosa but at about 1/10th the emzymatic activity of brain
and that butryl cholinesterase is also present at about the same level

as the brain. From centrifugation studies LaBella indicated that these
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substances may be assoctated with a . The

of acetylcholine in the bovine posterior lobe has also been shown
(LaBella, 1968) and is estimated to be 1/5 to 1/10 that found in beef
cerebral cortex. It appeared to be localized in the fractions containing
neurosecretory and microvesicular components, thus providing strong
support for the hypothesis that the small clear vesicles in the endings
are "synaptic" and that they do contain acetylcholine.

The findings concluded that the "cholimergic trimity” i.e.
acetylcholine, acetylcholinesterase, and cholineacetylase, were all
present in the bovine posterior pituitary and that their presence was
approXimately in the same proportions as in the brain but at about 207
of their concentrations in brain. -

The assumption that smaller vesicles in the nerve endings
contain this cholinergic system, was based on the fact that small clear
synaptoid vesicles were present and provided a logical place for the
acetylcholine to be located.

LaBella (1968) did not agree with the findings of DeRobertis
and coworkers (Gerschenfeld, 1960) that the microvesicles (synaptoid
vesicles) probably contained cholimergic transmitter substance. Instead,
he hypothes{zed the existence of separate speciffc cholinergic nerve
fibers in the posterior lobe for the acetylcholine which he found to be
present in fractions containing the vesicles. Ris conclusions were the
result of observations of synaptoid vesicles {n tissue sections and
subcellular fractions of the boviue posterior pituitary. He felt that

the vesicles referred to by most as synaptic vesicles in the endings
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with the NSG were instead "ghosts" of the NSG. In centrifugation
fractions he observed apparent vesiculations of 40-80 millimicron
diameter. These were occurring in NSG which had lost their electronm
opacity and exhibited membrane breaks.

The present work supports in part, several interpretations.
The small clear vesicles seen in the endings are believed to be synap-
toid (Gerschenfeld, ot al, 1960) and the clear vesicles are membrane
remnants or "ghosts” (Holmes and Knowles, 1960; Knowles, 1963; Lederis,
1963; LaBella, 1968). Gerschenfeld, et al (1960) have assumed that the
numerous vesicles they saw in osmotically stressed animals were the same
as those in the normal. The findings in this study show that they are
different, in size, membrane width and packing density (figs. 9, 19, 30,
and 41). It is the opinion of this writer that the increased vesicles
seen after depletion of the NSG are not the same as those which are seen
10 the normal pars nervosa. Thus the findings of (Holmes and Knowles,
1960) Knowles (1963) and Lederis (1963) would seem to be valid when the
fact of this difference is considered.

The hypothesis of LaBella (1968) that cholinergic components
are in a separate nerve ending would seem completely unfounded histo-
logically since there is no available evidence suggesting the existence
of nerve fibers in the pars nervosa which are separate from the pituicyte
and the NSG-containing fibers. Such fibers were not seen in the present
study nor have they been described elsevhere. The occurrance of small
endings filled only with synaptoid vesicles would be expected to occur

occasionally since some sections would inevitably cut through part of an
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axon ending or through a swelling where the NSG vere not present at that
point. The actual finding of such an ending in the normal animal has
been much less frequent in this study than might be expected even
assuming that they are all components of the same type nerve ending.

The findings here support those of Gerschenfeld and coworkers
(1960) for the toad {n which they reported synaptic vesicle membrane
widths of 40 - 50 A. The membranes in this study were found to be 50 A
as compared to 70 - 75 A for the membrane width of the NSG and the cell
plasma membranes. The fact that these membranes differ in width and
staining intensity strongly suggests that they are separate structures
and that the synaptic vesicles are not merely fragmentations of the NSG.
The possibility of NSG dissolution with reconstitution of the membranes
into the synaptic vesicles cannot be excluded but scems extremely
unlikely. This study agrees with Holmes and Kiernan (1964) that the
synaptic vesicles probably represent a distinct class of vesicles
separate from the NSG.

Resolution of the problem might be pursued by various means.
The number of plecmorphic vesicles could be counted to see if they
outnumber the amount of NSG that would have occupied a given ending in
the normal state. One could also calculate the membrane surface area
of the NSG in the control animal and the pleomorphic vesicles in the
dehydrated animals and compare total membrane ares to see {f a corre-
lation could be made concerning the origin of the pleomorphic vesicles.

Neither of the above techniques was employed since one would

expect a constant flow towards the distal ends of neurons with a
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continual buildup of pleomorphic vesicles, 1f the axoplasmic flow theory
which forms the basis for the concept of migration of NSG from the
hypothalamus is correct. If ome accepts the hypothesis (Daniel, Lederis,
1966; Llederis, 1965; Barer, 1965) that there are swellings along the
axons, these could concefvably be involved in releasing hormones. Thus
calculations of distal endings would be meaningless.

Pleomorphic Vesicles. Pleomorphic vesicles were found to vary
to maxioum diameter from 325 X to 1500 & or more. As can be seen fn
table IV most were in the range of 500 A to 700 A. This might suggest
that these vesicles were undergoing a process of shrinking and that the
2% day tnterval was the time delay which displayed them at the 500 - 700 &
size. Checks were done in the 7 day animals and the size of the pleomor~
phic vesicles was found to be similar to the 2} day animals. This
probably means that these pleomorphic vesicles either rapidly shrink
from 1500 A to the 500 - 700 X size, or that the disappearance of the
depleted vesicles does not occur until these vesicles have remained for
a vhile. The fact that they are not found in sizes smaller than 325 A
could be due to the fact that they are not recognized as vesicles or
that they do not shrink further before they disappear. In future experi-
ments this area will be investigated. Tentatively it is planned to
dehydrate and then rehydrate the animals and study the fate of pleomorphic
vesicles.

Kobayashi, et al (1961) have also noted vesicles of inter-
mediate size in parakeets. According to their measurements, synaptic

vesicles were 390 A {n diameter and these {ntermediate vesicles, 490 A.
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They felt that the ovoid intermediate vesicles could be derived either
from swelling of synaptic vesicles or from vesiculation and breakdown of
the large pale vesicles which had already discharged their meurosecretory
contents. Intermediate vesicles are slightly smaller than those reported
in this study but they corresponded with those observed by other investi-
gators (Bern, et al, 1966). The explanation for this is not obvious but
one must realize that these studies were dome with earlier fixation and
embedding techniques. Palay (1957), for example, found the synaptic
vesicle and NSG membranes to be 30 A and 50 & respectively in thickness
vhile in this study they are 50 & and 70 A. The differences found in
membrane thickness due to various fixation variables are discussed In
detatl by Karlason (1966) and Lillibridge (1968). Karlason also showed
that there are differences in membrane width dependent on direction of
tissue sectioning.

The interesting finding here {s that the pleomorphic vesicles
have a membrane width of 70 - 75 A which corresponds to that found
surrounding the NSG. This suggests that they are made of similar mem-
branes and it Ls possible that they are derived from the NSG.

The concept that synaptoid vesicles are a distinct class of
vesicles is strengthened by the following observations. The dark NSG in
normal animals and the pleomorphic vesicles of stressed animals are found
all along the axoms, and synaptic vesicles are found only in terminals
of the neuroms. A factor that strengthens the idea that these pleo-
morphic vesicles are actually NSG "ghosts" or residuals is the receat

finding that vesicles of 400 - 800 £ and the larger NSG membrane fragments
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are localized in the same density £ i of bovine Y

endings (LaBells, 1968).

Axonal Swellings. Barer and Lederis (1966) have described

swellings at intervals in nerve fibers of the rabbit neurohypophysis.
Lederis (1965) has also reported finding them frequently in the human
pars nervosa. They enclose the neurosecretory granules, mitochondria
and a few microtubules, and are connected by narrow nerve flb;ru con-
taining primarily neurotubules.

The only instance of similar swellings found in the rat, in the
more than 1000 micrographe used in this study, was that shown in fig. 14.
The obsetved swellings are connected by a length of a narrow fiber
similar to those described by Barer and Lederis. It is apparent, however,
thar these structures are not typical of axons pervading the pars nervosa
in the rat.

Tubular structures such as that seen in fig. 31, 32, and 33
have not been described previously. They are found more Erequently in
cell processes of the perivascular space than in those of the parenchyma,
but their presence in the latter cannot be precluded (figs. 27, 28, and
41). The significance of these unusual structures is unknown. They are

very similar to the smooth endoplasmic reticulum seen in the pituicyte

(f1g. 15). 1t is that they the same organelle in
the axonal endings of the posterior lobe. One would expect, however,

to see this endoplasmic reticulum more evenly dispersed within the axons.
It appears, instead, to be confined to occasional fibers and is densely

packed. The reason for its frequent occurrence in the PVS is not clear.
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It ie conceivable that the increased numbers of small vesicles
seen in stimulated animals could be a result of reorganization and
synthesis of membrane material. The smooth endoplasmic reticulum would
be expected to be present if TPNH-producing systems were needed in 1ipid
syathesis for membranes. The finding of tubular endings in the PVS but
not in the parenchyma of normal animals will be discussed tn a later
section.

Multilamellar Structures. The observation of multilamellar
structures (figs. 17 and 37) s not original with this study. Bodian
(1963), Holmes and Kiernan (1964), Daniel and Lederis (1966), and
Lederis (l965)‘havc reported such structures. Lederis has suggested
that the synaptic vesicles seen might originate from these concentric
membranes. Similarly, Holmes and Kiernan (1964) have suggested that
these structures give rise to membranous vesicles and used this idea as
a basis for postulating the existence of a synthetic process in the
distal axon of the hedgehog. Knowles has demonstrated similar distal
vesicle formatfon in the perfcardfal orgen of a crustacean, Squilla
mantis (Knowles, 1964). Dellmman (1969) has attributed these multi-
lamellar structures in the bovine posterior lobe to the degeneration of
axons in which they are located. According to his views these structures
represent one step in the physiological process of degenerstion due to
disuse. Daniel and Lederis agree with this concept (1966).

" Multilamellar structures seen in the present lnvestigation dif-
fer from those mentioned above. The concentric lamellae are tightly

packed and more closely resemble myelin formation. This can be explained
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on the basis of fixation procedures since immersion fixation, as already
mentioned, is inferior to the procedures employed here. The findings in
this study support the explanation of Dellmman (1969) in that multi-
lamellar structures are {nvariably found within areas whose organelles
are typical of degenerating fibers (figs. 17 and 37).

It is conceivable that with degemeration, the extensive
membranes within the fibers undergo dissociation and this materia
becomes oriented in a lamellar fashion. It is well known that phospho-
1{pids change their molecular organizatfon in different environments
(Glauert, 1967).

Release Nonspecificity. Since this experimental study ucilized
only osmotic stimuli and since the pars nervosa is the release sight of
two hormones, one of which has no known bearing on osmotic stimuli, one
@ight expect to find some of the neurons depleted of material and some
still containing their full complement of neurosecretory material.
Instead, all neurons appear to be releasing hormone even though some of
them represent cells whose perikarya lie in hypothalamic nuclel which are
not primarily involved in osmotic control, e.g. the paraventricular
nuclei. This apparent paradox has long been recognized and it is known
that all stimuli bring about a simultaneous release of vasopressin and
oxytocin (Barer, et al, 1963), but in a variable ratio depending on the
stimuli. The complete dynamics of the releasing factors are not known.
For a discussion of work dome in this area the reader is referred to
Barer, et al (1963) and LaBella (1968). It is generally accepted that

the supraoptic nucleus is mainly concerned with the production of
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vasopressin and the paraventricular nucleus with the production of
oxytocin. It {s also assumed that there are no interruptions of the
aerve fibers {n their course to the pituitary. Thus, ome can expect a
given neural ending to contain ome or the other of the hormones.

NSC Specificity. The evidence that the NSG are associated
with the hormones produced by the posterior pituitary comes from seversl
sources. Light microscopic studies showing stainable {nclusions can be
correlated with the NSC of electron microscopy. It can be demonstrated
that they appear and disappear together. Also, demsity-gradient centri-
fugatfon experiments (LaBella, Reiffenstein, and Beaulieu, 1963) showed
that fractions containing hormonal activity were the fractions that
contained the NSG. Further studies (Bindler, LaBella, and Samwal, 1967
LaBells, Beaulieu and Reiffenstein, 1962) showed that the hormones were
predominantly found in separate granules fn the neurohypophysis. The
vasopressin/oxytocin ratfo increased progressively from the lighter to
the more dense fractions, indicating that vasopressin i{s bound to hesvier
granules than ts oxytocin (see LaBella, et al, 1963)

The logical question is whether there are any visible morpho-
logical distinctions between endings that would reflect the hormonal
content of a particular ending. Bindler and coworkers (1967) have found
no such differences in their centrifugation separations using electron
wicroscopy, and their findings agree with those of others (Barer, Heller,
Lederis, 1963) using thin sectfons of conventionally prepared material.

No convincing morphological’ evidence for such differences has

been observed in this study although there was a suggestion of variation



-55-

in the tissues whose fixative contained small amounts of ethyl ether or
acetone. The result of these additions to the fixative was decreased
electron opacity. In some sections certain nerve swellings appeared
more pale than adjacent processes but the findings were inconclusive.

Further studies in this area might be informative.

Blood Vessels
The existence of femestrated capillary endothelium in the pars
nervosa was firat described by Duncan (1956) in the chicken, Gallus
domesticus. 1Its femestrations are different than those found in other
organs such as the kidney (Pease, 1955). Palay (1957) has suggested
that membranous diaphragms described in the rat, (figs. 12 and 16) are
formed by the fusion of the inner and outer plasmalemmae of the endothe-
lial cells. These layers are oot easily seen and Hartmann (1958) has
pointed out that one cannot be certain of the origin of the diaphrams on
the basis of their appesrance. The present work supports this view, in
that at no time was this bridge between gaps of the endothelium resolvable
fato 2 membrane layers. Bargmann and Kmoop (1957) report the absence of
pores in the endothelium of the neurchypophysis of the cat and dog.
Capillary endothelium {n the present study resembles that
described by others (Duncan, 1956; Palay, 1957; and Hartmann, 1958)
The clear vesicles in the endothelium (figs. 23, 32, and 34) have been
described as representing pimocytotic activity (Palade, 1953) and have
been seen to occur more frequently with increasing secretory activity

(Hartmann, 1958). This increase in clear vesicles was not seen to be
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significant in this study and therefore the pinocytotic theory is

questioned.

Perivascular Space

While the of p 1 cell in the peri-

vascular space is well known in the anterior pituitary (Rinehart and
Farquhar, 1955), Palay (1957) has found that neurosecretory aubstance

18 never seen in the perivascular space of the neurchypophysis of the
rat. Hartmaan (1958) observed neuronal endings in the PVS but they were
aluays surrounded by basement membrane. Fujita and Hartmann (1961) saw
no secretory granules in the PVS of rabbit neurohypophysis in normal or
stimulated animals.

The findings in this study of free endings in the space is not
unprecedented since Wittkowski (1967) describes neuronal processes in
this space in the guinea pig where they are seen to contain synaptic
vesicles and the usual slectron-dense neurosecretory granules. They are
not surrounded by a basement membrane. Wittkowski feels they make
synaptic connections with the "adventit{al" cells in the perivascular
space

Such synaptic connectioms were not seen in this study nor were
neuro-glial synaptic contacts seen in the other areas of the pars nmervosa
as reported by Wittkowski (1968). These have not otherwise been reported
and the pictures showing synapses are not comvincing. Fujita and
Hartmann (1961) saw a few nerve endings in the PVS of adrenaline-injected

rabbits and assumed this to be the result of PVS enlargement following
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injection of adrenaline.

An interesting finding in this investigation was the quanti-
tative increase of endings found within the perivascular space of
osmotically stressed animals (see table X). Not only were there more
of them, but their inclusion elements were different. This variation
was associated with the changing inclusions of sxons outside the PVS.
They appear to change together, indicating that they are portions of
the same cells. With osmotic stress they lost the dark NSG which were
replaced with two types of structures. Pleomorphic vesicles similar to
those found in the axons are frequently seen in endings within the PVS.
The other structures are tubular shaped. The latter are similar in
appearance to those seen in the pitufcyte of fig. 15 but are probably
neuronal elements. The occurrence of these tubular vesicles in the PVS
of a typical nerve axon is taken as evidence that these vesicles or
tubules when found in the PVS are in neurons rather than in pituicytes.

The fact that there was no significant change i{n the number
and appearance of the cell types in the PVS {n the acute osmotically
stressed animals may indicate that the appearance of these endings in
the PVS {8 not part of the usual acute release of hormones. Instead it
s possibly a secondary result of the continued release of the hormones.
1f 1t were a significant method for their routine release, one would
expect that the acute animals would demonstrate many protrusions of
axonal processes into the PVS. It is evident that these protrusions
are in some way concerned with the increase in hormone release. As has

already been discussed, they are quite probably of the same cell type as
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that found fn the parenchyma of the gland. The relative amount of
tubular fnclusfon does not seem to be proportionate inside and outside
the perivascular space. This would indicate that the presence of the
endings in the PVS s not just a simple result of overpopulation or
hypertrophy.

Wittkowsk{ (1967) has suggested that the presence of axons in
the PVS may reflect the actfon of some type of regeneration process and
that these axons are extruded fnto the PVS as a result of excessive
growth,

The endings found in the perivascular space evidently get
there by protruding through the basement membrame and becoming isolated
tn the PVS. A simple overproduction of the fibers in a response similar
to regenerative growth (Wittowski, 1967) does not scem to be adequate to
produce this protrusfon since the space is no doubt filled with a flutd.
With fncreased pressure outside the basement membranes this space could
be changed and a protrusion would not inevitably result. There have been
no micrographs in this study which clarify whether or not the endings
found in the space are still attached to axons outside the space or are,
subsequent to protrusion, pinched off and exist in the space as simple
bags or sacs. The latter would not be likely since an open cell process
(s usually found to have a loss of background matrix demsity, and these
exhibit no such loss. Instead they appear to be typical neuronal axons.
Serial section studies are contemplated for the future to clarify ques-
tions as to the actual size, shape and attachment of these swellings.

Micrographs in this study (figs. 10, 25, 28, and 29) show what appear to
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be cell protrusions into the space. Wittkowski felt that he saw similar
occurrences in the guinea pig. It is highly probsble that these axonal
processes in the PVS represent some as yet undescribed physiological
process related to hormone release.

Barer (1966) was ome of the first to speculate on the functional
significance of the wide and ubiquitous perivascular space. He con-
sfdered it a vast spongework of mucopolysaccharide or mucoprotein complex
in which the secreted hormones can pool. The extensiveness of the PVS
has been verified by this study. Large montages have been prepared in
which 10 to 12 capillaries have been found to be completely {nterconnected
by an extensive perivascular space. i

Barer (1966) suggests that this extensive space provides a
plausible explanation consistent with the findings that hormome depletion
of the gland is not & concomitant of decreased electron-dense vesicles
(Daniel and Lederis, 1966).

It has been pointed out (Daniel and Lederis, 1966) that the
total hormone content of the gland probably represents the algebraic sum
of release and rates of synthesis and transport.

The mucopolysaccharide spongework Barer envisages would be a
possible pool for hormone whose electron opacity has been lost due to
chemical transformations {nvolved with release.

It was possible to follow the basement membrane much farther
than the few microns reported by Barer (1965). It has been followed i{n
this study for several hundred microns. Its continuity was demonstrated

wherever the space was seen to ramify. This achievement was attributed
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to the degree of preservation attained

Palay (1957) has described macrophages as being a cellular
component of the PVS in addition to the fibroblasts. These have not
been evidenced in the present study. Their presence might help to

explain the function or fate of axonal endings found free in the PVS.

The Pituicyte

Before the theory of neurosecretion was postulated it was
videly assumed that the pituicyte was the site of hormome production
(sce Rartmann, 1958). An historical account of this theory fs outlined
by Fujita and Hartmann (1961). These authors described three types of
pituicytes in the rabbit. One of these corresponded to the astrocyte
as described in cerebral cortex by Farquhar and Hartmann (1957) and
Schultz, Maynard, and Pease (1958). Another was similar to the microglia
(Farquhar and Hartmann, 1957; Schultz, et al, 1958). The third was an
atypical astrocyte with increased numbers of cytoplasmic organelles.
Wittkowski (1968) distinguishes between fibrous and protoplasmic glia
cells fn the rat neurohypophysis. Such differentiation was not possible
in the present study. Some pituicytes do appear to have more lipid
material in them than others and occasionally the lipid material varies
in electron opacity, but these differences could not be attributed to
various types of pituicytes.

Some investigators have found that there are alvays pitufcyte
processes located between the axonal endings and the outer limits of the

perivascular space. This has been described as & glial "cuff" (Bern,
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et al, 1966) in the white-crowned sparrow. Glial {nterposition has also
been reported in the parakeet (Kobayashi, et al, 1961), and the rat
(Palay, 1957). The significance of this arrangement is not clear to
these {avestigators, but since pituicyte processes exist between the
secretory cells and the blood stream, {t ts assumed "highly probable
that glia mediate" hormone release (Bern, et al, 1966). This relation-
ship was not observed in the rat pars nervosa in this study (figs. 4, 5,
8, and 24) although glial cells were occasfonally observed directly
adjacent to the basement membrane. The method by which this mediation
takes place, or to what extent it is important {n the physiological
control of release, is not known. It is obvious that these cells are
metabolically active and recent findings have augmented information
concerning them. Sunde, et al (1969) have shown that osmotically
stressed rats show an increase in uptake of JH-uridine into RNA. Redio-
autography showed that the label was localized primarily in the nuclear
region of pituicytes in control and osmotically stimulated animals. This
{ncrease with stimulation did not occur in similarly treated cerebral
cortex or hypothalamic tissue slices. Thus, a stimulus producing
increased vasopressor secretion also affects RNA metabolism in pituicytes.
It {s generally assumed that free ribosomes are associated
with endogenous protein production and ribosomes associated with the
endoplasmic reticulum (rough ER) are involved with exogenous protein
synthests (Hicks, et al, 1969; Birbeck and Mercer, 1961). The pituicytes
have both (fig. 15). It s possible that there is a vital metabolic

interrelationship between axons and pituicytes much the same as that
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existing between Schwann cells and peripheral nerve axoms. Sjostrand
has hypothesized a similar relatfonship between neurons and glia in the
central nervous system (Sjostrand, 1960). It is conceivable that pitui-
cytes provide substrates and/or enzymes needed by neurons and that they
work together as one metabolic unft. It might be helpful in this respect
to determine whether they function normally when isolated.

Since the pituicytes are seen to have close relationships to
the perivascular space and the outer basement membrane (Kobaysshi, et al,
1961; Bern, et al, 1966; figs. 37, 40, and 41), it s possible that they
are involved in metabolism of carrier proteins, perhaps releasing their
enzymes into the PVS where the substrate is also released

The nerve endings, which are in close proximity to the pitui-
cytes, are known to have a highly active hexosemonophosphate shunt, as
evidenced by a high C-1/C-6 glucose oxidation ratio (Krass and LaBella,
1965). Because elevated C-1/C-6 ratfos have been found in all endocrine
tissues (see LaBella, 1968), and because this high ratio is present in
the pars nervosa but not {n the paraventricular nucleus (Krass and
LaBella, 1965) it appears that the peatose shunt is concerned with
hormone storage and/or secretion rather than hormone synthesis.

The significance of the extensive distribution of free ribo-
somes in the pituicytes is not known. However, since free ribosomes are
indicative of endogenous protein synthesis (Hicks, ot al, 1969; Birbeck
and Mercer, 1961) this finding would fit in with othors indicating the
metabolic activity of these cells. The lipid granules which undoubtedly

represent sites of sctive liptd turmover would necessitate endogenous
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enzymes. It has been shown recently that free polysomes can be iovolved
in membrane synthesis (Ragnotti, et al, 1969)

Wittkowski (1968) has reported seeing synaptic contacts in the
rat neuroglial appositions. These have also been shown in the eel pars
nervosa (Knowles and Vollrath, 1965). The micrographs showing synapses
in the eel are much more convincing than those in the rat. Further
evidence is needed to substantiate the existance of electrical connection
between rat pituicyte and the axons.

The existence of lipid granules in rat pituicytes s well
documented (Palay, 1957; Hartmann, 1958) although these droplets were
not seen;an ghe rabbse pituitary (Fujita and Hartmann, 1961). The exact
composition of the granules {s not known except that they contain neutral
unsaturated 1ipids (Gersh, 1939). They do not appear to be present in
significantly different amounts in osmotically-stressed animals although
there was some suggestion of this in 7 day animals.

The explanation of the presence of these lipid granules in the
pituicytes {s unknown. The fact that their surface is the site of
accumulation of many small dense particles is, of itself, interesting
These particles appear to be the same size as, and resemble free poly-
somes. Well-formed Golgi membrane complexes are often observed in close
proximity to clumps of these lipid droplets. It is noteworthy that the
Golgi apparatus is frequently associated with polysaccharide production
(Neutra and LeBlond, 1966). The possibility exists that these lipid
granules may in fact be glycolipids or lipoproteins. The occurrence of

the dark halos at the periphery of the lipid granules and areas of
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greater density {s an interesting finding but of unknown significance.

The finding of a cilium (fig. 11) tn a pituicyte process is
unusual and unprecedented. Similar structures have been found in the
neurons of the lateral geniculate body in rats (Karlssom, 1966). Schultz
(1969) has observed such a cilium in & sub pial astrocyte in the cerebral
cortex. The functional implicatfons of such structures {n these locations
are obscure.

Rodrigues, et al (1969) have observed dense-core microtubules
tn glial cells. Similar glial tubules 600 A {n diameter have been
described {n the white-crowned sparrow (Berm, et al, 1966). Demse-core
microtubules were not seen in this study.

The finding in fig. 15 of an elaborate smooth endoplasmic
reticulum system in s glial cell is interesting. It closely resembles
that seen in adrenal cortex and testes (Fawcett, 1966). The functional
implications of this feature of the pituicyte are not clear but it fs
known that smooth endoplasmic reticulum can be associated with enzymes
of 1ipid synthesis. Also, enzymes of the pentose-phosphate shunt may be
associated with the smooth endoplasmic reticulum (Altman and Chayen,
1966). This s considered an indication of the metabolic nature of the
pituicytes.

The exlstence of a pituicyte undergoing mitosis (fig. 35) was
another unexpected finding. The occurrence of this in an animal thirsted
for 2% days might be related to the metabolic activity. This would be
another indication that pituicyte activity is increased with lncreasing

neuronal activity.
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Extracellular Space

One unusual feature was the extraordinary amount of extra-
cellular space found in the pars nervosa. In control animals this was
found to vary between 14.1% and 14.8% of the total volume of the tissue
as estimated by the point sampling method described carlfer. The
presence of so much space is surprising for two reasoms. Firat, the
cerebral cortex and other parts of the central mervous system in
similarly fixed snimals (Karlsson, Schultz, 1964) are found to contain
virtuslly no extracellular space and most adjacent cell processes are
found to be apposed with tight junctions. In several animals fn this
atudy cerebral.cortex was also examined and found to contain little or
no extracellular space. Secondly, in no other study of the neuSohypo-
physis has ECS been emphasized. Indeed, the pictures in virtually all
other studies show relatively closely apposed plasms membranes and little
extracellular space. The amount of ECS found tn the neural lobe in this
study tends to fit with that which physiologists calculate should be
present in the nervous system in order to explain the extracellular fon
pool.

The explanation for the ECS is difficult but it {s well known
that the amounts of space can be changed by varying fixation procedures
(Schultz and Karlsson, 1965). One must evaluate fixation techniques on
the basis of several criteria and it has been found in this study that
the technfques used resulted in relatively "good" fixation. Since there
were rarely indications of poor fixation it can be assumed that the

amounts of space found in this study more closely resemble the living
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condition than those reported previously. Indeed, others show that
virtual absence of extracellular space results with the poor fixation
techniques they employed, such as fmmersion of the tissue into the
fixative instead of perfusion of the fluid through the vascular system.

The findings support observations of others that at no time
does one find NSG or vesicles in the ECS, but that they are at all times
surrounded by cellular plasms membranes.

The possibility cannot be ruled out that the extracellular
space seen in this study could represent a pathway for the release of
hormone. It is conceivable that the hormone could diffuse out of the
cell processes at sites other than juxta-capillary or pertcapillary
locations and then molecularly disperse and be secreted thru the peri-
capillary space and endothelium into the lumen. This possibility is
supported by the continuity that exists between the ECS and the 500 & -
2000 A gap present between the cell processes and the outer basement
membrane of the PVS. The extensive space found in this study would
represent the anatomical basis for such a pathway.

Another possible explanation for the finding of such extensive
ECS is the consideration of the fact that the neurohypophysis is one
part of the nervous system which does not exhibit the usual blood-brain
barrier (Barer, 1965). It has been pointed out by Barer that while the
neurohypophysis is derived from nervous tissue, its vascular organization
18 quite unlike that of other parts of the nervous system and closely
resembles that of other endocrine organs. On this basis it might be

assumed that the extracellular space of the posterior lobe of the
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pituitary might also react differently to fixation and that their
extracellular space in life may be entirely different from the central

nervous system.



SUMMARY AND CONCLUSIOKS

In an electron microscopic study of the posterior pituitary
gland, 60 Sprague-Dawley rats were used. Morphological evidence of
hormone release was studied and quantitative methods, using the point-
counting technique, were also employed. One experimental group comaisted
of animals chronically stressed by water deprivation for varying periods
of time. A second group of animals was acutely stressed by slowly
infusing hypertonic saline into the femoral vein.

The animals were sacrificed by perfusion fixation with phos-
phate buffered 31 glutaraldehyde and the pars nervosa was postfixed in
phosphate buffered 1% osmium tetroxide. Following embedding in Vestopal,
tissues were sectioned and stained with lead citrate and uranyl acetate
and examined with & Siemens IA electron microscope.

In the chronic experimental group, a marked depletion of meuro-
secretory granules (NSG) occurred beginning between 1y and 25 days after
withdrawal of drinking water. At the end of 7 days of thirgc the number
of nerve endings containing NSG dropped to 5% of the normal level.

Accompanying the drop in dark NSG in the chronic animals was &
concomitant increase in the electron-lucent vesicles which are smaller
than the NSG. These pleomorphic vesicles are irregular in sfze and shape.

Evidence is presented to support the view that the small
synaptic-like vesicles present in the normsl animal are a dfstinct class
of vesicle and are different from the NSGs and the pleomorphic vesicles.

Observations indicate that the pleomorphic vesicles seen after

hormone release are NSG-residual vesicles and represent “ghos
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remnants of the hormone-containing NSG and are probably not synaptic
vesicles. Endings containing pleomorphic vesicles are rarely found in
normal snimals but in chronically dehydrated animals they account for
26% of the total area.

Occasfonally tubular cisternac, probably of smooth endoplasmic
reticulum, were seen in the axons of both normsl and chronically stressed
animals. These {rregular tubular structures appeared more frequently
in stressed animals and were present in axons in the PVS as well as in
the parenchyma. They were rarely seen within processes containing other
vesicular components. It was concluded that they represent a previously
undescribed metabolic phase of hormone release, since they were much
more numerous in stressed animals.

The existence of numerous axonal swellings as described for the
rabbit and human has not been observed, with only ome instance of possible
axonal swelling seen.

The perivascular space (PVS) in normal and experimental animals
is interposed between two basement membranes. Each membrane is continuous,
rarely exhibiting breaks or discontinuities, and can be followed without
interruption for several hundred microns.

The PVS {s known to contain fibroblasts and collagen. This
study showed that axonal processes are also present and have no sleeve of
bascment membrane around them. In normal animals the majority of these
processes contain dark NSG. Fibers with these granules account for about
127 of the total PVS. In chronically stressed animals the NSG-containing

fibers occupy only approximately 2% of the PVS while the total for axonal
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processes increased from 221 in normal animals to 331. The importance
of this finding {s discussed in relation to hormone relesse.

The PVS {n both normal and experimental animals was found to
interconnect extensively, forming an elaborate network. The percentage
of total area occupled by PVS did not change significantly with osmotic
stress. The functional implications of such an extensive space are
discussed.

The pituicytes occupied about 16% of the total area of the
posterior lobe in normal animals and this figure did not change signifi-
cantly with chronic osmotic stress. The glial cuffs reported by some
investigators to lie between axonal endings and the PVS were seldom seen.

The role pituicytes play in hormone release remains obscure,
but several {ndications of metabolic activity in these cellas were
observed.

An unexpected finding was the existence of about 147 extra-
cellular space which did not vary comsistently with experimental con-
ditions. Tissue from the cerebral cortex of these same animals was
examined and contained very little extracellular space. These findings

are discussed.
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Pigure 1. Drawing of perfusiou epparatus. Modified from Sjostrand

(1967) after Kerleson and Schultz.
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Figure 2. BNormal pars nervosa X 2,600

A low power the extra-
cellular space (ECS) and perivascular space (PVS). The small dark
granules within the axons and their endings are hormone-containing

neurosecretion granules.
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Figure 3. Normal pars mervosa X 2,400
Five capillaries are demonstrated which are all inter-
connected by the perivascular space (PVS). The pituicyte (F)
demonstrates numerous lipid droplets (L) within its cytoplasm. Notice
:hn\flbmblnt (F) and its nucleus in the upper right hand corner
located within the perivascular space. Axonal endings containiag
neurosecretion granules (arrow) are distributed within the perivascular

space.
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FPigure 4. Normal pars mervoss X 41,200

A oucleus of an endothelial cell {s seen at lower left (E)
surrounded by an inner basement membrane (BM) which forms the border
of the perivascular space (PVS). The outer edge of the PVS is always
bounded~by sn outer basement membrane (BM). Note the absence of a
glisl "cuff" separating the axonal endings from the outer basement
membrane. The synaptoid vesicles (S) are seen to be densely packed
and regular in size, appearance and shape. The NSG are osmiophilic
and are usually clumped together rather than distributed among the
synaptoid vesicles. Notice the collagen fibers seen in cross section

within the PVS.
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Pigure 5. Normel psrs mervoss X 106,800

A high power view of a neuronsl ending adjacent to the PVS.
A longitudinally sectioned collagen fiber demonstrates its periodicity
(Co). The synaptoid vesicles (S) are densoly packed and regular in
size and shape and have a membrans thickness of abaut 50 A. These
membranes differ in:size and staining quality from the membranes of

the NSG seen below. Two mitochondris are seen at the right.
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Figure 6. Normal pars nervosa X 75,800

The perivascular space (PVS) demonstrates a thin fibroblast
process and collagen fibrils in cross section. The gap seen between
axonal endings and the PVS is a consistent finding. Notice the myelin-
1like formation (arrow) within the axonal ending. Synaptoid vesicles

are seen at the right (S) as well as a mitochondrion (M).
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Figure 7. Normsl pars mervosa X 36,500

A pituicyte is scen conteining smooth endoplasmic reticulum

(arrow), =i

ia, and scattered poly . The axon

running diagonally (A) is seen to be filled with longitudinally

les (NT). O 1 11y ion granules are

seen (NSG) as they migrate toward the axonal ending. Numerous pitui-

cyte processes are seen at upper right (P).
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Figure 8. Normal pars nervosa X 18,100

Axonal endings sur the outer ba of

the PVS seem to be devoid of NSG as they terminate against the base-
ment membrane. Within the PVS are found axonal endings, some con-
taining neurosecgetion granules (NSG) and others with tubular

structures (T).



RES .
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Figure 9. Normal pars nervose X 33,800
Synaptoid vesicles are densely packed (S) and can demomstrate
a hexagonal array (arrow). A pituicyte process with lipid droplets

and endoplasmic reticulun is seen at right (P).
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Figure 10, HNormal pars mervosa X 19,300

The perivascular space surrounds a capillary (C) and contains
cellular elementa including the fibroblast (F) and neuronal processes
(NP). The arrow indicates the terminal portion of a fiber seemingly

penetrating into the PVS.
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Figure 11. Normal pars mervosa X 30,600

The finding of a cilium (C1) vithin the pars mervoss has
oot been reported eloevhere. The shafe of the cilium {o cut in
longitudinal section and reveals longitudinally dioposed filaments.
The basal corpuscle (B) is shown. It eppears that the cilius 1o

loceted within a pitulcyte procese.
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Figure 12. Normal pars mervosa X 35,000
An example of cellular protrusion into the PVS is seen.

Notice the two of the axon ing the

(bm). The imner and outer basement membranes are plainly visible and
the diaphram bridging a fenestration in the endothelium is plainly
visible (Fe). Sparce collagen material in cross and longitudinal

-

section can be observed in the PVS.

Figure 13. Normal pars nervosa X 34,800

The sheet-like nature of the basement membrane is demon-
strated as it has been sectioned tangentially across this basement
wembrane. Notice the fibrillar material of which this membrene is

made.
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Figure 14. Normal pars mervosa X 30,300

The verification of neuronal swellings is shown in this
micrograph. Notice that one neuronal process (NPy) is connected to
another neuronal process (NP3) by an axon (A}. This indicates that
there are swellings along the axons and that all dilated processes

are not necessarily terminal processes.






-115-

Figure 15. Normal pars cervosa X 36,400

The predominant cell process seen in this micrograph is o

pituicyte as evidenced by the free ribosomes (R}, the lipid droplets

(L), as well #s the background matrix demsity. Also
endoplasmic reticulum (RE). The predominant feature
1s the abundant tubular cisternae seen pervading the

(arrov). This appesrs typical of smooth endoplasmic

seen is rough
of the cytoplasm
entire figure

reticulum.
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Figure 16. Normal pars nervosa X 6,100

This unusual micrograph was sectioned tangentially through
the edge of a capillary (C). The vessel is surrounded by the usual
perivascular space containing collagen (Co) and fibroblasts (F). The
unusual feature is that cell processes are located within the endo-
thelial cells of the capillary wall (arrow). These appear to be
neuronal in nature and might represent imnervating nerve cells within
the vessel wall. The unusual vesicular and lobulated structures seen
at X are not readily identifiable and similar structures have not been
seen elsevhere. Those vesicular structures which seem to be contained
within the endothelium (X;) suggest pinocytosis and &re an unusual

£inding.
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Pigure 17. Normal pars nervosa X 76,000

A high power micrograph of a degenerating neuronal process

shows large spaces (X) and d of
processes. Notice the lamellar bodies present (La), seen to be in

various stages of formation.
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Pigure 18. Acute experimental animal, pars nervosa (El, see table II)
X 20,400
A Herring body is observed containing randomly disposed
neurotubules (NT) with the center of the process containing much

less densely packed NSG.
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Figure 19, Normal pars nervosa X 76,300

Normal constituents of a hydrated animal are seen. Notice
the basement membrane (BM) outlining the perivascular space in which
collagen is found (Co). Neurosecretion granules (NSG) and synaptoid
vesicles (S) predominate.

2 ~






Figure 20. Acute experimentsl series, pars nervosa (El, see table IT)
X 87,200

A pituicyte process 1s seen at lower left (P). The neuronal

contain d vesicles (S) as well as neuro-
secretion granules (NSG). The NSG are surrounded by membranes with
distinct lsyers and the difference between these membranes and those
enclosing the synaptoid vesicles is obvious. This difference is both

in thickness and {n staining quality.
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Figure 21. Acute experimental series, pars nervosa (El, see table II)
X 87,200
The typical appearance of the perivascular space (PVS) con-
taining collagen fibers and surrounded by the basement membrane (BM)
s demonstrated. The gap between the basement membrane and the
neuronal processes is variable in width. The neurotubules (NT) of

an axon ere seen in cross section.
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Figure 22. Acute experimental series, pars nervosa (E2, see table II)
X 35,900
An example of the intimate comnection between the pituicyte
processes (P) and the neuromal processes. HNote the dilations in the

extracellular space (ECS) which suggest the presence of channels

between axonal Note the 08 granules and the

unusual lamellar cnclosure (arrow) of these granules.
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Figure 23. Acute experimental series, pars nervosa (E3, see table IT)
% 35,900

The perivascular space is surrounded by the usual basement

(B4) and . 1 process oot surrounded by a
sleeve of basement membrane (NP). Endings abutting sgainst the outer
basement membrane appear typicsl of the normal pars nervosa with
synaptoid vesicles (S) and mitochondris (M) and an occasional area

°

suggesting pleomorphic vesicles (P1). -,
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Pigure 24. Acute experimental series, pars nervosa (ES, see table II)
X 35,900
A relatively wide perivascular space (PVS) is seen containing
a large neuronal process (NP) and basement membrane sectioned slightly

tangentially (BM). The usual neuronal elements are seen (S, NSG, P1).






-135-

Figure 25. Acute axp;r!.nenul series, pars nervosa (E10, see table II)
X 2,300
A low power micrograph indicating relative frequency of
pituicyte cells (P). The perivascular space (PVS) is seen to contain
neuronal processes (NP) with an example of a possible protrusion into
the PVS indicated (arrow). A Herring body can be observed (H). Note

the rather extensive extracellular space between cellular components.
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FPigure 26. Acute experimental series, pars nervosa (EL0, see table II)
X 2,200
A low pover micrograph demonstrating the relationships of
fncoming axons (A) to neuronal dilstions. The perivascular space can

be seen to surround the capillaries (C).
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Figure 27. 2% day dehydrated animsl, pars nervosa X 54,200

The size variation in pleomorphic vesicles can be seen in
this micrograph showing large oval-shaped vesicles (Pl]) as well as
small shrunken vesicles (Ply). These presumably result from loss of
hormone content and represent “ghosts" or residual vesicles of the

neurosecretion granules (NSG).
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Flgure 28. 2% day dehydrated animal, pars nervosa X 19,900

The extensive cytoplasm of a fibroblast {s seen at lower
right (F) within the perivascular space (PVS). Neuronal processes
wvith tubular cisternae are readily visible (X). The arfow indicates
the probable site of protrusion of an axon through the basement

membrane (BM) into the PVS.






-143-

Figure 29. 25 day dehydrated animal, pars nervo: X 56,900

A higher power of fig. 28 the

protrusion into the perivascular space (PVS). Note the neurotubules
(NT) and mitochondria (M) blending in with the tubular structures in
the nerve endings. The basement membrane is not seen surrounding

the terminal portion of the axon within the PVS.
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Figure 30. 2 day dehydrated animal, pars nervosa X 113,100
- A high magnification micrograph showing pleomorphic vesicles
(P1) of varying sizes. Note that the membrame thickness of these

c vesicles closely to that of the NSG membrane.







-147-

Figure 3l. 4 day dehydrated animal, pars nervosa X 65,000

A neuronzl process g tubular cist

reminiscent of smooth endoplasmic reticulum. Notice the triple layer

membrane structure and the random orientation of the tubules.
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Figure 32. 4 day dehydrated animal, pars nervosa X 36,400

The perivascular space {s seen to contain numerous neuronal
processes (NP) with tubular structures present. Note the long fibro-
blast process (F) with the collagen polarized to one side of this
process. The collagen (Co) seems to be extruded from the left side
of the fibroblast and is perpendicular to the cell surface at the

point of attachment.
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Figure 33. & day dehydrated animal, pars nervosa X 23,300

The lar space large neuronal

processes densely packed with tubular structures. Small axons are

seen les and ia (NT). Other processes
demonstrate tubules adjacent to vesicular structures within the same
endings (arrow). The random orientation of collagen fibers is seen

at lower right.
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Figure 34. 2% day dehydrated enimal, pars nervosa X 28,100

A process within the perivascular space is seen to contain
both vesicular structures (P1) and tubular cisternae (T). Since
these two structures are within a neuronal process, it is assumed
that the tubular structures seen elsewhere are also within neuronal
cells. Compare matrix density with the adjacent fibroblast (F).
Also to be observed is a capillary fenestration (Fe) and an endothelial
extension into the lumen of the capillary (C). An axon with neuro-

tubules ie seen within the PVS (A).
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Figure 35. & day dehydrated animal, pars nervosa X 12,000
This pituicyte eppears to be undergoing mitosis. The
11pid droplets (L), the diffusely scattered ribosomal particles, and

the long mitochondria all fndicate that this is a pituicyte. Notice

the nuclear omaterial the cell (Ch)

and upon close one can see £1laments

distributed within the cytoplasm. A prominent feature is the marked
vesiculation within the cytoplasm. Also present in the center are

several lysosome-like structures.
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Figure 36. &4 day dehydrated animal, pars nervosa X 36,100

The palisade zone is seen to consist of nerve terminals with
fewer NSG than are seen in normal animals. KNumerous small vesicles
are observed (P1) (S). The perivascular space (PVS) contains nerve
processes (NP) filled with tubular structures as well as occasional

vesicles. A fibroblast is alsc seen (F).
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Figure 37. 4 day dehydrated animal, pars mervosa X 54,200

A fiber of is seen within

the PVS. Notice the prominent myelin-like lamellsr srrangement (La).
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Figure 38. 7 day dehydrated animsl, pars nervosa X 2,500

A low power micrograph shoving the dramstic paucity of dark
neurosecretion granules (NSG). The dark crescents within the lipid
granules (L) sre sectioning artefacts. Also notice that the extra-
cellular space appears to be sbout the same as in the normsl animal.
Pituicytes also appear eimilar to that seen in hydrated animals and

demonstrate no marked changes.
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Figure 39. 7 day dehydrated animal, pars nervosa X 2,500

A capillary (C) s seen to be surrounded by extensive PVS.
This space”contains nerve processes with dark NSG (NP;) and many
processes without dark NSG (NP3). The latter contain tubular structures

as well as clear vesicular structures.
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Figure 40. 7 day dehydrated animal, pars nervosa X 27,900

A marked loss of NSG {s seen in animals deprived of
drinking water for 7 days. Notice the dispersed and numerous
small pleomorphic vesicles (Pl) seen within the nerve ending and
the numerous mitochondria (M). The pleomorphic vesicles appear
less densely packed then synaptoid vesicles (S) and are quite

trregular tn shape.
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Figure 41. 7 day dehydrated animal, pars nervosa X 46,600

& frequent finding of the 7 day dehydrated animals are the
tubular structures (T). A few pleomorphic vesicles are seen near
the release area adjacent to the basement membrame (bm). The

tubular structures are similar to smooth endoplasmic reticulum.
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