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THE CYTOLOGY OF THE LAMPREY PITUITARY

INTRODUCTION

This thesis deals with general cytological, ultrastructural 

and some endocrinological investigations carried out on the 

European river lamprey, Lampetra fluviatilis (L.) Gray, during its 

anadromous migration.

The lamprey lives in the brackish estuaries and coastal waters 

around Britain and in the autumn of the animals' fourth year it 

ascends the rivers, reaching its spawning grounds the following spring.

During this final anadromous migration the lamprey does not 

feed’, it is dependant for the continuation of its metabolic processes 

on the fat resources accumulated during the feeding period at sea.

This physiological condition has been called synchony (Mislin 1941 

and Lanzing 1957), the lamprey remaining in this condition until 

its death shortly after spawning.

The family Petromyzontida comprising all known lampreys, forms 

together with the family Myxinoida (hagfish) the class Cyclostomata, 

these being the living representatives of the most primitive 

vertebrate super class Agnatha. Other genera of lampreys discussed 

are the non migratory, non parasitic, fresh water brook lamprey 

e,g, Lampetra planeri and Lampetra lamottei, the large parasitic 

and migratory sea lamprey Petromyzon marinus, and the land-locked 

fresh water parasitic forms e.g. Ichthyomyzon sp. and Petromyzon 

marinus.

It is this primitive position in the phylogeny of the 

vertebrates that makes an understanding of their pituitary cytology, 

general pituitary - endocrine relationships and perhaps more 

important hypothalamic - pituitary relationships, so important and

interesting.
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Classical descriptions of the cyclostome pituitary have been 

made by Retzius 1895, Sterzi 1907, Tilney 1912, Herring 1913,

Stendell 1913, 1914, Woerdeman 1914, and de Beer 1923, 1924 and 

1926, As in the higher vertebrates it was shown to be situated 

in the ventral region of the diencephalic part of the brain and 

consisting of a flattened, essentially ovoid, disc of tissue at 

the base of the third ventricle. Anteriorly it lies close behind 

the cartilagenous capsule of the olfactory organ; posteriorly it 

ends immediately in front of the notochord. Morphologically the 

gland consists of two embryologically distinct elements, a neural 

and a glandular, the neurohypophysis and adenohypophysis respec

tively. (figs. 1 and 2),

Terminology

The terminology related to the subdivisions of these two major 

regions, particularly that of the adenohypophysis, has become 

confusing, showing a complete lack of uniformity engendered mainly 

by the desire to homologise them with regions already established 

in the higher vertebrates.

Kerr 1942, suggested the terms anterior glandular region, 

middle glandular region and posterior glandular region to designate 

the three distinct adenohypophysial components but it is easy to 

confuse these with the tetropod terminology of anterior lobe and 

posterior lobe, which refer to completely different regions,

Barrington 1963, uses the terminology anterior, median and posterior 

zones. The terms anterior and posterior can still engender 

unnecessary confusion and therefore in common with more recent authors 

the terminology used here is that suggested by Pickford and Atz 1957, 

The more anterior region of the adenohypophysis being termed 

pro-adenohypophysis and the more caudal regions meso-adenohypophysis 

and meta-adenohypophysis.
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Embryology

The cyclostome pituitary differs from that of other 

vertebrates in the simple structure of the neurohypophysis and 

in the exceptional embryonic development of the adenohypophysis, 

Goette 1875, was the first to describe the hypophysis of lampreys 

as developing in close association with the olfactory sac, thus 

indicating the need to study the nasohypophysdal complex as a 

whole, Dohrn 1883, and Kupffer 1894, continued these studies 

but were mainly trying to establish the site of the "old vertebrate 

mouth". In these studies the nasopharyngeal canal, as we now know 

it, was consideredas a functional part of the hypophysis. It was 

Scott 1883, 1887, who first deviated from these ideas and referred 

to the "nasopalatal canal" regarding it as a functional unit of 

the olfactory apparatus. His interpretation was largely followed 

by Kaensche 1890, Dawson 1905, Damas 1935, and Hyman 1942, with 

some variations of terminology. The further studies of Woerdeman 

1914, de Beer 1923, 1924 and 1926, Tilney 1937, and Leach 1951, have 

clearly established the development of the nasohypophysdal complex.

The adenohypophysial anlage associated with the olfactory 

placode is formed early in development from somatic ectoderm and 

sinks down in a common depression, the nasohypophyseal pit. The 

nasohypophyseal stalk is a compact cellular string developed from 

this and extending posteriorly beneath the forebrain and it is from 

this epithelial stalk that the adenohypophysis proliferates. The 

subsequent developmental stages leading to the definitive cyclostome 

pituitary gland have been best described for the lamprey by Leach, 

1951, The posterior hypophysis (meta-adenohypophysis) cuts off 

from the caudal tip of the nasohypophysial stalk early in development,
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Its cells interdigitate with the tissue of the floor of the third 

ventricle (neurohypophysis) and between the two there is no dis

tinctive layer of connective tissue. The anterior hypophysis 

(pro-adenohypophysis and meso-adenohypophysis) is developed at 

a later, early larval, stage from a dorsal thickening of a 

caudal portion of the nasohypophysial stalk. In a later larval 

form it detached completely from the stalk and the remaining 

epithelial strand tends to elongate and thin out posteriorly 

below the hypophysis as the nasopharyngeal stalk, A layer of 

connective tissue separates the now distinct anterior hypophysis 

from the brain. The neurohypophysis is considered to be the 

tissue of the floor of the infundibular cavity at the base of 

the third ventricle. It is from these basic elements that the 

definitive pituitary gland is formed.

At metamorphosis the strand of cells of the nasopharyngeal 

stalk further proliferate and extend posteriorly below the notochord 

to the level of the second gillpouch. Scattered cavities appear 

along its length and these finally coalesce from posterior to 

anterior finally opening to the nasal sac as the nasopharyngeal 

canal. This lumen arises in the cell cord after the pituitary 

elements are^completely separated off from it. The early 

suggestions that this lumen represented the cavity of Rathke's 

pouch are thus shown to be erroneous and the suggestion of Leach 

1951, that it is the lumen of the nasohypophyseal pit is considered 

more acceptable.
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In Myxine the nasopharyngeal canal opens into the pharynx 

thus forming an open nasopharyngeal duct. The other major 

difference from the development seen in'the lamprey is in the 

degree of development of the infundibular process. In Myxine it 

is more highly developed as a caudal recess being more constricted 

off from the floor of the diencephalon, (fig 3,). These suggested 

development worked out for Ichthyomyzon has been further substan

tiated for Lampetra planeri by v.d. Kamer and Schreurs, 1959, who 

studied the pituitary development from the first year larval 

forms through metamorphosis to the adult. In the first year larva 

the infundibular floor has already thickened to form the neuro

hypophysis and the development of the adenohypophysis from the 

nasohypophysial stalk is almost complete. It forms an elongate 

cell mass closely apposed to the brain floor but separated from 

it by blood capillaries and connective tissue and extending from 

a point halfway along the neurohypophysis anteriorly to the level 

of the optic chiasma. The first anlage of a connective tissue 

septum is evident at this stage in the anterior hypophysis, just 

caudal to the optic chiasma separating the tissue into an anterior 

proradenohypophysis and a posterior undifferentiated region.

In second year larvae connective tissue septae are well 

developed and clearly divide the glandular adenohypophysis into 

its three major divisions, pro, meso and meta adenohypophysis. A 

particularly well developed septum is found between the infundibular 

floor and the meso-adenohypophysis. Between the infundibular floor 

and the pro-adenohypophysis and the neurohypophysis and the meta

adenohypophysis a capillary network is now established.



—  6 “

Apart from an increase in size of the whole gland the only 

change occuring at metamorphosis is that the degree of lobulation 

by connective tissue septa in the pro and meso adenohypophysis 

becomes much greater

At metamorphosis the pituitary has almost reached its 

definitive form and size. The cell cords of the two anterior 

adenohypophysial regions are now separated by more extensive 

capillary networks continued in the connective tissue between the 

infundibular floor and the regions. The cell cords are also 

specifically orientated at this stage; the pro-adenohypophysial 

cords being directed rostroventrally whilst those of the meso- 

adenohypophysis are directed caudo-ventrally. The meta-adeno

hypophysis has become longer, relatively much thinner and closely 

apposed to the neurohypophysis which it bounds posteriorly.

The adult condition differs only in that the gland as a whole 

becomes more elongate relative to body size and the blood supply 

appears to become more restricted. Roth 1957, noted a difference 

in size of the two regions of the anterior hypophysis during the 

development of Petromyzon marinus. In the young ammocoetes the 

caudal portion (meso-adenohypophysis) is larger than the rostral 

(pro-adenohypophysis). As the animal approaches metamorphosis the 

latter region increases markedly in size and in post metamorphic 

forms the caudal, meso-adenohypophysis, again becomes the larger. 
Cytology

Cytological data on the lamprey pituitary, (Charipper 1937, 

Stendell 1914, de Beer 1926, Tilney 1937, Green 1951, Pickford and 

Atz 1959, Green and Maxwell 1959), based on both classical and
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contemporary techniques has proved both incomplete and discordant, 

particularly concerning the tinctorial properties of the cell types 

of the different regions of the gland. More detailed studies on 

Lampetra planeri (v.d. Kamer and Schreurs 1959), Lampetra fluviatilis 

(Lanzing 1959), Petromyzon marinus and Lampetra lamottei (Oztan and 

Gorbman, 1960), and Petromyzon marinus, (Roth 1956, 1957, 1958), have 

provided more complete and standardised information. These authors 

classify the cell types found into three categories; acidophil, basophil 

and chromophobe. This terminology is clearly defined by Oztan and

Gorbman 1960........."A basophil is a cell stained by aniline blue

and an acidophil is stained by the acid fuchsin in Mallory's staining 

mixture". Lanzing and v.d. Kamer and Schreurs deviate from this 

only in the use of the staining reaction by azocarmine in Heidenhains' 

Azan technique as being indicative of an acidophil.

In all species studied the characteristic cell type of the pro

adenohypophysis is the basophil. Even in the youngest larvae studied 

this cell type was already clearly differentiated. It is an elongate 

cell with a more or less rounded nucleus having a diameter range 

4.3p - 4.5)j in P̂. marinus 4.4^ - 4, 5p in L. lamottei and possessing 

a distinct nucleolus.

The cytoplasm contains closely packed granules responsible for 

giving the staining reaction with aniline blue. Throughout the 

larval, metamorphic and adult stages of L. planeri and during the 

final anadromous migration of L. fluviatilis intra and extra 

cellular vacuoles are found suggesting an extension of secretion 

into the surrounding connective tissue and blood vessel septa.

The relative number and size of these basophils increases with the
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growth of the larva, (L. planeri, L. lamottei), and during the course 

of the anadromous migration of L. fluviatilis and P. marinus.

Throughout these phases of the life cycle there is also a 

variation in the number and depth of staining of the intracellular 

granules. The most heavily staining basophils are found in contact 

with the fibrovascular septa between the cell cords and between 

them and the brain. These cells are also positive to the 

periodic acid - Schiff (P.A.8.) and the aldehyde fuchsin (A,F.) 

staining reactions, indicating a glycoprotein containing basophil 

cell.
IAcidophilic cells have not been found in L. planeri and L.  ̂ -

fluviatilis nor in the young stages of P. marinus and L. lamottei ^

but in the ventral region of older animals of these species a few 

groups of such cells have been noted.

The only other cell type found in this pro-adenohypophysial 

region is the chromophobe. They are not strictly localised but y

are rather irregularly distributed, usually not as isolated cells. 

Instead they are often arranged in cell clusters characterized by 

closely adjacent nuclei surrounded by small amounts of cytoplasm.

The nuclei possess little chromatin and the nucleolus, if present, 

is small. They are generally smaller cells than the basophils though 

in P. marinus two types, a large and a small have been noted.

Both chromophobes and the basophils in L. fluviatilis have 

been observed to form acini, the apical poles of a number of 

adjacent cells surrounding a minute lumen with the nuclei located 

peripherally. Such an arrangement was found in those areas of the
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cell cords not possessing a fibrovascular region in the immediate 

vicinity.

The meso-adenohypophysis contrasts sharply with the pro- j

adenohypophysis in all species by having a chromophobic cell i
as its major constituent. These cells have an essentially ovoid 

nucleus with a diameter 4.3^ - 6.5p in P. marinus and 5.2p - 5.5p 

in L. lamottei and possess a very scanty cytoplasm. Scattered 

amongst these cells in L. fluviatilis are found cells containing 

varying amounts of basophilic granules. The degree of basophilia 

is never so pronounced as in the cells of the pro-adenohypophysis as is 

indicated by their reaction to P.A.S, which is of distinctly less 

intensity. They do however show a strong reaction with the A.F, 

method; even stronger than that shown by the cells of the pro

adenohypophysis.

An acidophilic cell has been noted in the meso-adenohypophysis 

of L. lamottei and in P. marinus. just prior to or during metam

orphosis.

During the metamorphic cycle of L, planeri and the anadromous 

migration of L. fluviatilis some of the chromophobes have been seen 

to be involved in what could be a secretory activity. They become 

swollen to twice their normal size, the nucleus looses its 

basophilia and nucleolus and intercellular clefts or vacuoles 

are evident. In L. planeri these cells return to their typical 

chromophobic pattern after the metamorphic period. During this same 

period the basophilic cells which are irregular, triangular or 

polyhedral, have their greatest activity.

The meta-adenohypophysis consists of one cell type that appears 

to change its shape orientation and staining reaction during the 

life cycle of the lamprey. In the larval L, planeri, P. marinus and
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L. lamottei - the cells form an irregular meshwork, their cytoplasm 

being chromophobic and nuclear diameters are 4.2u - 4.3u in P. marinus 

and 3.5/i - 5.Op in L. lamottei. At metamorphosis the meshwork becomes 

more regular, nuclear diameters in L. lamottei are 4.9p - 5 . ^  and 

the general orientation of the cells is such that the apical poles 

lie perpendicular to the fibrovascular sub-infundibular layer.

The staining reaction at this stage is positive but variable 

to acidophilic, basic, P.A.8. and A.F, reactions. The adult 

condition of these species and of L. fluviatilis is of a multi 

layered monotypical region with cells specifically orientated 

perpendicularly to the neurohypophysis, the apical poles of 

some of these cells may be as long as 6Gp. Such axone like 

cytoplasmic extensions toward the neurohypophysis have no counter

part in the pituitary of any other vertebrate species. It has been 

suggested that variations in the staining reaction may represent 

different stages of the secretory cycle.

The lamprey neurohypophysis consists of a slightly thickened 

part of the hypothalamic floor. No évagination is present in 

early stages but during metamorphosis a saccus infundibuli is formed. 

In L. fluviatilis this évagination is shallow and unpaired but in 

P. marinus a clearly forked structure has been seen (Tilney 1937, 

1938). The structure of the neurohypophysis although primitive, 

resembles that of other vertebrates with a cellular ependymal layer
/

on the ventricular surface, a fibre layer and an outer layer 

containing neurosecretory substance, (Bargmann 1953, Scarrer 1954,A
v.d. Kamer and Schreurs 1959, Lanzing 1959, Oztan and Qdrbman 1960). 

The ependymal layer forms a single row of neatly arranged cells many 

of which bear bundles of cilia. The fibre and palisade layers 

contain the elements of the hypothalamo - hypophysial neurosecretory
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system and can be stained by the chrome-alum-haemotoxylin (C.A.H,)
A /

and aldehyde fuchsin (A.F.) techniques to demonstrate its presence. 

Material reacting positively to these techniques is mainly 

localized in that region of the neurohypophysis situated above 

the meta-adenohypophysis, v.d. Kamer and Schreurs 1959, identified 

this organisation even in the earliest larva, throughout development 

and metamorphosis in planeri and during the course of the 

anadromous migration in L, fluviatilis (Lanzing 1959). The changes 

taking place in the neurohypophysis were in the amount of stainable 

neurosecretory material present.

The pituitary of the myxinoid cyclostomes has been little 

studied until recently apart from the early classical descriptions 

of the microscopical anatomy of Myxine glutinosa by Muller 1871, 

Retzius 1893, 1895 and Kupffer 1894. The review by Adam 1963 

gives an excellent account of the cytological structure of the 

hagfish pituitary and more recent studies have extended this, 

particularly with reference to neurohypophysial homologies and 

related hypothalamic systems.

The adenohypophysial cells are arranged in cords or "nests", 

(Olsson 1959), embedded in pericerebal connective tissue and 

until recently were generally accepted as being composed of one 

uniform undifferentiated cell type. (Stendell 1914, de Beer 1926, 

Gorbman 1941, Herlant 1954, Pickford and Atz 1957). More 

critical studies by Olsson, 1959, Matty 1960 a.b., and Olsson, 

Fernholm and Frenne 1965, have revealed clear signs of differen

tiation. Olsson and Matty demonstrated the presence of P.A.S. 

positive basophils and Matty was able to show by their different
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reaction to Heidenhains* "Azan" and Mallorys* triple stains that 

two types of such cells were present. Olsson considers these as 

different stages of the secretory cycle of the same cell type. 

Olsson, Fernholm and Frenne 1965, observed that most cells of the 

adenohypophysis have a scanty and indistinctly outlined cytoplasm 

containing little or no secretory inclusions,thus giving the cells 

a chromophobic appearance. Three types of basophil, P.A,S. 

positive, cells were identified, one showed aldehyde fuchsinophilia 

in gonadectomized animals, another released P.A.S, positive material 

into the lumen of follicular arrangements. These cells also had 

positive alcian blue granulations. A third type which is a major 

component of the caudal adenohypophysial tissue was small and 

irregular in shape and not in organized nests. This cell type forms 

the connection between the posterior portion of the neural lobe 

and the adeno component. (Adam 1960, 1962, Matty 1960 a.b.).

No acidophils, i.e. carminophil or fuchsinophil, were observed 

by Matty but Olsson et al 1965 found certain cells possessing 

erythrosinophil inclusions in experimentally treated animals. Two 

types of these cells were observed; one having large droplets and 

the other a fine granulation in the cytoplasm. The latter type 

becomes richly granular in thiouracil and cortisol treated animals 

and is located in the median and dorsal part of the gland.

Two types of chromophobes were distinguished by Olsson et al 

1965. One of them which they considered a sustaining type had an 

appearance not unlike the ependymal cell, with an elongate nucleus 

and long fibre like process ending at the connective tissue sheaths
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of the cell nests. The other chromophobe type is found at the

periphery of the cell nests and possesses irregularly shaped nuclei.

Whereas the adenohypophysis of Myxine is less differentiated 

thah that of the lamprey the reverse is true of the neurohypophysis.

, Muller 1871, Retzius 1893, 1895, v. Kupffer 1894, Jansen 1930, 

and Herlant 1950, among the earlier workers considered the region 

as a simple undifferentiated infundibular process. Later studies 

by Adam 1956, 1957, 1959, Olsson 1959, Honma 1960 and Matty 

1960, reviewed by Adam 1963 and Wingstrand 1966, suggest that

the adult hagfish has a true neurohypophysis consisting of an f 2-
/ / 'infundibulum and a neural lobe. /

The infundibulum, or proximal neurohypophysis is a narrow, 

hollow stalk in open communication with the third ventricle and 

hypothalamic region. From this region the neural lobe or distal 

neurohypophysis extends caudally as a sac-like organ which in the 

adult is about 1mm. long and 600p - 800fi wide.

The walls of the neural lobe have' a typical neurohypophysial 

structure with ependymal, fibre and palisade zones. The ependymal 

cell nuclei are close to the border of the ventricular cavity 

and their cell processes pass mostly in a radial direction into 

the outer region where they unite at the external glial membrane.

A striking feature of the ependyma of Myxine are the evidence^ '

of secretory activity (Adam 1957, Olsson 1959). Cells of the 

hypothalamus, ventricle and preoptic recess contain cytoplasmic 

droplets that are aldehyde fuchsinopthile and chrome haemotoxyphile. 

Ependyma of the neural lobe produce a differently composed 

secretion as it reacts negatively to A.F. and C.H.P. reactions.

The roof wall is somewhat thicker than the floor and its
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dorsal surface, when cut in transverse section, is seen to be 

folded by means of longitudinal ridges. This suggests a 

mechanism of surface enlargement against the

capillaries found in close contact with the neural lobe surfaces.

The outer layer, i.e. palisade and fibre layers of the wall 

occupy about two thirds of its thickness, Matty 1960 found a few 

cells identical with the ependymal cells separate from the lining 

of the ventricle in these regions^but whether or not these can

be considered as pituicytes is debatable. Terminations of the ̂

diencephalic neurosecretory fibres are situated in the outer 

layers mainly of the dorsal and lateral walls of the neuro

hypophysis as indicated by the accumulations of neurosecretory 

substance there. It is this region which Olsson 1959, and Adam

1960, homologise with the tetrapod neural lobe. The ventral wall

in contrast has little or no neurosecretory substance and is 

considered as the infundibulum. In 1962 Adam extended this 

interpretation to include the median eminence described by Olsson 

1959.(fig 2). This region he described as anterior to the 

infundibular process and possessing a folded surface that is 

conspicuously vascularized and where neurosecretory release 

takes place into the blood vessels. These homologies can only 

be studied when further evidence of the course of the blood 

vessels is considered, (see later).
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In the last two decades several authors have demonstrated 

the phenomenon of neurosecretion in the main group of vertebrates. 

Neurons of this system have their cell bodies in diencephalic 

nuclei, some distance away from the neurohypophysis and fibres 

running from these end in the neural lobe. (Scharrer and 

Scharrer 1937, 1954, 1959, Bargmann 1954, and Diepen 1962).

Unlike other neurons these cells especially their endings, show 

signs of intense secretory activity termed Neurosecretion 

(gcharrer and Scharrer 1954).

The diencephalic neurosecretory system in the lamprey has 

been studied by Charlton 1932, Mazzi 1952, Bargmann 1953, Scharrer 

1953, Green 1951, Roth 1956 and Oztan and Gorbman 1960, Apart 

from general comparative surveys of the hypothalamo-hypophysial 

neurosecretory system of vertebrates,only the latter authors ~

provide detailed descriptions of neurosecretion incorporating 

modern techniques. In ammocoete larvae and transforming adults 

of Petromyzon marinus, Oztan and Gorbman 1960, describe two pairs 

of neurosecretory centres in the hypothalamus(preoptic & posterior nuc- 

lei fig,4), A pair of prominent neurosecretory nuclei is found at 

the posterior end of the hypothalamus, just,dorsal to the posterior 

recess, above the posterior end of the pituitary gland and at the 

anterior margin of the mesencephalon. These neurosecretory centres, 

according to Oztan and Gorbman, coincide with the nucleus commis- 

surae post infundibularis and at least in part with the nucleus 

tuberculi posterior of Heier 1948, Both the preoptic and posterior 

nuclei contain the cell bodies of bipolar neurons and in both
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instances the short fibre of those neurons extend between the 

cells of the adjacent ependymal layer to the ventricular cavity.

The long fibres containing neurosecretory material are variously 

directed as indicated in the following description.

The preoptic nuclei are composed of neuronal cell bodies 

distributed in an arc on either side of the ventricle just anterior 

to the optic chiasma. Unlike many other vertebrates the cells of 

the whole group are of approximately the same size there being no 

"pars magnocellularis" distinguishable. Granules stainable by the 

Gomori C.A.H, and A.F, techniques normally cover the nucleus and 

fill the cell body. Stainable granules are frequently seen in the 

short fibres extending to the ventricular surface and on the 

exposed ventricular surface of the ependymal layer itself thus 

indicating the release of material into the adjacent third ventricle,

The long axons extending away from the preoptic nuclei can 

be separated into four groups. One group, coming from the most 

posterior and dorsal cell bodies, do not go toward the hypophysis 

but are directed posteriorly through the mesencephalon and into 

the hind brain. Of the remaining three groups the largest number 

of axons are in one whose fibres extend laterally from the ventral 

part of the nucleus. Near the ventrolateral edge of the 

hypothalamus they turn posteriorly and ventrally^reaching the margin 

of the brain just above the meso-adenohypophysis. Here they form 

two distinct fibre tracts running posteriorly and these finally 

merge into one above the meta-adenohypophysis^before terminating 

in the neurohypophysis.
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A few of the most ventral axones take a more direct route 

toward the hypophysis and these seem to terminate in the fibro

vascular layer between the pro-adenohypophysis and the brain.

Some of these fibres decussate over the pro-adenohypophysis, a 

feature not apparent in other neurosecretory fibres.

The last group of fibres extend from the posterolateral 

parts of the preoptic nucleus first laterally and then posteriorly. 

They pass individually or in small groups to enter the more posterior 

parts of the neurohypophysis.

The nuclei of the posterior recess were first described for 

the lamprey brain by Oztan and Gorbman 1960. The constituent 

neurons are uniform in size, bipolar and larger than those of the 

preoptic nucleus. The shorter fibres of these cells extend between 

the ependymal cells to the adjacent ventricular lumen where droplets 

of secretion can be identified. The long axonal fibre processes 

are of two kinds. The majority appear to terminate near the surface 

of the diencephalon-mesencephalon transition close to blood 

vessels. A small number of fibres, after proceeding laterally, 

turn anteroventrally and then enter the neurohypophysis.

According to the reviews by Green 1951, 1966, Wingstrand 

1966, and Christ 1966, there are no nerve fibres in the ammocoete 

or adult lamprey adenohypophysis neither is there any indication 

of a sympathetic nerve supply to the neurohypophysis.

The diecephalic neurosecretory system of the hagfish has been 

studied by Adam 1956, 1960 and Olsson 1959, The system is composed 

of essentially the same functional parts although their con

stituent elements differ.
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During the embryonic development of the pituitary gland 

throughout the vertebrate series when the ectodermal element 

meets the diverticulum from the third ventricle, a layer of 

mesoderm becomes incorporated between the neurohypophysis and 

adenohypophysis. It is from this layer that the blood vessels 

develop giving rise to the hypophysial vascular system.

The vertebrate neuroendocrine reflex mechanism, so important 

in general adaptive physiological reactions, has as a major 

component the vascular link between the brain and the adenohy

pophysis. This link connects the receptor - integrator segment 

of the mechanism in the nervous system with the secretory effector 

part. The major evolutionary factor here being the degree of en

slavement of the adenohypophysis by the central nervous system 

found in the various vertebrate groups. Generally this adeno

hypophysial control is by way of a factor released by the 

hypothalamic neurosecretory neurons and transmitted by the 

vascular connections, A direct innervation has been suggested 

for the pars intermedia by Barker, Jorgensen and Larsen 1963, and 

Stahl and Leray 1962 have claimed a similar control in some cells 

of the teleost anterior adenohypophysis. The position in the 

cyclostomes is of obvious relevance to a study of these problems.

Olsson 1959, Adam 1959, briefly comment on the poor hypo

physial vascularization in the hagfish the only detailed study 

available being that of Gorbman et al 1963. From this study in 

Polistrotrema it is seen that there is little or no portal vascular 

relationship between the neurohypophysis and the adenohypophysis 

but there is a well developed capillary network, drained directly
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into the head veins, in the dorsal surface of the neurohypophysis^ 

which as previously noted contains the bulk of the neurosecretory 

material, (fig, 5 ), The vascular pattern fround in the hagfish 

is therefore clearly much more adapted to the systemic distribution 

of neurohypophysial materials than to adenohypophysial regulation.

Preliminary descriptions of the hypophysial vascularization 

in the lamprey were made by Green 1959, 1966 and Green and Maxwell 

1959, indicating a thin plexus of vessels between the two hypo

physial units. A more detailed study was made by Gorbman 1965 

on P. marinus and L, planeri . He found that the arterial vascular 

supply for different areas of the pituitary region is completely 

derived from direct branches of the internal carotid arterty.

The richest vascularization, the capillary network between the 

neurohypophysis and the meta-adenohypophysis, is supplied by small 

branches that leave the internal carotid arteries at points just 

posterior to the caudal border of the pituitary region and enter 

the mid posterior margin at the base of the posterior neuro

hypophysis, From here they spread as a reticulum of capillaries 

which ramify at all points where the meta-adenohypophysis and the 

neurohypophysis are juxtaposed. This area is drained by a vein 

that begins in a small sinus in the connective tissue septum and 

proceeds posteriorly to join one of the larger head veins, (fig, 5 )

Few, if any, blood vessels are found in the fibrous layer 

between the anterior neurohypophysis and the anterior adenohypophysis. 

The ascending arterial capillaries to the pro and meso-adeno

hypophysis arch over the glandular cell cords and descend as



-  20 -

venous capillaries of larger diameter. These unite ventrally

and proceed posteriorly to the larger veins caudal to the pituitary

gland.

There therefore appear to be two distinct vascular supplies 

in the lamprey pituitary with little or no opportunity for mixture 

of blood between the two though the possibility of such is not ruled 

out by Gorbman,

There appears little evidence from these studies for a

hypothalamic neuroendocrine reflexjmechanism in the cyclostomes ^
i ninvolving anything other than the meta-adenohypophysial hormones /

/ ‘

in the lanqirey.
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Homologies

In the foregoing review no attempt to establish homologies 

of the various cyclostome pituitary regions with well established 

regions of the higher vertebrate pituitaries has been made. It 

is only because of the existence of these confusing homologies 

in the literature that they are mentioned here. Any such 

homologies are based on three basic factors, embryological 

derivation, general morphology and detailed cytology. Whilst 

these factors may indicate evolutionary trends frjom this 

phylogendtically primitive group,it is dangerous to homologise 

without the biochemical, chemical, physiological and pharma

cological data that would indicate the molecular similaries of
!

the hormones of the various regions.

The distinction of the neurohypophysis into two regions 

and the attempt to draw homologies with higher vertebrates is 

valid in so far as the more posterior, infundibular, region does 

carry the main fibre tracts of the diencephalic neurosecretory 

system. Similarly the anterior neural lobe region contains the 

majority of the terminations of this nerve fibre system. It is 

in trying to establish the presence of a median eminence structure 

in the cyclostome pituitary that difficulties arise. As far as 

the lamprey is concerned there is no suggestion in the literature 

that a true median eminence exists but this is not the case in the 

recently extensively studied hagfish neurohypophysis. Olsson 1959 

and Adam 1963 define a region between the hypothalamous and the
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neural lobe which can be considered as a median eminence. They 

have demonstrated an accumulation of neurosecretory material 

close to blood vessels which reach the brain surface and invade 

the meningeal tissue, Olsson suggests the release of neuro

secretory substances into these blood vessels. According to 

Gorbman et al 1963 although these relationships are' reminiscent 

of the median eminence of higher vertebrates, in the material 

they studied the part of the brain served by the prehypophysial 

plexus is far anterior to the region strictly homologous with 

median eminence. It is not associated either with the pre

hypophysial plexus or with the neurohypophysial capillary 

network into which portal veins drain.

The hagfish adenohypophysis is not differentiated into 

regions although it is cytologically differentiated, (Olsson et . 

al 1965). The lamprey adeno component is however clearly ^

regionalised into pro, meso and meta-adenohypophysial elements.

Few investigators hesitate to homologise the meta-adenohypophysis, 

with the pars intermedia of tetrapods. It is formed by the top 

region, equivalent to the aboral lobe, of the e.ctodermal 

invagination during pituitary development and remains in close 

contact with the neurohypophysis or rather that region which 

contains most of the terminations of the diencephalic neurosecretory 

fibres (neural lobe), Lothringer 1886 first characterized the 

intermedia as a compact epithelial brim or fringe on the surface 

of the neural lobe of the simple or stratified type. The lamprey 

meta-adenohypophysis is a compact stratified epithelium surrounded 

on all sides by basement membranes and a fibrovascular layer of
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variable development and composition. The juxta neural side of 

the region has been described as smooth and not divided into lobules 

by connective tissue septa,but in the material I have studied 

there are indentations which give an indication of lobular 

structure.

The cells of this region are typically uniform in appearance 

with a variation in staining reactions attributed to the stage 

of the secretory cycle at which they are being observed. The 

melanotrophic function characteristic of the tetrapod intermedia 

is demonstrated in the lamprey by the permanent pallor which 

develops after destruction of the meta-adenohypophysis, (Young 

1935, Lanzing 1954, Larsen 1965, and my own observations) and by 

the extraction of a principle from this region that induced 

chromatophore dispersion in the frog, (Lanzing 1954),

The homologies suggested for the pro and meso-adenohypophysis 

rest on very inadequate criteria, (Pickford and Atz 1957), Most 

misconceptions stem from the idea that the conspicuous pro

adenohypophysis is homologous with the cephalic lobe of the 

mammalian pars distalis (pars anterior), thus indicating an 

homology of the meso-adenohypophysis with the mammalian pars 

tuberalis. Many authors however homologize the meso-adenohypophysis 

with the pars distalis since it is in closest contact with the 

meta-adenohypophysis (intermedia) and is reported as having 

basophilic, acidophilic and chromophobic cells. The pro-adeno

hypophysis is then identified with the pars tuberalis because of 

its uniform histology and its anterior situation, or alternatively 

is considered to be a region peculiar to cyclostomes and fishes.
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(Wingstrand 1966). The interpretation of either the pro or 

meso-adenohypophysis as pars tuberalis is unsatisfactory for 

two reasons (Wingstrand 1966)_: (1) the pars tuberalis of

tetrapods has a paired origin from the lateral lobes of the 

embryonic pituitary condition, whereas the pro and meso- 

adenohypophysis are unpaired in cyclostomes, and (2) the 

assumption that the anterior part of the adenohypophysis or the 

part in functional contact with the median eminence, should 

always be a pars tuberalis, was recently proved to be doubtful. 

(Enemar I960).

Herlant 1954, tentatively compared the pro- and meso- 

adenohypophysis of fish-like vertebrates, including the cyclostomes, 

with the cephalic and caudal lobes of the reptilian and avian 

pars distalis respectively. This he did mainly with regard to 

histological characteristics, embryologie evidence being 

unavailable. Comparisons of this kind have only limited value 

and should be avoided until more criteria are available 

(Wingstrand 1966). Homologies of these two adenohypophysial 

components in the lamprey are therefore best considered as not 

proven.

Cytological homologies are similarly difficult to establish 

and interpret. This is particularly so of the gonadotrophs.

Because the basophils of the pro-adenohypophysis show the typical 

glycoprotein histochemical reaction with P.A.S, and A.F, 

characteristic of tetrapod gonadotrophs, and because they appear 

to show increased secretory activity associated with gonadal 

maturation, this has been taken as evidence that they secrete 

gonodotropin. (v.d. Kamer and Schreurs 1959, Lanzing 1959, and 

Olivereau 1962, 1963). However, Oztan and Gorbman 1960, considered
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that there is no reason to single out these two of a large number 

of contemporary occurrences and conclude they are necessarily 

related. This has been borne out by extirpation experiments on 

the lamprey hypophysis. Dodd et al 1960 and Evennett and Dodd 

1963 a.b., showed that removal of the hypophysis during October 

to December in L. fluviatilis males did not inhibit their 

ability to develop spermatozoa but did delay their maturation. 

Evennett 1963, performed partial hypophysectomies and showed 

that whenever the meso-adenohypophysis was removed, the results 

resembled total hypophysectomy. On the other hand removal of 

other regions had no effect on sexual development, thus indicating 

that the production of gonadotropins is localised in the basophils 

of the meso-adenohypophysial region. These results were largely 

confirmed by Larsen 1965, although under experimental conditions 

some gonadotropin production apparently occurred in the pro

adenohypophysis .
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MATERIALS AND METHODS

The migrating lampreys were caught by netting below the 

weir at Tewkesbury, Gloucestershire, on the river Severn.

The first batches of animals were maintained in galvanised 

tanks through which a circulation of aerated water, maintained 

at about 9°C was made. Subsequent batches of animals were 

kept in a large concrete sided pond and were therefore subject 

to the normal ambient temperature changes.

Animals were taken for study from the holding tank, allowed 

to sucker on to a dissecting board surface and quickly decapitated 

by severing at the level of the first gill slit. Subsequently, 

animals were anaesthetized in Sandoz M.S.222 (Ethyl m-amino- 

benzoate) - prior to decapitation.

For light microscopical observations the heads were 

trimmed to remove the region anterior to the nasopharyngeal 

opening thus enabling better fixative penetration. Although 

several fixatives were tried, Bouins' fluid was found to be the 

most acceptable both from points of view of preservation and 

convenience. Prior to processing for embedding the paramedian 

and ventral regions of the head were removed so as to give a 

more manageable block. Gonad samples were taken and similarly 

fixed in Bouins' fixative and the remaining bodies were labelled 

and preserved for any further study.

Prior to any further processing all material was decolourised 

by washing in agitated lithium carbonate solution for one hour. 

Experiments were done to ascertain whether prolonged washing in
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this way had any deleterious effects on the final preparation 

as some material, particularly the heads, really required 

several hours washing. No adverse effects were found employing 

washing times up to seven hours.

Dehydration, clearing and preliminary wax infiltration was 

carried out on an Elliot automatic tissue processor using 

chloroform as the clearing agent and 58°C paraplast embedding wax, 

A minimum vacuum embedding was made prior to blocking.

Sections were cut on an M.S.E, or A.O.C. Spencer rotary 

microtome at 3^ - and stained by one of several methods:

1. Mallorys' triple stain.

: 2. Modified Masson tetrachrome.

3. Heidenhains* azan stain,

4, Heidenhains* iron haematoxylin,

5, The periodic acid Schiff (P,A,S,) method

according to Hotchkiss - McManus,

6. The chrome-haematoxylin-phloxin (C.H.P,)

method of Gomori.

: 7, The .'paraldehyde-fuchsin (A.F,) method of Gabe and

and of Halmi,

Sections were examined and photomicrographs taken by Zeiss 

Jena Nf, and Zeiss Ultraphot photomicroscopes.

For electron microscopical studies the heads were maintained 

in lamprey saline for as short a time as possible before being cut 

sagittally into two halves and the two pituitary fractions
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dissected out and placed in fixative. A later technique was for 

half to be processed for light microscopy and the other for 

electron microscopy. This technique was particularly satisfactory 

for the animal batches maintained in the pond where much greater 

sample variations were encountered than with the controlled 

environment batches. The fixation employed was an immersion 

fixation of one hour in veronal buffered 2% osmium tetroxide 

with added calcium chloride at 4°C. (Palay"and McGee Russell 

1962). The tissues were then washed in veronal washing buffer 

and dehydrated in an ascending series of alcohols and finally 

propylene oxide ( 1 : 2  epoxypropane) again at 4°C. These low 

temperatures were employed so as to minimise any enzymic activity. 

The preliminary epoxy resin impregnation was made at room 

temperature and the tissues finally embedded in size 00 gelatin 

capsules with the epoxy resin Epikote 812 and polymerised by 

heat (Luft 1961).

Ultrathin, silver - silver/gold, sections were cut on a 

Huxley Cambridge or Reichert O.M.U.2. ultramicrotome with 3/16" - 

1/4" glass knives and mounted on 3.0mm diameter copper grids 

(Athene type New 100 and 200) coated with formvar and carbon 

stabilising films. Prior to microscopical examination the 

sections were stained in 1% uranylacetate for one hour at 37°C.

Semi thin 0.5/i adjacent sections to the ultrathin slices 

were taken, mounted on slides and stained with 0.75% basic fuchsin 

or Nile Blue A (McGee Russell and Smale 1963) and studied by phase 

contrast microscopy. In this way it was easier to orientate oneself
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when making electron microscopical observations apart from the 

increased resolution and cytological detail in the light 

microscopical observations.

The sections were examined in a Phillips type 75B electron 

microscope at an accelerating voltage of 75kv and where necessary 

for contrast at lower voltages of 60kv and 40kv. Electron 

micrographs were taken on 6cm^ photographic places (Gevaert 

Scientia 23D50 and Ilford N40) and on 35mm film (Kodak E.G.P.) 

and enlarged for study.
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RESULTS

The characterisation of the age of the lamprey during its 

anadromous migration has previously been made on the basis of 

time, i.e. day, week or month of migration. In my first 

experiment, which was carried out to discover whether or not 

any observable pituitary changes occurred during gonadal 

maturation, I began by using similar criteria. Because of the 

very great variability in lampreys taken at the same season 

account was taken of the stage of development of the germ 

cells as described by Hardisty^l966. In this way four basic 

stages were identified. (1) Early stage (primary spermatocyte 

prophase). (2) Late stages of spermatogenesis, primary and 

secondary spermatocytes. (3) Spermatids and some spermatozoa,

(4) Late Stage (entirely spermatozoa). Stages 1 and 4 are 

quite long and therefore the criterion of time could be used in 

assocation with these. In the following descriptions animals 

will be referred to by reference to the above classification,

Basic pituitary cytology

i,e. the reference point for the studies on the changes occurring 

during migration. Stage 1 September to November.

A, Light microscopical observations

1. Morphology

The average size of the pituitaries studied was 150Qp long 

by 700u at the widest point of the ovoid disc (Fig. 6). Three fifths 

of the total length of the gland is taken up by the meta-
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adenohypophysis and the neurohypophysis, the remaining two 

fifths being made up of the other adenohypophysial components.

In serial transverse sections the meso-adenohypophysis is seen 

to be the major component of the anterior adenohypophysis.

This region possesses lateral projections, particularly 

anteriorly, encroaching into the pro-adenohypophysial region 

(fig. 6 & 7 ). These projections may well have some signi

ficance in relation to the experimental procedures of partial 

hypophysectomy, (Evennett 1963 and Larsen 1965), and the 

conclusions which have been drawn from them. Posteriorly the 

meso-adenohypophysis has some slight projections but these 

only encroach on the connective tissue septum between the 

meso and meta-adenohypophysis and not into the cellular 

elements of the latter.

2. Cytology

The differentiation of the histological regions and the 

distribution of their cellular elements within them are as shown 

in fig. 8.

Pro-adenohypophysis

This region is clearly recognizable by the pronounced 

staining reaction of the majority of its cells, in contrast 

to the cells of the meso-adenohypophysis. The cell cords are 

directed dorsoventrally or rostroventrally and separated by 

fibrovascular septa. The major cell type observed is a basophil 

(i.e. staining with Aniline Blue) (fig 9 ). Its nucleus is 

generally rounded 6p. to 7yi in diameter and with a loose chromatin
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network and a single acidophilic (red) staining nucleolus.

This nucleus is found to one side of the cytoplasmic mass 

giving a polarity to the cell and in any cell cord the arrange

ment is such that cells of opposing polarity are often found 

next to each other. The cytoplasm contains closely packed 

granules which are responsible for the basophil, aniline blue, 

staining and which also react positively to the periodic acid 

schiff and aldehyde-fuchsin methods. Whilst there was no doubt 

that these cells gave a positive reaction to the various staining 

techniques there was a definite variation in the intensity of 

reaction that was quite randomly distributed. Lanzing 1959 

found that when orange-G was used as a counter stain to P.A.S, 

the typically purple staining basophils assumed an orange hue 

which he suggested may be due to the staining of some acidophilic 

granules among the basophilic ones. No other acidophilic 

characteristics are found ihcthe pro-adenohypophysis. My material 

showed the same feature with P.A.S. orange-G staining and 

similarly with the Masson staining technique there was an overtone 

of acidophilia to the basophils These apparently

anomolous staining reactions show, according to Herlant 1964, 

that the glycoprotein content of the cells may be associated with 

an acidophilic substrate, the granulation as a whole being 

considered amphoteric.

In Mallory stained material a cytoplasmic region which 

stained red on the apical side close to the nucleus was observed .
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The only other cell type found in the pro-adenohypophysis 

is the chromophobe. These are smaller cells than the basophils 

and are irregularly distributed in small cell clusters rather 

than as single cells. The oval 4^ - 6y. dia. nuclei possess 

little chromatin and an acidophilic nuclear membrane. Few 

nucleoli are found and only small amounts of cytoplasm surround 

the nucleus.

Both cell types sometimes form acinous groups where adjacent 

cells orientate with their apical poles directed towards a small 

central lumen. (fig.lO ), Lanzing 1959, suggested that these 

formations were in those parts of the cell cords where no 

capillaries were present. This is not borne out by my material 

and blood capillaries are often seen immediately adjacent to 

the acinus grouping, (fig. 10). It is noteworthy that in this 

group both chromophobes and basophils are present indicating 

that either the basophil is derived from and is the more active 

state of the chromophobe, as Lanzing 1959 suggested, or that 

both are secretory cell types

In thin "epon" sections stained with basic fuchsin and 

observed by positive phase contrast, the staining variability 

noted with the standard light microscopical stains is further 

indicatedand some of this is seen to be a consequence of distinct 

cytological differences (fig. 9 ). Apart from the density of packing 

of cytoplasmic granules that is evident the degree of vacuolation 

of the cytoplasm is seen to be much greater than previously 

indicated. Cell types are clearly visible possessing a dense 

cytoplasm perforated by vacuoles of varying size and in some
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regions this feature is so extensive that cell boundaries are not 

visible and what appears to be whole areas of vacuolated cyto

plasm are seen. The small chromophobic cell types are clearly 

seen in these sections.

Meso-adenohypophysis

The major cell type of this region is the chromophobe, 

with a round to ovoid nucleus 5^ - 8 j i in diameter. Amongst 

the cells there is a greater variation in cell size and in 

nuclear/cytoplasmic ratios than in the pro-adenohypophysis, 

some cells having quite large cytoplasmic areas (fig.11).

The presence of acinus formations and vacuoles would indicate 

that at least some of the cells are an active secretory type.

There is no clear distinction into two chromophobic types as 

described by Olsson 1965 for Myxine.

In thin*'epon" sections the variation in cytoplasmic area 

is clearly seen as is the "flat" unstained appearance of what 

correspond to the chromophobes in paraffin section. The 

isolated basophils can be identified amongst the chromophobes 

(fig.ll). Intracellular vacuoles are seen in both types of 

cells many very closely associated with the fibrovascular septum.

Basophil cells are found scattered throughout the region 

showing positive reactions with aniline blue, P.A.S, and 

aldehydefuchsin techniques. Because of the relevence of these 

cells in discussions on gonadotropin production, (Evennett 

and Dodd 1963b) a statistical analysis was made of them in 4yi serial, 

longtitudinal sections through one whole gland belonging- to this
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early migratory stage. The number of basophils indicated by 

the Mallory staining technique was counted in every other section 

so as to minimise the possibility of counting the same cell 

more than once, and these numbers recorded and analysed (figl2 ).

The distribution theoretically expected of such a sample 

would be binomial, poisson, negative binomial or logarithmic 

because of the fact that one is dealing with whole cells 

distributed in unit volume. From the analysis a poisson curve 

is shown not to be an improbable fit, p ■ 0.17, a feature that 

suggests a random distribution. In spite of the analysis being 

of whole cells a normal distribution was shown to fit reasonably 

well, p= 0.59, and therefore an analysis based upon a normal 

approximation was found to be conveniently appropriate.

This data also provides a baseline from which it is possible 

to indicate how significant are any differences observed during 

the migration period.

Meta-adenohypophysis

This shows the typical "Epithelsaum" structure described by 

Lothringer 1886 for mammals, of a stratified epithelium closely 

apposed to the neural lobe (neurohypophysial) surface and being 

smoptblQr.-only slightly lobulated.The met a-adenohypophysis of 

lampreys is quoted (Wingstrand 1966) as an example of a compact 

and non lobulated intermedia. Although there is no actual 

lobulation the juxta neural surface is not entirely smooth. 

Triangular indentations are seen along the length of the region , 

made by the fibro-vascular septum^in which larger blood vessels 

are found.
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Although according to Green 1951, the most characteristic 

feature of the intermedia is its uniform cytological picture, the 

cells of the meta-adenohypophysis show a variety of shape from 

the more basal polygonal or prismatic to slender spindle shaped 

cells with long apical processes. (fig, 13). There is a similar 

variation in the staining reactions of these cells. The most 

intense staining, cyanophilia,P,A,S,, A.F. and C.H.P. positive 

reactions are found in the long apical regions of the spindle 

shaped cells extending towards the sub infundibular fibrovascular 

septum. (fig.l3). Not all these cells show this reaction at 

the same time, distinct areas of activity are discernable; elsewhere 

they show the same variation in staining reaction as do the other 

cell types, varying from chromophobia to faint basophilia or 

acidophilia. These cells were considered by Lanzing 1959 and 

v.d. Kamer and Schreurs 1959, as stages in the secretory cycle 

of one cell typefa feature that is considered general throughout 

the vertebrate series. (Wingstrand 1966). According to Wingstrand 

1966, the only significant cytological feature common to all 

intermedia cells appears to be the presence of glycoprotein 

secretion indicated by its positive reaction to P.A.S., A.F. 

Krezofuchsin and resorcin-fuchsin. The reaction to P.A.S. and

A.F. in the lamprey indicates that the meta-adenohypophysis can 

be considered equivalent to other vertebrate intermedias.
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Neurohypophysis

The thickened floor of the third ventricle that constitutes 

the neurohypophysis in the lamprey,recapitulates an early stage 

in the embryological development of the pituitary of higher 

vertebrates. It is composed of three layers; (1) a single 

row of ependymal cells lining the ventricular surface (2) a 

fibre layer composed of the tracts of the hypothalamo-hypophysial 

neurosecretory system (3) a palisade layer containing the endings 

of the neurosecretory axons. Ependymal or glial processes 

cross the fibre and palisade layers and terminate at the base

ment membrane (Fig.14 ).

The ependymal cells are polygonal or prismatic with a 

prominent circular to ovoid nucleus of 6 f i  -  1 0  p  diameter.

The cytoplasm is generally very sparse on the ventricular side 

of the nucleus and comes almost together on the ventral side to 

form an ependymal process extending down to the basement membrane 

where it spreads out again in a "foot" like extension. Some 

of these cells are seen to bear cilia projecting into the 

ventricular cavity.

Neurosecretory material is clearly visible in the region 

as heavily staining patches with the Gomori C.H.P. aldehyde 

fuchsin, Mallory and Masson techniques. The material is P.A.S. 

negative. Throughout the neurohypophysis, positively staining 

material is seen in both the fibre and palisade layers and less 

frequently patches are seen between the ependymal cells at the
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level of the ventricular surface. Particularly large patches 

of material are seen in the anterior neurohypophysial region 

in a localised area terminating at the level of the connective 

tissue septum dividing the meso and meta-adenohypophysis. The 

neurosecretory material in this area typically shows two staining 

reactions, the characteristic C.H.P, positive one and a more 

acidic reaction particularly with the Masson, Mallory and C.H.P. 

techniques. Anterior to this region, above the rostral 

adenohypophysial component^some neurosecretory material is seen. 

Vacuoles are evident in the fibre and palisade layers, (fig.14).

In the "epon" sections the complexity of the neurohypophysis 

is seen particularly in the fibre and palisade layers. In these 

layers it is extremely difficult to recognise any basic organi

sational features other than the dark patches of neurosecretory 

material (fig.14). Circular droplets that have a more definite 

outline and density than the neurosecretory material are seen 

closely associated with the ependymal cell nuclei. Judging by 

its staining reaction this is most probably lipid. Another 

feature that is evident is the considerable degree of "activity" 

in the ependymal cells along their ventricular surface. Apart 

from ciliary projections, folds, vacuoles, vesicles and bulbous 

projections all of variable staining density, are also seen. 

Although by no means exclusive to it the intensity of this activity 

certainly seems greatest in the anterior neurohypophysis above the 

anterior adenohypophysial component. In paraffin sections such 

surface detail resolves into an amorphous material loosely applied 

to the ependymal cells. This is almost certainly a fixation 

artefact.
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B. Electron Microscopical Observations

In making these observations as much care as possible has 

been taken to eliminate the obvious sampling error of the technique. 

Some twenty pituitaries representative of this early stage of 

migration were sectioned and observed before any conclusions 

were made. The results will be described first in terms of 

the cell types found before any conclusions as to their inter

relationships and functions are considered. A summary of the 

more important cytological criteria used in distinguishing 

these types is found in table 1.

Pro-adenohypophysis

The characteristic basophils of this region are easily distinguished 

by their content of dense osmiophilic granules which in their 

density of packing within the cells show a variability that 

closely parallels the variability in staining density observed 

with the light microscope.

Type I cells contain little or no osmiophilic granulation 

and correspond to the chromophobic light microscopical image 

(Fig.15 ). They are found singly between granulated cell types 

or in small clusters amongst the cell cords and very often are 

found lining a fibrovascular septum lying between it and a patch 

of highly granulated cells. Fine cytoplasmic processes are a 

feature of their general morphology, these processes often 

extending between and around other cell types towards the septa.

The cells have a large generally ovoid nucleus which has a fine 

evenly distributed chromatin pattern but with some dense peripheral 

patches of condensed chromatin.
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The cytoplasm is characterized by its content of variable 

sized electron translucent vesicles ranging from 80p to 350p,

Some of these are seen at higher magnification to have ribosomes 

associated with their membrane thus representing the endoplasmic 

reticulum. Generally the ribosomes are scattered throughout 

the cytoplasm and often small patches of some six to ten 

particles are found close together in a group. Only isolated 

pieces of ribosomal studded membranes of endoplasmic reticulum are 

seen. The golgi component of the cell is most often represented 

by closely packed areas of fine vesicles although some cells 

do show a few membraneous cisternae. This organelle is more 

easily identified by the presence of closely associated osmiophilic 

granules 60nyx - 80ny in diameter, an association which is 

indicative of their site of formation or concentration. These 

granules are components of a more variable sized population of 

scattered granules ranging from 60 - 120nfi though in some cases 

being as large as 250pu - 300 pu. In favourable sections these 

are seen to be membrane bounded. Mitochondria are numerous and 

generally show either a rounded or elongate outline and possess 

transverse cristae and a reasonably dense matrix. An almost 

constant feature of these cells is the presence of one or more 

large Ip - 2p osmiophilic masses, generally with a crenulated 

margin and variable osmiophilic contents.(fig. 16.)

Type II cells possess small, 80np - 120iqu, dense osmiophilic 

granules scattered throughout the cytoplasm (fig. 17 ). The 

general cytoplasmic organelles can be seen and the nucleus 

characteristically has an evenly compact chromatin pattern.
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Type III cells along with the type IV to be described 

constitute the major cellular elements of the pro-adenohypophysis. 

They are the majority type at this stage of migration and are 

characterised by their dense packing of 150np - 300 mp osmio

philic granules (fig.18 ). The cell is often elongate with the 

large ovoid nucleus, with its even chromatin pattern^to one side.

The granules show a variable density size and shape from the 

circular to elongate outlines, and can be seen to be surrounded 

by a membrane. Whilst the majority of the granules are within 

the size range quoted a few may reach diameters or lengths of 

500mp. The density of packing of these granules is such as to 

hardly permit the analysis of the other cellular elements. In 

favourable sections a distinct golgi apparatus is seen in the 

apical juxta neural region, mainly composed of a few vacuoles 

and microvesicles, but only isolated pieces of rough endoplasmic 

retriculum are visible and the ribosomes appear to be scattered 

amongst the granules. Mitochondria are found, generally elongate 

and with transverse cristae. The large ovoid nucleus generally has 

an even chromatin density but with a few condensed patches.(fig. 19).

Type IV cells are characterised by their content of vacuoles 

of varying size and formed by the dilation and multiplication of 

the endoplasmic reticulum (fig. 20 ). Ribosomes are present 

scattered free amongst the granules and around the vacuolar 

membrane. The osmiophilic granules show a less variable size 

range than the type III cells being 200nyu - 350nyLi and probably 

represent the maturation size of granule. In favourable sections 

the bounding membrane can be seen. The cytoplasmic complexity
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created by these major elements allows little analysis of any 

other cellular features.

By studying many sections it is possible to identify the 

probably degranulation sequence of these cells (fig. 21 and 22a) 

Several granules come together and coalesce into a large dense 

mass. This becomes less and less electron opaque eventually 

giving rise to an electron transparent, membrane bounded vacuole. 

This is followed by vacuole coalescence and eventualldischarge 

from the cell. Two significant intermediary stages are the large 

vacuole possessing several granules of very varying size, shape 

and density and the vacuole having a complexjinternal structure 

of amorphous ex granular material and residue membraneous 

materials. Presumably when by the coalescence of these vacuoles 

a sufficiently large one is produced as to be within the resolution 

of the light microscope then it is this that is then observed. 

Similarly the vacuolation seen in the semithin "eponV sections 

is related to this process.

The nucleus of these cells is characteristically large and 

ovoid but the nuclear pattern is different to that previously seen. 

It possesses little stainable chromatin material and what is 

present is in the form of coarse masses.

The vacuolation and degranulation of these cells often 

produces areas within the cell cords in which it is difficult to 

define cell boundaries. A micrograph typical of such an area is 

shown in fig.22b. There is also a suggestion of the vacuolar 

release of the secretory produce into the fibrovascular septum.
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A cytological feature that is apparent in these cells is 

the occurrence of isolated patches of dense osmiophilic material. 

They are generally of a large size and with a

very irregular outline, (fig, 21). In some sections they are 

very like condensed chromatin masses.

Me so-ade nohypophysis

This region is characterized by the lack of conspicuous 

granules in the majority of its cells. Another immediately 

obvious feature is the variable size and shape of the cells as 

a whole and the variation in their nuclear cytoplasmic ratios.

Cells possessing a distinct granulation are found scattered 

throughout the region and these generally lie adjacent to a 

fibrovascular septum.

Type V cells lacking in distinct granulation and corresponding 

to the light microscopical chromophobic image are the majority 

cell type at this stage. The host conspicuous cytoplasmic 

feature is the presence of numerous variable sized, circular to 

ovoid, vesicles ranging from 60nyi - 300 n|u in diameter.

(fig.23 ). Some vesicles have ribosomes around their membrane 

representing a granular endoplasmic reticulum element but 

generally these ribosomes are found in small clusters scattered 

throughout the cytoplasm. No typical lamellate endoplasmic 

reticular elements are seen. The golgi apparatus is represented 

by many small smooth vesicles indistinguishable from the other 

cytoplasmic vesicles except for the association of numerous small 

granules of variable density. This probably indicates a formation 

or condensation of elementary secretory granules within the golgi 

apparatus. A scattered granulation is found generally within the
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cytoplasm consisting of variably osmiophilic, membrane bounded,

60mp - 200ny granules. The smaller granule size is the more 

common. Often the granule has a lighter less osmiophilic 

zone immediately under the boundary membrane giving the appearance 

of a peripheral halo. Numerous mitochondria are typically present 

showing a variable form depending on the plane of section though 

generally they are elongate with transverse cristae and a dense 

matrix, (fig. 24).

The nuclei are large, generally ovoid and possess an even 

dense chromatin pattern. There are patches of chromatin 

condensation found generally distributed and the nucleolus 

when seen in section is a clear dense circular osmiophilic mass 

to one side of the nucleus.

Type VI cells are those corresponding to the light 

microscopical meso-adenohypophysial basophils. They are easily 

identified by their content of clearly defined membrane bounded 

dense osmiophilic granules from 70mp - ISOmp in size (fig.25 ).

A distinct golgi region is seen in a juxta neural position 

mainly in a multivacuolated form with few sacs. A few pieces of 

rough endoplasmic reticulum are present but generally this organelle 

is found in a variable sized vacuolar form with the ribosomes 

scattered freely in the cytoplasm. Mitochondria present show the 

typical structure but have a rather dense appearance. The large 

nucleus has an even dense chromatin pattern and distinct nucleolus.

There are often larger osmiophilic masses associated with 

these cells 600nyi - 700m|a in diameter and only few in number.
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There is an indication in some of these masses of a finer 

structure that is not resolved. These could be some form of 

lysosomal element or a condensation of secretory granules.

Even larger 1^ - 2y. osmiophilic patches are sometimes seen 

which typically possess a very irregular outline.

Two other cytological patterns found are shown in fig. 26 

Type VII cells have an extensive development of electron 

translucent vacuoles, the whole cytoplasm appearing "lighter" 

and less compact than previous cell types. A golgi zone and 

fine ribosomes are seen but typical mitochondria seem to be 

lacking. The nucleus has a less dense chromatin pattern than 

other cells of the region. This is either a more active stage 

of a previously described cell type or a cell in a degeneration 

phase.

Type VIII cells in contrast have an extremely dense cytolo

gical appearance. The intensely osmiophilic nucleus is the more 

prominent feature of the cell, the equally dense cytoplasmic 

projections extending between adjacent cells giving the cell 

a stellate appearance. What cytoplasmic material can be 

studied appears to have a fine filamentous appearance with 

small granules and vesicles amongst them.

Meta-adenohypophysis

The cells of this region show a considerable variation in 

shape that is mainly an expression of their position in the 

epithelial stratification. The more spindle shaped cells 

generally being nearer the fibrovascular septum between this
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region and the neurohypophysis. Paralleling this variation 

in shape is a variation in the tinctorial affinities of the 

cells from a chromophobic to an acidophilic reaction. As 

previously stated this phenomenon is considered to represent 

the various stages in the functional activity of the one cell 

type. This variation is clearly seen in the electron microscope.

The cell type that can be considered the basic element 

from which the others are derived (type 1) is found more 

generally towards the ventral edge of the region. It is 

characterized by a distinct general electron opacity; a 

feature that tends to mask cytological detail. The nucleus is 

large and possesses an even dense chromatin pattern with some 

peripheral condensation. The relatively sparse cytoplasm 

contains scattered elements of both golgi and endoplasmic 

reticulum, but is quite rich in ribosomes. A few mitochondria 

are found and these are generally circular to ovoid, (fig.27 )^

The most characteristic feature of the subsequent 

cytological differentiation is the development of the endoplasmic 

reticulum. Type 2 cells are considered those in which vesicles 

of the reticulum appear in the cytoplasm, particularly in the 

peri nuclear region where there is a suggestion of vacuolation 

of the perinuclear cisterna from which they may arise, a 

suggestion previously made by Folleneus 1963, for teleosts.

The golgi apparatus is a little more developed and a few granules 

of varying size and density can be seen in close association.

Type 3 cells (fig.28&29)are represented by a number of 

microscopic images all of which show extensive development
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of the cytoplasmic organelles and particularly of the endoplasmic 

reticulum. Mitochondria appear more numerous are elongated, and 

possess the typical transverse cristae formation which is often 

masked by their matrix density. The endoplasmic reticulum is 

made up of the typical parallel rows of ribosome studded membrane 

which may be formed into a whorl and concentrated at one pole of 

the cell, generally the basal pole. This is particularly so 

in the later, elongated, form of this cell type. In this latter 

form the golgi tends to form at the opposing apical pole whereas 

in the earlier form it is found in the juxta neural region 

surrounded by the endoplasmic reticulum. At all stages it is 

formed of variable sized smooth membraned vesicles and some stack 

cisternae development. Osmiophilic granules are found associated 

with the golgi and scattered throughout the cytoplasm. They 

show a considerable range of size and density depending on their 

development stage. The nucleus of this cell type shows a 

large, Inyi - 2m^, nucleolus that is very osmiophilic.

The final differentiation gives rise to a type 4 cell that 

is easily identified by its long spindle shaped appearance and 

its content of numerous, approximately 150nyi secretory granules. 

These long granule packed, processes extend to the fibrovascular 

septum between this region and the neurohypophysis where hormone 

release takes place, and correspond to the intensely staining 

processes seen in the light microscopical image. The endoplasmic 

reticulum remains in the basal part of the cell around the nucleus 

(fig.28&29).Large Ijau - 2m^ patches of osmiophilic material are
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often found in these cells, more often in the apical golgi 

region than amongst the secretory granules. They possess a 

crenulated margin and in this respect resemble lipid inclusions 

rather than accumulations of the protein secretion product of 

the cell. The mitochondria at this stage are numerous, 

elongated and found throughout the apical process of the cell 

or in a less differentiated type in the juxta neural region as 

a mitochondrial cloud.

A more or less analagous differentiation to this for meta- 

adenohypophysial cells has been described by Follenius 1963, in 

teleosts except that in this case no elongation of the definitive 

cell type was found.

A feature found in the earlier differentiation stages of the 

lamprey and also noted by Follenius 1963, is the apparent 

incompleteness of both the perinuclear cisternal membranes and 

the cell membrane of some cells, (fig.30 ). in these cells the 

nucleoplasm is surrounded only by segments of membrane and in 

those areas in which it is absent the contents of the two 

cellular regions show little distinction. This and the pseudo- 

syncitial relationships between cells are considered genuine 

as since careful control of fixation procedure showed no 

differences. Follenius suggested that these images represented 

the incomplete separations of two cells derived from one cell 

division and that they show a stage of reconstitution of the 

plasma membrane. He further suggested that they were a phenomenon 

of the primitive undifferentiated cell types only. Certainly in 

type 3 and 4 cells both the plasma membrane and the perinuclear
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cisterna are well developed and in no case have more than two 

cells been seen incompletely separated by a membrane thus sup

porting their suggested derivation from a single cell division.

This is perhaps further supported by an observation shown in 

fig.30 of a cell that appears to show a replication of cytoplasmic 

organelles particularly of the golgi and endoplasmic reticulum.

In the trout, Follenius 1963 describes a cell type that is 

different to any previously considered and which he considers 

as the basic undifferentiated cell type of that animal. This has 

a clear cytoplasmic appearance and contains only a few tubular 

or vesicular structures. Some cells and more particularly 

cytoplasmic areas showing a somewhat similar appearance are seen 

in the lamprey, but here they may represent the completely spent 

cytological image or even breakdown as there is no evidence to 

suggest whether or not the cells go through the secretory cycle 

again,or breakdown and are replenished from below. Certainly^ 

after discharge of their secretory products,the spindle shaped 

cells become even more elongate and there appears to be a 

reduction in both cytoplasmic and nuclear volume.

As previously mentioned the juxta neural surface of the meta- 

adenohypophysial region is not entirely smooth but possesses 

indentations of the fibrovascular septum. These are particularly 

well seen in the electron microscope (fig. 31 ‘ ) and show a

more extensive ramification than indicated in the light microscope. 

As well as the wide indentations that penetrate only a short way 

into the tissue there are much narrower extensions composed mainly
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of fibrous elements.

As well as the indications of granule resorbtion and release 

seen at these septal borders^there are cells having the less 

dense appearance as previously described. This could well indicate 

the appearance of the degranulated definitive meta-adenohypophysial 

cell although without further study the possibility that they 

have a separate distinctive function cannot be excluded.

In some of the cells images of sectioned ciliary processes 

are seen These show the 9+0 arrangement of fibrils

seen in sensory cilia. In transverse sections they are surrounded 

by a vesicular electron translucent area. The significance of 

these structures will be discussed later.

Neurohypophysis

As seen in the light microscope this region is made up of 

essentially two components. A cellular ependymal layer lining 

the dorsal border and the ventral floor of the third ventricle 

and axonal fibres of the diencephalic neurosecretory neurons 

either in transit to, (more dorsal fibre layer) or at (ventral 

palisade layer) their endings adjacent to the fibrovascular 

septum between this region and the meta-adenohypophysis.

The ependymal cells form a surface epithelium one cell thick 

composed of generally angular shaped cells with a large ovoid 

nucleus and little cytoplasm towards the ventricular surface. 

Ventrally the cells are extended into long processes that cross 

the fibre tracts and terminate on the basal lamina region often 

with a "foot" expansion. Basally and laterally the cells tend 

to wrap around or be indented by groups of nerve fibres. In
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their structural features these cells closely resemble the ependymal 

cells lining the spinal cord. (Schultz et al. 1956).

The generally ovoid nucleus occupies a relatively large 

part of the cell volume. In advantageous sections the nucleus 

is seen to be multiple nucleolate these being eccentrically 

placed in an even, coarsely granular, nucleoplasm. The bounding 

perinuclear cisterna consists of the typically fenestrated double 

membrane system the inner membrane of which has in association 

with it a layer of osmiophilic material varying in thickness from 

300^'to as much as 90oX. (fig. 32). This filamentous layer is 

suggestive of a fibrous lamina, a cytological feature that is 

considered to be of cytoskeletal function (Fawcett 1966). Patches 

of ribosomes are seen adjacent to the outer cytoplasmic, membrane 

surface.

Near the apices of adjacent cells, the apposed surface 

membranes form a series of adhesion points, features studied by 

Farquhar and Palade 1963 for epithelia generally and described 

as junctional complexes. In lamprey ependymal cells the more 

obvious zonula adherens junctional type is found (fig. ̂ 2 ) 

these presumably forming a girdle around the cell. There is a 

suggestion in some sections of a zonula occludens region above 

the adherens and immediately at the ventricular surface, though 

the resolution of my micrographs is not good enough to clearly 

indicate this.

In addition to the many cells that bear tufts of cilia 

(fig.33&34^t the ventricular free border are seen a multiplicity
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of surface projections from small finger like processes to 

large bulbous expansions. These are so varied and irregular 

in their morphology and dimensions that the term microvilli is 

inappropriate. Processes of adjacent cells overlap parts of the 

apical surface that would otherwise have bordered the ventricle 

and thus the general effect of these irregularities is to produce 

a labyrinth at the free surface of the cell through which the 

cilia project. Many of the projections are so small as to con

sist of little more than folds of the cell membrane whilst 

others typically contain vesicles, filaments and other cytoplasmic 

elements. Still others possess a more homogenous amorphous mass 

of material and frequently give the impression of being budded 

off from the ependymal surface. (fig.34&35), These surface features 

suggest a secretion and possibly pinocytotic activity of these 

cells (see later).

The cilia are approximately 12 jx - 15/i in length and 150nyi - 

200n^ in diameter. The ciliary shaft is structurally similar to 

that characteristic of other metazoan cilia possessing nine 

peripheral and two central fibres. The ciliary membrane or sheath 

is continuous with the plasma membrane of the subtending cell 

and this membrane dips to form a moat around the base of the shaft. 

The peripheral fibres extend into the cell and end in a basal body 

structure from which run cytoplasmic fibrils or rootlets into the 

apical cell cytoplasm.

The ependymal cell cytoplasm is more abundant apically and 

basally than laterally. It contains filaments typical of mammalian
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ependyma,(Brightman and Palay 1963) though not as numerous 

(fig. 36). They are found mainly around the basal perinuclear 

region and extending down into the basal process.

The elements of the endoplasmic reticulum are widely 

distributed in the cytoplasm. Generally they take the form of 

smooth surfaced vesicles of varying size and although ribosomes 

are abundant they are mainly found in clusters or rosettes and 

only infrequently are associated with membranes of the endo

plasmic reticulum, thus granular reticulum is quite sparse 

(fig.34&35).The golgi complex is confined to the apical cyto

plasmic region and consists of the.-usual cluster of vesicles 

together with a few stack cisternae (fig.34 ). The organelle 

is clearly visible but little developed.

Mitochondria are numerous throughout the cytoplasm and more 

particularly in the apical region. They are more typically 

elongate with transverse cristae though smaller round ones with 

long cristae can be seen (figs.33, 34 & 35).

Occasional dense bodies 200nyi - 300nyi in diameter and posses

sing heterogenous material are found resembling the suggested 

lysosomal elements in mammalian ependyma (fig.35 ). (Brightman 

and Palay 1963). Large homogenous osmiophilic patches are also 

found of variable size up to 2p. Such inclusions are particularly 

numerous in the anterior neurohypophysial region immediately 

adjacent to the junction between meso and meta-adenohypophysial 

components, (fig.37 ). These structures can be found at all levels 

of the cell from the basal projection to the ventricular surface.
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Their appearance is that of lipid deposits and Nishioka et al 

describe similar structures in bird ependyma as being probably 

lipofuchsin deposits.

The basal processes of the ependymal cells cross the neuro

secretory fibre tracts and terminate on the ventral basal lamina 

often with an expansion into a "foot" like structure. These 

processes can be identified from the axonal processes by their 

Cytoplasmic elements, typically constituted of fine filaments, 

ribosomes, vesicles and large characteristically elongate 

mitochondria (fig. 38).

In the sparrow Nishioka et al^describe the infundibular 

recess extending into the pars nervosa by a series of tubular 

extensions giving rise to cavities in section. The function 

here could be one of providing a larger contact surface area 

between the two elements and in the lançirey a similar function 

could be ascribed to the labyrinthine layer at the ependymal
"2.

surface. Nishioka also described cavities of blood capillaries 

and membrane lined cavities of unknown origin and 

function and suggested they were an artifact of fixation formed 

by leaching out of cell contents. In the lamprey, particularly 

in the anterior neurohypophysial region, cavities are also seen 

In fig. 39 a cavity of the general neurohypophysial
9region is seen into whichsecretion could be taking place and r 

from which a tubular extension appears to pass into the surrounding 

tissue. Whether these are fixation artifacts or expansions of the 

intercellular and interaxonal spaces or cavities of a different 

origin and function is not known.
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The bulk of the neurohypophysis is made up of the fibres of 

the diencephalic neurosecretory cells and in sections the image 

presented is dependent on what point along the axonal fibre the 

section is made. Those fibres passing to an area not associated 

with that sectioned are found more dorsally whereas those coming 

to, or just terminating at, the fibrovascular septum are seen

ventrally. De Robertis 1962, in an analysis of neurosecretory j |! '
systems found a general similarity in whatever animal was studied 

in the mechanism of the formation, storage and release of the 

secretory product. He found the secretory material became 

accumulated within a membrane, thus isolating it from the 

cytoplasm to form a secretory vesicle. The fact that such 

vesicles tend to reach a fairly constant size he suggested was 

indicative of a specific content of active molecules and thus 

could be considered as quantal units of secretion. These 

secretory vesicles or neurosecretory granules have a characte

ristic ultrastructural image being seen as dense osmiophilic 

masses surrounded by a membrane. They pass along the axon and 

finally accumulate near the terminal axon membrane from where 

they are released on reception of the appropriate stimulus. 

Gerschenfeld et al 1960 studied this system in the toad and 

analysed the axonal contents in section at various points along 

its length. Apart from the normal cytoplasmic elements three 

major components were identifiable; the neurosecretory granules 

themselves, empty or partially empty vesicles i.e. more electron

\ I
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translucent vesicles of a size and appearance suggestive of 

their derivation by release of the stored secretion from 

neurosecretory granules, and much smaller vesicles very like 

synaptic vesicles. The two latter components were only found 

in sections representing the termination of the axon or close 

to it.

Depending on the point along the axons at which the section 

is taken this^variation of image is seen in the 1amprey.

(figs. 40 & 41 ). Axons packed with dense osmiophilic neuro

secretory granules llOny - 175mp in size and bounded by a 

membrane are clearly seen. As the axon approaches its termina

tion small 50m^ synaptic vesicles are also found associated with 

the granules and at the ending proper a variety of images are 

evident. The transition from the definitive neurosecretory 

granule to the electron translucent vesicle is found along with 

numerous synaptic vesicles, the proportions of the three 

components being indicative of the stage of release of the 

secretory product. (fig41 ).

In the normal fully differentiated nerve terminals the 

appearance is of a cluster of densely packed electron opaque, 

membrane bounded vesicles. These terminals may abut onto the 

plasma membrane of other terminals or be separated from them 

by ependymal processes. Partially or almost wholly depleted 

fibre Lterminals are characterized by the presence of electron 

translucent vesicles. Generally these are of the order of size
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of the neurosecretory granules and represent material from ^

which the neurosecretory material has dissappeared although 

s o ih e are much larger and indicate a swelling of the vesicles^ '

whilst others are very much smaller and represent the so 

called synaptic vesicles. Total depletion of the terminal
I f

ending is associated with an abundance of microvesicles. As 

suggested by BodAi/i 1963%the occurrence of depleted terminals ^

amongst normal and partially depleted ones is indicative of 

the fact that triggering of a single unit in the preoptic 

nucleus is sufficient to trigger the release of hormone from its 

axon terminals without affecting adjoining terminals.

Apart from these components the normal axonal cytoplasmic 

elements are seen to varying degrees. These are the mitochondria, 

the neurotubules and the neurofilaments, (figs.40 & 41).

The fibrovascular region or septal zone below the neuro

hypophysis shows a feature common to most vertebrates in that 

the palisade layer axons terminate here without the inter

position of neuroglial or ependymal membranes (Bodain 1963)

(figs. 40 & 41 ). In this respect the lamprey is similar to

the tree frog (Smoller, 1966), the toad (Gerschenfeld et al 

i960), the bull frog (Oota and Kabayashi, 1963), the opossum 

(Bodain 1963), and the mouse (Oota 1963), but differs from 

the parakeet (Kobayashi et al, 1961) and the sparrow (Nishioka 

et al, 1964).

The basal lamina and collagenous elements of this septal
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zone are of varying thickness but generally about Ip - 2^. 

Numerous finger-like projections penetrating to varying 

degrees into the palisade zone are seen, and often only the 

basal lamina separate the palisade axon terminals. In some 

areas the arrangement is even more complicated (fig.40 ) in 

that two dense fibre.: bands are present, one following the 

contour of the irregularities and the other passing straight 

on below it. Between the two variable amounts of osmiophilic 

material are present. The incidence of these features is not 

specific for one particular septal area e.g. immediately adjacent 

to a capillary, although there is a suggestion that the more 

complicated arrangement is more often found associated with an 

ependymal basal process.

In some instances axons containing neurosecretory granules 

are seen to penetrate between ependymal cells and even to project 

into the ventricular cavity, (fig.42 ). Variably electron 

translucent vesicles similar to those found at the basal 

terminations are also seen in these regions and the possibility 

of release of neurosecretory products into the third ventricle 

is clearly indicated.

In the anterior neurohypophysial region some fibre sections 

possess neurosecretory granules of a smaller size range than 

previously noted, in the order of 80mp - lOOnyi. These are not 

confined to the more dorsal fibre layer but are also seen in the 

palisade terminal axon region, particularly in the area above the 

meso-adenohypophysial - meta-adenohypophysial junction.(fig. 43)
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Fibrovascular Septum

The pro and meso-adenohypophyse^ are divided into cellular 

cords by septae composed of connective tissue 

in some of which run vascular capillaries. In paraffin 

sections stained by the Mallory trichrome technique, blue 

connective tissue strands can be seen and any capillary structure 

is only indicated by the presence of bloOd cells.

Gorbman 1965, describes the septa as being wider dorsally than 

ventrally and of larger diameter in the descending venule than 

in the ascending septa. He also noted that the capillaries of 

the anterior adenohypophysis are separated from the glandular 

pituitary cells by a peculiar pericapillary loose connective 

tissue. Generally this tissue has a variable degree of 

development within any area, the pro-adenohypophysis having 

a more abundant perivascular or pericapillary connective tissue 

than the meso-adenohypophysis. The peculiarity referred to by 

Gorbman 1965, is in the rather extensive development of this 

t issue in some regions and in its obvious feature as a 

physiological barrier where one would least expect to find this.

The more typical intercordai fibrovascular septum is shown 

in fig, 44^

The thin elongate endothelial cells pass through the

perivascular connective tissue that is an extension of the basal

lamina of the two glandular epithelial cells. The term basal

lamina is used in preference to that of basement membrane following

the arguments of Fawcett 1966. The contour of the cell membrane

is followed first by a light zone 400^ wide and then a
o omoderately dense bend some 500A - 700A thick. This latter zone
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can be seen to be composed of very fine filaments and these 

give the zone poorly defined limits. It has been suggested 

(Fawcett 1966), that these filaments are collagen in the form 

of tropocollagen molecules and along with the other components 

of the basal lamina are a product of the epithelial cells and 

not of the connective tissue fibroblasts.

The perivascular space is filled with connective tissue 

ground substance and fine fibrous, again presumably collagen, 

elements. The endothelial cytoplasm is irregular in thickness 

and possesses numerous vesicles ranging from 50mp - 70n^ in 

diameter. These caveolae or pinocytotic vesicles appear in 

favourable sections to be opening onto both luminal and abluminal 

surfaces and this, together with their incidence at the basal 

lamina of the glandular cells and sometimes within the perivascular „ 

space, suggests an active transference of secretory material.(fig.44&48) 

In some regions, more particularly in the fibrovascular region 

between neurohypophysis and meta-adenohypophysis, there is a 

suggestion of discontinuities in the endothelial cytoplasm.

Such endothelial fenestrations would allow secretory material 

to pass almost unimpeded by cellular cytoplasm between the 

glandular elements and the vascular lumen.

Marginal folds, often quite complex,, are found along some 

fibrovascular septa emanating from the glandular cells themselves 

and projecting into the perivascular space, (fig.45). These 

seem to be associated with those areas of the septa where the 

perivascular space is extensive, as described by Gorbman 1965, 

and can probably be interpreted as features to overcome the 

physiological barrier of the space.
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Fibroblasts are often found in the pericapillary connective 

tissue, these are generally elongate with fine cytoplasmic 

processes.

A transverse section across one of these extensive 

perivascular spaces is shown in fig.46.

The space itself is seen to be about 5/i - 8p thick and 

composed of loosely packed connective tissue fibres in a fine 

amorphous ground substance.

Cellular elements as isolated organelles or patches of 

cytoplasm are found in the perivascular space, these are 

probably extensions of the glandular cells isolated by 

sectioning artifact. Caveolae are again found in all regions 

of the structure as are the more typical marginal folds of the 

endothelial cells.

In fig.47. another septal region is shown and here the 

cytoplasmic elements, possessing numerous fine vesicles, can 

be seen well within the perivascular space.

The most extensive fibrovascular septum is that between
/ /the neurohypophysis and the meta-adenohypophysis, -(fig.48 ). i  j  

Pinocytotic activity is clearly seen here originating from 

both pituitary regions. On the meta-adenohypophysial side two 

kinds of vescicles are observable. One is a small electron 

transparent vesicle and the other a larger structure containing 

osmiophilic granules in various stages of degranulation, some 

containing only the membraneous "ghosts". The flask shaped
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nature of both types, opening to the perivascular space is 

evident. This feature could well indicate the two way transport 

that probably takes place here. The neurohypophysial hormone 

being transmitted to the meta-adenohypophysis and thus exerting 

its control and the meta-adenohypophysial hormone being passed 

into the systemic circulation.

The concept of transport by vesicles was first proposed 

by Palade 1953, and an obvious parallel with normal cellular 

pinocytotic and phagocytotic activity seemed reasonable. Both 

these processes do however involve the digestion or disruption 

of the formed vacuole, a feature not found in endothelial 

transport. The term cytopempsis or cellular pumping was 

therefore suggested by Moore and Ruska 1957. Majno 1965, 

suggests that this process is not necessarily the main trans

port mechanism, as many physiological phenomena occur without 

this visual manifestation, but that it is probably an important 

selective one.

?
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Changes occurring during the migration period

The problem of obtaining truly representative cytological 

images throughout the migration period has necessitated the 

examination of many sections and blocks. In the following 

descriptions two critical periods in this migration have been 

chosen to indicate any changes from the basic plan previously 

described for the earlier periods. The first period is December/ 

January when the first meiotic germ cell division takes place, 

marking the beginning of the final maturation phase; the second 

is the mature germ cell stage found in early spring. Some 

comments will also be made on two female animals that were 

killed at the beginning of egg release.

Pro-adenohypophysis

The cyanophilia observed in light microscopical images 

persists right up to the time of spawning, though the intensity 

of staining becomes reduced. Apart from this the basophils 

increased both in size and number throughout this period. The 

varying degrees of basophilia indicative of the degrees of de

granulation and the presence of intracellular vacuoles are 

indications of the persistent activity of these cells.

The electron microscopical images varied very little in 

terms of the cell types found, although a variation in the 

proportions of these types was seen. In the early migration 

period the type III cell is the majority type. In December/ 

January the cytologically more active type IV cell becomes more 

prevalent and the balance in favour of this type remains until
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spawning time. All four pro-adenohypophysial cell types are 

present at all stages. There is no synchronous change to one 

particular cell pattern or another; any one particular area may 

possess a dominant cell type^but the overall pattern is as 

indicated.

The cytological patterns and activities of these cells 

suggest that they represent different developments and secretory 

stages of one cell type. Thus the type I chromophobe is 

considered as an undifferentiated replacement cell type for the 

basophils, which pass through a storage phase (types II and III) 

prior to active hormone release (type IV).

Meso-adenohypophysis

The majority cell type of this region throughout the migra

tion period is that giving the chromophobic appearance in the 

light microscope (type V). It is seen to increase in volume 

during the period and in semi thin "epon" sections a vacuola

tion of the cytoplasm is evident.

Injthe electron microscope it is this increase in the vacuolar 

nature of the cytoplasm that is most clearly seen. At all 

stages a great variation in the size of the cytoplasmic vesicles 

is observed and during the migration period it is the upper limit 

of size that changes

The December/January image shows vesicles ranging from 70nÿi - 

600nju (fig. 49a ) whereas that of mature animals shows even larger 

vesicles ISOmp - 900n^ (fig. 49b ). There does not appear to be
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any increase in the number of these vesicles, merely an increase 

in size either by growth or coalescence. The latter alternative 

is clearly indicated in many images. The content of the larger 

vesicles is almost electron translucent whereas the smaller ones 

tend to contain faintly osmiophilic material. The golgi becomes 

more clearly defined (fig. 49 ) consisting of a few cisternae

as well as vesicles. The endoplasmic reticulum constitutes the 

vesicular component with attached ribosomes,though most of these 

remain in clusters scattered in the cytoplasm. Mitochondria 

remain very much the same, being generally elongate with transverse^ 

cristae and a dense matrix, although they do tend to become 

accumulated in the juxtaneural region. The cytoplasmic granules 

show hardly any variation in size or number, being sparsely 

scattered and with a relatively dense core and lighter peripheral 

halo. In their osmiophilic intensity they closely resemble the 

meta-adenohypophysial rather than the basophilic granules.

In some cells vacuoles of a very large size (l/i - 2^) are 

found (fig.50 )  ̂ and probably it is these that are seen with

the light microscope. Another feature seen in fig.50 is the 

close association of many of the vesicles with the perinuclear 

cisterna. A blistering effect of the cisterna is seen and in 

some cases a dense chromatin patch of the nucleus is seen within 

the vesicle.

These cells appear to be continuously active throughout the 

migration period.

The type VI basophil cell is also present in all migration
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stages. In the light microscope these cyanophilic cells 

decrease in their incidence. Counts taken during the migration 

period show statistically significant differences from the early 

period, the general trend being a decrease from a mean of 36 to 

values of 20 and 17.

The most striking feature of these cells in the electron 

microscope is their much greater incidence than the light 

microscope indicates, and presumably this is due to many of them 

being only sparsely packed with their densely osmiophilic 

membrane bounded, 70mji - 200nyi granules. In fig. 51 typical 

cytoplasmic areas are shown, the golgi is well developed and 

consists of both stack cisternae and smoothnembraned vesicles and 

in association with these are many elementary secretory granules.

The endoplasmic reticulum is represented mainly by a ribosome

studded vacuolar component although lamellar formation is also evident.

Numerous free ribosomes are found scattered throughout the

cytoplasm. The impression during migration is one of a decrease

in the granule content and there are indications of release at

the lateral cell membranes in fig.51

Meta-adenohypophysis

Cellular activity in this region judged by the presence of 

long spindle shaped, deeply staining, processes is maintained 

throughout migration until the time of sexual maturity. This 

is borne out by electron microscopical images, the four differen

tiation stages being evident up to the time of maturity. At 

this time a clear reduction in staining reaction is shown that
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is paralleled in the electron microscope by a depletion of 

granules from the type 4 cells (fig.52 ). A change in the

cytological type adjoining the fibrovascular septum is also noted. 

Ovoid cells possessing large nuclei with coarse chromatin patterns 

are found, their small rim of cytoplasm is more typical of cell 

types 1 and 2.

In a fully mature spawning female animal an even more drastic 

change had occurred in this region (fig.52b ). A reduction in 

depth to a fraction of its previous level was found, the cells 

remaining being totally inactive.

Neurohypophysis

Changes occurring in this region are difficult to identify 

with the electron microscope and even in the light microscope 

only the broad trends can be indicated. Neurosecretory material 

is released at the palisade axon terminals throughout the migration 

period. Stainable neurosecretory material is evident throughout 

this time and there is a definite increase in its amount up to 

the time of spawning, which is then followed by a decrease. In 

the spawned animal studied,hardly any neurosecretory material could 

be stained at all, also the diencephalic nuclei of this animal 

showed definite signs of atresia.

Martini 1966 quoting De Grodt and Hartfield 1961 comments that 

the amount of stored neurosecretory material "merely reflects the 

algebraic sum of elaboration and release and yields, by itself, 

little information concerning the magnitude and direction of 

changes of these processes....... Inadequate histological



-  70 -

measuring methods^ failure to dissociate the observed concentration 

of pituitary neurosecretory material into its release and 

synthesis components are among the factors which make it hazardous 

to speculate on the relationship between neurohypophysial neuro

secretory and pituitary "tropic cells. This comment was made 

with special reference to adrenocortical functioning but it 

remains valid for gonadotropic and thyrotropic functioning as 

well, therefore any changes noted during the lamprey migration 

must be considered with this comment in mind.

The most obvious change occurring during the migration period 

involves the pituitary cysts. These increase both in frequency 

and size in all adenohypophysial regions and may become so large 

as to almost ablate a pituitary region. These structures are 

discussed under a separate heading.
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Experimental Studies

A series of preliminary experiments were carried out to try 

and further indicate the functioning of the pituitary cells,

Evennett and Dodd 1963, injected quantities of pregnant 

mares’ serum and chorionic gonadatrophin into intact lampreys at 

fortnightly intervals between November and early March and found 

a stimulation of both primary and secondary sexual characters.

These first appeared in February and Evennett and Dodd suggest 

that this is due to the insensitivity of the tissues concerned 

until just before the animals would normally develop these 

characters. No assessment of pituitary or gonadal cytology was 

made in their experiment.

In the populations maintained under experimental conditions 

in our laboratories it is not unusual for some animals to display 

primary and secondary sex characters in February. The question 

arises therefore as to whether there is a real stimulatory effect 

of the sex hormones or not. Another point to be considered is 

whether or not a two week interval is too long a gap between 

injections^because by analogy with experiments in higher vertebrates 

such a gap would allow the complete metabolism of the hormone and 

therefore one is only assessing the effect of one injection at 

completion of the experiment.

Two experiments were carried out therefore, one in November 

and one in January in which batches of animals were injected at 

two to three day intervals, over a period of four to six weeks, 

with a mixture of 300i,u, Chorionic gonadotrophin + 200i,u.

Pregnant mares’ serum to see if any stimulation of sex characters
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could be made well before thé normal time of appearance,The short 

gap between injections was so as to try and produce a cumulative 

concentration of the hormones thus giving a maximum effect. So 

as to eliminate the problem of population variations biopsy 

gonadal samples were taken at the beginning of the experiment for 

direct comparison with the terminal experimental condition.

In both experiments an analysis of the gonad samples showed 

very little change, any that was observed was easily attributable 

to the normal development rate. This was disappointing particularly 

as the experiments were timed to coincide with the initiation of 

the first meiotic division, a time when major hormonal activity 

might be expected. External signs of sex characters were very 

difficult to assess but apart from marginal changes in fin gap 

distance and vascularization of the fin no positive effect could 

be noted.

This lack of positive response was similarly noted in the 

pituitary. No clear difference in the appearance of the basophils 

was seen though in some animals an unusually low number of meso- 

adenohypophysial basophils was noted.

The electron microscopical images obtained were typical of 

the equivalent normal stage as far as the pro and meso-adenohypo- 

physis were concerned.

It must be concluded therefore that no observable change was 

effected in the animals injected by mammalian gonadotrophic 

hormones at earlier stages of the migration period. Whether this 

reflects the unresponsiveness of the tissues or the inactivity 

of the particular formulation of mammalian hormones used on lower
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vertebrates^will require further experimentation.

Under normal conditions lampreys tend to lie fairly quies^nt 

during the day time, usually in some shaded position, and only 

come out in the evening. An easily manageable stress condition 

therefore was considered to be a constant light environment. Six 

animals were placed in just such an environment and it was found 

that they reacted to it by an almost incessant movement, some 

animals dying after a few days and the longest surviving only 

fifteen.

An experiment was set up therefore with six animals in 

constant light conditions and after seven days the four remaining 

animals were killed and their pituitaries prepared for both light 

and electron microscopical observations.

In one of these animals there was an apparent increase in the 

number of chromophobes in the pro-adenohypophysis especially in 

the ventral region but this was not found in all cases and was 

probably due to the plane of the section passing through the 

anterior lateral meso-adenohypophysial projection,

Ultrastructurally the most significant feature is the degree 

of vacuolation of the meso-adenohypophysial chromophobe type V 

cell. This was of the order of magnitude of the late migration 

cells and yet the experiment was carried out in early January,

Such a finding is consistent with the cells being corticotrophin 

producing and responding to the stress condition by hypersecretion.

An injection of mammalian adrenocorticotropic hormone (A.C.T.H.)

was known to have a pQsitive effect on cortical tissue in ^
' V

cyclostomes (Sterba 1955, Chester Jones et al, 1962), therefore

hur ' ‘ J(
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an experiment to observe its effect on the lamprey pituitary was 

carried out.

Animals were injected with 5i,u, A.C.T.H. and killed

1 and 1^ hours after the injection. This short time factor was
. . .employed because of the rapid metabolism of A.C.T.H, in other > , 

recorded experiments.

An examination of pituitaries by both light and electron 

microscopy has not as yet revealed any obvious cytological 

differences.

All the experiments attempted were merly preliminary 

investigations that could be made with the facilities available 

It is intended that a concentrated experimental programme will be 

carried out shortly.

Whilst the experiments were in the main negative they have 

been useful in pointing out handling and operation problems and 

also in giving an indication of the degree of effect one can expect 

in future attempts.
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Pituitary Cysts

A feature of the lamprey pituitary is the presence in 

almost every gland studied of cystic structures (fig.8 ).

These are generally circular to ovoid and easily identified 

by their size, which may be considerable, and the staining 

reactions of their contents by mucopolysacchanide stains^which 

has given rise to the designation "colloid cysts". My own 

observations substantiate the preliminary findings of Lanzing 

1959, that in their occurrence they are not restricted to any 

one particular region of the pituitary^but are found in all 

three regions of the adenohypophysis. The size of the cysts 

increases throughout the period of the migration and whereas 

they are originally found mainly on the ventral edge of the 

gland they can come to occupy almost a whole region.

Communicating with the main cystic area are often found cellular 

cystic cords or strands that may or may not possess a lumen.

These are found in the connective tissue between the gland and 

the nasopharyngeal canal and an open communication to the latter 

is a common feature. A more direct connection to the naso

pharyngeal canal from a multifollicular type cyst is also frequently 

found.

Pituitary cystic structures are found throughout the 

vertebrate series^but from the available figures no where does 

there seem to be such a high incidence as in the lamprey, A 

clear distinction must be made here between epithelial cysts, 

often ciliated, and generally considered to be epithelial remnants 

of Rathke's pouch and cystic pituitary tumours which are of
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pathological interest and consist mainly of areas of intense 

cellular growth of one cell type or another. Both of course^ 

by their invasion of normal glandular elements can be said to 

have an effect by their ablation of particular pituitary regions, 

a suggestion used by Kamer and Schreurs 1959, to explain the 

presence of a cyst in a metamorphic L, planeri ammocoete,

Howeverj apart from the observation by Madsen et al 1942 

that pituitary cysts were evident in the glands of beef and 

dairy cattle havingiahistory of vitamin A deficiency, cystic 

structures do not appear to have any functional significancej 

unless it is by way of their physical size and consequent 

ablation or compression of active pituitary regions. This is 

not the case regarding tumours; here the pathological conditions 

caused by a hypersecretion phenomenon of the cellular elements 

of the adenomas is of wide clinical interest. Chromophobe 

adenomas represent 70% of reported incidences and acidophilic 

adenomas 20%. References in the following discussions will be 

made only to the former category of cyst.

Table

Occurraneeof Pituitary Cysts in Vertebrates 

Species References

Man and higher Rasmussen (1929, 1933, 1952), Frazier

Primates and Alpers (1932), Shanklin (1949, 1951)

Romeis (1940), Habermann (1938), Hanstrom

(1948, 1957), Willis (1960),

Horse Lothringer (1886),
Dostoiewsky (1886), Trautman (1909),Cattle
Madsen et al (1942),



Species 

Dog and Cat

Rabbit

Rat

Guinea-pig

Hedgehog

Birds

Lizard

Amphibia

Lamprey
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References

Lothringer (1886). Trautman (1909) 

Stendell (1913). Opper (1940).

Haberfield (1910).

Lothringer (1886), Stieda (1890)

Opper (1940), Herrick and McCormack (1952) 

Vandenburg (1917),

Stendell (1913).

Collin (1926), Rahn (1939), Rost (1939), 

Voigt (1939), Romeis (1940), Obussier 

(1948), Wingstrand (1951), Herrick and 

McCormack (1952), Wilson (1952),

Grignon (1956), Legait (1927), Cameron 

(1962), Rahn and Painter(1941),

Atland (1939),

Stendell (1913), Copeland (1943), Kent 

(1945),?

Kamer and Schreurs (1959), Lanzing (1959)

This list does not purport to be fully comprehensive but 

only to be indicative of the widespread occurrence of pituitary 

cysts, A comprehensive list would be very difficult to establish 

as the references to pituitary cystic structures are often only 

mentioned as observations in otherwise differently orientated 

papers.

Lampreys studied early in their migratory period show 

relatively little cystic development but where presentthey are
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usually found towards the ventral edge of the gland. The 

appearance at this stage is of sections of a tubular element 

and in Mallory stained material these show a distinct capsular 

element^ on which rests a variably constituted lining epithelium 

from a flattened squamous cell type to a multilayered cuboidal 

or columnar component. The cells immediately adjacent to the 

lumen show an intense staining with aniline blue which merges 

into the similarly staining lumen contents and hence the 

literature references to colloid cysts. This cyst epithelium 

in its general} appearance and staining reaction very closely 

resembles that of the nasopharyngeal epithelium, a feature 

further demonstrated in P.A.S, stained material (fig.53 ).

In sections stained with Heidenhains* haematoxylin the 

luminal cells and some closely associated elements have a 

swollen spherical appearance with hyper chromatic nuclei 

displaced to one pole, and a pale amorphous cytoplasm 

that can be shown to be the mucinous. A similar cell type was 

described by Opper 1940> in the rat. A cytological feature 

associated with other vertebrate cystic structures is the 

presence in the luminal cells of cilia. (Romeis 1940, 

Wingstrand 1966). There is a suggestion in the lamprey of such 

a feature (fig, 53c), but the observation of Opper 1940, that 

there is a tendency in fixation for the lining cells to be 

sloughed into the lumen leaving a naked basal lamina, should be 

borne in mind here. This is particularly important in view of 

the fact that no electron microscopical observation has been 

made of these structures^which is surprising in view of their
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incidence. This is really a case of not realising or recog

nising what the ultrastructural image is like and here the 

new "Mesa" pyramid technique of de Bruijn and McGee Russell 

1966, will be of considerable help in future in enabling an 

accurate localisation of the ultrathin section. Ciliated 

pituitary cells have been seen in my material and these in 

some cases abut onto a "space" but no clear conclusions can 

be drawn from this.

The cystic epithelium is often seen connected to a cellular 

strandggenerally running through the connective tissue lying 

between the pituitary of the nasopharyngeal epithelium and 

becoming indistinguishable from the latter except that in some 

cases a papillary structure is formed projecting into the lumen 

of the nasopharyngeal canal (fig. 54 ). This cellular cord 

is oftentubular in which case its lining epithelium shows 

the same staining reaction as does that of the cyst. In serial 

sections such a structure can be traced to its connection with 

the nasopharyngeal epithelium where the duct opens and a 

colloid material seen to be passing into the canal, (fig,54b ) 

Some of these strands may travel in the connective tissue for 

quite some distance, i.e. from the pro-adenohypophysis to the 

posterior extremity of the meta-adenohypophysis. On the other 

hand an opening immediately below the cyst, which in this case is 

usually of a multifollicular type, is sometimes found (fig,54c ).

During the migratory period the cysts increase in both 

size and number even to the extent in some animals of an almost
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complete ablation of one of the pituitary regions, (fig,55 ).

The enlarging lumen is probably formed by the progressive 

disintegration of the surrounding and possibly constituent 

cellular elements. This is possibly reflected in the cyst 

contents where apart from the amorphous colloid, fibrous, 

vacuolar and granular elements may be found, indicative of 

cell debris.

The epithelial lining of larger cysts tends to be more 

flattened than in smaller ones, presumably due to an increased 

internal pressure effect. Campbell 1962, found no true 

capsular structure in avian cysts and in these larger cysts 

in the lamprey the same feature is seen, although these may 

compress the surrounding glandular tissue to form a pseudocapsule.

In Myxine, Olsson 1959, describes the presence of lumina 

in the adenohypophysis of varying size and all containing an 

homogenous material reacting positively to the histochemical 

stains for mucoproteins. He also found intracellular droplets 

of a similar material and postulated a sequence of stages 

demonstrating a distinct secretory process. The process starts 

with the formation of a small intracellular droplet in one of 

the adenohypophysial cells which eventually increases at the 

expense of the rest of the cytoplasm. Finally the cell 

disintegrates and the colloid secretory material is liberated 

into the vacuole formed by the disintegrating cell. If several 

adjacent cells undergo the same process the lumen grows resulting 

in the formation of a follicle lined by the few remaining cells, 

which form a follicular epithelium Olsson further
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suggests that a regeneration of the cell cord then occurs, 

the lumen becoming filled by sparsely packed inclusion free 

cells.

Olsson associates these structures with the basophilic 

adenohypophysial cell type and suggests that the number of 

follicles in different specimens may represent different 

stages of sexual maturity. He also points out the remarkable 

similarity between these cells and thoseof the nasopharyngeal 

epithelium called "spider cells", in their secretory formation 

and histochemical reactions. This similarity is considered 

a consequence of the same embryological derivation of the two 

tissues.

In other vertebrates, particularly in mammals and man 

where the incidence of cysts is best documented^a variety of 

cell type, basophil, acidophil and chromophobe are found 

lining the cystic structures and characteristically some of 

the cells are ciliated. In all cases the derivation of the cyst 

is either assumed to be or shown to be from Rathke's cleft and 

typically shows a higher frequency in those forms in which the 

hypophysial cleft is obliterated. Shanklin 1949, 1951, in an 

extensive study of human pituitary cysts found a 22% incidence 

and designated several types on the grounds of their differing 

morphology, mainly on their sizes and lining epithelial type.

All his evidence supports the idea that these structures are 

derived from tubules bearing a ciliated epithelium that grow 

out from the hypophysial cleft into the adjacent lobes. A 

similar early tubular form of the cyst is suggested by Opper 1940
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for the rat. Cameron 1962 studying the fowl concludes that 

the cysts here are formed from two elements, the residual lumen 

of Rathke's pouch and at a site corresponding to the origin 

of the embryonic epithelial stalk.

Copeland 1943, studying the pituitary of Triturus 

viridescens suggests the occurrence of ciliated cysts in the 

intermedia is evidence of a secondary lumen forming tendency. 

Kent substantiates these findings in Triturus and as well as 

Copeland's idea of a latent lumen forming tendency to account 

for cyst developmentjhe suggests they may be due to the 

arrested development of embryonic remnants of Rathke's pouch 

or pathologically from a pre existing or potential cavity.

This latter view is trengthened by the presence of 

necrosis in his material.

In the lamprey there seems little doubt that the cysts 

are derived from tubular ingrowths of the nasopharyngeal 

epithelium. They cannot truely be called Rathke's cysts as 

no such embryological structure as Rathke's pouch exists.

In the development of the nasohypophysial complex of the 

lamprey the pituitary adenohypophysial components are budded 

off from a solid epithelial stalk and then this structure 

cavitates giving rise to the nasopharyngeal canal with its 

epithelial lining. Thus as suggested by Copeland 1943, for 

Triturus viridescens the occurrence of cysts in the lamprey 

is possibly evidence of a secondary lumen forming tendancy of 

the cells derived from an embryonic epithelial stalk. Cameron 

1962 suggested such an origin for the pituitary cysts of fowl.
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The secretory cycle of Myxine pituitary cells described 

by Olsson 1959, is more likely to be a specialisation neces

sitated by the non vascular nature of the pituitary than a 

cystic structure of the type found in the lamprey. The question 

still remains in the lamprey, What is the function, if any, of 

the pituitary cysts? The mucoprotein content has been seen to 

be passed into the nasopharyngeal canal and thus must be 

sampled by the animals own olfactory apparatus before being 

passed out into the surrounding medium where it could possibly 

be sampled by other lampreys. Could this be a method of recognition 

thus facilitating grouping prior to spawning? Considerable 

experimental work would have to be done in order to satisfy 

oneself on this point

Considering their probable origin by the stimulation of 

a latent lumen forming tendency, and the fact that the height 

of their incidence and development is just prior to the death 

of the animal it seems more likely that they represent a regressive 

phenomenon associated with senility. This leaves their only 

functional significance as a secondary one,namely their effect 

on the animal by their ablation of major pituitary glandular 

regions, a subject that will be discussed later.

In some fish an open hypophysial duct is seen connected 

with the most anterior region of the adenohypophysis and 

communicating with the pharynx at its other end. This is the 

case in the Polypteriformes and in the young milkfish Chanos 

chanos. (Tampi 1951, 1953) and it has been suggested by Gerard 

and Cordier 1937 that the pro-adenohypophysial region in the
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Polypteriformes possesses an exocrine function. In the pro

adenohypophysis of trout a characteristic follicular arrangement 

of the cells is seen and it has been suggested that these may 

represent derivatives of Rathke's pouch. Olivereau 1954, 

considered that the lumen developed secondarily whereas Kerr 

1940, suggests a direct derivation from the primitive hypo

physial cavity. Although arguments are made around one or other 

type of derivation^the fact that amongst the glandular elements 

of the follicular walls can be found ciliated epithelial cells, 

argues more in favour of a formation from a diverticulum of 

Rathke's pouchy as this possesses a ciliated epithelium during 

the embryogenesis of the hypophysis. Again here, more study 

is required to clearly indicate the precise mode of formation 

of the follicles.
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Ciliary Structures

Apart from the occurrence of ciliary tufts on the luminal 

surface of the ependymal cells which possess the typical 9+2 

arrangement „of axial fibres, indicative of a motile function for 

the movement of the cerebrospinal fluid, ciliary structures have 

been noted amongst the adenohypophysial glandular cells (fig 

56 ), These cilia are inserted on a typical basal granule

and show an analogous structure to that of sensory cilia, having 

a 9+0 arrangement of the axial filament complex, the central 

elements being absent. In transverse section they often appear 

surrounded by an electron translucent area bounded by a 

membrane (fig,56b). This is interpreted as a section of the 

cilium inside an indentation of the plasma membrane, the cavity 

being that of an expanded intercellular space. An indication of 

this is seen in fig,56a where an almost longtitudinal section of 

the structure has been made.

Similar structures have been noted in teleosts (Follenius 

1965) where they are also a component of the lining epithelium 

of cystic structures. Other instances have been noted by 

Bargmann 1953, Farquar 1957 and Barnes 1961 in mammals,

Follenius 1963 found these cilia only associated with acidophil 

cells in teleosts and Barnes 1961 found cilia in 100 acidophils 

and only four basophils. This being so Follenius 1965 has suggested 

that they be used as a diagnostic feature of acidophil cells.

This certainly cannot be considered to be the case in lampreys 

expept perhaps in the meta-adenohypophysial region as no true 

acidophilshave been seen in any of the animals studied, Farquar 1957
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has identified cilia in corticotroph cells particularly those 

around colloid vesicles. This is a more likely association in 

the lamprey. No discussion as to their functioning has occurred 

other than that they may be sensory; more attention has been given 

to their origin. As with pituitary cysts these cilia are considered 

to be indications of their origin in the embryogenesis of the 

hypophysis from Rathke's pouch.
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DISCUSSION

In considering the cytological observations that have 

been described account must be taken of the fact that the 

animals were maintained in purely experimental conditions 

and that factors such as the normal stress reactions were absent.

A clear indication as to the precise function of the 

pituitary cell types is not possible from the present available 

data. Much more experimentation will have to be undertaken to 

establish this and to this end I have already begun some 

experiments and others are planned. The most significant of 

these being studies on the pituitary in other phases of the life 

cycle and particularly during the downstream migratory and parasitic 

phases.

When this study was started the findings of Lanzing 1959, 

v.d. Kamer and Schreurs 1959 and Olivereau 1962 were dominant 

in this field. These authors considered the basophils of the 

pro-adenohypophysis to be gonadotrophs and those of the meso- 

adenohypophysis to be thyrotrophs. Basophila was established 

by the cells reaction with aniline blue or methyl blue of one 

of the typical pituitary trichrome stains (Masson, Mallory, 

Heidenhain) and in itself makes no distinction of a possible 

further differentiation of these cells. An experiment designed 

to show the changes in basophil cytology associated with the gonadal 

maturation during the migratory period was therefore a logical 

starting point. The light microscopical results confirmed these 

of Lanzing 1959 in that the basophils of the pro-adenohypophysis
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increased both in size and number during the migration and 

judging by the presence of intracellular vacuoles and varying 

degress of basophilia (indicative of the degree of degranulation) 

some of the basophils were engaged in secretory activity at any 

one time of observation. With the electron microscope the 

proportion of type IV to type III cells increases although the 

more active proportion is already established by December or 

January and thereafter from present observations it remains 

fairly constant until development is complete. This would 

indicate from a hormonal control point of view, that a major 

release is effected in December to January and from then on only 

a "topping up" release is required. Such a pattern of activity 

could be consistent with the cells being gonadotrophs as it is 

in the period November to January that the first meiotic 

division in the germ cells is initiated. After this period the 

germ cell development appears to be autonomous, a feature 

demonstrated by the hypophysectomy experiments of Evennett and 

Dodd 1963, and Larsen 1965, who showed that before November 

hypophysectomy had a delaying effect on development and that 

the later the operation was performed after the first meiotic 

prophase the less marked was the effect.

These same experiments of Evennett 1963, Evennett and Dodd 

1963, and Larsen 1965 suggest a completely different source of 

the gonadotropic hormone. Their experiments involved the total 

and partial hypophysectomy of the lamprey and an analysis of the 

subsequent gonadal development. They found that whenever the 

meso-adenohypophysis was removed gonadal development was affected.
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The seemingly anomolous observation by Larsen 1965 that in some 

cases normal gonadal development took place without the presence 

of meso-adenohypophysial tissue may possibly be explained by 

the existence of the anterior lateral projections of this tissue.

Thus when all the meso-adenohypophysis was 

supposedly extirpated, lateral patches of this tissue could have; 

remained in sufficient volume to maintain normal development.

Cells giving the typical glycoprotein staining reaction of 

gonadotroph basophils are only sparsely found in the meso- 

adenohypophysis but it is these cells that were considered as 

gonadotrophs. No clearly identifiable staining differences were 

found between these basophils and those of the pro-adenohypophysis. 

As evidence of their correllation with the gonpdal development 

Evennett and Dodd 1963 note that early migrating animals 

(October) show about sixty basophil cells in sagittal section 

and that these decline to fewer than ten in early February, and 

then increasing again finally, approaching the original fifty or 

sixty in April. A statistical analysis of these meso-adenohypo

physial basophils shows that throughout the migration period 

there is a reduction in the basophil numbers but in my material 

no resurgence of these cells was found. This was the case in both 

male and female animals.

When one looks at the ultrastructure of the basophils of the 

pro and meso-adenohypophysis and compares them with images of 

experimentally proven gonadotroph cells in higher vertebrates, 

the situation is equally confusing. Herlant 1964 in his analysis 

of adenohypophysial cytology reviews the basophil, p  follicle
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stimulating hormone (F.S.H.) producing cell, and

quotes the distinctive common characters that have been identified 

by many authors, mainly in mammals. The cytoplasmic granules 

are numerous, of low electron density and vary in size from 

lOOnÿi - 200m^. They are seen to dissociate within the cytoplasm 

with break up of their membranes. Their endoplasmic reticulum 

usually occurs as vacuoles of various sizes between which are 

patches of free ribosomes. The golgi element has a multi

vacuolated structure, sacs being generally rare. Mitochondria 

have many cristae and a dense aspect. In functionally active 

cells there is a decrease in the degree of granulation and an 

increase in the size of the endoplasmic reticular vacuoles.

Another type of gonadotroph cell discussed by Herlant 1964, 

is complimentary to the p ,  F.S.H, cell previously described and 

is responsible for the luteinizing hormone (L.H, ) activity. Its 

granulation is more dense than in the F.S.H, cell and varies from 

ClOOmji - 7300mp.Mitochondria are less dense, the endoplasmic 

reticulum is of tubules and vacuoles and the well developed golgi 

is composed mainly of vacuolar elements in which their progressive 

filling and their transformation into secretion granules is seen.

No one has yet isolated gonadotrophins from the lamprey 

pituitary although their presence and ability to stimulate sexual 

development has been shown by Lanzing 1959, and Evennett and Dodd 

1963, using crude pituitary extracts.

The other experiments of Evennett 1963, Evennett and Dodd 

1963, and Larsen 1965, attest further to the presence of 

gonadotrophins in the lamprey but provide no evidence as to their
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nature. It is not certain therefore whether one is dealing with 

one or two hormones.

The tinctorial affinities of the basophils of both adeno

hypophysial regions are typical of vertebrate basophils generally. 

Ultrastructurally they show some characteristics in common; their 

endoplasmic reticulum and golgi components are similar as

is the development of these organelles in the active state.

The type of granule present shows some differences. The typical 

low electron density granule of the F.S.H. cell is not seen at 

all.They are densely osmiophilic and the typical size range 

of gonadotropic granules is found only in the pro-adenohypophysial 

basophil. It would appear therefore,that a gonadotrophic

hormone is more likely to be produced by the basophils of the pro

adenohypophysis and that this hormone is morphologically 

expressed in a form similar to the vertebrate l .H.

The same difficulty of identification is found when one 

considers the other basophilic element of higher vertebrate 

pituitaries, the thyrotroph. Barnes 1963, and Herlant 1964, both 

describe the ultrastructural cytology of the experimentally proven 

thyroid stimulating hormone (T.S.H,) producing cell. Cytoplasmic 

granules are dense and small ranging from lOOm^ - 150n^ and the 

endoplasmic reticulum consists of small vesicles as does the
4poorly developed golgi. When active there is a great multiplica- 

tion of endoplasmic reticular vesicles and the golgi becomes 

hypertrophied. In lower vertebrates these cells usually have 

angled contours and often enter into contact with the fibrovascular 

septa by long cytoplasmic processes.
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The main evidence of the existence of a pituitary thyroid 

relationship in the lamprey is twofold. First, Dodd 1961 found 

that the pituitary of L. fluviatilis contained a thyroid stimu- 

lating substance which can release I from the mouse thyroid 

under the conditions of the McKenzie assay for T.S.H. Secondly, 

Olivereau 1956, and Clements-Merlini 1962, found the ammocOete 

endostyle responded to mammalian T.S.H.

The meso-adenohypophysial basophil most closely resembles 

the general vertebrate T.S.H. producing cell. In its dispersion, 

general morphology and tinctorial affinities there are close 

parallels, but ultrastructurally differences are evident. The 

granule size and appearance is compatible and the typical dilation 

of the endoplasmic reticulum is partially evident, but its content 

of osmiophilic material is lacking. The period of study of 

these cells may of course not be ccondusive to observing a fully 

active thyrotroph.

It must be clearly stated that comparisons of the kind just 

made are purely speculative and that until more evidence is 

available an open mind on the subject must be maintained.

Experiments need to be undertaken to first of all establish the 

existence of gonadotropic and thyrotropic hormones and also in what 

form they exist and then to experimentally suppress or stimulate 

their activity and observe any cytological changes taking place. 

Experimental work so far mentioned involving total or partial 

hypophysectomy is analysed in terms of effect on a complicated 

gonadal maturation in experimental conditions and without detracting 

from these studies the possibility must be considered of factors
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other than the ablation of the supposed functional cell type 

being involved.

The functioning of the meso-adenohypophysial type V cell 

equally cannot be stated with certainty but there are some 

indications of its possible corticotropi-c activity.

The site of production of adrenocorticotropic hormone 

(A.C.T.H.) has long been one of the unsolved problems in the 

morphology of the anterior pituitary of vertebrates. Its 

biochemical existence and physiological action have been known 

for some time.

Early cytologists linked A.C.T.H. with either the basophils 

or the acidophils, but as those classical cell types became 

established as sources of other hormones, the earlier evidence 

required re-examination and there followed demonstrations that 

the changes observed in acidophils and basophils in experimental 

animals and in human disease represented collateral effects of 

alterations in adrenocortical function, rather than being 

immediate symptoms of changes in the rate of secretion of 

A.C.T.H. (Pickford and Atz 1957, Herlant and Klastersky 1963, 

Ball and Olivereau 1966).

Cases of Cushing's disease were described by Salassa et 

al 1959, where chromophobic adenonomata were found in the 

hypophysis which were further characterized by a high concen

tration of A.C.T.H. These findings are analogous withthose of 

Furth 1953, and Furth and Clifton 1958 on mice exposed to atomic 

explosions, where chromophobic tumours were also found in the 

hypophysis again associated with high concentrations of A.C.T.H.
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The electron microscopical observations of Farquhar 1957, on the 

hypophysis of the rat equally appear to demonstrate that the 

corticotropic cells are chromophobic in nature. Herlant 1964, 

following this and other evidence suggests that corticotropic 

cells, although appearing chromophobic, are not entirely so in 

that they possess a fine granulation that is erythrosinophilic, 

a feature that has been used by many workers to identify these 

cells in a number of species.

Further electron microscopical observations on rats and 

cats,(Herlant and Klastersky 1963, Herlant 1964^)rats,

(Siperstein and Allison 1965, Kurosomi and Kobayashi 1966;) 

and mice,(Yamada and Yamashito 1967,)have identified an A.C.T.H. 

producing cell in normal and experimentally treated animals 

of these species.

The normal stage of the corticotroph shows few secretory 

granules,( maximum diameter 200nyî  distributed throughout a 

relatively large cytoplasmic volume. The:endoplasmic reticulum 

is represented by numerous small electron translucent vesicles 

with some attached ribosomes. Elongate profiles are only rarely 

seen. The distribution of the golgi is quite different from 

the other pituitary cells in that it is found dispersed in 

several small patches here and there in the cytoplasm. These 

patches consist of aggregates of smooth, often flattened, 

parallel lamellae, vacuoles and small, round vesicles. Associated 

with these elements is found a fine dense granulation of 

elementary granules indicating the mode of formation or rather 

concentration within the golgi membranes of the cell granules.
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Apart from these features the most characteristic structure 

in these cells is the secretory granule itself which is seen 

to possess a lighter, more electron translucent area, around a 

more dense core structure; the whole being surrounded by a 

bounding membrane.

Activity of this cell type is associated with a development 

of the endoplasmic reticulae and golgi elements. The granules 

adjacent to or associated with the golgi^being the first formed 

do not have a peripheral halo like the more typical granule and 

when active this denser type is more evident,indicating a 

greater turnover in the granule population.

Whatever the individual variations within the cell, 

generally the granule density, i.e. degree of electron opacity, 

is less than that of the other pituitary cells except the intermedia 

or meta-adenohypophysial M.8.H. producing cells, with which 

there is considerable similarity. It has been suggested that 

this feature is an expression of the low molecular weight 

protein nature of both hormones

and of their partially identical polypeptide sequence.

The ultrastructural image seen in the lamprey fits very 

closely the pattern described for other vertebrates; the 

changes occurring during the migration period being consistent 

with a hyperactivity of the cells and the consequent production 

of corticoid hormone right up to the time of spawning. The late 

migration cytology most closely resembles images of mammalian 

corticotrophs some days after adrenolectomy, with dilated sacs 

of endoplasmic reticulum and extensive golgi development.
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Only histological observations have been made to identify 

corticotrophs in the majority of vertebrate species. This has 

mainly been achieved by adminstering chemical blocking agents 

e.g. Metapirone and observing the consequent hypertrophy of the 

pituitary cells. (Wingstrand 1963, Tixier-Vidal 1963, Van 

Oordt 1963, Olivereau and Ball 1963). This has been particularly 

well demonstrated by Ball and Olivereau 1964, in teleosts using 

a lead haemotoxylin stain.

The typical vertebrate pituitary-adrenocortical relation

ships have not been fully demonstrated in the lamprey,as yet 

although the presence of cortical tissue responsive to mammalian 

A.C.T.H. is well developed (Sterba 1955, Chester Jones,

Phillips and Bellamy 1962). Bentley and Folle^ 1962 provided 

indirect evidence for A.C.T.H. controls in this group by the 

demonstration that both aldosterone and mammalian A.C.T.H. 

decrease the rate of sodium loss in L. fluviatilis and that 

blocking of aldosterone increases it.

The high corticoid activity indicated by the lamprey cytological 

picture parallels the suggestion of Larsen 1965 that post 

spawning death is mediated by a hypersecretion of corticoid 

hormone. A further indication of this is diown in. the constant 

light experiment where by stressing an animal and stimulating the 

possible A.C.T.H. producing cells,premature death of the animal 

was produced. In a study of hyperadrenocorticism in spawning 

trout and a comparison with migratory salmon, Robertson et al 

1961 indicate that a high corticoid level alone does not of itself 

produce the mortality, but that other factors are involved e.g.
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food intake and stage in migration when feeding stops, length of 

migration and physical environmental factors.

The type VII meso-adenohypophysial cell is most probably 

a degenerating type V cell. Very similar images have been noted 

by Kurosomi and Kobayashi 1966, and these they interpret as 

degeneration of the A.C.T.H, producing cell.

The dense type VIII cell has analogies with a similar 

type found in Myxine, (Fernholme 1967), Because of the particular 

avascular adenohypophysis in Myxine| Fernholme has suggested 

that this cell type may have a transporting and/or a nutritive 

function. Whilst the vascular supply to the lamprey adeno

hypophysis is much better distributed there could still be areas 

where a cell type with these functions could be of value.

The cytology of the lamprey meta-adenohypophysis is very 

similar to that in teleosts (Follenius 1963) and to the pars 

intermedia of amphibia (Iturriza 1964) and mammals (Kurosomi 1961)^ 

the major cytological feature being the development of the rough 

endoplasmic reticulum which is consistent with the production 

in this region of the polypeptide melanocyte stimulating hormone 

(M.S.H,), The demonstration of this principle in the lamprey 

meta-adenohypophysis was first made by Lanzing 1954 and this 

has been shown to be responsible for the dark colour normally 

maintained in L, fluviatilis (Young 1935, Larsen 1965 and 

personnal observations). These animals do not normally change 

their colour according to background. In L, planeri a reaction to 

light and dark does exist and shows a d iurnalrhythm, being lighter
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in the day than at night, thus suggesting a central nervous 

control of M.S.H. secretion. (Barker Jorgensen and Larsen 1967). 

Any such control must be by way of the hypothalamo-hypophysial 

neurosecretory system and subsequent diffusion either directly 

through the connective tissue or into the blood vessels and 

across to the meta-adenohypophysis^as this region in the lamprey 

is both avascular and non nervous. The vascularization in fact| 

is only that of the fibrovascular septum between the region and 

the neurohypophysis. It is this that dictates the orientation 

of the cells and their secretion and hence the progressive 

specialisation from the basal, polygonal or prismatic, 

relatively undifferentiated type 1 cell to the more dorsal 

secretory type 4 cell; these often having processes as long as 

60^ in order to reach the neuro intermediate vascular plexus.

Only cells in contact with this plexus are actively secretory, 

Landgrebe and Mitchell 1966 quoting Parker 1950 state that 

"the fact that intermedin is generously produced in almost all 

chordates from tunicates to man is indicative of other functions 

than the purely chromatic one known in the coldblooded verte

brates", What these functions may be is not known. In mammals 

an effect on nervous tissue has been demonstrated and on fatty 

acid metabolism, particularly on its release (Lerner 1966), It 

would be interesting to know if in the lamprey the latter effect 

is found|in view of their reliance on stored food reserves during 

their migration,

Cytological activity in the lan^rey meta-adenohypophysis 

appears to maintain a steady level throughout the migration period
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up to the time of spawning, when there is a marked involution of 

the cells. This is paralleled in the animal by a lightening of 

its colour at this time.

The labile cytological picture seen in the meta-adenohypophysis 

may be of significance in hypophysectomy experiments^particularly 

since the findings of Rodriguez and Piezzi 1967 in toads,that 

after adenohypophysectomy there is hypertrophy of the pars 

intermedia and differentiation of chromophil cells that partly 

replaced the activity of the lost pars distalis cells.

An homology of the lamprey meta-adenohypophysis with the 

tetrapod pars intermedia seems acceptable both from cytological 

and hormonal points of view. In tetrapods it is in the intermedia 

that the greatest incidence of hypophysial cysts is evident.

In the lamprey these are_.no more frequent in the meta-adeno

hypophysis than any other region. The proximity to the hypo

physial cleft in the tetrapods may be the reason for their greater 

incidence, since they have been regarded as evidence of the 

retention by the epithelium of Rathke's pouch of its embryonic 

capacity, (Romeis 1960), A similar derivation has been 

suggested for the cystic elements in the lamprey, (See earlier 

section),

The ultrastructural organization of the lamprey diencephalic 

neurosecretory system represents the morphological expression 

of the transfer of the neurohypophysial hormone from the palisade 

axon terminals to the capillary lumen.

Only one hormone has been identified from this system in the 

lamprey, that being arginine vasotocin (Sawyer, Munsick and van
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Dyke 1961, Follett and Heller 1964). This biologically

active molecule is an octapeptide of approximately 30,000

molecular weight and by comparison with other similar molecules

has a size of between loX and 100%. The size of the neuro-
osecretory granule is 1000A+ and therefore the question arises as 

to what these granules represent.

It has been suggested that in the blood stream the hormone 

exists as an octapeptide attached to a beta-globulin. (Heller 

1957, Thorn and Silver 1957). In the rat also Albers and 

Brightman 1959, found that on dehydration the pituitary lost 

more material than could be accounted for by the secretion of 

an octapeptide only. The secretory product therefore is 

considered to be the octapeptide attached to a carrier protein. 

It is still undecided how this compound and the dense osmio- 

philic contents of the neurosecretory granules are related. 

Several investigators have found that dehydration in rats 

(Palay 1957) and the toad (Gerschenfeld et al 1960) result in 

the depletion of the electron-dense material from the neuro

secretory granules leaving the typical electron translucent 

vesicles. However, hormone estimations on such an experiment 

show only a partial depletion. In view of these and many other 

findings, Lederis 1964, suggested that the relationship between 

the neurohypophysial hormone content and the quantity of the 

electron-dense material is only partial and later, Lederis 

1965, further suggested a working hypothesis according to which 

electron density may decrease or disappear completely owing to 

physicochemical changes e.g. dissociation and dispersal of the



-  101 -

hormone-protein carrier complex within the gland independently 

of gross hormonal changes.

Normally the electron dense, membrane bounded, secretory 

granules are seen densely packed within the axonal membrane 

in the lamprey. Such an image is found at all points along 

the axon right up to the terminal. The wholly or partially 

depleted, or functionally changed, terminals are found towards 

the fibrovascular septum the depleted terminal being 

characterized by "empty" membranes of a diameter the same as or 

just smaller than the dense secretory granule. In association 

with these elements are found small microvesicles, the so 

called synaptic vesicles. In the light microscope it is the 

large axonal accumulations of granules that give the typical 

N,S,M, response^ areasof basophilia probably represent lipid 

or lipofuchsin.

The nature of these small "synaptic" vesicles present in the 

axonal terminations of the diencephalic neurosecretory system 

has been discussed by Smoller 1966, The designation synaptic 

vesicle arises from their close resemblance to these structures 

in normal neuronal endings. De Robertis 1961, considered the 

two to be synonymous and suggested that as in the neuronal 

vesicles those of the neurosecretory fibres also contained 

acetylcholine; there is some histochemical evidence to support 

this idea, (Koelle and Geesey 1961, and Kobayashi and Earner

1964), In 1939 Pickford found that acetylcholine caused the 

release of antidiuretic hormone and further workers have elaborated 

on this, Abrahams et al, 1957 and Gerschenfeld et al, 1960

suggest that in response to impulses conducted along the axons
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from the hypothalamic nuclei, acetylcholine is liberated at 

the terminals within the neurohypophysis where it brings about 

the release of the hormones. Koelle 1961, 1962, also proposed 

an acetylcholine triggering mechanism for the release of neuro

secretory material. Other workers have suggested that the 

vesicles might represent products of the release of neurosecretory 

material (Holmes and Knowles 1960, Lederis 1963, 1965). Two 

main points support this. Firstly, there is an increase in the 

number of empty vesicles derived from neurosecretory granules 

in terminals of dehydrated animals (Palay 1957 and Gerschenfeld 

et al 1960) and secondly there is no fusion of the granule 

membrane with that of the cell membrane thus indicating a release 

of the material from the membraneous sacs and into the axoplasm.

The membranes thus left behind may then fragment and reform 

into the small vesicles (Bern 1963).

Heller and Lederis 1962 found in newborn rabbit that many 

vesicles are seen in the neurohypophysial terminals before many 

neurosecretory granules were formed and Smoller 1966, has shown 

the presence of vesicles in embryonic axons before any release 

of neurosecretion was possible,therefore the suggestion of Bern 

1963 as to vesicle formation cannot represent the whole story.

Smoller 1966, suggests yet another possible origin of 

the vesicles as pinocytotic vesicles receiving material from 

ependymal cells and connective tissue. There would appear to be 

every possibility therefore that there is a multiplicity of 

function and formation of the small "synaptic" vesicles.

Two distinct granule size ranges have been noted in the lamprey
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In teleosts and other vertebrates Follenius 1965 suggests that 

these represent the products of different neurosecretory neurons’, 

in the case of the teleosts the preoptic and tuberal nuclei.

The suggestion by Gerschenfeld et al 1960 that there is a size 

maturation of the neurosecretory granule along the axon was not 

seen by Follenius 1965 in teleosts,nor is it evident in the 

lamprey. The significance of the two types of granule in the 

lamprey will be discussed with reference to adenohypophysial 

controlling factors.

At the moment the only known function of arginine vasotocin 

in the lamprey is its effect on sodium balance (Heller and Bentley 

1965). No antidiuretic action was found,though the hormone 

shows such a functioning in tetrapods (Sawyer 1966). This would 

indicate that the sodium controlling effect of the hormone is 

the more primitive physiological mechanism and that its other 

properties indicate a pre-adaptive state in vertebrate evolution.

The many peptides of no known biological activity that 

can be isolated from the neurohypophysis (Sawyer 1966) may be 

release factors for adenohypophysial hormones.

The main pathway of distribution of the neurohypophysial 

hormone is into the capillary bed on the ventral edge of the 

region between it and the meta-adenohypophysis and thus into 

the systemic circulation and to the target organs. The other 

alternative is that some fraction of this secretion may pass 

across the fibrovascular septum and have a regulatory effect on 

melanotropic hormone production of the meta-adenohypophysis.
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There being no median eminence or portal vascular system in 

the lamprey, this begs the question as to whether or not there is 

any hypothalamic control of the functions influenced by the 

anterior adenohypophysis or not. In the teleosts the hypothalamic 

control of the gonadotropic, corticotropic and thyrotropic 

function of the adenohypophysis is also not possible by the 

more typical vertebrate neurovascular route. Here a direct 

innervation of the anterior adenohypophysis has been shown, 

Stutinsky 19S3, D&Lage 1958, H. and E, Legait 1957, Bargmann 

and Knoop 1960, where terminations of the hypothalamic neuro

secretory fibres have been demonstrated between adenohypo

physial cells. Gorbman 1965 argues that in the lamprey where 

there is no direct innervation, a direct diffusion from the 

anterior neurohypophysis to the pro and meso-adenohypophysis 

is unlikely for several reasons: (1) the adjacent neurohypophysis 

is avascular; (a) it is separated from the adenohypophysis 

by a layer of connective tissue; (3) it is relatively poor 

in neurosecretory material. He suggests therefore that

distribution of neurosecretory and/or metabolic elements more i
/

probably involves the cerebrospinal fluid. Such a thesis must 

involve an ependymal transference mechanism into the cerebro

spinal fluid, passage into the blood at the choroid plexus, and 

then distribution in the systemic circulation to the adeno

hypophysis. The latter is established for the lamprey (Gorbman

1965). What of ependymal transference? The passage of neuro

secretory material between ependymal cells and abutting on to 

the third ventricle is clearly evident in fig, 42 , A similar
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feature is described by Follenius 1965 in teleosts and in other 

species. (Bargmann and Scharrer, 1951, Rodriguez 1964, Ito 1965, 

Smoller 1965).

With the light microscope several authors have identified 

neurosecretory material between ependymal cells and also in the 

ventricle adjacent to the region of the neurosecretory nuclei,

(Vigh et al 1962, Stahl and Leray 1962),

Because no direct contact with the third ventricle is seen 

with the electron microscope and no neurosecretory material has 

been observed within it, the suggestion has been made that the 

light microscopical findings of such material in the ventricle 

represents a fixation artifact^^ (Follenius 1965), This does not 

mean that a secretory product is not discharged into the ventricle, 

merely that it is not in a form in which it can be identified as 

neurosecretory material. An analysis of the cerebrospinal fluid 

will have to be undertaken to clarify this point.

The ependymal cell itself in the lamprey shows considerable 

surface activity though in its general cytology it closely 

resembles that of higher vertebrates, (Brightman and Palay 1962), 

The main features described, the large bulbous projections and 

the fine surface projections and cytoplasmic vesicles may be of 

considerable significance in terms of ependymal secretion and 

transference in the lamprey.

An albuminous secretion by the ependyma into the cerebrospinal 

fluid has been suggested in vertebrates and the large bulbous 

surface expansions may well be indicative of this. Although
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Takeichi 1967 found these structures associated with neuronal 

elements in the turtle, in the lamprey they are definitely of 

ependymal origin.

The numerous small finger like projections of the ependyma 

may represent microapocrine secretion processes, particularly 

where they contain small cytoplasmic vesicles. Equally,others 

may represent pinocytotic activity engulfing the cerebrospinal 

fluid. This is particularly evident in some sections (fig,42 ), 

where a marginal fold like enclosure of fluid is indicated.

The many small,variable density vesicles in the ependymal cytoplasm 

and the osmiophilic masses are possible further indications of 

these activities. Not all these features may indicate movement 

in one direction? the possibility of a two way passage of 

material must be borne in mind,

L&fgren 1959, 1960, has shown that the ependyma of the 

infundibular region of the rat have apical processes which he 

interprets as showing signs of phagocytic activity of the contents 

of the infundibular recess, Stahl and Leray 1962, have noted a 

similar feature in fishes and suggest this as a mechanism of 

transmitting neurosecretory material from the tuberal hypothalamic 

nuclei into the third ventricle then into the ependyma and by 

diffusion either into the adenohypophysis direct or via the 

systemic circulation. This engulfing process of the cerebrospinal 

fluid by the ependyma has been suggested by Stahl and Leray 1962, 

mainly in connection with the regulation of pituitary gonadotropic 

activity by the tuberal nucleus in teleosts. Products of this
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nucleus do not stain by the chrome haemotoxylin method but by 

aniline blue, light green and other acidic dyes, and it has 

been shown in teleosts that material stained in this way is 

found in the region of the tuberal nucleus and the neurohypo

physis above the anterior adenohypophysis and that the amounts 

of such material parallel the phases of the reproduction cycle.

injthe lamprey there is no tuberal nucleus as such,though 

Oztan and Gorbman suggest that some elements of the posterior 

nucleus may be comparable. The presence of axon terminations 

possessing a different sized neurosecretory granule in the 

anterior neurohypophysial region and of material stained by 

acidic dyes in light microscopy may well indicate the possibility 

of a similar though less developed mechanism to that in the tele

osts.

The sharing of a blood supply between the meta-adenohypophysis 

and the neurohypophysis would seem to make possible an exchange 

of humoral products between these two tissues and thus enable 

the establishment of a typical vertebrate hypothalamic neuro

endocrine reflex. As far as the other adenohypophysial regions 

are concerned,only a few morphological suggestions can be made 

as to whether or not any positive form of such a mechanism exists. 

The comment of Gorbman 1965 still applies to lamprey studies 

today, "That there is a clear need for experimental work now to 

determine the functional properties of the hypothalamic neuro

secretory centres to produce adenohypophysial hormone releasers 

or inhibitors, to find whether the adenohypophysis produces trophic

hormones, and to find whether the 'target organs' of the trophic
!

hormones respond to them".
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SUMMARY

1 , The cytological pattern of the pituitary of the

migrating river lamprey L. fluviatilis L. Gray is described,

2 , The pro-adenohypophysis possesses four cell types 

on the basis of their ultrastructural cytology. Type I 

corresponds to the chromophobic light microscopical image 

and is characterised by its vesiculate cytoplasm and 

sparse granulation. Type II possesses a fine 80mp -  120mji 

granulation. Type III is packed with dense 150mp - SOOmjti 

osmiophilic granules and Type IV has many dense 200mp-350nyLi 

granules and variable sized endoplasmic reticulum vesicles. 

Degranulation of this type is noted. These cells corres

pond to the light microscopical basophil cells and may 

represent stages in the secretory cycle of a single cell 

type,

3, Four cell types are identified in the meso-adenohypo

physis, The Type V chromophobic cell is the most common 

possessing a highly vesiculate cytoplasm and a fine faintly 

osmiophilic 60mp - 200myi granulation. Type VI basophils 

are randomly distributed and have a dense 70my - ISOmy 

granulation and a distinct golgi and endoplasmic reticulum. 

Type VII cells which have a "clear" vacuolated cytoplasm 

are thought to be a degeneration phase of type V cells.

Type VIII cells are characterised by a dense stellate 

cytoplasm.
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4, The meta-adenohypophysis possesses four cell 

categories that are developmental stages of one type.

The major cytological feature is the development of the 

endoplasmic reticulum and faintly osmiophilic ISOmyi 

secretory granules,

5, The changes occurring in these cell types during the 

migration period and under some experimental conditions 

are described and some tentative suggestions as to the 

possible type of trophic hormone produced by them are 

discussed,

6, The cytology of the ependymal cell is discussed in

relation to the control of adenohypophysial function by 

the hypothalamo-neurohypophysial system,

7, The ultrastructural pattern of the terminations of

the diencephalic neurosecretory axons is described and 

the possible relationship between the morphological image 

and the hormonal content is discussed,

8, The structure of the fibrovascular septa of the

pituitary is described with particular reference to the 

extent of the perivascular connective tissue in some 

regions.

9, A detailed description of the occurrent and morphology 

of pituitary cysts is given and their possible function 

and origins are discussed.
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LEGEND OF ABBREVIATIONS

A - Small artery.
Ad - Adenohypophysis,
Av - Anterior hypophysial 

vein.
Ax - Axons containing neuro* 

secretory granules,

Bb - Ciliary basal body,
B1 - Basal lamina.
Bp - Basal process of 

ependymal cell,
Bs - Basophil cell,
Bu - Bulbous projections of 

ependymal cell,
Bv - Blood vessel,

C - Cavity in neurohy
pophysis,

Ca - Caveollae or
pinocytotic vesicles, 

Cc - Cellular chord,
Cf - Cytoplasmic fileiments, 
Ch - Chromophobe cell.
Cl - Ciliary process.
Cn - Nuclear chromatin,
Cnps - Cavity of nasophar

yngeal stalk,
Cpl- Capillary lumen,
Cy - Hypophysial cysts.

D - Dorsal capillaries.
DB - Dense Bodies,

E - Ependymal cell,
Ed - Endothelial cell,
Ef - Endothelial fenest

ration.
Eg - Empty neurosecretory 

granule.
Ep - Ependymal process,
Er - Endoplasmic reticulum.

Fb - Fibre layer.
Fbi- Fibroblast,
Fi - Fibrous indentation,
Fp - Fine ependymal 

process,
Fv - Fibrovascular 

septum,
Fvi- Fibrovascular septal 

indentation.

Gi - Golgi elements,
Gr - Granules.

H - Hypothalamus,
Ha - Hypophysial artery,
Hnt- Hypothalamo-hypophysial 

neurosecretory tract.

I - Infundibulum,

Jn - Juxtaneural surface.

L - Lumen,
Lc - Lining cells of cyst 

(cystic epithelium).
Lp - Lipid material.
Ly - lysosomal element.

M - Median eminence,
Mb - Residual membraneous 

material,
Mf - Marginal folds.
Mi - Mitochondria,
Ms - Meso-adenohypophysis,
Mt - Meta-adenohypophysis,

N - Neurohypophysis,
Ng - Neurosecretory granules, 
Nphe - Nasopharyngeal 

epithelium,
Nphc - Nasopharyngeal canal,
Nm - Neurosecretory material 

of Hnt,
Nps- Nasopharyngeal stalk,
Ns - Nasal sac,
Nt - Neurotubules,
Nu - Nucleus,
Nul- Nucleolus,

Op - Opening of cystic cellular 
strand to Nphc,

P - Pro-adenohypophysis.
Pa - Patches of glandular 

cell cytoplasm.
Pc - Perivascular connective 

tissue.
Pha- Posterior hypophysial 

artery.
Phv- Posterior hypophysial 

vein.



PI - Palisade layer.
Pnc- Perinuclear cisterna. 
PoN- Posterior nucleus.
PrA- Prepptic neurosecretory 

axons,
Pra- Prehypophysial artery. 
PrN - Preoptic nucleus.
Pv - Posterior hypophysial 

vein.

R - Ribosomes.

Sp - Spindle shaped secretory 
process of type 4 cell. 

Sv - Synaptic vesicles 
Sz - Septal zone.

V - Third ventricle,
Ve - Cytoplasmic vesicles. 
Vev- Small hypophysial vein. 
Vc - Vacuole.
Vp - Vascular plexus.



Fig. 1

Mis

Diagram of Median section through the hypothalamus and 
hypophysis of L . fluviatilis. P - pro-adenohypophysis 
Ms - meso-adenohypophysis, Mt - meta-adenohypophysis,
N - neurohypophysis, V - third ventricle,
I - infundibulum, H - hypothalamus.

Fig. 2

Diagram of Median section through the hypothalamus and 
hypophysis of Myxine glutinosa. Ad - adenohypophysis, 
D - dorsal capillaries of neurohypophysis, M - median- 
eminence.



Fig. 3

a.
nps

nps
cnps

c.
ns,

cnps

Diagrams illustrating the developmental stages of the 
lamprey pituitary. a. Ammoooete (larval) stage, 
b. Early metamorphic stage, c. Late metamorphic 
stage. c.n.p.s. - cavity of nasopharyngeal stalk, 
n.p.s. - nasopharyngeal stalk, n.s. - nasal sac.



Fig. 4

PoN

•rA

Diagram of hypothalamo-hypophysial neurosecretory tracts in 
the lamprey ammocoete. Pr.N. - preoptic nucleus,
Po.N. - posterior hypothalamic nucleus, Pr.A - preoptici 
neurosecretory axons forming the hypothalamo-hypophysial 
tract anteriorly, others enter the neurohypophysis laterally 
(After Oztan and Gorbman),



Fig. 5

a.

Ha Av

b. Ve

Ms
Pha

Phv
Vev Vev

Diagramatic representation of vascular supplies 
to the hypophyses of (a) hagfish and (b) lampreys 
A - small artery (branch of internal carotid)
Av. - anterior hypophysial vein, Ha - hypophysial 
artery, Pha - posterior hypophysial artery,
Phv - posterior hypophysial vein, Vev - small 
hypophysial vein. (After Gorbman).



Fig. 6
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Pituitary dimensions. a - ventral view, b and c - transverse 
sections, c - indicating extent of meso-adenohypophysial extension 
into the pro-adenohypophysis (nos. 1 - 5 ,  limits of extension 
anterior to posterior).
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Fig. 7

Anterior lateral extensions of meso-adenohypophysial tissue
into the pro-adenohypophysis. a) Mallory x 63, b) Mallory x 200
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Fig. 9
Pro-adenohypophysial cytology, a. Mallory x 100, b. Epon 
section x 520, c. Epon section x 800. Bs - basophil, Ch, - 
chromophobe, Vc - vacuole, 2-4 basophil maturation phases 
corresponding to stages II - IV in electron microscopical 
images.
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b.

Fig. 10

a, P.A.8. X 400, difference in staining reaction between the two 
adenohypophysial regions, b. Acinous formation, x 2,000. L - 
lumen of acinous group, Bv - blood vessel containing blood cells.



Fig. 11
Meso-adenohypophysdal cytology, a. Mallory x 400, b - 
Mallory x IpOO, c. Epon section x 800. The sparsity of 
basophil cells is evident and the signs of chromophobe 
activity by their content of cytoplasmic vesicles is seen 
in c.
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Fig. 12

Statistical analysis of meso-adenohypophysial basophil 
cells. Histogram of distribution of frequencies with 
the theoretical normal and poisson curves superimposed.



Fig. 13

Meta-adenohypophysial cytology. a. Masson x 1000, b. P.A.S,
X  1000, c, Gomori C.H.P. x 1000. The variation from the basal 
polygonol or prismatic chromophobic cell to the fusiform cell 
with a long apical secretory process (SA) is clearly seen.
Vp - vascular plexus between neurohypophysis and meta
adenohypophysis.
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Fig. 14

Neurohypophysis. a. showing the three neurohypophysial regions- 
ependymal cell (E) layer with long processes (Ep) to the ventral 
neurovascular plexus, the dorsal fibre layer (Fb) and ventral 
palisade layer (PI) made up of elements of the hypothalamo- 
hypophysial neurosecretory tracts (Hnt) Epon x ipoo. b. Gomori 
C.H.P, X  3,000 indicates the two types of stainable material, 
the dark staining neurosecretory material (Nml) and the 
acidophilic staining NM2 material. These probably represent 
material from different hypothalamic nuclei. c, Masson x ipOO 
showing the intensely staining material of the hypothalamo- 
hypophysial neurosecretory tract (Hnt) in the anterior neuro
hypophysial region, d. Epon x 800. The bulbous projections 
(Bu) and cilia (Cl) of the ependymal cells are seen. Dense 
patches of neurosecretory material (Nm) are evident and smaller 
more dense areas probably represent lipid (Lp).
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Fig. 15

Type I pro-adenohypophysial cell. Upper micrograph x 7.500 
lower X  1^000. This type corresponding to the light micros
copical chromophobic cell has only little granulation, and 
this is associated with the golgi (Gi) elements, indicating 
its formation or condensation there. Cytoplasm mainly consists 
of numerous vesicles (Ve) and an almost constant feature is the 
presence of large osmiophilic, probably lipid (Lp) masses.
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Fig. 16

Detail of cytoplasm of type I pro-adenohypophysial cells.
X 30,000. Er - endoplasmic reticulum, Gi - golgi elements,
Gr - osmiophilic granules, Lp - lipid inclusion. Mi - 
mitochondrion, Nu - nucleus, R - ribosomes, Ve - cytoplasmic 
vesicles.
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Fig. 17

Type II pro-adenohypophysial cell. Gr - 80n^ - 120n]|i granulation, 
Nu - nucleus with even chromatin pattern, x 15^000
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Fig. 18

Type III pro-adenohypophysial cell. Large ovoid nucleus with 
even chromatin pattern. Dense packing of 150mp - 300m jd granules 
(Gr). Juxtaneural golgi region (Gi) little developed. Mi - 
mitochondrion, Er - endoplasmic reticulum, x 1^000
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Fig. 19

Detail of juxtaneural cytoplasmic region of type III pro- 
adenohypophysial cell. The golgi elements of cisternae and 
microvesicles are clearly seen. R - ribosomes, found scattered 
throughout the cell, their being little endoplasmic reticulum 
development, x 30,000.
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Fig. 20

Type IV pro-adenohypophysial cell. Many vacuoles (Vc) formed 
by development of the endoplasmic reticulum. The membraneous 
elements (Mb) found in some vacuoles may represent the remnants 
of the granule membrane after coalescencê and discharge of the 
secretory product, x 20,000



Fig. 21
A suggested degranulation sequence and formation of large 
vacuoles in type IV pro-adenohypophysial cells. DB - dense 
osmiophilic masses, x 7̂ 500
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Fig. 22

a. 1 - 4, a suggested degranulation sequence of type IV 
pro-adenohypophysial cells, x 7j500. b. cytoplasmic regions 
of type IV pro-adenohypophysial cells in which it is difficult 
to establish cell boundaries. There is a suggestion of 
vacuole release at the fibrovascular septum (Fv). x ^500
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Fig. 23

Type V meso-adenohypophysial cell, x 15,000. This light 
microscopical chromophobic cell is seen to have a highly 
vesiculate cytoplasm (Ve) with few small granules (Gr) assoc
iated with the golgi elements.



Fig. 24

Cytoplasmic elements of type VI meso-adenohypophysial cell. 
Upper micrograph x 20,000, lower, low voltage x 30,000.
The vesiculate nature of the cytoplasm and sparse granulation 
with a typical lighter, peripheral halo is clearly seen.
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Fig. 25

Type VI meso-adenohypophysial basophil cells. Upper micrograph 
X 7500, lower x 15,000. Apart from the 70mu - 150mu granules 
(Gr) there are larger osmiophilic masses in which there is a 
suggestion of a finer structure. These are possibly lysosomal 
(1#) elements or a condensation of secretory granules.
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Fig. 26

Shows the contrasting appearance of type VII "clear" and type 
VIII "dense" meso-adenohypophysial cells, x 7,500



Fig. 27
Meta-adenohypophysial cell types 1 and 2, Low voltage x 7,500, 
The beginning of the development of the endoplasmic reticulum 
(Er) is seen and there is a suggestion of budding of the 
perinuclear cisterna forming vesicles of this element.
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Fig. 28

Meta-adenohypophysial cell types 3 and 4. Low Voltage,
X 7,500. The endoplasmic reticulum is well developed in a 
typical lamellate form and is seen mainly at one pole of 
the cell. The elongate nature of the cells is indicated. 
Type 4 cells contain many 150n|a granules. The nucleus 
typically has a large densely osmiophilic nucleolus (Nul). 
The long thin; cell processes in the lower micrograph may 
represent the narrow degranulated type 4 cell.
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Fig. 29

Cytoplasmic detail of types 3 and 4 meta-adenohypophysial 
cells, X 30,000. Both lamellar and vesicular components 
of the endoplasmic reticulum are seen. The large osmiophilic 
patches (hp) most probably represent lipid inclusions.
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Fig. 30

Area of meta-adenohypophysis showing the apparent incompleteness 
of both the perinuclear cisternal and cell membranes. The 
duplication of endoplasmic reticulum and golgi elements in the 
cytoplasm probably indicate that the cell has only recently 
divided. Low voltage x 7,500.



Fig. 31

Fibrovascular indentations (Fvi) of the juxtaneural (Jn) 
surface of the meta-adenohypophysis, and the further 
ramification of these as fibrous indentations (Pb) into 
the region. Low voltage x 7,500.
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Fig. 32

Surface epithelium of ependymal cells of the neurohypophysis. 
Upper micrograph, low voltage x 7,500, lower x 30,000.
The basal ,cytoplasm of the angular ependymal cell is produced 
into a narrow ependymal process (Ep). Adhesion points between 
adjacent cells are seen the most common being the zonula 
adherens type (Za). The thickeneing of the perinuclear cisterna 
(Pnc) is indicated. Pra/Fb - Hypothalamo-hypophysial neuro
secretory fibres in fibre layer.
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Fig. 33
Projections of the ependymal cell ventricular surface. Upper 
micrograph; low voltage x 7,500, middle, low voltage x 7,500, 
lower X 30,000. Bb - ciliary basal body, Bu - bulbous projec
tions, Cl - cilia, Fp - fine ependymal processes, Ve - 
cytoplasmic vesicles.
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Fig. 34
Projections of the ependymal cell ventricular surface, x 15,000. 
A budding off of the bulbous process containing cytoplasmic 
vesicles is indicated. The transverse sections of cilia show 
them to possess a 9 Æ 2 arrangement of the axial filaments.
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Fig. 35
Ependymal cell surface activity, x 15,000, The fine ependymal 
processes are seen to project from the surface of the bulbous 
cytoplasmic projections themselves as well as the normal 
cell surface. The lower micrograph indicates the development 
of the ependymal cell vacuoles at the ventricular surface as 
well as the many cytoplasmic vesicles. These vacuoles may 
represent a more advanced secretory phase than the bulbous 
projections.
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Fig. 36

Cytoplasmic filaments (Of) in the perinuclear and basal process 
regions of the ependymal cell, x 30,000



Fig. 37
Lipid accumulations in the ependymal cell basal processes. 
Upper micrograph, x 6,000 shows their accumulation in that 
region of the neurohypophysis above the meso-adenohypophysis 
meta-adenohypophysial fibrovascular (Fv) junction. Lower,
X  15,000 shows lipid accumulation in the basal perinuclear 
region.



&



Fig. 38
Ependymal cell basal process (Ep) showing its passage across 
the neurosecretory fibre tracts and its termination in a 
’’foot’’like structure on the basal lamina (Bl). x 30,000,

Fig. 39

Cavity (c) amongst the neurosecretory axons (Ax) which has no 
distinct limiting membrane or lining to indicate its origin.
A tubular extension appears to pass from the cavity into the 
surrounding tissue, x 15,000.
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Fig. 40
Axon terminations in the palisade layer and septal zone (Sz). 
Upper micrograph x 7,500, lower, x 15,000. Bl - basal lamina, 
Bv - blood vessel. Eg - empty vesicles, Ep - ependymal process 
Ng - neurosecretory granules within axon membrane, Nt - axon 
neurotubules, Sv - synaptic vesicles. The variation in content 
of the axonal fibres is clearly seen depending on the point 
along the axon the section shows.
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Fig. 41
Axon terminations, x 30,000. The variation in image depending 
on the state of depletion of the neurosecretory product is 
clearly seen. The axon terminals are seen to abut directly 
on to the basal lamina with no interposition of other cellular 
elements. The finger like projections of the basal lamina 
element of the septal zone is shown projecting projecting 
between axon endings.
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Fig. 42
Penetration of axons containing neurosecretory elements between 
ependymal cells coming in close association with the ventricular 
cavity. Upper micrograph, x 7,500, shows axon packed with 
neurosecretory granules (Ng) projecting in the ventricle. Vc- 
vacuole at tip of ependymal cell surrounded by cytoplasm; 
this could equally well represent formation of a pinocytotic or 
phagocytotic vacuole by a marginal fold process. Middle, x 
15,000, region showing signs of granule depletion in close 
proximity to the ventricular cavity. Lower, x 30,000 neuro
secretory granules adjacent to ventricular cavity.
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Fig.43
Neurohypophysial regions with axon fibres containing two sizes 
of neurosecretory granules (Ng 1 and Ng 2). x 7,500.
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Fig. 44

Interchordal fibrovascular septum (Fv), Upper micrograph, x 
7,500, Middle, x 15,000, Lower, x 25,000, B1 - basal lamina, 
Ca •* caveolae or pinocytotic vesicles, Cpl "• capillary lumen, 
Ed - endothelial cell, Pc - pericapillary connective tissue.
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Fig. 45
Marginal folds extending from pituitary glandular cells into the 
pericapillary connective tissue, x 15,000,



PlK. 46

Fibrovascular septum with extensive pericapillary connective 
tissue layer in which patches of glandular cell cytoplasm (Pa) are 
found, X  600.
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Pig. 47
Fibrovascular septal region in which there is extensive encroach
ment of patches of glandular cell cytoplasm into the pericapillary 
connective tissue, x 7,500,
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Fis. 48
Fibrovascular septal region between neurohypophysis and meta- 
adenohypophysis, An indication of vesicular transport of secretory 
products is clearly seen. The endothelial cell cytoplasm is of 
irregular thickness and discontinuities or endothelial fenestra
tions (Ef) are seen, Fbi- fibroblast, x 1,500



Fig. 49
Changes in the cytoplasmic elements of the type V meso-adeno- 
hypophysial cell during the migration period, a. December/ 
January stage, b. Mature stage, x 30,000, The increase in 
size of the vacuolar content is clearly seen. The sparse 
faintly osmiophilic granules are seen to have a clear 
peripheral halo.
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Fig, 50

Large size vacuoles found in type V meso-adenohypophysial cells. 
An association with the perinuclear cisterna is evident; nuclear 
chromatin (On) material is also seen associated with the vacuole.



Fig. 51

Changes in the cytoplasmic elements of the type VI meso-adeno
hypophysial cell during the migration period, a. December/ 
January stage, b. Mature stage, x 30,000, A general deduction 
in the granule content is evident and the endoplasmic reticular 
and golgi elements are well developed. There is a suggestion of 
release of secretory product at the lateral cell membrane in a.
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Fig. 52
Changes in meta-adenohypophysial cytology at the end of the 
migration period, a, x 7,500, the decrease in the granule 
content of the type 4 cells is seen and cells more typical of 
type 2 are seen lining the fibrovascular septum, b, light 
micrograph x 600 showing the great reduction in size of the 
meta-adenohypophysis in the spawning animal.
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Fig. 53

Pituitary cystic structures, a, Mallory x 1,000, b, P.A.S, 
X 1,100, c, Heidenhains* x 520, The similarity between the 
cystic epithelial lining cells (Lc) and the nasopharyngeal 
epithelium (Nphc) is seen. In c, the lining cell is shown 
to have a pale amorphous, probably mucinous, cytoplasm and 
a hyperchromatic nucleus. The luminal surface has a 
suggestion of bearing cilia in some regions.
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Fig, 54
a, X 400 showing cellular strand of tissue (Cc) extending 
from the cyst (Gy) and becoming continuous with the cells of 
the nasopharyngeal epithelium, b, x 250 shows the opening 
(Op) of the cellular strand into the nasopharyngeal canal 
and material is seen projecting through the opening, 
c, X  120 multifollicular type cyst opening directly to the 
nasopharyngeal canal.
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Fig.55
Cystic structures occupying major areas of pituitary regions, x 155,

i à



Fie. 56
Ciliary structures in adenohypophysial glandular cells, a. 
X 7,500 longtitudinal section of ciiium (Cl) and basal body 
(Bb) in meso-adenohypophysis. (b - d ) x 10,000, sections 
of cilia in meta-adenohypophysis.
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