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V O L U M E  I



A B S T R A C T

A comparative study of the fine structure of the pituitary 

of a non-parasitic lamprey, Lampetra planeri has been made 

during its larval, metamorphosing and adult stages.

The pro-adenohypophysis (rostral pars distalis) is the first 

region to differentiate cytologically and already in the large 

ammocoete contains well developed basophils. These cells 

increase in number and in the density of their granulation 

during the pre-metamorphic phase, but the granulation tends 

to become sparser in the course of metamorphosis, finally 

increasing once again to reach a maximum in the adult stage. 

The diameter of the granules shows an increase from larval to 

adult stages.

In the meso-adenohypophysis (proximal pars distalis) cellular 

differentiation accompanied by an overall growth of the lobe 

only begins at metamorphosis and is due mainly to an increase 

in cytoplasmic volumes. Basophils first appear in consid

erable numbers only during metamorphosis and at this stage are 

distinguished from those of the pro-adenohypophysis by their 

prominent cytoplasmic whorls of endoplasmic reticulum and 

the distinctly smaller size and relative sparsity of their 

secretory granules. Both lobes also contain chromophobes, 

some small and undifferentiated and others, ’active' or 

granular types with a few secretory granules, smaller than 

those of the basophils. These chromophobes are only numerous 

in the meso-adenohypophysis in metamorphic and pre-metamorphic 

stages.



Stellate cells with either light or dark cytoplasm are 

present throughout the life cycle, although the latter are 

most conspicuous in the adult where they show evidence of 

phagocytotic activity.

The meta-adenohypophysis (pars intermedia) shows overall 

growth and an increase in the numbers of granulated cells 

in the pre-metamorphic stages. These cells are only sparsely 

granulated, with conspicuous whorls of endoplasmic reticulum, 

but the granules increase in size from larval to adult stages

In the neurohypophysis the pre-metamorphic, metamorphic and 

adult stages show evidence of increased activity involving 

the increased depth of the fibre layer, the greater degree 

of neurosecretory granulation, the appearance of Herring 

bodies, the wider distribution of neurosecretory endings and 

indications of activity at the boundary between the neural 

lobe and the meta-adenohypophysis.

Measurements of neurosecretory granules suggest the presence 

of four size classes of which the largest (Class IV) are ab

sent in the larval stage.

Comparisons have been made between the cytology of the pituit 

ary of L. planeri and that of comparable stages of parasitic

lampreys, especially the closely related river lamprey, ___

fluviatills.

The possible functional implications of the present studies 

have been considered against the background of recent 

findings based on the application of immunocytochemical 
techniques to the pituitaries of other species.
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I . I N T R O P  U C T I 0 N .

1.1 Systematic status of lampreys, their evolution and

basic biology.

Lampreys and hagfishes collectively referred to as 

Cyclostomes are the sole living representatives of a 

large group of extinct "jawless fishes", the Agnatha, 

which are the earliest vertebrates known from the fossil 

record. The Cyclostomes are of great interest td biol

ogists since it may reasonably be assumed that they still

retain some of the morphological and physiological char

acteristics of the ancestral vertebrates.

Although the lamprey and the hagfish share a number of 

primitive characters they also show significant diver

gencies in their detailed morphology, physiology and 

biochemistry as well as in their life histories and modes 

of life. These differences have been widely regarded as 

sufficient justification for their taxonomic separation 

as distinct vertebrate classes and for postulating their 

origins from different ancestral groups (Lovtrup, 1977; 

Janvier & Blieck, 1979; Hardisty, 1979).

By far the most significant difference between the lampreys 

and hagfishes is the presence in the former group of a 

prolonged freshwater larval stage followed eventually by 

a metamorphosis involving fundamental anatomical and 

physiological changes. This transformation includes 

significant changes in the pituitary. It is these changes 

during metamorphosis along with other stages of the life 

cycle of the brook lamprey, Lampetra planeri, which are
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examined in detail in the course of this thesis.

The precise relationship of the living cyclostomes to 

the various groups of fossil Agnathans has been the sub

ject of exhaustive discussion which has been recently 

reviewed (Hardisty,1982). While the ancestry of the 

myxinoids still remains problematical, most authors believe 

that the lampreys were derived f r o m  Cephalaspidomorph- 

like ancestors: a group which became extinct in the

latter part of the Devonian period. Until recent ly, direct 

knowledge of the evolutionary history of the lamprey ex

tended back only as far as the upper Carboniferous period 

some 280 million years ago when the definitive fossil 

lamprey Mayomyzon pieckoensis occurs in mid-Pennsylvanian 

deposits (Bardack & Zangerl, 1971). As Mayomyzon shows no 

hagfish characteristics it has been fairly concluded that 

the hagfishes and lampreys have had a long and separate 

phyletic history. This has been emphasised by the recent 

find of an even earlier fossil lamprey, Hardlstlella 

montanensis from the lower Carboniferous of Montana 

(Janvier & Lund, 19 8 3). In their analysis of phylogenetic 

relationships of the Cephalaspidomorphs, Janvier and Lund 

consider that the Anaspids with the Osteostraci are either 

sister or ancestral groups to the Pet r o m y z o n t i d a . The 

striking similarities between the fossil lampreys so far 

discovered, now extending back some 350 million years, 

especially in the skeletal structure of M a y o m y z o n , 

emphasises the conservative nature of lamprey evolution 

and shows that the general organisation of the lamprey 

has undergone comparatively little change over long 

periods of time. This gives some grounds for the
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belief that the living Agnatha may also have retained 

some of the physiological characteristics of the jawless 

vertebrates of the Palaeozoic.

The adult lamprey is eel-like in form and mode of swimming 

and its length varies from 90 to 1000 mm in different ■ 

species. The skeleton of the lamprey is entirely cartil

aginous and the head is easily distinguished by the sucker 

like oral disc surrounding the mouth and bearing horny 

teeth. The lamprey has a persistent notochord and on the 

dorsal surface of its head is a nasohypophysial opening 

behind which lies the pineal organ. Lampreys are essent

ially freshwater animals, although some species spend part 

of their adult life in the sea, returning to freshwater to 

spawn and die. The fertilised eggs hatch into a larva or 

ammocoete which is blind and burrows into the river silt 

where it filter feeds for up to seven years. Growth is 

slow, the maximum length being usually no more than 180 mm. 

The ammocoete metamorphoses in the summer and after ap

proximately six weeks has the appearance of an immature 

adult, the most obvious changes being the appearance of 

eyes and the characteristic silvery colour of the young 

adult.

The life cycles of the adult lampreys fall into three cat

egories. In just over half of the known species the adult

is non -  parasitic, n e v e r  f e e d s  a n d  cons
equently reaches its maximum length at the end of its 

larval life. In Britain this type is represented by the 

brook lamprey Lampetra planeri.which has an adult life span 

of approximately eight months. The other half of the 

known species feed as adults and become predatory or



- 4 -

parasitic on living teleost fishes.

In the.British Isles this group is represented by the 

anadromous species Petromyzon marinus and Lampe tra 

fluviatilis . There are also some species that a r e  

'landlocked’ and spend the whole of their lives res

tricted to a lake system. The global distribution of 

the living Cyclostomes appears to be influenced by 

temperature since they are found only north and south 

of the 20^ annual isotherm in the Northern and Southern 

Hemisphere. About 38 species of lampreys are found 

distributed in the Northern Hemisphere, but only 4 in

habit the Southern Hemisphere (Hubbs & Potter 1971, 

Hardisty 1979), whereas the 24 known species of Myxinoids 

are more or less equally distributed between the two 

hemi spheres.
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1.2 BIOLOGY OF LAMPETRA PLANERI. COMPARISON WITH 

LAMPETRA FLUVIATILIS.

In all existing lamprey genera with the exception of 

G e o t r i a , Petromyzon and Caspiomyzon, there are one or 

more non parasitic forms which appear to be closely 

related to a parasitic species within a similar area 

of distribution. These pairs of parasitic and non- 

parasitic forms are known as paired species. Lampetra 

planeri is a non-parasitic or brook lamprey form to 

which the corresponding parasitic species is the 

European river lamprey Lampetra fluviatilis. Although 

the occurrence of paired species is widespread, their 

precise development and mode of origin still poses a 

number of evolutionary problems. Previously regarded 

by some authors as an example of paedomorphosis or 

neoteny, in which gonadal development and sexual matur

ation has been accelerated, it is now believed that the 

key factor in their evolution has been the postponement 

of metamorphosis (Hardisty & Potter, 1971b). On the 

assumption that the chronological age at sexual maturity 

has remained unchanged,this would necessarily have led 

to the curtailment of adult life at the expense of the 

parasitic phase. Thus the brook lamprey Lampetra planeri 

has only a brief adult phase when no feeding takes place 

and which is confined to fresh water streams. Matur

ation and spawning take place within a few months of 

the onset of metamorphosis.

The life cycle of L. planeri.

As in all lamprey species the fertilised egg hatches



into a larva or ammocoete which burrows into the neigh

bouring river silt banks and commences filter feeding.

The duration of the larval life of L . planeri has been 

well documented (Hardisty & Huggins, 1970) and the 

average larval phase is believed to be about six and a 

half years. The extended larval period of L . planeri 

results in its ammocoete reaching comparatively greater 

lengths prior to metamorphosis. This varies from 110- 

180 mm in different localities.

The initiation of metamorphosis marks the end of the 

larval phase and studies on the lipid levels in pre — 

metamorphic ammocoetes of L . planeri show a marked rise 

in lipid levels during the year prior to metamorphosis 

(Moore & Potter, 1976). Thus, a switch from protein 

anabolism to.lipid accumulation may be associated with 

the initiation..- of metamorphosis. The trans

formation of an ammocoete into an adult lamprey involves 

extensive internal and external changes. The external 

changes have been used to devise a system of staging for 

the metamorphosis of various species (Potter et a l . , 1982). 

The brook lamprey L . planeri has a metamorphic phase 

which has been divided into six stages (Bird & Potter, 

1979a). The earliest external sign of metamorphosis is 

the appearance of the eye as a small dark oval patch.

This is followed by a sequence of changes including the 

eruption of the eyes, development of a suctorial disc 

and buccal teeth, the elongation of the preorbital 

region, alteration in the shape of the gill openings, 

increase in the height of the fins, and the appearance . 

of the adult colour. The transformed immature adult has



been referred to as a "macrophthalmia" because of its 

relatively conspicuous eye, although this term is no 

longer used in the staging criteria.

However, external changes are not the sole criteria of 

the onset of metamorphosis and may be preceded by a 

relatively prolonged phase involving physiological and 

biochemical changes. These internal changes notably in 

the pituitary and naso-hypophysial complex appear to be 

initiated in the later stages of the pre-metamorphic 

ammocoete (Leach, 1951; Thompson, 1971). Other studies 

have identified internal changes in the alimentary canal 

kidneys and endostyle (Youson, et a l ., 1977) of P .marinus 

only a few weeks prior to the first external signs of 

transformation, although similar changes have not yet 

been described in L. planeri.

After transformation, L. planeri enters the final phase 

of its life cycle when feeding no longer occurs. This 

phase is accompanied by the rapid development of the 

gonads and the attainment of full sexual maturity within 

a period of six to eight months that intervenes between 

metamorphosis and spawning. Because of this short period 

of adult life in the brook lamprey, the metamorphic 

changes inevitably overlap those of gonadal maturation.

In L. planeri there is a rapid acceleration in the 

growth of the oocytes (Hardisty, 1971) which by the end 

of transformation have passed from the second growth 

phase to the final vitellogenic stage. Over the six 

months between metamorphosis and spawning the oocytes 

grow from a diameter of about 120 /um to 1000 ycm . An 

important feature of ovarian maturation in brook lampreys
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is the extensive atresia that occurs in the immediate 

post metamorphic period when during vitellogenesis up 

to 70% of the oocytes degenerate. This results in a 

recycling of materials derived from these atretic 

oocytes, and lipids and proteins are made available 

which can make a significant contribution to the metab

olism of the non-feeding adult (Hardisty, 1971).

At transformation the testis is still relatively undev

eloped, consisting of a small single or bilobed structure 

containing only a few germ cells. By early winter it 

has become a much larger structure occupying most of 

the body cavity. Intense mitotic activity in the 

spermatogonia is followed by the onset of meiosis and 

the appearance of primary spermatocytes during the winter, 

leading in late February or March to the appearance of 

spermatids and spermatozoa (Weissenberg , 1927; Hardisty, 

1970; Hardisty, et a l ., 1970).

Spawning usually occurs in April, the exact timing being 

influenced by short term temperature changes. A water 

temperature of 10-11*0 has been considered as critical 

for the onset of spawning activity. After spawning the 

animals die within a short period, the males tending to 

survive somewhat longer than the spent females,whose 

lipid reserves may be almost completely depleted.

Comparison of the life cycles of L. planeri and 

L. fluviatilis.

There have been difficulties in separating the larval 

stages of L. planeri and L. fluviatilis which occur
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sympatrically in many British rivers and which are 

morphologically very similar. Up to the present it has 

proved possible to distinguish only the larger female 

ammocoetes in which the oocytes have reached the stage 

of cytoplasmic growth. Thus,for the second or third 

year larvae of L. planeri the mean number of oocytes 

seen in single transverse sections of the larval ovary 

was found to be 25-26, compared to values of about 70 in 

ammocoetes of L. fl uviatilis. Estimates of total oocyte 

numbers have put the potential fecundity of the larval 

L. planeri at between 5,000-10,000 oocytes compared 

with values of 10,000-26,000 in L. fluviatilis.

(Hardisty, 1971). Using such differences it has been 

possible to investigate the rate of growth and duration 

of the larval period in local populations known to 

consist entirely of one or other of these two paired 

species (Hardisty and Huggins, 1970). Thus, in favour

able cases length-frequency distribution for larval 

L . planeri have suggested the existence of six year 

classes indicating a larval phase of just over 6 years 

and a total life span of 7 years. For L. fluviatilis 

only four year classes were present in collections of 

ammocoetes made in the summer,suggesting metamorphosis 

at about 4^ years. This, together with an estimated 

adult life span of 2f years would also give a total life 

span of 7 years identical to what is believed to be the 

average duration in L . pla n e r i . According to this 

interpretation,the evolution of the derivative non- 

parasitic lamprey from the ancestral parasitic form has 

involved a postponement of metamorphosis and an extension 

of the larval phase with the total life span remaining
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unchanged. Because of its shorter larval phase, L . 

fluviatilis generally metamorphoses at lengths of only 

89-119 mm compared to lengths of 110-180 mm in dif

ferent local populations of L. planeri.

Studies of the metamorphosis of L. planeri and L . 

fluviatilis have shown the earlier stages of transform

ation to be very similar in both species, although 

differences begin to appear when the gonads of the non 

parasitic form start to mature. The newly metam

orphosed L. fluviatilis has a more slender form, 

larger eyes, a longer pre-orbital region, larger and 

sharper teeth and a brighter silvery colour. After 

metamorphosis in the parasitic species, those struc

tures associated with an active parasitic life, gills 

gut and teeth etc. complete their functional develop

ment, whereas the accelerated maturation of the non- 

parasitic L. planeri is accompanied by the complete 

degeneration of the intestine and the closure of the 

newly developed foregut, making feeding impossible.

A comparable closure of the foregut and atrophy of 

the intestine is also seen in L . fluviatilis several 

years l a t e r  w h e n  i t  e n t e r s  the 

rivers to mature sexually in the course of its final 

migration into freshwater. In L . p l a n e r i , the 

maturation of the gonads is compressed within the 6 

months that intervene between metamorphosis and 

spawning, whereas in L. fluviatilis gonadal develop

ment is spread over the 2-3 years of the adult phase. 

At the time of its final upstream migration the 

oocytes of L. fluviatilis have already reached the
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vitellogenic phase and measure about 450 jm. in 

diameter, increasing at sexual maturation to their 

final diameter of 1.00-1.10 In the testis in

most cases the germ cells have reached the primary 

spermatocyte stage. Thus, at a period corresponding 

to the later stages of metamorphosis in L. planeri. the 

migratory adult of L. fluviatilis has already attained 

a considerably more advanced state of gonadal develop

ment. This emphasises the lower baseline of sexual 

development from which the postmetamorphic L. planeri 

embarks on its adult life and the degree to which in 

this species, ovarian and testicular maturation are 

compressed within a restricted time scale. There is 

also a sharp contrast between the two species in 

relation to adult egg numbers. Because of its much 

larger body size, the adult female L. fluviatilis is 

able to mature a high proportion of the oocytes 

represented originally in the larval ovaries and egg 

counts in British rivers may range from 10,000-28,000.

In this species therefore,atresia plays little part in 

determining the fecundity of the adult. In the female 

L. planeri on the other hand, egg numbers generally lie 

between 1,000-2,000 considerably below the level of 

oocyte numbers at the larval stage. Here therefore, 

atresia plays a major role in the reduction of egg 

numbers that occurs during metamorphosis and the sub

sequent growth of the ovary. At transformation the 

condition of the testis in L. planeri and L. fluviatilis 

is indistinguishable (Hardisty, 1970; Hardisty, et a l ., 

1970). However, by early winter the testis of L . 

planeri is a large structure occupying most of the
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body cavity whereas the growth of the testis in L . 

fluviatilis continues at a much reduced rate and in 

some animals spermatogonial divisions may still be

taking place in early upstream migrants. However, in

both species spermatogenesis is completed by early

spring after which the sexually mature adults spawn and

die .



1.3 OUTLINE OF LAMPREY ENDOCRINOLOGY. THEIR ENDOCRINE 

TISSUES AND EVIDENCE FOR VERTEBRATE HORMONES.

The importance of the lampreys and hagfishes for comp

arative studies is shown by the vast literature devoted 

to the structure and functions of their endocrine tissue 

(Hardisty & Baker, 1982). Although there are signif

icant differences in the endocrine systems of lampreys 

and myxinoids, both groups nevertheless share a number 

of common features. These may be summarised as follows:

1. Close association between olfactory and hypophysial 

elements;

2. Lack of direct vascular link between the hypop- 

thalamus and the adenohypophysis;

3. Poor vascularisation of the endocrine tissues which 

apparently rely on connective tissue diffusion;

4. Diffuse neurosecretory system;

5. Single neurohypophysial principle (arginine ' 

vasotocin);

6. Apparent absence of growth hormone (prolactin);

7. Low iodine content of the thyroglobulin and low 

iodine accumulation in the thyroid;

8. Islet organ containing only B & D cells;

9. Presence of A cells in the intestine.

All the essential compounds which function as hormones 

in the higher vertebrates have been found in the 

cyclostomes, i.e. steroids, catecholamines, thyronines 

and peptides Sinc-e these classes a-r-e--also present among 

invertebrates the evolution of the major hormonal groups 

had alYeady been-c o m p l e t ed by th'fe time the first vertebrate 

appeared ( Barrington, 1979).



1979). However, although these compounds have been 

identified in the cyclostomes little is known of their 

physiological function.

Lampreys display tissues representatives of all the major 

vertebrate endocrine organs. These include the neuro

hypophysis and adenohypophysis, the thyroid (and in the 

ammocoete the endostyle), gonadal steroid secretory 

elements, chromaffin cells homologous with the adrenal 

medulla, interrenal tissue representing the adrenocort

ical steroidogenic tissue and islet tissue homologous 

with the islets of Langerhans of higher forms. The 

present information on the peripheral endocrine tissues 

can be summarised as follows:

The thyroid and endostyle.

The larval lamprey has a discrete glandular endostyle 

opening into the pharynx. At metamorphosis this complet

ely breaks down and transforms into the closed thyroid 

follicles of the adult (Wright & Youson, 1976; Youson & 

Potter, 1979). The cyclostome endostyle and thyroid 

appear to show the same general vertebrate sequence of 

processes in the biosynthesis of thyroglobin, although 

extensive investigations on thyroidal activity in the 

cyclostomes show some features unique to the group 

(Hardisty & Baker, 1982). In all vertebrates the bio

synthesis of thyroid hormones follows the same fundam

ental sequence, namely the accumulation of iodine, 

iodination of tyrosine and formation of iodo-tyrosine 

derivatives mono- and di-iodotyrosine,thyronine (Tg) and



thyroxine (T^). However the levels of the cyclostome 

circulating iodoproteins at first thought to be low 

(Fontaine & Leloup, 1950) have now been shown to be at 

least as high as in some teleost fishes (Wright & Youson, 

1977; Leloup & Hardy, 1976; Lintlop & Youson, 1983 a & b) 

The most complete picture of thyroxine levels (T^) is for 

the species P. mari n u s , where all stages apart from the 

parasitic phase have been recorded (Wright & Youson, 1977,

1980). In this species the ammocoete endostyle exhibits 

a high level of biosynthetic activity and relatively high 

concentrations of circulating thyroxine are present. These 

levels show a rapid decline during transformation. The low 

level reached at the completion of metamorphosis appears to 

persist throughout the parasitic phase of L . fluviatilis 

snd P. m a r i n u s ,as similar levels have been identified in 

the upstream migrant phase. Pickering (1972, 1976a) also 

has produced some evidence for a decline in thyroidal 

activity in L . fluviatilis as it approaches spawning, 

whereas in spawning female sea lampreys much higher levels 

of T^ have been reported (Hornsey, 1977).

However Sower et a l . (1985) have reported lower levels of

T^ for spawning anadromous P. marinus than Hornsey. Low 
levels of tr'iiodpth.yronine (Tg) have been recorded in 

the upstream migrant sea lamprey P. mar i n u s .but this 

compound was either absent or present in only low concent

rations in the immature adult (Hornsey, 1977; Leloup & 

Hardy, 1976). A marked drop in T^ levels has been re

ported during the metamorphosis of P. marinus and L . 

lamottenii (Lintlop & Youson, 1983b) and in the mature 

P. marinus (Sower et al., 1985) fluctuations i n
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levels i n  p l a s m a  o c c u r r e d  during the

maturation phase in both male and female lampreys with 

a final increase at ovulation. It would thus appear that 

while low levels of and appear at metamorphosis the 

values for maturing and spawning adults are less certain.

Although the endostyle is completely broken down at met

amorphosis and the adult thyroid develops during the 

course of transformation, it was thought possible that 

the endostyle was concerned with the secretion of a hormone 

involved in the initiation of metamorphosis. However, attempts 

to induce metamorphosis by thyroxine, thyroid extracts and thyro- 

trophin containing extracts have failed (Young and Bellerby, 1935; 

Stokes, 1939; Leach, 1946). Following the removal of 

the endostyle metamorphosis was not inhibited (Sterba, 

1953).

Interrenal and chromaffin t i s s u e s .

The existence of an adreno-cortical homologue is well 

established in the lower vertebrates and recent studies 

on the cyclostomes with the use of more sensitive analyt

ical techniques have demonstrated the presence in lampreys 

of low levels of circulating corticosteroids and a more 

extensive distribution of interrenal cells than had 

previously been supposed (Youson, 1972, 1973 a & b).

The interrenal cells were at first thought to be conc

entrated in the pro-nephric region of L. planeri and 

L. fluviatilis (Sterba, 1955; Hardisty, 1972 a & b), but 

subsequent investigations on P. marinus have shown that 

at all stages in its life cycle, large numbers of inter

renal cells are to be found closely linked with the renal



arterial circulation. U1trastructural observations of 

the interrenal cells reported by Hardisty and Baines

(1971) and Youson (1973) support the view that they are 

homologous with the adrenocortical tissues of higher vert

ebrates.

A recent review of investigations into the existence of 

corticosteroids in the lamprey (Hardisty & Baker, 1982) 

has emphasised the difficulties involved in studying the 

secretory characteristics of such a diffuse tissue.

Reports o n ’hydroxysteroid dehydrogenase activity in inter

renal tissue have been confirmed in sexually mature P . 

marinus (Weisbart, et a l ., 1978), and in all stages of 

the life cycle of L. planeri (Seiler, et a l ., 1981; Seiler, 

et a l ., 1983), although in all cases values varied greatly 

and histochemical responses were weak.

Generally, of the two methods used to identify cortico

steroids in the lamprey, in vitro analysis of presumptive 

interrenal tissue has resulted in significantly higher 

levels of steroids than those recorded in circulating 

blood, where only low concentrations of dehydro corticos

terone were reported (Weisbart & Idler, 1970; Weisbart & 

Youson, 1977; Weisbart, et a l ., 1980; Katz, et a l ., 1982). 

In ammocoetes and feeding sea lampreys active biosynthesis 

of 17 hydroxyprogesterone, 11-deoxycortisol and andros-

teredione has been reported (Weisbart & Youson, 1975). 

However, interrenal tissue from sexually mature lampreys 

showed much less corticosteroid activity.

Injections of mammalian ACTH have resulted in hyperplasia



of the interrenal tissue in both ammocoete and adult 

lampreys (Sterba, 1955; Youson, 1973; Hardisty, 1977) 

and ultrastructural observations have shown significant 

cytological changes in the interrenal cells of P. marinus 

after this hormone treatment (Youson, 1973b). Apart from 

the interrenal tissue, chromaffin cells are concentrated 

esp.ecially in the pronephric region of the lamprey. These 

contain catecholamine storage granules. Both adrenocort

ical and chromaffin tissues are reported as responding to 

stress conditions including hypoxia and surgical inter

vention (Hardisty, 1972b, Hardisty, et a l ., 1976).

The G o n a d s .

Although there is evidence for the vertebrate sex hormones, 

oestradiol and testosterone in the blood and gonads of the 

lampreys (Katz, et a l ., 1982; Colombo-Belvedere & Colombo, 

1984; Sower, et a l ., 1985), evidence for their metabolic 

effects on gonad function and maturation or on reproductive 

and spawning behaviour is incomplete.

Oestradiol and testosterone have been identified in the 

blood of lampreys (Piavis, et a l . , 1975; Weisbart, et a l . , 

1978; Epple, et a l ., 1981) and there is evidence of 

steroid biosynthesis in the interstitial tissue of the 

testis of upstream migrant L. fluviatilis and in the later 

stages of sexual maturation (Hardisty, 1971). In P. marinus 

in vitro studies have shown that testicular and ovarian 

tissue can synthesise oestrone from labelled androgens 

(Callard, et a l ., 1980). However, recently Kim & Callard 

(1982) have suggested that steroid metabolism in the lamprey



gonad is characterised by 15-hydroxylase activity. The 

rapid conversion of substrate to 15-hydroxylated deriv

atives both in vivo and in vitro may be the reason for 

low levels of the classical steroids so far observed. 

Hydroxysteroid dehydrogenase activity in the gonads as 

an indicator of steroidal metabolism^is reported to reach 

a peak in L. planeri during December with a further rise 

in April at the onset of spawning (Seiler, et a l ., 1983).

Investigations of the role of sex steroids have shown 

that following castration the secondary sex characters 

fail to develop.. These consist of the development in the 

female of an anal fin fold and a gelatinous swelling on 

the leading edge of the second dorsal fin and in the male 

the appearance of an externally projecting and pointed 

urinogenital papilla (Evenett & Dodd, 1963; Larsen, 1974). 

The administration of oestradiol and testosterone to the 

operated animals resulted in the reappearance of these 

sex characters. Inhibition of the sex characters has-been 

observed following the administration of testosterone to 

female lampreys or oestradiol to the males (Larsen, 1974). 

There is no evidence the sex steroids accelerate game- .. 

togenesis or initiate spawning behaviour. Nevertheless, 
oestrogen receptors have been identified in the 1amprey brai 

cells suggesting that as in higher vertebrate, sex behaviour 

may be affected by the binding of oestrogen to brain re

ceptors (Kim, et a l ., 1980).

The Islet tissues.

Although the Cyclostomes have no discrete exocrine pancreas 

they do have endocrine and exocrine tissue homologous with



those of the vertebrate pancreas. The endocrine islet 

tissue lies in the region around the junction of the 

oesophagus and intestine. In the ammocoete it has been 

shown that these cells are involved in the control of 

blood sugar concentration (Barrington, 1942) and insulin 

is produced by B type cells. Cytologically the lamprey 

islet tissue consists predominantly of B cells and neither 

glucagon-containing A cells nor typical D cells* have 

been reported. Experiments to demonstrate the role of 

islet tissue in insulin production have shown that re

moval of this tissue from adult lampreys resulted in de

creased levels of insulin activity in serum and increases 

in blood sugar levels (Hardisty, et a l ., 1975; Zelnik, 

et a l ., 1977). In Cyclostomes injected insulin is very 

slow to clear from the blood circulation, and the establish

ment of normal blood sugar levels occurs only slowly 

(Falkmer & Matty, 1966; Hardisty, et al. , 1976). Another 

interesting feature of the lamprey blood sugar metabolism 

is that long periods of fasting ' do not seem seriously 

to disrupt blood sugar levels (Larsen, 1970; O'Boyle & 

Beamish, 1977). In fact metamorphosing sea lampreys P .' 

marinus show a rise in blood sugar levels in spite of the 

cessation of feeding and the change from the larval to 

adult islet tissue. In adult L. fluviatilis blood sugar 

levels remain relatively constant throughout the upstream 

and sexual maturation phases and the carbohydrate reserves 

of the body wall muscle remain unchanged (Plisetskaya, 

et a l . , 1976), showing a decline during only the final 

spawning period.

Recently it has been reported that during the maturation

Nevertheless somatostatin has been identified in 
lamprey islet tissue T Van Ndqrd'en ét a 1 . , 197,7)
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phase of adult P. marinus there was a slight increase in 

plasma insulin levels, which remained unchanged in male 

lampreys during the final phases of sexual maturation 

while at ovulation in the females the insulin levels 

noticeably decreased (Sower, et a l . , 1985).

The P i n e a l .

The pineal complex in the lower vertebrates has both photo

receptive and endocrine functions. In the lamprey this 

organ consists of a pineal and a parapineal lying above 

the diencephalon. The pineal consists of an atrium, pineal 

stalk and a retina; the latter containing sensory cells, 

ganglia and nerve fibres. In the smaller parapineal the 

retina and its sensory elements are much less well dev

eloped. The pineal complex appears to act as a photo

receptor perhaps responding to seasonal changes in day 

length, light intensity or water temperatures. At low 

levels of light intensity its electrical responses have 

been shown to be inhibited by light signals of all wa ve

lengths. Pinealectomy in the ammocoete of G. australis 

and M. mordax L. planeri (Eddy, 1969) has caused inhib

ition of the normal onset of metamorphosis and among 

pinealectomised Lampetra species kept a further twelve 

months, only control animals metamorphosed the following 

autumn. Recently Cole & Youson (1981) reported that in 

P. marinus the pineal complex was essential for me tam

orphosis which was independent of light intensity. Since 

Joss (1973) has shown that pinealectomy in metamorphosing 

L. fluviatilis delayed gonad maturation, it appears that 

the pineal complex has a role to play in regulating these



seasonal events in the life cycle of the lamprey.

The secretory role of the pineal involves a melatonin

like substance which can promote the contraction of mela- 

nophores in the diurnal light/dark cycle (Eddy &.Strahan, 

1968; Eddy, 1972; Joss, 1973). A pineal enzyme has also 

been identified which converts serotonin to melatonin 

(Joss, 1977). Serotonin levels have been shown to exhibit 

seasonal variation in the pineal complex at various stages 

in the life cycle of L. planeri (Vivien—Reels & Meiniel, 

1983).

This agrees with previous findings showing seasonal var- 

variation in indoleamine induced fluorescence in the pineal 

and parapineal adults of the same species with highest 

levels in the autumn, declining to their lowest level in 

the spring (Meiniel & Har t w i g , 1980).



1.4 THE VERTEBRATE HYPOPHYSIS.

Embryology. - .

Throughout the vertebrates the pituitary is derived 

from two sources: epithelial and nervous tissue and

within the amniotes its embryonic development follows 

the same basic pattern. Here^the glandular tissue 

arises from a hollow dorsal ectodermal invagination 

from the oral epithelium (Rathkes' pouch) which gives 

rise to the adenohypophysis, while a similar hollow 

ventral process of the floor of the diencephalon 

(saccus infundibularis) forms the neural lobe or neuro

hypophysis.

As development proceeds, the pouch of Rathke broadens 

out near the top and base forming oral and aboral 

lobes, while the lateral lobes grow out from the former, 

bending upwards towards the wall of the hypothalamus. 

Where the aboral lobe reaches and makes contact with 

the infundibulum, a zone of glandular tissue is dif

ferentiated as the pars intermedia, although this does 

not develop in birds and a few other species. From 

the oral lobe and that part of the aboral lobe which 

does not participate in the formation of the pars 

intermedia, are developed the glandular tissue of the 

pars distalis which in reptiles and birds is histol

ogically differentiated into anterior (cephalic) and 

posterior (caudal)regions, reflecting their possible 

embryological origins from oral and aboral lobes. Al- • 

though the lumen of Rathke is lost in the course of 

development, a remnant may remain as the hypophysial



cleft separating the pars intermedia from the pars 

distalis,while the connection of the pouch with the 

oral ectoderm may remain as an epithelial stalk.

Although a hollow R a t h k e s ’ pouch is present in the 

elasmobranch fishes, in the amphibia. Dipnoi and acti- 

nopterygian fishes^this structure develops as a solid 

epithelial bud, which may however, acquire a lumen 

secondarily as a schizocoele. Within the amphibia 

and Dipnoi there are no problems in homologising the 

various regions of the pituitary with those of the 

amniotes, but such homologies are very controversial 

within the actinopterygian and elasmobranch fishes. 

Here, the embryonic anlage of the adenohypophysis 

differentiates histologically into three regions whicl 

have been termed the pro-, meso- and meta-adenohyp

ophysis (Pickford & Atz, 1957).

While the homology between the last and the pars 

intermedia of higher vertebrates is generally ac

cepted, there have been considerable differences of 

interpretation in regard to the pro- and meso-adeno- 

hypophysis, although homologies with the cephalic 

and caudal regions of the pars distalis of the rep

tiles and birds have been accepted by Wingstrand 

( 1966) .

1.4 Special features of the lamprey p i t u i t a r y .

Similar problems of terminology are also raised by 

the ontogeny of the cyclostome pituitary. In the



lampreys, this arises from a combined naso-hypophysial 

anlage which sinks into a depression, the naso- 

hypophysial pit. From the hind wall of this depression 

the olfactory organ develops in contact with the 

anterior region of the brain, whilst the hypophysial 

anlage grows out caudally as a cellular cord, the 

naso-hypophysial cord, from which the adenohypophysial 

tissue is eventually differentiated. Because of its 

involvement in the development of the adenohypophysis 

with which it remains in contact until metamorphosis, 

the naso-hypophysial tract has been homologised with 

R a t h k e s ’ pouch (Wingstrand, 1966).

The definitive lobes of the adenohypophysis do not

separate until the ammocoete is approximately one

year old,when the meta-adenohypophysis (pars inter-

,media.) is separated from the anterior hypophysis

(pars distalis). The division of the anterior

pituitary into pro-adenohypophysis (rostral pars

distalis) and meso-adenohypophysis (caudal pars

distalis) takes place during the second larval year

and these lobes are subsequently divided into cell
'

blocks by the development of fibrovascular septa at 

later stages of larval life (Fig. A).

However, the relationship between the hypophysial 

tissue and the naso-hypophysial stalk is not completed 

after the initial separation of hypophysial tissue at 

the early ammocoete stage. In the immediate pre- 

metamorphic and metamorphic stages a connection may 

be re-established between the naso-hypophysial stalk



and adenohypophysial regions (Leach, 1951; Thompson, 

1971), resulting in the formation of additional 

glandular tissue by the ingression of epithelial 

tissue derived from the stalk (Fig. B). Scattered 

cavities then appear along the length of the naso- 

hypophysial stalk which during metamorphosis is trans

formed into a naso-hypophysial canal (Fig. C) . By 

the end of metamorphosis the lumen extends to the 

level of the second gill slit forming a blind ended 

naso-hypophysial sac (Fig. D). Since this lumen in 

the naso-hypophysial stalk is completed after the 

adenohypophysial elements have been separated, opinion 

has been divided as to the relationship of the pouch 

to the pituitary gland (Leach, 1951). During metam

orphosis there is an increase in the volume of the 

adenohypophysis in L . planeri, while in L. fluviatilis 

an equivalent pituitary growth occurs only later 

during the macrophthalmia stage (Thompson, 1971).

The relatively different changes in the volume of the 

pituitary during the life cycle of L. planeri and 

L. fluviatilis are particularly interesting in view 

of their divergent life cycles. It was considered 

that a comparison of pituitary growth of the two 

species should throw some light on pituitary function.

In fact,the data reported showed that in L. p l a n e r i , 

differential growth of the lobes occurred, with the 

most marked growth of the pro-adenohypophysis taking 

place from the immature winter adult to the sexually 

mature stage, thus coinciding with the period of most 

marked gonadal development. In the m e s o - a d e n o h y pophysis



bf L . planeri however, the most significant increase 

in volume occurred from the pre-metamorphic to trans

formation stage when the absolute volume shows a two

fold increase. There was no further significant in

crease in growth of this lobe after transformation.

In L. fluviatilis however, only a slight increase in 

volume was recorded in the anterior hypophysis over 

the transformation phase, the main increase in volume 

taking place in the three months prior to the down

stream migration, when there are no marked dif

ference between the relative growth of the pro- and 

the meso-adenohypophysis (Thompson, 1971).

Although the general morphology of the adult 

pituitary is similar in both species, .. ., it is inter

esting to note that the width of the adenohypophysis 

in adult L. fluviatilis was about four times that of 

its length whereas in L. planeri it was only twice, 

the length.

The definitive pituitary of the adult l â m p r e y is a shallow 

plate like structure lying ventrally below the dien

cephalon, rostrally to the cartilaginous capsule of 

the olfactory sac and immediately a nterior to the 

notochord. The pro- and meso-adenohypophysis are 

separated from the post-optic hypothalamic floor by 

a relatively thick layer of connective tissue, whilst 

the meta-adenohypophysis underlying the neuro- 

hypophysis is separated from it by only a thin con

nective tissue septum and a capillary bed. The neuro- 

hypophysis is a thickened part of the hypothalamic



'floor and its association with the meta-adenohyp- 

ophysis provides a potential link between the brain 

and the pituitary gland. Blood capillaries run 

between the hypothalamic floor and the pituitary and 

studies on the vascular system of L. planeri and P . 

marinus (Gorbman, 1965) have shown that in common 

with all fishes, blood passes directly from branches 

of the internal carotid artery first to the neuro

hypophysis and then to the adenohypophysis. The 

posterior and anterior hypophysial blood supply 

appears to be quite distinct and there seems to be no 

opportunity for blood to-pass from the meta

adenohypophysis to the anterior lobes.

Recent investigations by Gorbman (1983) on the 

embryogenesis of the hagfish pituitary have revealed 

a fundamental difference between this cyclostome 

group and the lampreys. In all vertebrate

groups, including the lampreys, the adenohypophysis 

forms from an ingrowth of an ectodermal anlage from 

the external surface of the embryo, but in the embryo 

of the hagfish, Eptatretus stoutii, Gorbman believes 

that the adenohypophysis originates from an internal 

endodermal or archenteric surface. Such a basic 

divergence in the embryogenesis of the hagfish and 

lamprey adenohypophyses strengthens the argument for 

the independent evolutionary origins of the two 

cyclostome stocks from different ancestral groups 

(Hardisty, 1979; 1982).



1.5 THE CYTOLOGY OF THE LAMPREY ADENOHYPOPHYSIS.

The range of cytological observations on the lamprey 

pituitary have recently been reviewed by Larsen &

Rothwell (1972) and Hardisty & Baker (1982). In this 

field, the adult upstream migrant of L . fluviatilis has 

been the most extensively studied species with light 

microscope studies on the adult L. fluviatilis by 

Lanzing, (1959); Evenett, (1963); Ruble & Sterba (1966); 

Bage (1967); Larsen & van Oordt, (1966); Rothwell, (1968) 

and ultrastructural observations by Evenett, (1963);

Bage, (1067); Rothwell, (1968); Bage & Fernholm, (1975). 

Light microscope studies have been made on other species 

at various stages in their life cycle; these include 

P. m a r i n u s , Roth, (1957, 1958); Oztan & Gorbman, (1960); 

Percy, et a l . , (1975); E. d anfordi, Szabo, et a l . ,

(1965); Molnar & Szabo, (1968); L. japonica, Honma,

(1960); L. lamottenei, Oztan & Gorbman, (1960); L . 

planeri, Van de Kamer & Schreurs, (1959); Thompson,

(1971). The ultrastructural observations on the lamprey 

pituitary at various stages in the life cycle include 

P. marinus Leatherland, (1975); Percy, et a l ., (1975); 

Youson & Potter, (1979); Wright, (1983 b), and L . tridentata, 

Tsuneki & Gorbman, (1975 a & b).

In light microscope studies, the pituitary cells of the 

lamprey have been classified into basophils, acidophils 

and chromophobes (Herlant, 1964). Under the light micros

cope, a basophil is a cell whose granules stain strongly 

with aniline blue. These cells are usually periodic- 

acid (PAS) and aldehyde fuchsin (AF) positive indicating



the presence of muco- or glyco-proteins. Acidophils 

(carminophils) contain simple proteins whose granules 

may stain with azocarmine, Orange G, erj^èferosine or lead 

haema toxylin. Chromophobes appear under the light micros

cope as non-staining cells generally with a clear cyto

plasm. However, more recent ultrastructural studies 

have enabled the cytological features of the lamprey 

adenohypophysis, to be widened and the three basic cell 

types of the light microscope have been extended to 

identify up to thirteen cell types, although many of 

these are no doubt developmental stages of single 

functional cell types.

The size and shape of the cell, appearance of the 

nucleus, condition of the cell organelles, position in 

the pituitary, and most especially the type and degree 

of granulation have been used as criteria in the clas

sification of functional cell types.

Light microscope obse rvations.

The larval and transforming s t a g e s .

The appearance of distinct stainable cells in the light 

microscope picture of the pituitary gland of the larval 

lamprey appears to be linked to its morphological dev

elopment. Thus, while the basophils of the pro

adenohypophysis are first observed in young ammocoetes, 

most authors agree that the basophils of the meso- 

adenohy pophy sis are not observed in the light microscope 

picture until the late larval period, while the charac

teristic form and tinctorial characteristics of the meta-



adenohypophysial cells are not established until late 

metamorphosis (Youson & Potter, 1979).

The majority of authors have found that the basophils of 

the pro-adenohypophysis are the dominant cell type from 

the late larval stage and throughout transformation in 

P. m a r i n u s , L. fluviatilis and L. p laneri. E. danfordi 

appears to be an exception having few pro-adenohypophysial 

basophils at these stages (Szabo. et a l ., 1965). Under the 

light microscope, active basophil synthetic activity has 

been reported at metamorphosis in L. planeri (Van de Kamer 

& Schreurs, 1959; Thompson, 1971) and to a lesser extent 

in P. marinus (Percy/et a l ., 1975). This was not the case 

in transforming L. fluviatilis or E . danfo r d i . All 

authors agree that the other cell type of the pro-adeno- 

hypophysis is a chromophobe,which under the light micros

cope appears to have translucent cytoplasm and is round or 

ovoid in shape. It appears to be undifferentiated during 

the larval and transforming phase.

Although the basophils of the meso-adenohypophysis are 

occasionally seen under the light microscope in pre

transformer ammocoetes,the development of basophils in any 

conspicuous numbers only occurs during transformation, 

although their staining affinity is never so marked as in 

basophils of the pro-adenohypophysis (P. marinus, Percy, 

et al., 1975; L. p laneri. Van de Kamer & Schreurs, 1959, 

Thompson, 1971; L. fluviatilis, Thompson, 1971).

However, meso-adenohypophysial basophils in transforming 

E. danfordi were not observed (Szabo, et al., 1965).

The majority cell type of the meso-adenohypophysis in the



larval and transforming stages of all species studied is 

the chromophobe, although under the light microscope it 

has not been possible to distinguish different types, 

except in P. marinus (Percy, et a l ., 1975). These authors 

distinguished between 'active* and 'inactive' chromophobes 

at transformation. The 'active' chromophobes had round 

nuclei with prominent nucleoli. Chromophobes of similar 

appearance were reported in the meso-adenohypophysis of 

L. planeri and L. fluviatilis at transformation, although 

these appeared as the majority cell type. These were also 

larger than the chïromophobes of the ammocoete meso-adeno- 

hypophysis. Apart from chromophobes and basophils,a third 

cell type has been reported in transforming L. planeri and 

L. fl uviatilis. This was a rare carminophil which was 

small, irregularly shaped, with little cytoplasm and was 

distributed randomly among the chromophobes. It has not 

been reported in other species (Larsen & Rothwell, 1972).

There is general agreement that the tinctorial charac

teristics of the meta-adenohypophysis are the last to 

develop in late metamorphosis when carminophil and PAS 

positive cells are observed.

By the completion of transformation the pituitary gland 

has developed the characteristic fibrovascular septa which 

divide the gland clearly into three lobes, and in the case 

of the pro-adenohypophysis into cords of cells, which develop 

more conspicuously in the adult phase of the parasitic 

species.



Immature adult.

The main change in the appearance of the pro-adenohypophysis 

in the immature adult pituitary of all species studied is 

the increased number of basophils and their increased 

staining affinity, although this was less apparent in 

L, p laneri. There was no apparent change in the appearance 

of the chromophobes, although they were fewer in number.

In the meso-adenohypophysis following transformation more 

significant changes were observed in all species studied 

except E. danfordi. In P. marinus two basophilic and one 

chromophobic cell were described. The majority of cells 

were strongly PAS positive. In L. planeri and L. fluviat

ilis. differences were seen for the first time in the 

tinctorial characteristics of both the pro- and meso-adeno

hypophysis. The basophils of the pro-adenohypophysis in 

L. fluviatilis were more intensely granulated than those of L. planeri 
and the chromophobes are in clusters whereas in L. planeri 

they are scattered throughout the lobe. The majority cell 

type in the meso-adenohypophysis of both species was still 

the chromophobe,in contrast to P. marinus where PAS positive 

staining cells were in the majority.

By this stage the meta-adenohypophysis in all species had 

developed its characteristic adult appearance with long 

apical AF-and PAS-positive processes.



Mature Adult.

The main difference in the light microscope picture of the 

adult pituitary compared with the ammocoete, transforming 

and immature adult phases,is that all three lobes have 

developed their adult form with characteristic fibro- 

vascular septa and well developed tinctorial features.

In the upstream migrant stages of L. fluviatilis the pro

adenohypophysis contains two distinct cell types: basophils 

and chromophobes, the former being the most numerous. The 

cells are arranged in lobules which are divided by vertical 

Connective tissue septa,through which blood capillaries 

run between the hypothalmic floor and the pituitary. This 

arrangement of pituitary lobulation is seen most distinc

tively in the pro-adenohypophysis. The basophils of the 

pro-adenohypophysis appear as ovoid cells with a round 

nucleus, large nucleolus and cytoplasm packed with 

granules showing an . affinity for aniline blue ;

PAS and AF; - ’ •. The pro-adenohypophysial
chromophobes are irregularly distributed in small cell 

clusters throughout the lobe either as small undiffer

entiated cells or as more distinctive larger cells. A 

similar picture was observed in P. m a r i n u s , although no 

observable differences were seen in the appearance of the 

pro-adenohypophysis of upstream migrants or spent adults, 

whereas in L. fluviatilis an increase in the number and 

size of the basophils was observed from the upstream 

migrant to spawning stage. In L. planeri the basophilia • 

of the adult pro-adenohypophysis was not as marked as in



the parasitic species and the cells are more irregularly 

arranged compared to the cell cords of L. fluviatilis. As 

in other species chromophobes are present, but always in 

small numbers.

The most common cell type of the meso-adenohypophysis in 

adult L. fluviatilis and L. planeri was the chromophobe, 

although this was not the case in P. marinus where granul

ated cells were in the majority. The chromophobes were 

usually ovoid with a little cytoplasm and were arranged in 

lobules separated by connective tissue septa which are 

less defined than those of the pro-adenohypophysis. 

Basophils are seen in only small numbers in adult L . planeri 

or L. fluviatilis scattered throughout the lobe. These 

show some differences in their staining reactions to the 

pro-adenohypophysial basophils, giving weaker PAS and AF 

reactions,staining blue with Herlant's Alcian blue PAS 

method compared to the violet staining of the pro-basophils 

(Evennett, 1963); a difference which may indicate dif

ferences in the chemical composition of the secretory 

granules. A third cell type has been observed in the meso- 

adenohypophysis of L. planeri and L. fluviatilis adults, 

but not in P. m a r i n u s . This is a small angular carminophil 

tending to be distributed along the dorsal surface of the 

lobe. These cells have been described as iron haematoxylin 

(Ruhle & Sterba, 1966) and lead haematoxylin positive 

(Larsen & Rothwell, 1972).

In the meso-adenohypophysis of adult L. fluviatilis the 

basophils were reported to have a well differentiated 

cytoplasm in the upstream migrant stage whereas this was



not observed in the sexually mature phase (Larsen & 

Rothwell,1972). Chromophobes also appeared to be 

larger in the early stages of maturation while in the 

sexually mature stage indications of secretory activity 

were seen. There was an increase in the number and 

staining of the rare carminophil cell type in the 

sexually mature stage. No such changes were reported 

in P. marinus or E. danfordi. but differences in 

staining affinity in the basophils and in the size of the 

chromophobes were reported in L. planeri during the 

course of sexual maturation (Thompson, 1971).

Most authors agree that . the adult meta

adenohypophysis contains only one cell type at different 

secretory stages. These cells are arranged in layers 

with their apical poles directed towards the neuro

hypophysis. The most dorsal layer is basophilic, PAS 

positive and carminophilic with some of these cells 

having long cytoplasmic processes directed towards the 

neurohypophysis. There is no complete fibro-vascular 

system, although the dorsal surface of the lobe does 

show fibro-vascular interdigitations.

Electron microscope observation on the lamprey adeno

hypophysis .

Ultrastructural studies of the adenohypophysis have 

been reported on adult L. fluviatilis (Larsen & Rothwell, 

1972; Bage & Fernholm, 1975), and • studies have

been made on two other species P. marinus (Percy, e t . a 1 . , 

1975; Wright, 1983 a) and L. tridentata (Tsuneki &



Gorbman, 1975 a & b).

In the pro-adenohypophysis of adult L . fluviatilis two 

(Types III-IV, Larsen & Rothwell 1972) or three (BI-3, 

Bage & Fernholm 1975) cell types have been described 

which are regarded as corresponding to the cyanophils 

of the light microscope. These cells are large and 

richly granulated,with a prominent round nucleus and 

nucleolus. According to Bage & Fernholm,the granules 

increase in size, electron density and number as the 

lampreys approach sexual maturity in the spring.

Between winter and spring the mean granule size increased 

from 150 nm in October to 220 nm in April and May (Bage 

& Fernholm, 1975). These authors believe that the pro- 

adenohypophysial basophils remain active from autumn to 

spring, as indicated by the development of lipid droplets 

the indications of granule release, and vacuolation and 

changes in the endoplasmic reticulum and Golgi complex. 

Both Bage & Fernholm and Larsen & Rothwell regarded 

their various basophil types as stages of a single 

functional cell type. The changes observed in the baso

phils of the adult L. fluviatilis pro-adenohypophysis 

over the maturation phase were not reported in P. marinus, 

although two granulated cells were described: one with

granules 130-260nm, the other 120-250 nm with variable 

electron density. However, the light microscope picture 

in the post- spawning animals was indistinguishable from 

that of the upstream migrants. In L. tridentata,large 

granule sizes in pro-adenohypophysial basophils over 

the maturation phase have been reported and the type I & 

III of Tsuneki & Gorbman may be equivalent to the type



Ill & IV of Larsen & Rothwell. The type I cell contains 

granules 230-500 nm which are larger than any reported in 

other species. Two chromophobic cell types have been 

distinguished in the pro-adenohypophysis of adult L . 

fluviatilis, both few in number. The type Cl of Bage & 

Fernholm (1975) with a low cytoplasmic/nuclear volume 

ratio is thought to represent an undifferentiated stem 

cell and corresponds to the chromophobe of the light 

microscope. The second chromophobe type C2 has some 

small secretory granules in the cytoplasm with a mean 

diameter of 95 nm. These cells are elongated in shape 

with oblong nuclei and variable in size. They appear to 

be more active in late winter and early spring as L . 

fluviatilis approaches sexual maturity. Bage & Fernholm 

consider them to be a distinct endocrine cell whose 

function is unknown. They may correspond to the type I 

cell described by Larsen & Rothwell (1972). In P. marinus 

no granulated chromophobes have been observed in the pro

adenohypophysis, although a chromophobe was reported with 

electron translucent cytoplasm, but this was indistin

guishable from similar cells at other life cycle stages. 

However Percy,et a l . did observe a rare angular granulated 

cell with a dense nucleus and cytoplasm which was seen 

near the fibro-vascular septa of the pro-adenohypophysis. 

This became granulated during transformation and, as 

suggested by the authors, may correspond to the type VIII 

or IX of Larsen & Rothwell. A rare granulated chromo

phobe has also been identified in the pro-adenohypophysis 

of L. fluviatilis by Bage & Fernholm. This type D cell 

is richly granulated with granules of less than 100 nm, 

although its granulation decreases during the migratory



phase. This distinguishes it from the granulated basophils 

of the pro-adenohypophysis as very dense small granules 

are uncommon in basophils. The type D cell of Bage & 

Fernholm may be identical with the lead haematoxylin 

positive acidophil reported in the meso-adenohypophysis 

by light microscopists and the rare chromophobe type II 

described by Larsen & Rothwell. In L. tridentata a 

granulated pro-adenohypophysial chromophobe has been 

described by Tsuneki and Gorbman. This type II cell 

(granules 110-200 nm) may be equivalent to the Type D of 

Bage & Fernholm.

Attempts to categorise the cell types of the meso-adeno

hy pophysis has proved most difficult,especially in the 

case of the chromophobes. Larsen & Rothwell (1972) des

cribe five cells in the meso-adenohypophysis (Types V - 

IX) of which the most numerous are the chromophobes.

The type V cell is the most numerous during the migratory 

period and has a large ovoid nucleus with a vesicular 

cytoplasm and granules of 60-200 nm in diameter. Their 

type VI cell has a large nucleus and clear cytoplasm 

suggesting that it may represent either an exhausted or 

undifferentiated cell. Type VII cells are described by 

Larsen & Rothwell as granulated chromophobes. These 

cells have little cytoplasm and small dense granules of 

80-150 nm. Bage (1967) believes that these may correspond 

to the light microscope lead haematoxylin acidophil and 

the type D cell observed by him in the pro-adenohypophysis 

(Bage & Fernholm, 1975). The type IX of Larsen & Rothwell 

is almost certainly a stellate cell with cytoplasmic 

extensions.



Basophils are found in lower numbers in the meso-adeno

hypophysis than, in the pro-adenohypophysis and have dif

ferent staining characteristics. The type VIII cell of 

Larsen and Rothwell corresponds to the PAS positive meso- 

adenohypophysial basophil of the light microscope. Its 

cytoplasm contains dense granules 70-150 nm in diameter 

and these cells appear to decrease in number and density 

of granulation during the migratory period. Comparisons 

between the meso-adenohypophysial cell types described in 

adult L. fluviatilis and those of other lamprey species 

are problematical. In P. marinus Percy, et a l . , (1975), 

describe four cell types in the meso-adenohypophysis of 

upstream migrants, three granulated and one non granulated 

chromophobe, while Tsuneki & Gorbman describe five types 

of granulated cell and two types of non granulated cell 

of which their type IV may correspond to the basophil of 

L. fluviatilis and their type VI to the small granulated 

chromophobe of L. fluviatilis (type VII). In P. m a r i n u s , 

two small granulated chromophobes have been described and 

a predominant basophil with a large round nucleus and 

dense granules of 140-280 n m . The basophils were reported 

to be largely depleted in spent adults. The type IV cell 

of Tsuneki & Gorbman also contains numerous and large 

granules of 240-300 nm in diameter.

Stellate cells have been observed in the pro-adenohypophysis 

and meso-adenohypophysis of adult lampreys. They are 

characterised by cytoplasmic projections often associated 

with the surface of basophils., Bage & Fernholm (1975) 

described two types of stellate cells in the pro-adeno

hypophysis of adult L. fluviatilis; one small and electron



dense which was most frequently seen in the autumn, and 

the other a lighter and larger cell which was most common 

in late winter and spring. It was thought that the 

activity of the stellate cells may be associated with the 

release of granular material from the basophils. Larsen & 

Rothwell describe a stellate cell in the meso-adenohypophysis 

of L . fluviatilis (type IX) and they have also been ob

served in L. tridentata and in P . marinus in both the

pro- and meso-adenohypophysis of the adult (Percy e_t— â .- > 
1975; Tsuneki & Gorbman, 1975b )̂

In the meta-adenohypophysis Larsen & Rothwell distinguished 

four cell types X - XIII. These show a development of 

rough endoplasmic reticulum increasing from the basal 

type X to the more dorsally placed type XIII. The dorsal 

layer of the meta-adenohypophysis also shows a charac

teristic basophilic positive reaction and the extended 

cytoplasmic processes contain secretory granules. Tsuneki 

& Gorbman (1975b) have confirmed these observations in 

L. tridentata where the differential staining seen under 

the light microscope in all species studied is shown under 

the electron microscope to be due to varied density of 

granulation. Tsuneki & Gorbman have observed that the 

secretory poles of the cells which extend cytoplasmic 

processes into the perivascular space are packed with 

large secretory granules. However, in P. marinus (Percy, 

et a l ., 1975) describe two distinct cell types, one a 

chromophobe, the other richly granulated. Granule 

diameters ranged from 80-240 nm. In L. tridentata 

granulated meta-adenohypophysial cells had granules 

whose diameter varied from 160-240 nm. The cells which 

had cytoplasmic processes had secretory poles richly



supplied with larger granules of 200-300 nm while those 

of L. fluviatilis were reported to be only 150 nm in 

diameter (Larsen & Rothwell, 1972).

Ultrastructural observations on the larval and trans

forming phases of the sea lamprey adenohypophysis.

Two : studies have been carried out on the adeno

hypophysis of the younger stages in the life cycle of 

the sea lamprey, one on the landlocked species from 

larva to immature adult by Percy,et a l ., (1975), the 

other on the larval stage of the anadromous sea lamprey 

by Wright (1983a). These observations have enhanced the 

previous light microscope studies and expanded the 

ultrastructural picture from the predominantly adult 

investigations.

Wright observed two types of cells in the pro-adeno

hypophysis of the larval anadromous sea lamprey (97- 

143 ntm in length): one granulated and the other non

granulated. The granulated cell constituted 80-90% of 

the cell population and was a large cell with a round 

nucleus and granules ranging in diameter from 80-240 nm 

This corresponded with the basophil cell of the light 

microscope. Percy, et al^!?^^\lso describe a granulated 

cell in larval sea lampreys with a large round nucleus 

and granules of 127-220 nm in diameter. Wright des

cribes one type of non granulated cell scattered amongst 

the granulated cells characteristically with long cyto

plasmic processes, an irregularly shaped nucleus and a 

large cytoplasmic nuclear ratio. This is thought to be



a stellate type cell as described in the adenohypophysis 

of the adult lamprey. Two non-granulated cells are des

cribed by Percy, et a l . in the pro-adenohypophysis of the 

larval lamprey, one with electron dense elongated nuclei 

and sparse cytoplasm, the other an undifferentiated 

electron translucent type of chromophobe.

In the meso-adenohypophysis one granulated-and two non
granulated cell types have been reported. .
ercy et a l ., 1975 ; Wright, 1983a). Wright describes

elongate granulated cells with irregularly shaped

nuclei. These had smaller granules than the equivalent 

cell type in the pro-adenohypophysis with a diameter 

ranging from 40-125 n m . The granulated cell type des

cribed by Percy, et a l . in the ammocoete adenohypophysis 

had oval regular-shaped nuclei and granules ranging from 

100-137 nm. Both authors report synthetically active 

cytoplasm with large Golgi, extensive rough endoplasmic 

reticulum and numerous mitochondria. The non granulated 

cells were also described by both authors to be synthet

ically active with the type I of Wright being similar to 

the stellate cell described in the pro-adenohypophysis, 

while the second type had a round or oval nucleus and 

cytoplasm containing many mitochondria and smooth and 

rough endoplasmic reticulum. Percy, et a l . also report 

that the two non granulated cells of the meso-adeno- 

hypophysis of larval lampreys are more synthetically 

active, although they appear to be morphologically 

similar to those of the pro-adenohypophysis.

Differences in the meta-adenohypophysis of sea lampreys 

throughout the ammocoete phase were in the proportion of



granulated cells. Wright reported 80-90% granulated 

cells with granules of average diameter of 150 nm 

whereas Percy, et a l . observed the majority to be 

chromophobic. Both authors describe the meta-adeno- 

hypophysial cells as having a vesicular cytoplasm and 

Wright also noted large numbers of microtubules as

sociated with the vesicles and secretory granules in 

the apical processes.

Percy, et a l . describe changes in the ultrastructural 

picture of the adenohypophysis of transforming P. marinus 

The pro-adenohypophysial basophils increase in number 

and granulation. In the meso-adenohypophysis large 

'active' round chromophobes appear and by stage 2 of 

transformation constitute 50% of the lobe. Basophils 

are first observed in the meso-adenohypophysis at 

stage 3 of transformation and increase at the expense 

of the chromophobes. There was no noticeable change in 

the cytological appearance of the meta-adenohypophysis.



1.6 THE NEUROHYPOPHYSIS.

Morphology.

The neurohypophysis of lampreys has been described as prim

itive and not typical of the vertebrate pattern (Sterba, 1972), 

consisting essentially of a thickening of the floor of the 

third ventricle. Two broad areas may be distinguished; a 

posterior region situated over the meta—adenohypophysis and 

separated from it by a capillary plexus and only thin strands 

of connective tissue and an anterior region separated from 

the caudal area by the preinfundibular commissure and lying 

over the pro- and meso-adenohypophysis (Fig. E) . Here the glandular 

and nervous tissues are separated by a zone of connective 

tissue which tends to be thicker in the more caudal section 

of the neurohypophysis overlying the meso-adenohypophysis 

than in the rostral areas above the pro-adenohypophysis.

The posterior neurohypophysis above the meta—adenohypophysis 

is much deeper than the anterior regions and shows the 

highest content of stainable neurosecretory material (Fig. F ) . 

It has therefore been regarded as homologous with the neural lobe or 

pars nervosa of higher vertebrates. In the anterior neuro

hypophysis the rostral and caudal sections differ somewhat 

in their cytological characteristics as well as in their 

content of neurosecretory material which is said to be higher 

in the rostral areas.

Ultrastructure.

Most of our information on the cytology of the neuro hypophysis 

has been based on the electron microscopic investigations



carried out on the parasitic lampreys, L . fluviatilis 

(Belenky, 1975, Belenky,e t . a l ., 1979 a & b , Polenov, e t . 

a l ., 1974), L. tridentata (Tsuneki Gorbman, 1975 a & b)

and P. marinus (Percy, et a l ., 1975). The only studies of

the neurohypophysis and neurosecretion in nonparasitic

forms are the classical light microscopic investigations

of Sterba (1961b, 1965) on L. planeri and an early

account of the ultrastructure of the neurohypophysis of 

this species by Muller (1964).

In the wall of the posterior neurohypophysis three zones 

have been distinguished : an internal layer containing

the perikarya of the ependymal cells lining the third 

ventricle, a fibre layer and finally adjacent to the 

meta-adenohypophysis, a palisade layer containing the end 

feet of the ependymal cells and the axonal endings of 

neurosecretory fibres. Only occasional pituicytes or 

sub-ependymal cells have been described.

In the anterior neurohypophysis the processes of the 

ependymal cells make contact with the basement membrane 

which separates the neurohypophysis from the underlying 

glandular tissue, as do the axonal endings of neuro

secretory fibres. The latter may also make frequent 

synaptic-like contacts on the bodies and processes of the 

ependymal cells. However, in the more posterior region 

overlying the meso-adenohypophysis the axonal endings are 

separated from the basement membrane by a layer of 

ependymal end feet and glial processes (Tsuneki oC 

Gorbman, 1975). In the posterior neurohypophysis of 

L. tridentata, Tsuneki and Gorbman distinguished 6-8



types of axon or neurosecretory endings, whereas only 

three types were distinguished by Polenov,et a l ., 1974, 

and Belenky, 1975) in L. fluviatilis. Throughout 

the neurohypophysis the ependymal surfaces of the ventricle 

are covered with microvilli, although these are said to be 

more numerous in the posterior region ( Shioda, et a l ., 1977). 

According to the latter authors cilia are more dense in 

the anterior regions where they occur in tufts of about 

20-30 on each ependymal cell, whereas posteriorly the 

tufts consist of only about 15 cilia. In addition 

scanning electron micrographs disclosed the presence in 

the anterior neurohypophysis of numerous bulbous projections 

into the ventricle packed with secretory granules and 

believed to correspond to the monoaminergic cells des

cribed in the sub-ependyma of L. japonica (Honma, 1969; 

Honma & Honma, 1970; Ochi and Hosaya, 1974; Tsuneki, 1974) 

and in L. fluviatilis (Konstantinova, 1973).

Neurosecretory Centres and Tracts.

The preoptic-hypothalamic neurosecretory system consists 

of the neurosecretory neurons of the pre-optic nucleus the 

axons of which pass into the neurohypophysis as the hypothalamo- 

hypophysial tract. According to Sterba (1972) some of 

these fibres may take either a ventral course below the 

optic chiama, others above it, while a third and more 

important group pass more laterally to enter the preinf- 

undibular commissure. The latter are joined by other 

fibres from other neurosecretory centres in the corpus 

striatum, pars ventralis thalami, nucleus commissurae post- 

optica, anterior sub-ependymal neurons and the nucleus



tuberculi posterioris (Sterba, 1972). Thus the tracts 

passing through the anterior neurohypophysis enter this 

region from an anterior direction, whilst the majority 

enter the neurohypophysis laterally via the postinfund- 

ibular commissure. In addition there is a system of 

liquor-contacting or CSF-contacting neurons located 

within and below the ependymal layer in the ventral and 

lateral walls of the third ventricle and the posterior 

region of the infundibular recess. In these the whole 

cell including the apical process is filled with vesicles 

with dense granules (Baumgarten, 1972; N a k a i , et a l ., 

1979). These cells which are reported as projecting to 

the neurohypophysis (Yui Honma, 1979) appear to be

specialised for secretion into the third ventricle, but 

also form typical chemical synapses through their basal 

processes.

Neurosecretory (Materials and fun c t i o n s .

In both L. tridentata and L. fluviatilis the rarer A1 and 

more common A2 endings with granules with diameters of 

about 180 nm and 120 nm have been regarded as peptidergic, 

although only a single neurohypophysial octapeptide, 

arginine vasotocin has been identified in extracts of 

lamprey neurohypophyses (Rurak Perks, 1976, 1977).

This peptide has also been localised in the preoptic 

nucleus, fibre tracts and neurohypophysis by staining 

for ir-arginine vasotocin (Goosens, et a l ., 1977). 

Reactions were most intense in the neural lobe, especially in 

the zone adjacent to the meta-adenohypophysis. In agreement 

with the observations of Tsuneki Gorbman (1975a) the cranial part



of the anterior neurohypophysis appeared to contain more 

peptide secretion than the caudal section (Goossens, e t.al., 

1977). Endings have been described in L. tridentata with 

70-80 nm granules and these, like the type B 80-100 nm 

granules of L. fluviatilis, have been considered to be 

monoaminergic. In the anterior neurohypopophysis of L . 

japonica strong monoamine oxidase activity has been 

detected (Tsuneki, 1974), but concentrations of the subs

trate monoamines are reported as lower in this region than 

in the posterior areas (Tsuneki, et a l ., 1975). In L . 

plan eri, Muller (1964) described type A endings with granules of 

100-200 nm, frequently in contact with ependymal processes, 

but no type B endings were detected. LHRH has also been 

localised by immunocytochemistry in the preoptic nucleus, 

hypophysial tract and neurohypophysis of L . japonica 

(Nozaki & Kobayashi, 1979), L. tridentata and L. richerds- 

onii (Grim, et a l ., 1979a,b). Axons which reacted to ir- 

LHRH are described as showing Herring-like dilations, 

features which have been described in ultrastructural 

studies on L. tridentata but not in L . fluviatilis. A 

gonadotrophic hormone releasing function is suggested by 

the marked increase in the intensity of the staining in 

sexually mature stages. In the ammocoete brain and pituit

ary ir.TRH has also been detected (Jackson & Reichlin,

1974), although there is no evidence for the presence in 

the lamprey hypophysis of a thyrotrophic factor.

As a result of light microscopic studies on L. planeri. Van 

de Kramer & . Schreurs (1959) reported an accumulation

of neurosecretion in the ammocoete neurohypophysis and its



subsequent depletion during and after metamorphosis. This 

conflicts with Sterba*s finding that in the same species the 

amounts of secretion do not diminish until the death of the 

animals and that large amounts are present in the neuro— 

hypophysis at spawning time. In P. m arinus,neurosecretion 

is said to increase in amount throughout larval life and 

remains unchanged throughout- the rest of the life cycle 

(Percy, et a l ., 1975). According to Sterba (1972) the 

release of neuro-secretion from the caudal areas of the 

preoptic nucleus is inhibited by darkness and a relation 

between neurosecretory activity in the neurohypophysis of 

the ammocoete and the light— dark cycle was reported by 

Oztan & Gorbman (1960 a,b).

The hypophysial circulation and hypothalamic control of the 

adenohypophysis.

Investigations of the vascular relationships of the adeno

hypophysis and neurohypophysis of lampreys (Jasinski, 1969; 

Gorbman, 1965) have shown that the former is supplied by 

arterial loops that enter and leave each of the lobules 

from the ventral side away from the neurohypophysis. Only 

a few vessels connect the brain to the adenohypophysis and 

these are said to be venous. A plexus of capillaries does 

exist between the meta—adenohypophysis and neural lobe but 

these vessels do not penetrate the glandular tissue, 

draining into a large vein moving the blood away from the 

hypophysis. There appears therefore,to be no mechanism 

whereby control by the hypothamus over the adenohypophysis 

could be exerted via the vascular system. Furthermore there 

has been no evidence of direct innervation of the glandular



tissue which could provide such control. Alternative mech

anisms are the possibility of diffusion of hypophysiotropic 

factors through the connective tissue between the adeno- 

hyophysis and the neurohypophysis or systemic transport 

via the cerebrospinal fluid (Vigh, B. oC' Vigh-Teichmann, 

1973) or the vascular system, although the latter explanation 

would hardly account for the supposedly adaptive value of the 

close link between the neural and glandular tissue which is 

assumed to be the 'raison d'etre' for the evolution of the 

hypophysis (Gorbman, 1980).



1-7 FUNCTIONAL SIGNIFICANCE OF THE LAMPREY PITUITARY.

Attempts to identify functional cell types in the lamprey 

adenohypophysis have been concentrated largely on those 

cells which may be responsible for the secretion of gonad

otrophins, MSH and ACTH. Experimental techniques to es

tablish which hormones are present in the lamprey hypophysis 

include hypophysectomy, exogenous hormonal treatment, 

changes in environmental conditions and immunocytochemistry . 

Cytologists have also recorded changes in the cellular 

character of the adenohypophysis at various stages in the 

life cycle especially during metamorphosis, sexual matur

ation and spawning. From these observations, attempts have 

been made to infer the possible functional activity of 
various cell types.

Melanin stimulating hormone (MSH).

There seems little doubt that the meta—adenohypophysis is 

the site of melanin stimulating hormone MSH. Cytologists 

have noted that secretory activity in this region is as

sociated with the appearance of the adult coloration (L. 

p l a neri, Van de Kamer & Schreurs, 1959; L.Fluviatilis 

Thompson,1971 ; Z^_Eâllnus, Percy, et a l . , 1975).

Total removal of the meta
adenohypophysis in adult L. fluviatilis resulted in pallor 

within a few hours. Partial removal resulted in an inter

mediate colour while extirpation of the anterior hypophysis 

resulted in only a very slow change in coloration (Larsen, 

1965a). However, immunocytochemical studies on the adults • 

of P. marinus and E. tridentatus using antisera generated:'

against human pro —“y —MSH have provided no convincing evidence



evidence f o r  t h e  presence in t h e  meta-adeno- 

hypophysis of MSH (Nosaki & Gorbman, 1984), although some 

electrophoretic studies reported by Baker (1979) on 

pituitary extracts on P . marinus and L. fluviatilis has 

suggested the presence of MSH-like activity. However, it is 

doubted whether this substance in the lamprey is identical 

to that of other vertebrates (Baker & Buckingham, 1983).

Gonadotrophins.

The establishment of the site of gonadotrophin production 

is based largely on the effects of hypophysectomy and obs

ervations by cytologists on changes in the number and 

granulation of basophils in the pro- and meso-adenohyp

ophysis at various stages of the life cycle. However, 

immunocytochemical studies have recently succeeded in 
localising the distribution of gonadotrophin like subs

tance in mature lampreys.

Hypothalamic control of gonadal function in the adenohyp

ophysis has been investigated by several authors using 

surgical techniques. Evennett and Dodd (1963) found that 

the removal of the meso-adenohypophysis was equivalent to 

total hypophysectomy inhibiting both gametogenesis and the 

development of secondary sex characters. However, further 

studies by Larsen (1965) were less conclusive and her 

technique of partial hypophysectomy showed that when the 

pro-adenohypophysis alone was removed sexual maturation was 

unaffected but extirpation of the meso-adenohypophysis 

resulted in varying degrees of sexual development from 

normal through to none. Full sexual development was only



found when neighbouring pro-adenohypophysial tissue had 

been left i n tact. It was therefore concluded that an 

intact adenohypophysis was essential for successful sperm- 

iation and ovulation. Hypophysectomy also inhibited the 

development of secondary sex characters particularly when 

the lampreys were hypophysectomised in the autumn or winter 

However gonadectomy did not help to identify the location 

of gonadotrophs as no casttation cells were observed in the 

adenohypophysis of operated animals (Larsen,1969d).

Hypothalamic control o f gonadal function in the adeno

hypophysis has been investigated by several authors.

Larsen (1973) transplanted the pro-and meso-adenohypophysis 

into the pharyngeal muscles or the anterior eye chamber of 

adult migrant L . fluviatilis. In the majority of exper

imental animals sexual maturation continued and ovulation 

and spermiation took place. However natural stream 

habitats are required for lampreys to spawn so the exper

imental animals did not spawn. Larsen (1974) also reported 

that castration in L. fluviatilis followed by treatment 

with testosterone or oestradiol did not result in changes in 

the adenohypophysial cytology. Therefore these results do 

not provide evidence for a hypothalamo-hypophysial gonadal 

feedback system.

However, studies on the lamprey forebrain have identified



oestrogen target cells (Kim, et al., 1980) and luteinising 

releasing factors (LHRH) have been identified in the pre

optic nucleus and hypothalamic tracts (Grim, et a l ., 1979a 

& b). In the latter case higher levels of LHRH were rec

orded in reproductive L. tridentata and L. richardsonii 

rather than in the ammocoete or immature adult. The AF 

stained axons terminated in the middle zone of the neuro- 

hypophysis.

Recently a positive immunological response to a mammalian LH 

.1 ’ has been found in the chromophobes of the meso- 

adenohypophysis of migrant P. marinus (Wright, 1983a).

This report combined with the identification of LHRH 

activity in the neurohypophysis by Grim, et a l . , suggests 

that an LH-like hormone does occur in the lamprey pituitary

Observations by cytologists on the adenohypophysis of the 

lamprey at different stages in its life cycle have revealed 

some interesting features of basophil activity.

In L. planeri (Van de Kamer & Schreurs, 1959; Thompson,

1971) the basophils in the pro-adenohypophysis increase in 

number and intensity of granulation throughout the phase 

of sexual maturation. In transforming L. fluviatilis few 

basophils are differentiated and it is not until the up

stream migrant stage that basophils showing evidence of 

synthetic activity become conspicuous (Larsen & Rothwell,

1972). In P. m a r i n u s , on the other hand, increased baso

phil activity has been reported in the pro-adenohypophysis 

of transforming animals, while the basophils of the meso- 

adenohypophysis were first observed only in late



transformation (Percy, et al., 1975).

Adrenocorticotropic hormone (ACTH).

Evidence for ACTH activity in the lamprey pituitary has 

been difficult to establish, but sensitive radioimmunol- 

ogical bioassay techniques have recently detected small 

amounts of corticotrophin in the pars distalis of L . 

fluviatilis (Baker & Buckingham, 1983). Low levels of 

ACTH activity have also been reported in the pituitary and 

brain of L. aepyptera (Eastman & Portanova, 1982).

Studies have also been reported on the distribution of the 

precursor pro-opiocortin in the pituitary of adult P . 

marinus and E. tridentatus (Nosaki & Gorbman, 1984).

These authors using sensitive immunological techniques 

have reported met-enkephalin and ^-endorphin immunoreac- 

tivity in the pro- and meso-adenohypophysis of both species 

and P-endorphin in the ventral hypothalamus. However, 

their findings differed from those of Eastman and Portanova(1982) 

as Nosaki and Gorbman found no immunoreactive material cor

responding to ACTH or MSH.

i. Recently,

Nosaki and Gorbman (1985) have reported immunopositive 

reactions to anti-Met-enkephalin antiserum in pro-adenohyp

ophysial cells in adult and ammocoete P . m a r i n u s . In

addition, an immunopositive reaction to one anti-substance-P sera 

was largely localised in the meso-adenohypophysis. In the 

case of met-enkephalin no positive reaction was found in . 

the brain or neurohypophysis.



the brain or neurohypophysis.

These findings, combined with the extremely low plasma 

levels of corticosteroids reported by Weisbart, et a l ., 

(1980) in P. m arinus, make it likely that it will be dif

ficult to obtain evidence for a possible pituitary-inter- 

renal link.

Cytologists have suggested that the corticotroph is the 

lead-haematoxylin carminophil described by light micros- 

copists, mainly in the meso-adenohypophysis but infrequently 

in the pro-adenohypophysis, of adult lampreys (Larsen & 

Rothwell, 1972). This cell type was seen to be degran

ulated after treatment of E. danfordi in chlorinated tap 

water, injections of aldactone (Molnar & Szabo, 1968) or 

after exposure to constant light or treatment with meta- 

pirone (Larsen & Rothwell, 1972). However, until the site 

of corticotrophin secretion can be positively identified 

in the lamprey pituitary, the experimental and cytological 

evidence for ACTH secretory cells remains problematical.

Thyroid stimulating hormone (TSH).

Investigations into the possible existence of thyroid

stimulating hormone (TSH) have involved injection of

pituitary extracts, hypophysectomy and in vitro studies

none of which has elicited a response in iodine uptake or 

the synthesis of iodoproteins (Larsen & Rosenkilde, 1971; 

Pickering, 1972). However, immunoreactivity to mammalian 

TSH has recently been demonstrated in some basophils of 

the pro-adenohypophysis of upstream migrant P . marinus



(Wright, 1984 ) .

The TSH immunoreactive cells were comparable in appearance 

to the basophils described in migrant L. fluviatilis by 

Larsen & Rothwell (1972). However, ' Wright(1984) points out 

that antisera used against mammalian hormones, particularly the 

anti- human TSH^ antiserum may cross react with more than one 

lamprey hormone, so conclusions at this stage concerning 

TSH secretions in the lamprey pituitary must be cautious.

The hypophysial control of metamorphosis was originally 

thought to be linked to the secretion of TSH, but studies 

on the role of the endostyle in metamorphosis have proved 

negative (Sterba, 1953). Sterba (1969) suggested that 

interrenal or insulin secretion may in some way be involved 

in metamorphosis, but this has not been substantiated 

(Larsen & Rothwell, 1972).

The most convincing evidence for the role of the hypophysis 

in metamorphosis comes from the results of hypophysectomy 

in premetamorphic G. australis (Joss, 1985) and large 

ammocoetes of L. planeri (Eddy in Larsen & Rothwell, 1972). 

Eddy reported that in large ammocoetes of L. planeri,the 

complete removal of the pituitary gland resulted in the in

hibition of metamorphosis. In G . australis partial hypo

physectomy resulted in t h e  failure o f metamorphosis 

to be initiated if the pro-adenohypophysis only was removed 

I f only the meso-adenohypophysis was removed transform

ation proceeded only to Stage 3 (Potter, et a l ., 1980) but 

was not completed. Where both pro- and meso-adenohypophysis 

were intact,but the meta-adenohypophysis was removed



metamorphosis was initiated and completed.

In view of these results indicating that an intact anterior 

adenohypophysis is necessary for metamorphosis to be in

itiated and completed, Joss (1985) has suggested that the 

results from the hypophysectomy of premetamorphic ammocoetes 

should encourage re-examination of the possibility that 

thyrotrophs in the pro—adenohypophysis may influence metam

orphosis and that its completion may require the presence 

of somatotrophs in the meso-adenohypophysis.

Growth Hormone (GH) and Prolactin (PRL).

Although immunocytochemical techniques have established the 

existence of growth hormone and prolactin in the pituitary 

of some lower vertebrates (Follenius, et a l ., 1978; Hanson 

& Hanson, 1981), the presence of these hormones in the 

lamprey pituitary have proved very difficult to establish 

(Nicoll & Bern, 1968; Aler, et a l ., 1971).

However, Wright (1984) has recently reported a positive 

immunoreactive response to anti—GH and anti—PRL in the adenohypophysis 
of P. marinus during its upstream migration. The localis

ation of immunoreactive cells to anti-.ratGH serum were obs

erved singly or in small groups scattered throughout the 

meso-adenohypophysis. The cells described as angular 

shape were compared to the poorly granulated chromophobes 

described by Percy, et a l . (1975) in the pars distalis of

larval P . mar i n u s .

The immunostained cells reactive to anti-rat PRL", serum were -



also observed in the meso-adenohypophysis but did not cross 

react with the GH positive cells. The shape and location 

of the PRL cells is said to be (Wright, ’1984) comparable to 

the carrninophilic cells described by Larsen & Rothwel 1 ( 1972 )

However, a possible role for GH and PRL-like hormones in 
lampreys has yet to be identified.



2.0 MATERIALS AND METHODS.

2.1 Source of lamprey material.

Larval, metamorphic and adult stages of the brook 

lamprey L. planeri were collected from the streams of 

southern England and Wales where this was known.to be 

the only species present.They included streams in the 

New Forest and the little Avon.

The specimens were usually collected with electric 

fishing equipment, but some free swimming mature and 

post spawning adults were collected by hand net.

In most cases the specimens were held for only brief 

periods in the aquarium prior to sampling. The lampreys 

were kept in fibre— glass tanks containing aerated and 

filtered water with a substrate of river silt from the 

native stream to a depth of approximately 10 cm. The 

water temperature was 8' C and the aquarium room was 

maintained at a light/dark regime of 12 hours.

Staging of specimens.

About seventy specimens were collected over the period 

1976-1984 at all stages in the life cycle.

The lampreys were grouped into three broad stages 

ammocoete, metamorphic and adult. Within these stages 

various subdivisions were selected, based on the develop

ment of the pituitary throughout the life c y c l e :-

~ Large ammocoete: animals were sampled in the 100 mm



length range to establish a picture of the larval 

pituitary shortly before metamorphosis.

- Pre—metamorphic ammocoete; these showed no external 

signs of metamorphosis, but were considered to be 

large enough (140 - 180mm) to be in the 'resting 

phase' immediately prior to metamorphosis. These 

were caught in the late spring or early summer and 

would therefore be likely to metamorphose in the 

summer ; Usually the skin on the underside has a 

characteristic yellow tinge at this stage and 

internal examination has disclosed a precocious 

development of the accessory olfactory organ and 

proliferation of the nasohypophysial stalk conf

irming the approach of metamorphosis.

Metamorphic ^Stages.

In recent years attempts have been made accurately to 

describe and classify the external morphological changes 

that occur during the metamorphosis of the lamprey.

These have been reviewed by Potter et a l . (1982). The

species described by these authors are Petromyzon 

marinus (Y o u s o n , 1980), L. fluviatilis (Bird & Potter, 

1979 a & b), L . planeri (Bird ©C Potter, 1979 a & b) 

and Geotria australis (Potter et a l . , 1980).

In the three parasitic forms seven stages in metamor

phosis have been distinguished covering the period 

between the first external signs of metamorphosis to 

the downstream migrant phase. Although conditions in 

the non-parasitic forms are essentially the same.



differences start to appear later in metamorphosis when 

the gonads begin to mature.

The six stages recognised in the metamorphosis of L . 

planeri can be summarized as follows;-

Stage 1 (July/August)

First signs of eruption of the eyes (dark oval 

patches). Slight changes in shape of oral 

hood .

Stage 2 (August)

Eyes erupt further and become prominent dark 

patches. Lips of oral hood thicken.

Stage 3 (August)

Eyes circular and iris just visible. Trans

verse lip thicker. First sign of tongue-like 

piston.

Stage 4 (August/September)

Eyes larger grey and conspicuous. Very small 

oral disc. Height of first and second dorsal 

fins increases.

Stage 5 (September)

Large silver iris. Immature teeth. Fins 

increase in height. Slight silvering on 

ventral body surface.

Stage 6 (September/October)

Superficial resemblance to immature adult. 

Increased silver coloration, eyes further 

enlarged, immature teeth, fins increase in



height, extension of snout and enlargement of 

disc.

In practice three groups were most commonly found in the 

available material and these were broadly grouped into 

early, middle and late metamorphic stages, covering the 

external changes diagnostic of stages 2-3, 4-5 and 6 

respectively (Fig. H).

Adult specimens were divided into three groups: early

adult, covering the period October to December, and late 

adult, covering the period January to March. Adults 

which were spawning or spent were generally collected or 

sampled in April.

2.2 Techniques used in dissection and fixation of pituitary 

tissue in larval and adult stages.

In all cases the same technique was used for preparation 

of specimens for electron microscopy.

Prior to dissection, the lampreys were held in the 

aquaria until minutes before sacrifice. Each specimen 

was then removed from the tank, and quickly decapitated 

at approximately the level of the first gill slit.

Immediately, the head was then cut through dorsi- 

ventrally slightly to one side of the pineal opening.

The half containing the pituitary was then flooded with 

cold 4% gluteraldehyde solution (buffered to 7.4 in 0.2M



sodium cacodylate in 5% sucrose).

The ventral portion of the brain overlying the pituit

ary was then dissected out together with the adeno

hypophysis and the ventral cartilage. This piece was 

fixed in cold gluteraldehyde for 4 hours.

The following procedure was used in the fixation of the 

excised pituitaries:

— After gluteraldehyde fixation the specimens were 

washed in 0.2M sucrose/cacodylate buffer (overnight)

— Post fixation followed in 2% osmium tetroxide for 
1 hour.

— Washing in distilled water for approximately 10 min
utes.

Staining in 1% aqueous uranyl acetate for 15 minutes,

Dehydration in a graded series of acetones 30-100%

(5 minutes eac h ).

— Soaking in 50:50^. 100% acetone and unpolymerised 

resin (overnight).

— Embedding in TAAB resin for 48 hours polymerised at 
60* C.

2 . 3 Electron microscope techniques.

Sections from the trimmed resin blocks were cut on a 

Reichart 0MU2 ultramicrotome with glass knives. The 

sections were cut either at ultrathin silver/gold



thickness 60 - 120 nm for ultrastructural observations 

or 0.5 - 1.Ou for the light microscopical observations, 

and then mounted on uncoated 200 type copper grids.

The ultrathin sections were stained with uranyl acetate 

saturated in 70% ethanol and Reynolds lead citrate, each 

for 10 minutes prior to electron microscopy, or 1% 

toluidine blue for light microscopy.

The sections were examined with an AEl 802 electron 

microscope with an accelerating voltage of 80kv.

Electron micrographs were taken on a 35 mm cut Kodak 

film at magnifications from l.OK to 40.OK and developed 

by the Ilfospeed multigrade system.

In most cases , replicated samples of all life cycle 

stages studied were prepared and series of micrographs 

from low power l.OK to 10.OK magnification were prepared 

for cytological observations on the four pituitary lobes 

of the adenohypophysis. Micrographs of secretory 

granules were prepared at a magnification of 25.0 and 

40.OK.

2.4 Selection, measurement and analysis of secretory granules

The measurement of the secretory granules was undertaken 

in four major regions of the pituitary - the basophil 

cells of the pro- and meso-adenohypophysis, the granul

ated chromophobes of the anterior hypophysis, the meta-- 

adenohypophysis and the neurohypophysis.



Although the size of secretory granules may vary 

considerably with physiological conditions and prep

arative techniques, the measurement of granule diameter 

has been widely employed as one of the criteria for 

distinguishing the various classes of secretory cell 

types in the vertebrate pituitary. Previous workers on 

the lamprey pituitary have generally been content to cite 

a range of granule diameters for the cells which they 

describe but in the present study it was hoped to put 

such data on a more precise and objective basis by 

measuring larger numbers of granules in comparable 

stages of several individual animals so that the dis

tribution of the measurements could be compared. In 

this way it was hoped to put the morphological distinctic 

between various cell types on a more secure footing and 

to facilitate comparisons between life cycle stages as 

well as with reports on other species.

The mean diameters of the granules were measured using 

an Anastigmat Lupe on a selection of micrographs at a 

magnification of 25.OK and 40.OK. Granules were chosen 

that had a regular outline and, whenever possible, were 

osmiophilically dense. The measurements were made to 

the edge of the granule including the outer membrane 
where present.

Basophils of the pro— and meso-adenohypophysis.

This group contained the most richly granulated cells.

Wherever possible, the total granule population of each 
cell was measured. Approximately 200 measurements were



made on each animal and in most cases at least three 

animals per life cycle stage were examined.

In the case of the basophil granules, the measurements 

have been plotted as frequency distributions (Figs. 166- 

181) based on the pooled data from several animals.

While much of the variability in such measurements will 

obviously be due to random sectioning of the granules in 

different planes, it is reasonable to assume that the 

values at peak frequency will tend to approximate most 

closely to the characteristic granule diameter for that 

particular population. The data are represented in the 

form of frequency curves using a moving average of 7nm.

Granulated chromophobes of the pro- and meso-adeno- 
hypophysis.

This cell type contained only a small number of granules 

per cell and in addition the cells were rare, or even in 

some life cycle stages apparently absent altogether. 

Consequently, compared to the basophil cells the numbers 

of measurements made were smaller. -

The meta-adenohypophysis.

The single secretory cell type of the meta-adenohyp

ophysis contains only few granules and these were gener

ally well differentiated. It was thus possible to obtain 

samples of granule diameters by measuring a large number 
of cells per animal.
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The neurohvpophysis

Neurosecretory granule , measurements were largely 

concentrated in the posterior region of the lobe 

where groups of granules of varying diameters could be 

observed in axonal terminals. Mean diameters were recorded 

for axonal endings in the adult stages and pooled measure
ments for each of the major life cycle stages .-were 

presented as length frequency curves.

Statistical treatment of data

Length frequency curves -, the data were presented using 
a moving average of 7nm,

Procedure for finding moving averages of a set of d a t a .

a) Take n consecutive values in the data.
b) Add up the n values
c) Write the answer to b) under the middle point of the 

n values.
d) Divide the answer to b) by n.
e) Write the answer to b) by n.
f) Move along the table of values one place and starting 

with the second value in the table go back to a)
and repeat the process.

g) The process is repeated with each subsequent value
until the last n values have been made.

Analysis of secretory granules of the adenohypophysis

Standard error of the means were calculated accompanied

by a Fisher-Behrens test for significance (d test ),

Analysis of neurosecretory granules

A Kruskal-Wallis signicance test was used to test for

homogenity •• of axon types in mixed groups in the adult

posterior neurohypophysis.(Tsuneki et a l , 1976) A level '
of p <0 .5 was considered significant.



3.0 RESU L T S .

3.1 Gross morphology of the adult hypophysis.

The hypophysis of the adult lamprey lies at the base of 

the third ventricle and is divided into two main regions, 

the neurohypophysis and the adenohypophysis. The neuro

hypophysis represents a modification of the hypothalamic 

floor, while the adenohypophysis is a distinct glandular 

lobe lying underneath the neurohypophysis and separated 

from it by a thin layer of connective tissue or in some 

cases a capillary plexus.

In the adult the adenohypophysis is divided into three 

distinct regions: the pro— , meso— and meta-adenohyp

ophysis, separated one from the other by a fibrous 

septum (Fig. F).

In sagittal sections the pro — adenohypophysis appears as 

a trapezium shaped structure, while the meso—adenohyp

ophysis is a large rectangular shaped lobe with later

ally extended wings. The meta—adenohypophysis lies 

closely pressed to the ventral surface of the posterior 

neurohypophysis and is separated from it by only a thin 

capillary plexus. The meta-adenohypophysis is a long 

slender lobe terminating with its posterior end turned 

upwards around the diencephalon. On its ventral surface 

the adenohypophysis is bordered by the dorsal epithelial 

wall of the nasohypophysial canal (Fig. F ). -



3.2 Metamorphic development.

Morphologically the^ammocoete pituitary is differentiated 

into an anterior and posterior adenohypophysis with only 

an indistinct division into pro— and meso—adenohypophysial 

areas. The meta—adenohypophysis is a thin undifferent

iated strip of cells closely pressed to the thickened 

floor of the third ventricle or neurohypophysis (Fig.B).

It is not until the pre-metamorphic phase in the last 

year of larval life that distinct morphological changes 

can be seen in the pituitary including changes in its 

size and proportions and the extent of cellular dif

ferentiation.

At this stage the pro— and me so—adenohypophysis become 

divided into separate lobes by the development of distinct 

interlobular septa. Each lobe also becomes subdivided 

into lobules by the development of intra— lobular fibro— 

vascular septa which become progressively more marked 

throughout the pre—metamorphic and transformation phases 
(Fig. C).

Associated with their development is an extension of the 

vascularisation of both the fibrovascular septa and con

nective tissue septa separating the adenohypophysis and 

diencephalon. Dilation of the capillaries is also ob

served in both the inter lobular septa and the connective 

tissue septa between the meta—adenohypophysis and neuro- 

hypophysis, although the tissue of the meta-adenohyp

ophysis does not become differentiated until the pre— 

metamorphic ammocoete.



Apart from these developments in the adenohypophysis, 

there are also conspicuous changes in the nasohypophysial 

stalk. In the young ammocoete the stalk is seen as a 

strand of undifferentiated, large epithelial cells lying 

ventral to the anterior adenohypophysis. At the pre- 

metamorphic stage the stalk thickens and proliferates 

extending posteriorly to the level of the meta-adeno

hypophysis (Fig. C). Cellular connections with the adeno

hypophysis develop which are especially marked in the 

region of the pro-adenohypophysis and during transform

ation scattered cavities appear in the stalk leading 

eventually to the development of a continuous lumen 

(Fig. D).

Cellular connections between the adenohypophysis and 

nasohypophysial stalk are finally severed by the growth 

of a connective tissue septum. The lumen eventually 

forms a continuous canal, the definitive nasohypophysial 

canalj extending from the nasohypophysial pore to the 

level of the second gill slit. This development is 

completed by the end of metamorphosis (Fig. E/F).

Apart from these morphological changes in the pre—met— 

amorphic and transforming L . planeri , the pituitary also 

exhibits an overall increase in size from the ammocoete 

to the adult stages when the meso—adenohypophysis finally 

becomes the largest lobe, although both the pro- and 

meta-adenohypophysis also increase in size.

These changes in the volume of the pituitary are brought 

about by cell divisions, by the addition of undiffer

entiated nasal epithelial cells from the ventral surface.



particularly of the pro-adenohypophysis, and after metam

orphosis,by an overall increase in the cytoplasmic 

volume of the adenohypophysial cells (Fig. E).

The increase in size in the meso-adenohy pophy sis occurs 

mainly between the pre-metamorphic stage and transform

ation, whereas in the pro-adenohypophysis the major 

increase occurs in the three months prior to spawning. 

Apparently there is no increase in the meta-adenohyp- 

ophy'sis during metamorphosis, but growth of this lobe 

does occur after transformation (Figs. E, F).

3.3 Pro- adenohypophysis.

3.31 Larval stages.

The ammocoetes used for this stage in the life 

cycle of L. planeri were approximately 100 mm in 

length and sampled from three different rivers in 

the period July to September.

The light microscope picture of the large ammocoete 

pro-adenohypophysis shows the development of its 

basophil tinctorial characteristics. Between 50- 

70% of the cells are basophilic and the remainder 

chromophobic.

At the ultrastructural level, one granulated and 

one non-granulated cell type have been distin

guished in the ammocoete pro-adenohypophysis. The



numerous small secretory granules (Fig. 1).

The cytoplasm exhibits a modest Golgi body and some dense 

mitochondria and the cytoplasmic/nuclear ratio is low.

These pBl granulated cells tend to be approximately 

oval in shape, although they are not uniform in ap

pearance. The nuclei may be round or elongated and 

in Fig. 2 show an irregular outline, conspicuous 

nucleolus, prominent chromatin clumping and electron 

dense contents. On the other hand, in Fig. 1 most of 

the nuclei are more translucent, with smaller nucleoli 

and chromatin granules. The secretory granules vary 

in shape from round to rod like. All are deeply 

osmiophilic but with no peripheral halo. The mean 

diameter is 98 nm (range: 50-150 n m ) , Fig. 3. In 

most examples the secretory granulé-s appear to fill 

the available cytoplasm (Fig. 4).

In one example (Fig. 1) a large vacuole on the lobular 

edge with a detached lining membrane apparently within 

the cell cytoplasm represents an early developing cyst 

(Larsen & Rothwell, 1972). The granulated cells 

appear to be generally of the same type pBl, although 

some examples had the more extensive granulation of B2 

type (Fig. 4), but the non granulated cells or chromo

phobes vary in form and size.

The ultrastructural picture of these chromophobes 

shows a range of cytoplasmic/nuclear ratios.
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although their cytoplasmic volume is usually rel

atively small (Fig. 5).

The nucleus may be round, oval or angular and shows 

differences in the size of the nucleolus and the 

distribution of the chromatin. The outline of the 

nucleiliâ is generally smooth, but some examples have 

a crenulated margin (Figs. 5 and 6).

Because of this variation in form it is difficult 

to classify the chromophobes of the ammocoete stage, 

but because their cytoplasmic organelles are poorly 

developed, it is likely that they can be regarded 

as undifferentiated elements of the pCl type.

Non granulated cells with long cytoplasmic 

processes can also be observed scattered through 

the lobe and these are similar in appearance to 

the pS3 stellate type cells seen in later stages 

of the life cycle.

The pS3 cells are frequently in the neighbourhood 

of either translucent intercellular areas or regions 

of stellate cell cytoplasm,which may be associated 

with masses of granules, ribosomes, filaments, 

mitochondria, lysosomes and lipid. (Fig. 6).

These areas may be part of the stellate cell cyto
plasm.

The orientation of the cells characteristic of the 

later stages has not yet been developed.
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although the ventral surface of the lobe does show 

cells with their long axes aligned dorsi-ventrally.

Pre-metamorphic ammocoete.

The, pro-adenohypophysis of the pre-metamorphic 

stage differs from that of the ammocoete in a 

number of morphological and cytological features. 

These include orientation of the cells, the dev

elopment of the fibro—vascular septa and the vas

cular plexus, the range of cell types, the number 

of granulated cells, and their degree of granul

ation and cytoplasmic differentiation.

The characteristic lobular structure and dorsi- 

ventral cellular alignment seen in the adult adeno

hypophysis first becomes apparent at the pre-metam

orphic stage on the ventral surface of the pro- 

adenohypophysis (Fig. 7 and 8). The lobulation and 

development of fibrovascular septa was more 

pronounced in pre-metamorphic animals collected 

in June rather than in February and was particularly 

evident on the dorsal surface (Fig. 9).

Dorsally, the pro—adenohypophysis is bounded by a 

distinct capillary plexus (Fig.10) and ventrally 

by a basal lamina and by loose fibrous or connective 

tissue separating the adenohypophysis from the naso

hypophysial stalk (Figs. 11 and 12). In some areas 

the ventral basal lamina is folded and collections



of mitochondria can be seen along the perimeter 

(Fig. 12). In other sections vacuoles and inter

cellular spaces can be seen distributed on the 

lobular edge and in some areas these are quite 

extensive (Fig. 11). The interlobular basal lamina 

membrane in some examples is folded or sometimes 

invaginated,particularly where capillaries are 

especially well developed (Fig. 13).

Compared to the ammocoete, the greater degree of 

cellular differentiation and the development of 

cytoplasmic organelles has enabled some distinction 

to be made between cell types based on their fine 

structure.

The electron microscope picture shows two granul

ated and two non granulated cell, types (Fig. 7).

The most numerous cell type is the basophil pB2 

which is moderately granulated, and distributed 

evenly throughout the lobe. It represents about 

75% of the cell population in Fig. 7). This gran-, 

ulated cell is the equivalent of the basophil of 

the light microscope being a large oval cell with 

a regular oval or spherical nucleus and large cyto

plasmic / nuclear ratio. Compared to the corres

ponding cell at the ammocoete or even later adult 

stages, the cytoplasm contains relatively well 

developed organelles (Figs. 14).

The majority of these granulated cells contain 

large mitochondria, often elongated in shape and in



some cases collected together in groups.

Many examples show a large well developed juxta- 

nuclear Golgi apparatus with extensive saccules, 

vesicles and granules (Figs. 12 and 14).

Dense bodies and microtubules are often associated 

with this region of the cytoplasm. Apart from the Golgi 

body , the cytoplasm also contains conspicuous rough 

endoplasmic reticulum, intracellular spaces and 

vacuoles .

The secretory granules have a mean diameter of 

132 nm (range: 70-190 nm) and are distributed fairly 

evenly throughout the cytoplasm, although, because 

of the shape of the cell, they may appear to be 

concentrated at the cell apices (Fig. 14).

These granules are generally spherical with a 

narrow peripheral halo and are not as densely 

osmiophilic as those of the ammocoete (Fig. 15).

The second type of cell, probably a granulated 

chromophobe (pC3 type) was much rarer, was of 

variable shape and contained only a few small 

granules (mean diameter 90 nm, range: 50 - 120 n m ) .

The cytoplasm shows little fine structure apart 

from scattered dense bodies and lysosomes and the 

cytoplasmic volume is small compared to that of the
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densely granulated basophil (Figs. 8 and 9).

As the electron micrographs indicate, non granulated 

cells represent only about a third of the total cell 

population and include several cell types (Fig. 7).

The most conspicuous of these non granulated cells 

are the stellate cells, of which there appear to be 

two types: ; pSl and pS2.

The stellate cell in pre-metamorphic animals sampled 

in June just prior to the onset of metamorphosis, had 

slightly dense cytoplasm and an angular appearance (Fig.13)

(pS2 type). In those animals sampled a few months

earlier, similar cells had a distinctly electron 

translucent cytoplasm and in some cases,extensive 

cytoplasmic projections (pSl) (Figs. 7, 8 and 10).

The pS2 cell seen in the later pre-metamorphic 

ammocoete showed a more characteristic angular 

nucleus rather than the elongated shape of the pSl

type. In both cases, these stellate cells show

cytoplasmic processes extending between the sur

rounding cells, especially the basophils (Figs. 16, 17 and 18), 

Generally the cytoplasm was devoid of well developed 

cell organelles, but some examples of pSl cells 

showed densely stained elongate mitochondria and 

lysosomes (Figs. 10 and 17).

Two other non-granulated chromophobic cells can be 

distinguished. The one, rare and characterised by
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scant cytoplasm and the absence of either granules 

or cytoplasmic organelles has been designated as a 

pCl type (Figs. 7 and 8 ). The other had a character

istically elongated nucleus, no recognisable cyto

plasmic organelles but occasional lysosomes and 

small strands of rough endoplasmic reticulum 

(Figs. 12, 16 and 17). A similar cell type has 

been observed at other stages in the life cycle.

3.32 Metamorphic s t a g e s .

Early metamorphosis.

The overall appearance of the pro-adenohypophysis 

in early metamorphosis is one of great activity 

with very well developed intra cellular membranes, 

abundant mitochondria, granulated c.ells with 

scattered granules and cytoplasmic vacuolisation.

In the representatives of this stage only one 

example had distinguishable stellate cells dif

fering in appearance to those of the pre-metamor

phic stage .

Two granulated and two non granulated cells can be 

distinguished, but the predominant cell type is the 

pB2 cell. This basophil has the characteristic 

oval shape, with a large cytoplasmic/nuclear ratio 

and conspicuous granulation. The cytoplasm 

contains a prominent rough endoplasmic reticulum



often in thé form of whorl like stacks
■ r '

Golgi apparatus, ribosomes and mitochondria (Figs. 19 and 20). 

There are also extensive areas occupied by vesicles 

of the smooth endoplasmic reticulum. The extensive 

juxtanuclear Golgi consisting of stacks of elong

ated saccules did not appear to be especially as

sociated with the secretory granules,which in most 

examples were more or less evenly distributed 

throughout the cytoplasm apart from those cells 

situated on the perimeter of the lobe (Fi g .19).

The numerous mitochondria are either spherical or 

elongated (Fig.21) with distinctive cristae. The 

secretory granules which are densely osmiophilic 

with a sharply defined peripheral halo have a mean 

diameter of 126 nm and a range of 90-170 nm 

(Fig. 22).

Where the pB2 cells abut the perivascular septa, 

more dense granulation can be seen and the basal 

membrane is often folded with conspicuous intra

cellular canals running vertically to the perimeter 

of the lobe edge (Fig. 23). The granules are

amassed in the pole of the cell right up to the 

perivascular membrane edge^and occasionally granules 

are observed free in the perivascular space (Figs. 23 and 25)

On the perimeter of the lobe are a large local 

concentration of mitochondria (Fig.24). These mito

chondria are often elongated and associated with 

free granules and ribosomes. Many groups of



ribosomes are contained within the cisternae of the 

endoplasmic reticulum (Fig. 24).

As well as the B type,a rarer lightly granulated 

cell is also present. Apart from the smaller 

numbers of secretory granules, it is generally 

similar in appearance to the granulated pB2 cell 

described above (Fig. 26). From its fine struc

tural appearance, it may be assigned to the pBl 

type (mean diameter 1 0 0  nm, range: 80 - 1 2 0  n m ) , 

although interpretation of the lightly granulated 

cells must be attempted with caution in view of the 

general synthetic activity at this stage (Fig. 20).

In addition to the granulated cells, two non gran

ulated cells can be identified. The first which 

has a spherical or elongated shape, is scattered 

relatively evenly throughout the lobe. This rare cell 

which probably corresponds to the undifferentiated 

chromophobe of the light microscope shows no discer

nable cytoplasmic organelles, apart from short 

narrow cisternae (Fig. 26).

In a few examples, non granulated cells with normal 

electron dense cytoplasm, cytoplasmic processes and 

irregular shaped nuclei are observed (Figs. 20 and 

26). These cells have scanty cytoplasm, contain 

lysosomes and are similar in appearance to the stel

late cells observed earlier, although because of 

the electron density of the cytoplasm, they des

ignated as a pS 2  type. .However, stellate cells



are very rare at this stage

Middle meta morphosis.

In some aspects, the electron microscope picture of 

the pro-adenohypophysis at this stage is very sim

ilar to that of early metamorphosis (Figs. 30 and 31) 

Representatives of both early and middle metamor

phosis show sparser granulation than is seen in 

either the ammocoete or pre-metamorphic stages.

The most common cell type is the lightly granulated 

type Bl,with a large cytoplasmic/nuclear ratio and 

an oval or spherical nucleus. The nucleus has only 

a light chromatin granulation and an eccentric 

nucleolus. In most cases the nuclei have a smooth 

outline,but a few are more irregular. T h e  

cytoplasm contains a conspicuous Golgi, cisternae of 

rough endoplasmic reticulum and secretory granules. 

Abundant mitochondria with electron dense matrix are 

scattered throughout the cytoplasm,together with 

colloid droplets,lysosomes and lamellar bodies 

(Fig. 31). As in early metamorphosis, these cells 

are less heavily granulated than at the pre-metam

orphic stage and some cells contain intra-cellular 

vacuoles (Fig. 31).

The granules at this stage have a mean diameter of 

129 nm (range: 80 - 190 n m ) .

Apart from the large granulated cell pBl there are
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other granulated cells with a larger nucleus and 

smaller cytoplasmic volume than this type (Fig.30) 

However^ the general cytoplasmic appearance suggests 

that these may be interpreted as sparsely granulated 

basophils in a different stage of the secretory 

cycle,either partially degranulated or at an early 

stage in granule production. Two non— granulated

cells have been identified; one a large chromophobe 

of the pC2 type (Fig. 32) and the other a stellate 

cell, but with cytoplasm of normal electron density 

(pS2 type,,Fig. 30) and a less frequent pS3 type with 

denser cytoplasm (Fig. 32). As in earlier stages, 

the stellate cells pS2 and pS3 are particularly 

prominent on the perimeter of the lobes,where their 

long cytoplasmic extensions reach down to the base

ment membrane along the edge of the lobule. The 

nucleus is usually small and frequently angular in 

shape. The cytoplasm sometimes contains mito

chondria and lysosomes (Fig. 32).

Areas exist near the lobule edges in which are 

concentrated numerous granules,mitochondria and 

ribosomes (Fig. 33). These collections of cytoplasmic 

organelles at the perimeter of the lobule has been 

observed at other stages (Fig. 24).

Concentrations of mitochondria are also associated 

with the basal, lamina. The basement membrane may 

be folded and granules can be seen gathered along 

its length. This resembles the perimeter
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of the pro-adenohypophysial lobules in the early 

metamorphic phase (Fig. 24).

Late metamorphosis.

In late metamorphosis the pro-adenohypophysis shows 

virtually the same histological organisation as in 

the adult with distinct fibro-vascular septa and 

cell lobules (Fig. D)

Part of the increase in volume of the pro-adenohyp

ophysis during the transformation phase appears to 

be due to the incorporation into the ventral 

surface of epithelial cells derived from the naso

pharyngeal c o r d .

As a result of these processes the ventral surface 

becomes divided into small lobules (Fig. 34).

On the dorsal surface some areas show concentrations 

of mitochondria within dorsal lamina as well as 

invaginations of the lobular membrane (Fig. 35).

At this stage four granulated and three non granulated 

cells have been distinguished.

»
The predominant granulated cell is the basophil pB2 

seen in the pro-adenohypophysis throughout the life 

cycle. However, compared to earlier metamorphic 

stages the granules appear to be more evenly
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distributed within the cells and there has been 

some recovery of granule storage within the cells 

(Fig. 36) .,

These pB2 cells are characteristically large with 

an oval shape and a large oval nucleus in 

which the chromatin material is aggregated into 

very distinct masses and with a conspicuous 

nucleolus. In some examples, the nuclear membrane 

has an irregular outline.

As in other stages of the life cycle the cyto

plasmic organelles are well represented,including 

a Golgi with conspicuous saccules associated at 

the cell apices with the secretory granules 

(Fig. 36). Lipid masses are seen in the cytoplasm. 

Both elongated and spherical mitochondria are 

present, although these are not so dense as in early metam

orphosis (Fig. 37). Rough endoplasmic reticulum 

is present, but is less extensive than in earlier 

stages. The secretory granules are dense and 

osmiophilic with a faint peripheral halo, a mean 

diameter of 1 1 2  nm and a range of 60 - 190 nm 

(Fig. 38).

The second type of granulated cell is present in 

smaller numbers than pB2 and is distinguished by 

its smaller cytoplasmic volume and spherical shape. 

It probably represents the basophil cell pBl at a 

earlier secretory stage. Although the granules 

are in the same size range and similar in appearance



they are present in far fewer numbers. These Bl 

cells also contain mitochondria without distinct 

cristae, lysosomes, but no well developed Golgi or 

endoplasmic reticulum (Fig. 39).

The third type of granulated cell is a large ir

regularly shaped cell with slightly electron 

translucent cytoplasm (Fig. 36). Since this cell type 

possesses a few sparse granules but does not have 

the extended cytoplasmic processes of a stellate 

cell, it is regarded as a secretory element of the 

granulated chromophobe type pC3. This rare but 

distinctive granulated cell type like other granulated 

cells at this stage,has a nucleus with distinct 

chromatin clumping and a prominent nucleolus.

A fourth granulated cell type,again rareiis distin

guishable in some examples at this stage. (Figs. 39 & 40) 

It appears spherical in shape with a round nucleus 

from which chromatin patterning is absent. Small 

granules are present evenly distributed. They 

have a mean diameter of about 80 nm. The cyto

plasmic organelles discernable are small mi to

chondria and vesicles. This is also interpreted 

as a pC3 type granulated chromophobe.

Three non granulated cells present at this stage 

are quite distinctive. One is a large cell with 

an elongated or oval nucleus, intra-cellular 

vesicles and a few mitochondria. This cell prob

ably represents the pC2 type of earlier stages
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(Figs. 36 and 41).

The second less numerous non granulated cell is a 

smaller cell with sparse electron dense cytoplasm, 

angular outline and no visible cytoplasmic struc

tures. This cell resembles the pS3 type(Figs. 39 and 41) 

Where they appear at the periphery of lobules 

these pS3 cells with relatively dense cytoplasm 

show well defined cytoplasmic processes, but in the 

centre of the lobules they appear as small angular 

cells with modest cytoplasmic processes (F i g .. 3 9 ) .

A third type of non granulated cell at this stage 

has all the features of a basophil type cell but 

with no granules (Figs. 36 and 42). These cells may re

present degranulated basophils. In some examples 

areas in the lobule contain ’l o o s e ’ cells, cisternae, 

mitochondria and collagen fibres. These may 

represent areas in the lobe where recruitment of 

epithelial cells has taken place associated with 

growth in size of the lobe during transformation 

(Fig. 42) or in some areas the disintegration of 

epithelial cells from the naso-hypophysial cord.

3.33 Adult stages. .

After completion of metamorphosis between Sep

tember and October, L. planeri enters its adult 

phase, initially as an immature adult and then in



the last few months of its life as a sexually 

mature individual.

Early adult.

The cytological appearance of the pro-adenohypo

physis during this phase is characterised in most 

examples by an increase in the density of granul

ation. The granulated pB2 cell dominates the lobe 

both in numbers and in the density of its granul

ation. In its general appearance this cell type 

is similar to that seen throughout earlier life 

cycle stages, but it appears much more dominant in 

the adult where it comprises about 70% of the cell 

population of the pro-adenohypophysis (Fig. 43).

These pB2 cells have a large nucleo/cytoplasmic 

ratio and the c y t o p l a s m  c o n t a i n s  

dense osmiophilic secretory granules,varying in 

shape from round to rod— like with no peripheral 

halo. They have a mean diameter of 133 nm and a 

range of 80 — 190 nm, somewhat larger than in 

previous stages (Fig. 44).

The Golgi body is generally poorly developed and only a few 

mitochondria can be seen, but lamina of rough endo

plasmic reticulum are present. Intra-cellular 

vacuoles are particularly prominent and occasional 

lysosomes are scattered throughout the cytoplasm.

As in other stages particularly during late metam^ 

orphosis, at points where the granulated cells abut



the basal membrane, the latter is often folded 

showing granules in the folds or free in the peri

vascular space and densely stained mitochondria 

along the perimeter (Figs. 45 and 46).

In some examples particularly densely granulated basophil

cells of type pB3 are seen (Figs. 43 and 45) bord

ering the perivascular space. These have a part

icularly well developed Golgi body, whereas in the 

majority of granulated cells it is.only moderately 

dev eloped.

Apart from the pB2 cell type, smaller cells are 

also present similar in all respects except that 

they have fewer granules and a smaller nuclei 

(Fig. 45). These may represent an earlier or later 

stage of the basophil secretory cycle and are similar 

to the Bl type of other stages.

O c c a s i o n a l l y , examples of cells with smaller granules

are seen (Fig. 43). These have a mean diameter of 

about 85 nm and may represent active chromophobe-

These groups of smaller granules are usually as

sociated with small mitochondria and intra-cellular 

vacuoles. Only a few examples of this type (pC3) 

of cell have been observed and they are generally 

small cells, in most cases appearing as isolated 

groups (Fig. 43).

Three non-granulated cell types can be identified 

similar to those seen in other stages of the life 

cycle. One is an undifferentiated cell with a low



cytoplasmic volume and few distinguishable organ

elles, although some examples may contain small 

mitochondria and lysosomes. This is probably a pCl 

type chromophobe. The nuclei are either elongated 

or round with lightly stained chromatin (Figs. 45 

and 46).

The second non-granulated cell is small with an 

angular or ovoid nucleus and scant cytoplasm. In 

some cases the cytoplasm extends into processes, but 

is neither dense nor translucent (Fig/ 47). This is 

probably a type pS2 stellate cell.

The third non-granulated cell is the larger type of 

chromophobe which has been seen throughout the life 

cycle (Fig. 45). It has a characteristic elongate 

or ovoid nucleus and the cytoplasm contains mi to

chondria, some quite elongated (Fig. 48).

Golgi lamellae can also be observed, although these 

are neither as extensive or well developed as during 

metamorphosis. A feature of the pC2 cell at this 

stage is the presence of intra-cellular vacuoles.

Late a d u l t .

In the late winter and early spring period, when the 

gonads are maturing, but the secondary sexual char

acters have yet to appear, the stellate type cell pS3 

becomes very prominent both in its electron density 

and angular shape. At this stage, these cells are 

frequently found on the perimeter of the lobules, 
where they may surround large oval shaped cells
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which have the general appearance of B type cells, 

but whose cell contents appear only as a cytoplasmic 

residue (Fig. 49). The S3 cells have extensive 

densely staining fine cytoplasmic processes and the 

cytoplasm contains small granules, colloid droplets 

and lysosomes.

Apart from the B cells and S3 stellate cells the 

definition of Other cell types is difficult to in

terpret in these examples and there are signs of 

cellular disintegration including the disappearance 

of cytoplasmic organelles and cellular membranes 

(Fig. 50).

The secretory granules of the pB2 cells are well 

defined with a range of 70-200 nm and a mean diam

eter of 123 nm. There appears to be no peripheral 

halo (Fig. 51). Some areas of the lobular edge show 

granules accumulated on the perimeter and incorpor

ated into folded projections in the perivascular 

space (Fig. 50). In the same areas the nuclei may 

show crenulation of the nuclear membrane, perhaps 

associated with the general cellular breakdown which 

appears to begin at this stage.

Spawning a d u l t .

The main difference between the sexually mature and 

early adult pro-adenohypophysis is an increase in 

the former in the size, density and distribution 

of secretory granules (Fig. 52).
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Although examples of the cell types described 

throughout the previous stages of pro-adenohyp

ophysial development can be observed, it is not

iceable that the cellular membranes are ill defined 

or, in some cases, indistinguishable; a process 

already noted in the preceeding stage (Fig. 53).

The richly granulated cellpB3 is the dominant cell 

type. These are large cells whose cytoplasm is 

packed with electron dense granules concentrated 

particularly at the cell apices. They are round to 

oval in shape, very variable in size and with no 

peripheral membrane. They have a mean diameter of 

130 nm and a range of 70 - 190 nm. Although the 

internal membrane structure of the cells has 

largely disintegrated, in some examples evidence of 

the Golgi cisternae can be seen .

Vacuoles and lysosomes are also present.

A few mitochondria are present and these have poorly 

developed cristae (Fig. 52).

A second type of granulated cell is rarer but 

similar in appearance to the B3 type except that it 

is smaller and spherical with only a few spherical 

granules (mean diameter about 1 0 0  n m ) .

This cell type is similar to the pBl of the late 

metamorphic stage in which the cytoplasm seems 

devoid of organelles, apart from a few small mi to
chondria and scattered vacuoles (Figs. 52 and 54).
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Two non granulated cells can be identified: one a

large chromophobic cell with indistinct cytoplasmic 

contents and a large cytoplasmic/nuclear ratio; 

the other an irregularly shaped stellate type cell 

with marked cytoplasmic extensions and very dense 

cytoplasm filled with lysosomes. At this stage some 

of the cytoplasmic processes are very narrow and 

densely stained (Figs. 52, 54 and 55).

Where they lie on the perimeter of lobules the 

densely stained cytoplasm appears to extend consid

erable distances along the boundary edge and their 

processes surround the basophil cells (Fig. 55). 

These non granulated cells probably correspond to 

the S3 type of earlier stages.

In summary^ the general character of the sexually 

mature pro-adenohypophysis.is the richness of its 

granulation and the prominent densely osmiophilic 

stellate cells. Few chromophobes are distinguish

able and the general membrane structure of the 

cells appears to be undergoing dissolution.

Unlike earlier stages the lobular edge shows no 

marked folding or concentrations of secretory 

granules.



Spent adults.

The most distinctive feature of the pro-adenohyp

ophysis in the post spawning stage is the apparent

breakdown: of cellular organisation leaving only masses of 
secretory granules as a residue of the basophils, 

together with the distinctive angular shaped nuclei 

of the dense stellate cells (Fig. 56).

However, the form of the lobules is still distinct, 

together with the residue of the capillary membranes 

in the perivascular space (Fig. 57). The basement 

membrane is still intact and shows some folding.

However, in the examples described,the secretory 

granules are very numerous and occur in such con

centrations that they entirely fill the cell space. 

These granules are very dense, usually spherical, 

but have no peripheral halo. They have a mean

diameter of 168 nm and range of 1 1 0  - 2 2 0  n m , being

larger than at previous stages in the life cycle 
(Fig. 58).

Residues of the cytoplasm remain but only as scat

tered amorphous masses or spaces amongst the 

granules where the original organelles or vesicles 

were present. Shrinkage of the nucleus

and crenulation of the nuclear membrane as a result

of the tissue dissolution can also be seen (Fig.56)



The appearance of the pro-adenohypophysis in the 

spent condition represents an extension of similar, 

processes already under way in the spawning phase 

and presents a picture of the glandular tissue in 

an exhausted condition shortly before the death of 

the spent animal.
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3.34 Analysis of secretory granules.

3.34 (i) The granules of the pro-adenohypophysial bas ophils.

In Figs. 166-173 measurements of granule diameters 

in the basophils of the pro-adenohypophysis have been 

presented as frequency distributions in which the 

values (expressed as percentages of the total numbers 

of measurements) have been smoothed by a moving 

average of 7 nm. In Table 2 the results have been 

summarised for each phase of the life cycle, giving 

mean values and standard deviations.

The frequency curves for each stage show a wide range 

of variability in granule size and the curves are 

markedly polymodal. That this polymodality is not 

due to the pooling of measurements from different 

animals or different cells is suggested by measure

ments made on the' granules from a single cell of a 

late adult (Fig. 172b).

Although there is, little evidence of any corres

pondence in the frequency modes for the various stages, 

it may be noted that many of the curves seem to show 

a more or less discrete minor mode at approximately 

70 - 90 nm.

The most notable change in granule size is between 

the ammocoete and pre-metamorphic stages, when the 

mean and range increases from 98 nm and 50 - 150 nm 

to 132 nm and 70 - 190 nm: a difference which is 

highly significant (P <.001). From this stage onwards
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the figures suggest more or less stable but slightly 

smaller granules, although the decrease in late 

metamorphosis is highly significant (P Z..001).

Spent animals presented an increase in granule diam

eters to a value similar to that of the pre-metam- 

orphic ammocoete. It may also be noted that the 

distinction made earlier between the three types of 

basophil B1 - B3 has been based on differences in the 

density of their granulation and that these cell 

types have shown no significant differences in the 

size of their granules.

3.34 (ii) Active of Granulated Chromophobes of the pro- 

Adenohypophysis.

In the examples studied the granulated chromophobes 

were rare and only present in small numbers.

They were most commonly seen in the pre-metamorphic 

and late metamorphic stages and always had fewer 

and smaller sized granules that the type B cells. 

There was less difficulty in this lobe in distin

guishing the granulated chromophobes from the baso- 

ph]Is.

TABLE 1.
Stages when granulated chromophobes have been 

identified with their mean diameters and range.

STAGE N MeanDiam.nm I S D  r,. Rangenm.
Pre-metamorphic ammocoete 2 2 90 15.2 50-120

Late metamorphosis 15 80 17.8 60-100
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Summary of the main cytological changes observed in the 

pro-adenohypophysis during the life cycle of L. planeri.

1- Degree of granulation of the B cells (basophils).

Compared to the ammocoete stage, the pre—metamorphic
i

animal shows a very marked increase in the density of 

granulation of the basophils. This declines through

out metamorphosis, increasing once again in the adult 

and reaching its maximum in the spawning and spent 
animals.

2. Changes in the size of the basophil granules.

Trends in the size of the secretory granules are not 

correlated with changes in the density of granulation, 

but do show changes at v a r i o u s life cycle 

stages. Thus,the granules of the pre-metamorphic 

stage are much larger than those of the ammocoete; 

these then diminish in size during transformation, but 

increase once again in the adult, reaching their 

maximum size after spawning.

3. The development of cytoplasmic organelles.

Synthetic organelles are most evident in the pre — met — 

amorphic, metamorphic and early adult stages of the 

life cycle when there are large numbers of mitochondria 

with an electron dense matrix, abundant ribos

omes, a well developed Golgi and conspicuous cisternae 

and intra-cellular vacuoles.

4. The differentiation of cell types.

The granulated B cells (basophils) constitute from



70 - 90% of the cell population. Active or granulated 

chromophobes are rare and generally distinguishable by 

the smaller size of their secretory granules and their 

low cytoplasmic/nuclear ratios. They are most commonly 

seen in the pre-metamorphic and late metamorphic stages 

of the life cycle, but no significant changes in their 

morphology has been observed.

The predominant chromophobe throughout the life cycle 

was a large elongated non granulated cell with poorly 

developed cytoplasmic organelles.

5. Stellate cells. .

These have been observed throughout the life cycle 

and exist as a number of types of which the extreme form 

have either translucent or electron dense cytoplasm. 

They appear to be most active in the adult 

and especially at the late adult and sexual mature 

stages, when they are of the osmiophilically dense 
type .



3.4 Meso -adenohypophysis.

3.41 Larval stages.

At the level of the light microscope the meso-adenohyp- 

ophysis of the L. planeri ammocoete shows little cel

lular differentiation and appears uniformly chromopho

bic. However, the ultrastruetural picture shows a 

somewhat greater degree of cellular differentiation 

(Figs. 59 and 60).

The lobes are well defined with conspicuous perivas

cular septa, although no intralobular septa have yet 

differentiated. The cells tend to be dorsi-ventrally 

orientated and a distinct electron dense basal lamina 

is present which in some sections of the lobular edge 

shows complex interdigitations (Figs. 61 and 62).

Associated with the basal lamina are also local con

centrations of mitochondria with electron dense matrices

In the meso-adenohypophysis of the large ammocoete there 

appears to be one granulated and two non granulated cell 

types, the latter comprising approximately 80-90% of the 

c e l l s .

The granulated cells are of the mBl type, relatively few 

in number with a generally elongated or oval nucleus, 

electron dense granular contents and large chromatin 

c l u m p s . The granules are small with a mean diameter of 

71 nm (range: 50 - 100 nm) (Fig. 63). They are mainly 

spherical, less electron dense than those of the pro-



adenohypophysis at the same stage and with no peripheral 

halo. The granules tend to be concentrated at the cell 

apices and where the granulated cells lie on the perim

eter of the lobe they gather on the edge of the lobular 

lamina (Fi g . 64) .

Cytoplasmic organelles are not well developed, although 

mitochondria, a small Golgi and some lysosomes may occur. 

The mitochondria are small with indistinct cristae. No 

distinct ribosomes or endoplasmic reticulum can be seen, 

although there are isolated single lamellae and intra

cellular vacuoles.

The non granulated cells comprise the majority cell type 

and in most cases are similar in appearance to the chro

mophobes of the light microscope.

In the electron micrographs they appear as large cells 

of the mC2 type with an oval or elongated nucleus (Fig.

59). The cytoplasmic organelles do not appear conspicuous, 

although in some cases small elongate or spherical mi to

chondria with indistinct cristae are scattered in the 

cytoplasm. Dense bodies and a few secretory granules 

or free ribosomes are sometimes observed, but generally 

these cells do not have conspicuous or clearly defined 

cytoplasmic organelles. Somb of these mC2 cells appear 

smaller than their pro-adenohypophysial equivalents 

(Figs. 59 and 60).

A second non-granulated cell is the distinctive electron 

dense stellate cell type mS3, characterised by long 

cytoplasmic processes extending between and around both



the granulated and other non granulated cells, often 

with narrow processes extending the length of neigh

bouring cells (Fig. 62). The nuclei are frequently

angular in shape and the sparse cytoplasm is electron 

dense. The internal membrane structure is poorly dev

eloped, but scattered small mitochondria and ribosomes 

can sometimes be seen. The mS3 cells in the ammocoete 

meso-adenohypophysis are often associated with the peri

phery of the lobes and with the densely stained edge 

along the basal lamina (Fig. 60).

Pre-metamorphic ammocoete.

The meso-adenohypophysis of the pre-metamorphic ammocoete 

shows considerable differences in its overall appearance 

from that of the ammocoete. The lobular structure is 

more clearly defined and the cell nuclei, although va

riable in size appear generally larger than in younger 

ammocoetes and have a less dense chromatin staining 

(Fig. 65). The low power electron micrographs emphasise 

the relatively large nuclei and small cytoplasmic volume 

(Fig. 6 6 ). The cell membranes and cytoplasmic or

ganelles are well differentiated . F o u r  main 

cell types can be identified: two granulated and two

non granulated cells, although the differences between 

them are not always sharply defined.

The granulated cell type mBI constitutes approxim

ately 1 0 % of the cell population and has a low cyto

plasmic/nuclear ratio (Fig. 65). The cells are

usually oval with an oval nucleus and have only sparse



to moderate numbers of granules relatively evenly dis

persed (Fig. 67). The granules are mostly spherical, 

with a distinct peripheral halo and are moderately osmio

philic. They have a mean diameter of 98 nm and range of 

70 - 130 nm. This is smaller than in the equivalent 

stage of the pro—adenohypophysial basophils (Fig. 69) 

and the difference in the means is significant (P <.0 0 1 ).

The cytoplasm of the mBl cells exhibits well developed 

organelles and signs of intense synthetic activity. A 

well developed Golgi can be seen with elongated saccules, 

often associated with secretory granules and microtubules 

(Fig. 6 8 ). Also in the Golgi region are numerous large 

oval or elongate mitochondria with distinct cristae 

( F i g .  6 8 ) .

Low power views show very large numbers of electron dense 

mitochondria of variable size scattered throughout the 

lobe at this stage (Figs. 65 and 6 6 ).

Other cytoplasmic organelles include cisternae of rough 

endoplasmic reticulum and smooth reticulum, dense bodies 

and lamellar bodies, small vacuoles and lysosomes (Fig. 67).

In fact, these granulated cells which no doubt correspond 

to the basophils of the light microscope, show a well 

developed cytoplasmic structure at the premetamorphic 

stage suggesting a highly active condition. Although 

the granulation is generally sparse, where the cells 

abut on to the peripheral regions of the lobe their 

granules tend to accumulate at the basal lamina along 

with concentrations of mitochondria (Fig. 70).



A second granulated cell is distinguishable at this stage

This is a granulated chromophobe of the mC3 type. These 

sparsely granulated cells comprise about 40% of the cell 

population; indeed at this stage, in some parts of the 

lobe, it appears that nearly every cell has at least 

some granules present (F i g s . 65 and 71). There was a grad

ation in the granule density between the basophil type 

mBl and the granulated chromophobe mC3. However, in 

other respects there were differences in the cytoplasmic 

detail. The mC3 cells, tended to be less elongated than 

the mBl type and have a lower cytoplasmic/nuclear ratio .

These cells do not have the well developed Golgi or 

endoplasmic reticulum of the basophil, although a few 

cisternae are seen to be scattered near the nuclear 

membrane (Fig. 71). The cytoplasm usually also contains 

mitochondria (often spherical in shape), dense bodies and 

sparse small lightly osmiophilic granules. These have a 

mean diameter of approximately 90 nm.

In some examples the sparsely granulated cells had relat

ively translucent cytoplasm. These could be mC3 chromo

phobes or more probably from their higher cytoplasmic/ 

nuclear ratio a basophil type in earlier phases of the 

secretory cycle (Fig. 72).

In some cases the sparsely granulated chromophobes have 

a distinctly low cytoplasmic/nuclear ratio and a triang

ular shaped nucleus (Fig. 65) rather similar in ap

pearance to the light microscope acidophils.



Two types of non granulated cells were distinguishable, 

one the mC2 chromophobe and the other a stellate-like 
c e l l .

The large chromophobe mC2 has a distinct elongate or oval 

nucleus and is similar in appearance to the corresponding 

cell in the ammocoete. However, in the pre-metamorphic 

ammocoete, the cytoplasm of the cell appears to be much more 

active with a well developed Golgi body, isolated, cisternae of 

endoplasmic reticulum, large elongated mitochondria and 

conspicuous intra-cellular vacuoles, most numerous near 

the nuclear membrane. The mC2 cell at this stage has a 

high nuclear / cytoplasmic ratio (Figs. 73 and 74).

The second non granulated cell, probably a stellate cell 

(SI type) is not electron dense a s  i s  the stel

late cell of the ammocoete and is an irregular shaped 

cell sometimes showing slightly electron translucent 

cytoplasm. However, at the pre-metamorphic stage stel

late cells are less common than at other stages of the 

life'cycle. The nucleus is characteristically irregular 

in shape and the small volume of cytoplasm shows only 

poorly developed organelles. The long cytoplasmic 

processes so distinctive of this cell type are linked to 

areas where cells of various types may surround regions 

of non nucleated cytoplasm (Fig. 7 5 ). Here are grouped 

mitochondria and conspicuous elements of endoplasmic 

reticulum suggesting that the stellate cell is involved 

in some inter-cellular activity through its close as

sociation with these are'as. At the pre-metamor phic stage, 

these inter-cellular areas are contained within
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convolutions of the neighbouring cell membrane. A 

characteristic of this stage are the numerous vacuoles 

in some cases adjacent to the nuclear membrane and 

often associated with mitochondria and dense bodies 

(Fig. 76).

A feature of the pre-metamorphic stage in these 

examples is the evidence of synthetic activity and the 

comparatively extensive distribution of secretory 
granu l e s .

Although these are never numerous, the granulated 

cells nevertheless comprise some 50% of the cell 

population. However, the sparsity of granules would 

explain why the corresponding light microscope picture 

of the meso-adenohypophysis often shows only 

apparently chromophobic elements. At this stage in 

the ultrastructural picture,the difficulty of dis

tinguishing granulated cells as being either basophils 

or chromophobes is due not o n l y  to the generally 
sparse granulation, but also to the size of granules 

throughout the cell population which is in a similar 

range of 50 - 100 nm.

3.42 Metamorphic s tages.

Early metamorphosis.

As judged by the presence of rough endoplasmic ret

iculum, mitochondria and free ribosomes, many of the 

meso-adenohypophysial cells appear synthetically very



active at the early metamorphic stage. However, 

compared to the preceeding stage the numbers of secret

ory granules and lysosomes appear to be reduced and 

stellate cells are not in evidence.

Overall, the lobe seems to contain one lightly granul

ated cell and a range of chromophobic cells of varying 

sizes and characteristics, some of which contain a few 

secretory granules (Figs. 77 and 78).

The granulated cell mBl, although only sparsely gran

ulated, resembles in overall appearance the basophil 

of the light microscope. This cell is generally oval 

or round with a similarly shaped nucleus containing 

sparse granular light stained chromatin material 

(Figs. 78 and 79). The cytoplasmic nuclear ratio is high 

compared to the pre — metamorphic phase and the cytoplasm 

has well developed organelles with a few small, usually 

spherical secretory granules scattered throughout the 

cytoplasm. These granules have a peripheral halo, a 

mean diameter of 97 nm and a range of 70 - 110 nm 

(Fig. 80). An interesting feature at this stage is 

that, although approximately 80% of the cells have the 

characteristic features of basophil cells, many of them 

contain very few granules.

Apart from the granules, the cytoplasm contains a distinct 

Golgi body, many small mitochondria, extensive rough

endoplasmic reticulum (often appearing as membrane whorls) 

and many free ribosomes scattered throughout the cell 

(Figs. 81 and 83). The cytoplasm shows vesicular areas’



A large proportion of the non granulated cell population 

is of the mC2 type with large elongated nuclei and few 

discernable cytoplasmic organelles, although occasionally 

mitochondria and intra-cellular membrane structures can 

be seen.(Figs. 77 and 78).

Other smaller chromophobes of the mC3 type are occasion- 

^ ally seen,some of which contain a very small number of 

% ' secretory granules. These are smaller in diameter than

the B type granules, having a range of 50-80 nm.

These cells usually have some distinguishable cytoplasmic org
anelles with a Golgi areas,small amounts of endoplasmic 

reticulum and some vacuoles.

A third non granulated cell is possibly a stellate type. 

Although these cells lack many of the characteristics 

by which stellate cells can be recognised, this cell 

type probably corresponds to the scarce angular shaped 

chromophobes (Fig. 81). These cells have only scanty 

cytoplasm with some cytoplasmic processes extending be

tween neighbouring cells. However, the cells have 

neither the marked electron dense,nor electron trans

lucent cytoplasm of other stages and are therefore 

probably the mS2 type representing an intermediate stage 

between the mSl and mS3 type.

As in the pre-metamorphic ammocoete, there are cyto

plasmic areas which appear to be non nucleated and inter

cellular, although in some regions it is not possible to 

say whether these are extra-cellular lumina or cyto

plasmic extensions (Fig. 79). They usually exhibit



extensive rough endoplasmic reticulum, scattered 

secretory granules, vacuoles and many large and 

elongated mitochondria (Fig. 78).

Middle metamorphosis.

By this stage of metamorphosis the structure of the 

meso-adenohypophysis approaches that typical of the 

adult, with distinct lobulation and characteristic 

cellular orientation. As in the early metamorphic 

phase,approximately 80% of the cells appear to be gran

ulated, although the numbers of secretory granules per 

cell can be very small, usually between 5 - 2 0  (Fig. 84). 

Consequently, the meso-adenohypophysis appears overall 

to be lightly granulated (Fig. 85). As these micrographs 

suggest, there has been a very pronounced increase in 

cytoplasmic volumes. Mitochondria, although well re

presented, are not as numerous as in the pre-metamor phic 

stage. The Golgi body is not as promtnent as in the earlier 

stages, but there is a very well developed endoplasmic 

reticulum (often in the form of whorled stacks) and a 

large number of ribosomes (Fig. 80).

The basophil type mBl has the same distinctive charac

teristics as the other stages, being an oval or round 

cell with a relatively large cytoplasmic volume and 

containing secretory granules.

The Golgi body is not prominent, but mitochondria are 

present as well as a very well developed endoplasmic 

reticulum with large numbers of ribosomes. In some 

examples the membrane lamellae may fill nearly half the 

cytoplasmic volume (Fig. 85). The small numbers of 

granules are moderately osmiophilic with a distinct
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peripheral halo. Their mean diameter is 123 nm with a 

range of 70 — 180 nm in diameter showing an increase on 

the early metamorphic stage (Fig. 8 6 ).

A second type of granulated cell is seen of the mC3 

type, although in only small numbers. These cells are 

sparsely granulated (often only two or three per cell) 

with granules of a mean diameter of approximately 80 nm 

and having a range of 60 - 100 nm. Although the cyto

plasmic volume is relatively small, numerous relatively 

large mitochondria are often present (Fig. 87).

Two types of non granulated cells can be identified.

One is a large chromophobe mC2 with well differentiated 

cytoplasm containing mitochondria, vacuoles, strands of 

endoplasmic reticulum and lamellar bodies (Figs. 81 and 85)

The second is a small angular shaped cell similar to 

what were believed to be stellate cells (S) in the 

early metamorphic stage. These cells have a high 

nuclear / cytoplasmic ratio, although they 

appear to be slightly more electron dense and therefore 
of the sStype (Fig. 85).

Other features of the meso-adenohypophysis at this 

stage are the rather granular appearance of the cyto

plasm which may be due to large numbers of free ribos

omes and the very well developed rough endoplasmic 
reticulum (Figs. 85 and 90).

As in other stages the lobular edge is folded and the 

perivascular septa are well developed.



Late metamorphosis.

By this stage the overall morphology, lobular structure 

and cellular organisation of the meso-adenohypophysis 

has reached its final adult form .

The basophil type mBl is still only moderately granul

ated either in comparison with the adult or indeed 

with the basophils of the pro-adenohypophysis at a 

comparable stage.

Two granulated and three non granulated cell.types can be 

distinguished. The mBl type represents approximately 

40% of the cells, a smaller proportion than in earlier 

metamorphic stages. These granulated cells are spher

ical with a round nucleus and a large cytoplasmic 

volume (Fig. 91).

The secretory granules are osmiophilically more dense 

at this stage than the examples seen in the previous 

stage and have a mean diameter of 121 nm (range 70 - 

170 nm); larger than at earlier stages of the life 

cycle (Fig. 92). Apart from the increase in size of the 

secretory granules and their density of staining they 

also have a less marked peripheral halo and are dis

tributed throughout the cytoplasm rather than being 

concentrated at the apical poles.

The relatively electron dense cytoplasm contains a 
poorly developed Golgi body and small amounts of rough endo

plasmic reticulum (especially compared with the middle' 

metamorphic stage).
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(Fig. 91). The mitochondria are generally small and 

indistinct, but may sometimes be larger at the periphery 

of the lo b u l e .

The second granulated cell type is a rare granulated 

chromophobe mC3 with granules of a mean diameter 100 nm 

(range 60 - 120 nm) (Fig. 94). The cytoplasmic/nuclear 

ratio is low and the cytoplasmic detail is poorly defined 

although some mitochondria and vacuoles are present.

The most common of the three non granulated cells is the 

large mC2 chromophobe which is similar in appearance to 

other stages being either oval or spherical with the 

cytoplasm containing mitochondria with distinct cristae, 

moderately developed endoplasmic reticulum and Golgi 

and small intracellular vesicles (Fig/. 95).

Small undifferentiated mCl chromophobes are occasionally 

seen and stellate cells are also present, although not 

in large numbers. These are usually of the 82 type with 

slightly osmiophilic cytoplasm (Fig. 95).

As in other examples the stellate cells tend to congregate 

on the periphery of the lobe where their cytoplasmic 

processes extend into the lobe between neighbouring cells. 

These cells also have irregular shaped nuclei and sparse 

cytoplasm with few cytoplasmic organelles (Fig. 95).



3.43 Adult stages.

Early adult.

Although by this stage the granulation of the meso- 

adenohypophysis has increased, it is never as marked in 

the adult as at the comparable stage in the pro — adeno
hypophysis (Fig. 96).

Two granulated and two or three non granulated cell types 

appear to be present. The granulated cell population is 

approximately 50% of the total and these are mainly of 

the mBl type with occasionally mB2 cells differing mainly 

in the density of their granulation.

These cells are generally more spherical in shape than 

those of the pro-adenohypophysis and the secretory 

granules tend to be fairly evenly distributed around the 

nucleus unlike those of the pro-adenohypophysis at the 

equivalent stage where the granules are concentrated at 

the poles of the cells (Figs. 96 and 98).

The granules are generally spherical in shape with a 

prominent peripheral halo. They range from being osmio

philically dense to only moderately so (Figs. 99 

They have a mean diameter of 110 nm (range 55 - 170 nm).

The nucleus frequently has a prominent nucleolus and the 

cytoplasm generally appears to be synthetically active • 

containing a well developed Golgi body, strands of endoplasmic 

reticulum (smooth and rough), free ribosomes and
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mitochondria in which the cristae are not very distinct 

(Figs. 100 and 101).

The granular chromophobes are similar in appearance to 

those of the late metamorphic stage being generally 

spherical with a moderately high nuclear / cytoplasmic 

ratio. However, as in earlier examples, the cytoplasm 

does contain intra-cellular vacuoles, vesicles and small 

mitochondria. The granulation is very sparse (only 

approximately 5 - 10 granules per cell) and these are ‘ 

small, with a mean diameter of approximately 95 nm. The 

cytoplasm has the appearance of being synthetically 

active, including development of secretory granules in 

the Golgi region (Fig. 101).

The remaining cell population is chromophobic and can 

largely be assigned to the mC2 type. They are distributed 

evenly throughout the tissue with either large elongated 

or oval nuclei and a conspicuous chromatin pattern. The 

cytoplasmic organelles are well developed with large 

mitochondria, conspicuous rough endoplasmic reticulum 

and vesicles. However, the Golgi is not well defined. 

Occasionally, a few small secretory granules are visible.

Apart from the mC2 cells there were a small number of 

the mCl type and stellate cells type mSl and mS2. These 

latter cells had the characteristic small oval or angular 

nuclei with long cytoplasmic processes. However, in some 

examples only smaller angular projections are seen



(Figs. 96 and 97). The cytoplasm had a normal or 

slightly translucent appearance, containing few distinct 

organelles and only occasionally mitochondria.

The mSl and mS2 cells are associated normally with the 

lobular edges where folding and apparent release of 

granules into the peri-vascular space can be seen in some 
examples (Fig. 96).

Late adult.

During sexual maturation the meso-adenohypophysis is 

characterised by the appearance of numbers of densely 

osmiophilic stellate cells (S3 type); a development paralleled 

in the pro-adenohypophysis. The number of granulated 

cells has increased to approximately 60% of the cell pop

ulation and the degree of granulation has become more 
intense (Figs. 1 0 0  and 105).

One granulated cell and three non granulated cells have 

been identified at this stage.

The main granulated cell (mB2 type) is the most densely 

granulated cell of the meso-adenohypophysis. These have 

their granules dispersed throughout the cell cytoplasm with 

some non-granulated and vacuolated areas, an arrangement 

characteristic of this stage (Fig. 104). The granules 

have a mean diameter of 119 nm and a range of 5 5 - 190 nm. 

They are densely osmiophilic without a peripheral halo 
(Fig. 105).

Apart from the granules, the lamellar structures are poorly



differentiated and only rarely elements of endoplasmic 

reticulum or remnants of the Golgi region remain visible 

(Fig. 104).

The non granulated cells vary widely in nuclear form 

overall shape and size, although they are usually smaller 

than the granulated cells.

The large non granulated cells of the mC2 type have a 

spherical nucleus with only lightly stained chromatin and 

little discernable cytoplasmic structure detail (Fig. 104)

In addition^there is a small angular non-granulated cell 

with scanty cytoplasm occasionally containing a few 

granules, but with no other distinctive cytoplasmic detail 

This is probably a chromophobe of the mCl type.

The most conspicuous cell at this stage is the densely 

stained stellate cell type mS3 (Figs. 105 and 106). This 

has few discernable cytoplasmic organelles, although 

mitochondria and isolated cisternae can be seen. An 

interesting feature of these stellate cells (S3) compared 

to those in the pro-adenohypophysis at the same stage is 

the less extensive development of their cytoplasmic ex

tensions, although the cytoplasm is, as in other examples, 

extremely dense. Generally, the cellular membranes are 

poorly defined, although the basement membrane of the 

inter-lobular perivascular areas is distinct; in some 

cases deeply stained and generally with a folded outline 

(Fig. 106).



Spawning and spent adult.

In the meso-adenohypophysis, the final phase of sexual 

maturation appears to coincide with a marked collapse of 

the internal cytoplasmic fine membrane structure (Figs.

107 and 108). This appears more marked than in the pro

adenohypophysis, but there may be considerable variation 

at the final stages of the life cycle in the cytological 

appearance of the pituitary gland between different 

individuals.

In general, the form of the lobule, basement . membranes 

and perivascular septa and different cell types can be 

identified, but the internal cellular structure is poorly 
defined (Fig. 107).

However, secretory granules can still be identified.

They are osmiophilically dense, they are generally spher

ical in shape and have no peripheral halo. The mean 

diameter is 130 nm (range 80 - 200 n m ) . As in the case of 

the pro-adenohypophysis, the secretory granules of the B 

cell type reached their maximum size in the spawning and 

spent stages of the life cycle.



3.44 -Analysis of Secretory G ranules.

3.44 (i) Measurements of the Secretory Granules of the

Meso-Adenohypophysial Basophils throughout the 

Life C y c l e .

Figs. 174— 181 present the results of measurements on 

the diameters of basophil granules at successive 

stages in the life cycle. Values have been smoothed 

to a moving average of 7 nm and a summary of the 

measurements is given in Table 2 .

The increase in mean granule diameter at the pre- 

metamorphic and early metamorphic stages is highly 

significant (P <.001). Between early and mid meta

morphic stages a further increase in mean diameter 

and in dispersion is evident, but there is little 

evidence of marked change from this stage to the 

end of the life cycle.

Granules of the meso-adenohypophysial basophils are 

smaller than those of the pro-adenohypophysis in 

ammocoete and early metamorphic stages (P 4.001), 

but in later stages both mean values and ranges are 

somewhat similar.
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3.44 (i i ) ,Granulated Chromophobes of the Meso-Adenohypophysi s .

The active or granulated chromophobes of the meso- 

adenohypophysis are more common than in the pro

adenohypophysis. However, they are still relatively 

rare, but can usually be distinguished from the 

basophils by the smaller size of their granules and 

their sparsity.

Only cells which were clearly granulated chromo

phobes both from their granule diameters and their 

morphology were used for comparative measurements.

As so few granules were available for measurement, 

the procedure used by Bage and Fernholm (1975) was 

adopted in which only the granules of individual 

cells were measured.

In the pre-metamorphic ammocoetes the mean diameter 

of the granules in the chro mophobes of the pro- and 

meso-adenohypophysis are identical, but in late 

metamorphosis those of the meso-adenohypophysis are 

significantly larger (P <.001).

TABLE 4.

Diameters of granules in 'active' chromophobes of 

the meso-adenohypophysis.

STAGE n ; Mean Diam. 
(nm.)

SD + RANGE 
(nm. )

Pre-metamorphic ammocoete 2 0 90 15.9 60-120

Late metamorphosis 63 1 0 1 2 1 . 6 60-120

Early adult 23 95 12.5 60-110
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Summary of the main cytological changes observed in the 

meso-adenohypophysis during the life cycle of L. planeri.

1. Cellular differentiation of the meso-adenohypophysis.

Unlike the pro-adenohypophysis where basophils pre

dominate at metamorphosis and beyond, in the meso- 

adenohypophysis the predominant cell until the later 

stages of the life cycle is the chromophobe.

Granulated cells may be of one or two main types : 

active chromophobes or basophils. The former, which 

are rare, are generally spherical or oval in shape with 

only sparse granules. Stellate cells, although less 

common than in the pro-adenohypophysis, are present 

throughout the life cycle.

2. Changes in the size of the secretory granules.

Except in early stages - ammocoete, pre-metamorphosis 

and early transformation, measurements of granules 

diameters in basophils show a wide range, as exten

sive as that of the pro-adenohypophysial basophil 

granules. Particularly a t  t h e  e a r l y  

s t a g e s  , the basophil granules of the meso- 

adenohypophysis tend to be somewhat smaller than those 

of the pro-adenohypophysis, although the differences 

disappear at the adult stages. In the earlier phases 

of the life cycle the basophil granules are less dense 

with a peripheral halo; in later adult stages the 

granules are dense and with no peripheral halo, 

b l i t  w i t h  n o  m a r k e d  c h a n g e  in



s i z e .  The granules of the active chromo

phobe are distinctly smaller than those of the baso
phil .

3. Intensity of granulation.

At no stage in the life cycle is the intensity of 

granulation in the meso-adenohypophysis as great as in 

the pro-adenohypophysis and this difference is of 

course almost entirely attributable to the greater 

density of granulation in the basophils of the latter 

lobe. Granule density in the meso-adenohypophysis is 

at its maximum in the early to late adult stage at a 

period when the granules are reaching their greatest 
diameters.

4. Synthetic cellular organelles.

As judged by the numbers of mitochondria, the develop

ment of the Golgi and the endoplasmic reticulum, the 

cytoplasm of the meso-adenohypophysial cells appears 

to be most active during the pre-metamorphic a n d  

metamorphic stages. A feature of the basophils of the 

meso-adenohypophysis is the marked development of 

extensive whorls of cytoplasmic lamellae which first 

appear in some examples in early metamorphosis, reaching 

their greatest extent in middle metamorphosis appar

ently disappearing in later stages.

5. Growth of the meso-adenohypophysis.

The most marked growth of meso-adenohypophysial cells 

appears to take place between pre-metamorphosis and 

early to mid- metamorphosis.



3.5, Meta-adenohypophysis.

Throughout the life cycle of L. planeri, the meta-adeno

hypophysis remains a single lobe undivided by fibro- 

vascular septa,although in the adult, the juxta-neural 

surface along its length is indented.

At all stages,the meta-adenohypophysis is separated from 

the ventral surface of the neurohypophysis by a thin 

layer of connective tissue containing blood capillaries, 

which become more distinct and extensive in the adult 

stage. However, the meta-adenohypophysis is not at any 

stage either vascularised from the capillary plexus or 

penetrated by nerve fibres from the neurohypophysis.

Morphologically,this lobe changes during metamorphosis 

from an undifferentiated strand of cells in the larval 

phase to the organisation typical of the adult form. 

Thus, even at the pre-metamorphic stage when the pro- 

and meso-adenohypophysis have started to grow and 

develop their granulated cells, the meta-adenohypophysis 

still appears as a triangular shaped lobe composed of a 

loose network of undifferentiated chromophobic cells 

(Fig. A ) .

The characteristic adult form and orientation of the 

cells does not develop until late metamorphosis when 

the cells begin to show their typical columnar organis

ation. By the completion of metamorphosis, the lobe 

extends in a dorsi-ventral direction becoming longer and 

thinner and more closely pressed to the ventral surface 

of the neurohypophysis. The caudal end is turned
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upwards around the diencephalon (Fig.E ).

The light microscope picture shows the meta-adenohyp- 

ophysial cells in the adult L. planeri arranged in 

layers with the dorsal layer showing long apical 

processes (Fig. F ).

Ultra-structure.

At all stages the cells of the meta-adenohypophysis are 

characteristically loosely arranged with considerable 

intercellular s p a c e s . In the adult,the majority of the 

cells contain a few large secretory granules (mean diam

eter 160 n m ) , and from metamorphosis onwards many of the 

granulated cells show an extensive endoplasmic reticulum.

The ammocoete meta-adenohypophysis is composed of chrom

ophobic cells and lightly granulated cells (Fig. 109 ) . 

The majority are of the granulated type and in the large 

ammocoete stage,generally have their long axes orientated 

in a dorsi-ventral direction. The cytoplasmic detail is 

difficult to distinguish, but ribosomes and some rough 

endoplasmic can be seen as well as secretory granules.

The nuclei have a smooth outline and an oval or elongate 

shape with a distinct nucleolus (Fig. 109 ) .

The secretory granules are spherical or oval in shape, 

usually have a peripheral halo and are osmiophilically 

dense. They have a mean diameter of 113 nm (range: 80-
150 n m ) .

Apart from the absence of granules,the non granular cells 

are similar in appearance, although in some examples
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they may have a lower cytoplasmic / nuclear ratio 

(Fig. 1 1 0  ). Occasionally elongated stellate-like cells

are evident which have long cytoplasmic processes orient

ated to the dorsal surface and a moderately osmiophilic

ally dense cytoplasm (Fig. 110 ). These may be the

stellate cell processes or the apical processes of the 

elongated A F + cells seen in the light microscopy on the 

dorsal surface of the gland (Fig. F ).

At the pre-metamorphic stage there is a range of cell 

sizes, but apparently only two basic types: one granul

ated with a large cytoplasmic/nuclear volume, the other 

smaller and non granulated (Fig. 1 1 1 ).

The larger and more numerous cell has an oval nucleus 

generally with its long axis coinciding with that of the 

cell, although at this stage the cells do always show the 

dorsi-ventral orientation typical of the adult stage. '

The nucleus has a lightly stained chromatin pattern with 

an eccentric nucleolus and in some areas the nuclear 

membrane is often indented. In some cases the cytoplasm 

is vesiculated and frequently contains stacks of rough 

endoplasmic reticulum arranged at the poles of the cells 

(Fig. 112).

A well developed Golgi is usually present with saccules 

and vesicles (some containing dense granular material) 

and round or oval shaped mitochondria with indistinct 

cristae. Dense lysosomes and occasional lamellar bodies -

are also present.



At this stage about 80% of the cells are granulated, the 

granules being characteristically large, osmiophilically 

dense and few in number (about then to thirty per cell). 

They have a mean diameter of 195 nm, range: 130 nm - 

250 nm, and show an indistinct peripheral halo.

The less numerous cell type is a smaller cell (which in 

some examples is elongated in shape) with a low cyto

plasmic/nuclear ratio and fewer cisternae (Fig. 115).

These cells are usually non granulated, but a few mito

chondria are sometimes present. These cells may represent 

the chromophobic cells of the large ammocoete stage. In 

some example their cytoplasm may have extended cytoplasmic 
processes.

In some examples numerous lysosomes can be seen associated 

with a granulated cell and the nucleus appears to be re

duced in size with an indented outline (Fig. 116).

Another interesting feature of this stage is the appearance 

in one example of a small group of granules which are not 

arranged in the usual distribution of meta— adenohypophysial 

granules (Figs. 117 and 118).

They have the appearance of a collection of neurosecretory 

granules but as there is no evidence for innervation of 

the meta— adenohypophysis by the neurohypophysis, this ob

servation remains difficult to interpret particularly as 

it was the only example seen.

During metamorphosis the cells of the meta— adenohypophysis



become orientated with their long axis lying in a dorsi- 

ventral direction and by late metamorphosis show the more 

ordered form of the adult.

Compared to the pre—metamorphic ammocoete or immature adult 

there is a decrease in the amount and distribution of the 

rough endoplasmic reticulum and in the relative volume of 
the cisternae (Figs. 119 and 120).

The most numerous cell type is the large sparsely granul

ated cell (Fig. 121). This has a spherical or oval nucleus 

with a generally smooth outline, inconspicuous nucleolus 

and light chromatin staining. ‘

Although the cytoplasm does not show the extensive,lamellae 

of earlier stages, ribosomes are scattered throughout the 

reticulum. Mitochondria are present, although not in large 

numbers and the rather indistinct Golgi is frequently 

vacuolated (Fig. 121). The granules are less dense than 

those of the pre-metamorphic stage and have a peripheral 

halo. They have a mean diameter of 140 nm (range: 120 - 

175 nm) at the late metamorphic stage. Cilia are occasion
ally p resent.

At this stage, there are other cells which appear to have 

a much smaller cytoplasmic volume, very few granules, a 

smaller volume of lamellae and in some examples less 

pronounced chromatin clumps and smaller nucleoli (Fig. 122).

In the adult the rough endoplasmic reticulum is very ext

ensive. In some cases the cisternae almost fill the cyto

plasmic volume and are arranged in whorls, with the lamellae



extending right up to the cell membrane (Figs. 123 and 124).

The nuclei are round or oval with their long axis lying in 

a dorsi— ventral direction, although the arrangement of the 

cells in electron micrographs does not appear as well ord

ered as the light microscope picture might suggest (Fig. 125) 

Many cells stiil contain a few granules with a mean diameter 

in January/February samples of 160 nm (range: 1 1 0  - 2 2 0  n m ) . 

Most of the cells contain numerous vesicles (some containing 

stainable material) microtubules, round mitochondria with 

indistinct cristae and dense bodies (Fig. 125).

In some examples,cells neighbouring the dorsal boundary show 

extensive intra— cellular vacuolisation and the boundary 

membrane is invaginated along its length in some areas with 
deep folds ( F i g . 126).

As the animal approaches sexual maturity,the extensive 

internal membrane systems of the earlier winter adult be

come less marked, although in some examples the cisternae 

of the rough endoplasmic reticulum are still conspicuous 
(Fig. 127).

At some places, the perivascular space between the neuro

hypophysis and the dorsal surface of the me ta—adenohypophysis 

is very narrow (about 5 ^m), but in other areas the base

ment membranes are separated by capillaries which may be 

2 0  — SOyjm in w i d t h . Sometimes, examples are seen where the 

boundary membrane may show a similar folding to earlier 

adult stages (Fig. 128).

The large granulated cells predominate, although these



contain fewer granules than in younger animals, i.e. often 

only 4 - 5  per cell (Fig. 127). These are osmiophilically 

dense with no peripheral halo and a mean diameter of 160 nm 

(range: 110 - 220 n m ) . They are generally dispersed amongst

the lamellae at the pole of the cell. The vesicles seen in 

earlier stages remain as intra-cellular spaces and the cyto

plasmic organelles are generally indistinct.

Although at the earlier adult stages some non granulated 

cells can be observed, by the late winter the majority of 

cells are granulated and undifferentiated cells are dif

ficult to find.

At sexual maturity a distinctive feature of the meta-adeno- 

hypophysial cells is their loose arrangement and extensive 

inter cellular spaces (Fig. 129). The granulated cells 

have a similar appearance to those of the late immature 

stage. The secretory granules have a mean diameter of 185 nm 

(range: 135- 240 n m ) . These show no peripheral halo and 

are scattered throughout the cytoplasm rather than being 

localised in any particular area. The cisternae of the 

rough endoplasmic reticulum are often very extensive and 

granular in appearance,but the other cytoplasmic details 

cannot be distinguished. In some examples stellate-Iike 

cells are occasionally seen with characteristically ext

ended cytoplasm processes. In some areas,the boundary be

tween the meta-adenohypophysis and the neuro-hypophysis 

shows a conspicuous capillary network, but as in earlier 

stages,this may become very narrow in some a r e a s .

Like the pro- and meso-adenohypophysis, the cells of the



meta-adenohypophysis begin to break down by the time the 

post spawning stage is reached and most of the intra

cellular fine membrane structure has disappeared (Fig. 130).

Secretory granules are present with a similar size and range 

to those of spawning adults. They have no peripheral halo 

and are osmiophilically dense. Remnants of rough endoplasmic 

reticulum are still present, the nuclei are clearly visible 

and in some regions at the boundary between the dorsal surf

ace and the neurohypophysis deep infolding of the lobular 

edge and lipid masses are observed.

Although the breakdown of the internal cytoplasmic membranes 

follows the same pattern as in other pituitary areas of 

spent animals, the extensive reticulum, characteristic of 

meta-adenohypophysial cells throughout the life cycle, seems 

relatively resistant to the cytolytic changes that overtake 

all areas of the pituitary in the post spawning phase.

Summary of cytological features of the meta-adenohypophysis

1. The main cytological elements of the meta-adenohyp

ophysis are the lightly granulated cells,which through

out the life cycle are the predominant cell type. In 

addition,there are chromophobes and in some instances^ 

stellate-like cells.

2 . The prominent rough endoplasmic reticulum shows some 

changes during the life cycle and is more conspicuous 

than in the secretory cells of the pro- and meso-



adenohypophysis. It reaches its greatest development 

in the pre-metamorphic and young adult stages and 

especially in the latter phase may fill virtually 

the entire cytoplasmic volume during metamorphosis.

3. The sparse secretory granules are usually less than 

twenty per cell section. However these granules are 

relatively large and are characteristically round or 

oval. The largest granules are seen in the pre- 

metamorphic ammocoete and spawning adult and the 

smallest in the ammocoete stage.
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Table 6 .

Secretory granule measurements in the meta—adenohypophysis

STAGE MEAN DIAM. 
(nm)

SD + RANGE
(nm)

Ammocoete 113 2 1 . 0 80-150
Premetamorphic 
ammocoete

196 30.0 125-240
E a r l y/mid. 
metamorphosis 133 17.0 110-150

Late metamorphosis 142 . 16.2 120-175

Early adult 145 29.5 95-190
Late adult 154 28.7 1 1 0 - 2 2 0

Spawning adult 182 31.9 135-240

^ ' Throughout the life cycle of L . planeri the meta—adeno

hypophysis remains in close proximity to the ventral 

surface of the neurohypophysis and in some examples, 

extensive invaginations of the two boundary membranes 
can clearly be seen.

5. Lamellar bodies are a conspicuous feature of the pre- 
metamorphic stage.

6 . A distinctive feature of particularly the pre-metamorphic 

stage, is the irregular nuclear margin in the granulated 
cells seen in many examples.
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3 . 6  Neurohypophysis.

3.6 (i) Morp h o l o g y .

Morphology and general light microscopic picture 

in the adult.

The neurohypophysis of the adult L. planeri is cons

tituted from the thickened floor of the infundibulum 

(Fig. E ) . On both morphological grounds and neuro

secretory activity it can be divided into two 

regions, posterior and anterior.

The posterior region lies directly above the me ta

adenohypophysis and is separated from it by only a 

thin layer of vascular connective tissue which 

may be as little as 1 - 0.5 p m  in thickness (Fig.F). 

In the adult this region of the neurohypophysis is 

rich in neurosecretory material.

The anterior neurohypophysis is separated from the 

posterior neurohypophysis by the infundibular com

missure and is a less modified region of the inf

undibular floor containing less stored neuro secret

ory material.

Gross morphology of the neurohypophysis in the 

ammocoete and metamorphic stages.

Morphologically the neurohypophysis develops 

throughout the life cycle in its form, rel ation

ships with neighbouring structures and degree of



granulation.

The ammocoete neurohypophysis appears as only a 

slight thickening of the hypothalamic floor contain

ing only lightly stained Gomori positive neuro

secretory material (Fig. A).

During metamorphosis the thickening of the infund

ibular floor becomes more pronounced and the pos

terior region develops a capillary network on its 

ventral surface. Gomori positive neurosecretory 

material is more abundant than at the ammocoete 
stage (Fi g . D ) .

The anterior region develops at metamorphosis into 

only a slight thickening of the floor of the third 

ventricle and under the light microscope appears to 

contain little neurosecretion. These basic differ

ences between the posterior and anterior regions 

which are first developed at metamorphosis,remain 

throughout the adult stages of the life cycle.

3.62 ' Outline of the fine structure of the neurohypophysis

As on other species of lamprey^ the posterior region 

overlying the meta — adenohypophysis consists of three 
l a y e r s .

1. A dorsal layer bordering the third ventricle and



consisting of the ependymal cells and their 
processes.

2. A middle zone of fibres originating largely 

from neurosecretory neurons in the pre-optic 
nucleus.

3. A ventral layer of ependymal end feet and the 

axonal endings of neurosecretory fibres.

The anterior neurohypophysis overlies the pro- and 

meso-adenohypophysis and is separated from these 

lobes by a thicker connective tissue septum which 

in some areas is up to 30 /v in thickness.

Throughout the life cycle of L. planeri. the epen

dymal layer exhibits cilia, microvilli, bulbous 

protrusions and vesicles extending into the third 
ventricle.

The fibrous layer is well differentiated in the 

adult phase and a number of types of axonal endings 

can be distinguished based on their location and on 

the size of their granules.

Ultrastructural differences between the anterior 

and posterior regions are based largely on the ex

tent of stored neurosecretory material and the ab

sence of ependymal end feet separating the axonal 

endings from the basement membrane in the more 

rostral regions of the neurohypophysis.

Particularly during metamorphosis, the basal region 

of the neurohypophysis adjacent to the capillary



plexus and the meta-adenohypophysis shows signs of 

considerable activity, with vacuolisation and 

concentrations of mitochondria.

3.63 Fine structure of the neurohypophysis at various

stages in the life cycle.

Ammocoete.

In Fig. 132 the posterior neurohypophysis measures 

about 25 /jm in depth from the upper ventricular 

surface to the capillary bed below, separating it 

from the meta-adenohypophysis. The layer of 

ependymal cells shows elongated, irregular electron 

dense nuclei with very large nucleoli and irregular 

chromatin masses. The ventricular surfaces of 

these cells are ciliated, but the microvilli are 

much shorter and less dense than at later stages 

in the life cycle. There are relatively few mito

chondria and vacuoles in these regions, giving the 

general impression of much reduced surface activity 

compared with subsequent phases.

Below the ependymal cells, the fibre layer shows 

far fewer neurosecretory granules and the larger 

groups occur predominantly in the upper regions 

immediately below the ependymal cell bodies.

In the lower regions, scattered granules occur 

mainly along the course of the fibre tracts which 

here are seen passing across the fibre layer. The



basement membrane is relatively thin and the basal 

lamina shows less evidence of activity in the form 

of mitochondria, vacuoles and neurosecretory 
endings.

Most of the neurosecretory granules are approxim

ately spherical, electron dense and without a 

distinct halo. In some instances larger oval 

granules have been observed (Fig. 133).

Pre-metamorphic s t age.

Compared to the large ammocoete, the pre-metam

orphic stage shows a greater development of the 

ependymal and fibrous layer of the posterior neuro

hypophysis with an increase in depth from the 

dorsal / ventral surface to approximately 50 yum(Fig.1 3 4 )

The fibrous layer contains well defined axons, 

axonal endings and subependymal cells, while the 

ependymal layer exhibits extensive microvilli and 

vacuolisation of the ventricular surface (Fig. 135). 

Relative to the ammocoete stage,the fibre layer 

forms a larger proportion of the depth of the lobe 
(Fig . 136).

A characteristic feature of this stage is the ap

parently highly active ventricular surface of the 

ependymal cell layer. Apart from microvilli and 

pinocytotic vesicles, prominent cilia, colloid 

droplets, cytoplasmic filaments and mitochondria 

are clustered near the surface.



At some points the ventricular surface appears to 

form crypt-like invaginations surrounded by 

ependymal cells with their typically elongated 

nuclei, prominent nucleoli and deeply stained 

chromatin clumps (Figs. 134 and 135). The cells which fill 

the centre of these structures have markedly trans

lucent cytoplasm contrasting sharply with the ad

jacent elongated processes of the ependymal cells 

passing down towards the boundary with the meta- 

adenohypophysis. These cells which may be referred 

to as pituicytes have a relatively large cyto

plasmic volume and well developed reticulum. Their 

surfaces often show numbers of slender 'villus- 

like' projections, interdigitating with neigh

bouring cells.

Below the ventricular surface are the elongated 

nuclei of the ependymal cells with their long axes 

in a dorsi-ventral direction. Between them some 

ependymal processes extend through the fibrous 

layer to the basement membrane where their epen

dymal or tanicyte foot processes are sometimes 

distinguishable ( F i g . 136). Associated with these 

ependymal processes are microtubules and cyto

plasmic filaments.

The fibre layer is remarkable for the diversity of 

the axon terminals and their broad dispersion 

throughout the entire fibre zone. In many of them 

however, at this stage of the life cycle, the 

granule contents appear to have been discharged



and the lack of electron density makes classific

ation more difficult than in some of the later 

stages . In fact a feature of the fibrous

layer at this stage is the apparently scattered 

arrangement of the axonal endings (Fig. 136).

Densely stained mitochondria are seen which, al

though not numerous, are large and elongate.

Axonal endings may contain osmiophilically dense, 

spherical granules or 'empty' vasicles and in the 

same terminals both lightly stained and translucent 

granules also occur. Less common than these are 

smaller axonal endings containing small and less 

dense granules (Fig. 137). Exceptionally large gran

ules also occur in both types of endings, the 

majority of these being 'shadows' or translucent 

structures. Large dense granules however, are also 

observed either singly or in small groups scattered 

throughout the fibrous layer (Fig. 138).Within the 

same region, other types of endings of variable size 

also contain empty synaptic vesicles. Associated 

with these complexes of axonal endings there are 

sometimes groups of extremely small granules (less 

than 50 nm in diameter). These probably include 

sections of microtubules as well as secretory 

granules. In addition, lamellar bodies, glial fibres 

and cells and evidence of pinocytotic activity can 

be seen.

Other areas of the fibrous layer are less well



organized and have only a few scattered dense spher

ical granules associated with vesicles, vacuoles, 

colloid droplets, lysosomes and groups of very 

small granules (Fig. 139). These areas are more 

frequently found in the upper regions of the lobe.

The ventral basal membrane exhibits a more crenul- 

ated basal lamina than at the ammocoete stage with 

many oval or spherical, densely stained mitochondria 

along its length (Fig. 137).

Vesicular and granulated axonal endings reach almost 

to the basal lamina, in some examples extending into 

the ramified incursions of the lamina into the peri

vascular space (Fig. 136).

At this stage, the anterior neurohypophysis appears 

not to show the sharp demarcation of the ependymal 

and fibre layer that is seen in the posterior neuro

hypophysis. Howeverjthe ventricular surface of the 

ependyma appears much less active than that of the 

posterior neurohypophysis.

The fibre layer shows some ependymal processes, 

mitochondria and micro-filaments but the sparse 

neurosecretion is represented mainly by small scat

tered groups of granules.

M e tamorphosis.

During metamorphosis further changes are seen in the 

fine structure of the posterior neurohypophysis and



to a lesser extent, in the anterior neurohypophysis.

Generally,the ependymal and fibrous layers become 

more distinct, the axonal endings particularly in 

the posterior neurohypophysis becoming more sharply 

differentiated in form, granule size and electron 
density. (Figs. 140-143).

In early and middle stages of metamorphosis the 

ependymal layer of the posterior neurohypophysis is 

well supplied with cilia, microvilli and pinocytotic 

vesicles. Particularly prominent at this stage are 

the numerous mitochondria (oval or elongate in 

shape) distributed throughout the dorsal layer to

gether with lipid masses and lysosomes (Figs. 143 and 144) 

Extruded membrane bound vesicles can be seen dis

persed in the lumen of the third ventricle while 

the ependymal cells, aligned just below the ven

tricular surface, appear to be synthetically active 

with prominent Golgi complexes and mitochondria 
(Fig . 143 and 144).

From the cell bodies the ependymal cell processes 

extend through the fibrous layer and may be as

sociated with axonal endings (Fig. 141).

The middle or fibrous region is richly supplied 

with axonal endings which are widely distributed 

from the ependymal cell layer to the ventral base

ment membrane (Fig. 142).

During the early and middle stages of metamorphosis



the anterior neurohypophysis remains less complex 

than the posterior region, consisting of a dorsal 

layer of loosely arranged ependymal cells and a 

fibrous layer containing scattered axonal endings 

and granules. The granules in the anterior region 

appear to be scattered rather than arranged in 

groups as in the posterior region.

In these examples the ventricular border is not always 

ciliated,but is provided with microvilli and shows 

evidence of pinocytotic activity (Figs. 146, 147 and 148)

Below this surface the ependymal and subependymal 

cells showed marked vacuolisation of the cytoplasm 

which also contains ribosomes, lipid masses, dense 

bodies and lysosomes.

The fibre layer contains scattered axonal endings 

and in some examples the fibres of the pre-optic 

hypophysial tract can be observed in transverse 
section (Fig. 146).

At this stage,.the ependymal processes are not clear

ly demarcated in the middle region of the fibre 

layer, but in some micrographs of the more caudal 

section of the anterior neurohypophysis,the loc

ation of their end feet on the basal membrane can 

be detected by the concentrations of intensely 

stained mitochondria which are associated with these 

structures (Fig. 149).
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Late Metamorphosis.

As in other stages the posterior neurohypophysis is 

more densely granulated than in the anterior region, 

where groups of granules are more widely scattered 

in the fibre layer.

The ventricular surface of the posterior neurohyp

ophysis is well supplied with cilia, microvilli and 

pinocytotic vesicles,with mitochondria widely dis

tributed along the boundary zone.

Below the ependyma, the fibrous layer is richly 

supplied with secretory granules (Fig. 151). However 

the axonal endings did not appear at this stage to 

show any particular spatial arrangement and were 

scattered at random throughout the axonal layer 

right down to the basement membrane. Larger axon 

profiles similar to the expanded ’Herring bod i e s ’ of 

higher vertebrates have also been observed.

The basement membrane was folded and in some examples 

was in very close contact with invaginations of the 

meta-adenohypophysis with a separation between the 

two lobes of only approximately 5 um (Fig. 152).

At late metamorphosis the anterior neurohypophysis 

has a similar appearance to earlier stages with 

ependymal cells and a fibrous layer containing 

scattered groups of granules usually in only small 

numb e r s .
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Adult.

The main change observed in the adult phase is an 

increase in the density of the granulation in the 

posterior neurohypophysis, which reaches its maximum 

in the early adult stage.

The posterior neurohypophysis of the early adult is 

characterised by its rich granulation with cons

iderable numbers of Herring bodies (Fig. 153).

Although Herring bodies are still present in later 

adult stages,the granulation is less dense (Fig. 160).

At both stages the ependymal layer is well developed, 

although the cytoplasm of the ependymal cells appears 

to become more electron dense in the later adult 

stages (Fig. 160).

The ventricular surface is not as evenly ciliated as 

in earlier stages, but microvilli are present. In 

some cases among the ependymal cells are cellular 

elements containing large concentrations of secretory 

granules (mean 160 nm, range 135-210 nm (Fig. 187b) close to 

or within the apical pole of the cell exposed to 

the third ventricle. T h i s  s u g g e s t s  the 

possibility of secretion into the cerebro-spinal 

fluid (Figs. 160 and 161).

In other examples, concentrations of neurosecretory 

endings can be distinguished around the bases of 

ependymal cells (Figs.153 and 154). The cells in 

ependymal layer contain conspicuous colloid droplets
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together with cytoplasmic filaments, a few mito

chondria, membranous lamina and vacuoles (Fig.
154).

In the later adult stages, although there are var

iations between individual examples, generally the 

fine structure of the ependymal cells is less well 

supplied with distinguishable organelles and col

loid droplets are rare.

However, the ependymal cell processes are usually 

conspicuous and in some examples their cytoplasm is 

relatively electron dense (Fig. 160).

Axonal endings containing neurosecretory granules 

are scattered through the fibrous layer and are 

particularly well differentiated in the young adult 

(Fig. 154). There appear to be 3 groupings (Fig. 186)

In later adult stages these three categories of 

endings appear to be retained, although some 

examples show evidence of degranulation and less 

densely stained granule profiles (Fig. 161).

The ependymal end feet can clearly be seen ending 

on the basal membrane,particularly in the later 

adult stages where the tanicyte processes appear 

more electron dense (Fig. 160 and 187).

The basal lamina is not as folded as in earlier 

metamorphic stages, although electron dense invagin

ations do occur and in the earlier adult stages.



'mitochondria are seen along the perimeter with con

centrations in the regions where end feet are present 

(Figs. 155 and 156). Many of the axon terminals are 

placed quite close to the basal lamina and in one 

instance a large axonal ending has been observed which 

appears to open into the vascular space above the meta

adenohypophysis (Figs. 156 and 157). Also,in the same 

examplewhere the axons terminate near the basement 

membrane, groups of granulated endings can be seen 

containing a range of granule types. These include 

large dense rod shaped granules, lightly stained 

membrane bound spherical granules and amongst groups 

of microtubules,small granules which also have a dis

tinct peripheral halo (Figs. 158 and 159).

The perivascular space varies in width depending on 

whether red blood cells or endothelial cells are 

present and is especially well developed at the late 

adult stage.

One of the most noticeable differences in these 

examples between the early and late adult posterior 

neurohypophysis is in the extent of neurosecretion 

in the ventral region. In the former, granulated 

neurosecretory endings with associated dense mito

chondria are distributed along the perimeter of the 

lobe,while in the late adult the basement membrane is 

thin and inactive with the ventral region virtually 

degranulated (Figs. 155 and 160).

The fine structural features of the anterior neuro

hypophysis are easier to distinguish in the adult



phase. The degree of granulation may be more pro

nounced than in the metamorphic stages, but is never 

at any stage comparable to that of the posterior neuro

hypophysis. The ependymal layer is more densely 

ciliated than in earlier stages of the life cycle and 

the ependymal cell layer is orientated in a dorsi- 

ventral direction. Their cytoplasm is electron dense 

and the ependymal processes sharply defined as seen 

in the posterior neurohypophysis (Fig. 160).

In the adult neurohypophysis,based on the shape of the 

vacuoles,there are indications that the lipid droplets 

of earlier stages have been depleted and some of the 

axonal endings also appear to have been degranulated 

(Fig. 160 and 161).

Spawning adult.

In the posterior neurohypophysis of the spawning 

adult the ependymal cytoplasm is osmiophically less 

dense than in the younger adult phase (Fig. 162).

The ependymal nuclei lie relatively close to the 

ventricular edge. Granulation is moderately dense 

and extends throughout the fibrous layer to the 

basement membrane (Fig. 163).

The processes of the ependymal cells are seen between 

the axonal endings. Ribosomes and cisternae of 

endoplasmic reticulum are dispersed throughout the 

fibrous layer, but colloid droplets are rarely seen 
in the ependymal layer.



The basement membrane is not extensively invaginated 

although the dorsal surface of the meta-adenohyp

ophysis has some folding which results in the two 

membranes being separated by only a few microns

As in earlier stages, where capillaries and endo

thelial cells are present, the boundary between the 

two lobes is 10 - 20 yU/ wide (Fig. 162).

Post spawning adult.

As in the rest of the pituitary, the post spawning 

neurohypophysis presents a general appearance of the 

breakdown and collapse of membranous structures and 

only the ependymal nuclei, the cilia of the ventric

ular surface and the basement membrane can be distin

guished.

The fibrous layer is largely degranulated and the 

impressions of processes and axons are barely vis

ible.

However the close relationship between the boundary 

membranes of the neurohypophysis and meta-adenohyp

ophysis remain (Figs. 164- and 165).

A feature seen in some examples of this stage are 

translucent regions in ependymal cells and around 

their bases which represent areas which were previous 

ly occupied by neurosecretory endings.
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Summary of cytological features of the neurohYPophysis.

1. Among the ultrastructural differences between the 

anterior and posterior neurohypophysis the most 

conspicuous are changes in the amount of neuro

secretion, the relative depth of the fibrous layer 

and the degree of differentiation of axonal endings 

and types. These latter features become more ap

parent in the adult stage when Herring bodies also 

become prominent.

2. The anterior neurohypophysis never develops the same 

degree of neurosecretory granulation as the posterior 

region and generally the granules occur only singly 

or in small groups, representing neurosecretory 

material in transit through the neurosecretory 

t r a c t s .

3. The amount of neurosecretory material reaches a 

maximum in the posterior neurohypophysis of the 

metamorphosing and adult lamprey.

4. Activity on the ventricular surface of the ependymal 

cells, as judged by the degree of development of 

cell organelles, reaches a maximum during the pre- 

metamorphic stage, when the mitochondrial aggreg

ations become most prominent.

5. In the posterior neurohypophysis, colloid droplets 

are most evident between the pre-metamorphic and 

early adult stages, but were not seen in the sexually 

mature animal.



6. Measurements of neurosecretory granules in the 

posterior neurohypophysis suggest the presence of 

at least four size classes throughout the metam

orphic and adult stages. On the other hand the 

ammocoete neurohypophysis appears to lack the 

largest group of granules. (See Section 3.64).

7. During the pre-metamorphic and metamorphic stages 

the boundary zone between the neurohypophysis and 

the adenohypophysis shows signs of increased 

activity involving interdigitations of the basal 

lamina and the development of mitochondrial ag

gregations and intense vacuolisation.

8. In the posterior neurohypophysis observations 

have been made of cells lying in the ependymal 

layer which contain masses of secretory granules 

and which appear to extend to the ventricular 

surface, raising the possibility of secretion via 

the cerebrospinal fluid.



3.64 Analysis of neurosecretory granules.

Figs. 182 and 188 present the results of pooled measurements of 

neurosecretory granules in the posterior neurohyp

ophysis at various stages of the life cycle. Fre

quency distributions for the granule diameters have 

been smoothed by a moving average of 7 nm.

In the case of the spawning adult (Fig. 188 ) the

resulting curve suggests the presence of four main 

size groups of granules with peak values at about 

. 87,120,150 and 180 nm (classes I, II, III and IV).

In earlier life cycle stages the modes are generally 

less sharply defined, although some at least of the 

corresponding size classes appear to be recognis

able in some individual frequency curves. For ex

ample, in the curve for late metamorphosing animals 

there are three modes at around 70-90, 105-115 and 

120-140 nm which appear to correspond to classes 1,

11 and 111 respectively.

In the early adult stage, the smallest class of 

granules does not appear to be represented by a 

discrete mode, but the major group has a peak fre

quency at just over 120 n m , perhaps representing 

class II, while there are further minor modes at 

about 150 nm and 165 nm. The curve for the early 

and middle metamorphic stages is interesting for the 

presence of a group of small granules at 50 - 70 nm 

in addition to the normal class I granules at 70 - 

90 nm.
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Su b j ec t: i ve assessments (based on the examination of 

m i (: rogra [)hs ) as well as the relative size of the 

modes in the frequency curves (Figs. 182 and 188)suggests 

that there may well be some changes in the relative 

proportions of the various size classes of neuro

secretory granules during the life cycle.

For example, the class II size category which is 

dominant in the ammocoete and to a lesser extent 

in the pre-metamorphic stage appears to be less 

common during early and middle metamorphosis.

The smallest class I granules which are generally 

present in only relatively small numbers become 

predominant in early and middle metamorphosis and 

remain relatively important in late metamorphosis.

The largest granules, which never form a high prop

ortion of the granule population appear to be absent 

altogether in the ammocoete and are present in only 

small numbers in late metamorphosis, but are relat

ively conspicuous in the spawning adult.

Recognition of four size classes of neurosecretory 

granules in the pooled measurements does not, of 

course, imply necessarily that there are four cor

responding groups of axona] endings and it is known 

that adrenergic endings in higher vertebrates may 

contain granules of different size groups.

Attempts to resolve t li i s question ii a v e been made 

involving the m e a s u r e m .n I of granules i ̂  axon profiles, 

sampled from the adult posterior neUrohjpophysis.



-155-

The resulting histogram(Fig. 189) suggests the presence 

of four axon groups ( I,II,III & IV). A Kruskal-Wallis 

test showed that these four axon types did differ from 

one another ( p <  0.5).

Fig. 189 Histogram showing the distribution of mean 

diameters of 1000 neurosecretory granules in 56 axons 

in the posterior neurohypophysis of 5 adult L^nlaneri

10 f.

II

III

IV,

u - l

/to7 0 lOO

Measurement nm.
The dotted lines show the limits of the range 
of the axon types (axons grouped in 5nm ranges)

t a b l e  5 Ranee of median diameters and number of a x o ^  

for t-hP four types dlstingulshed In F i r . 189

AXON TYPE RANOF, OF MEDIAN 1 NO. OF '

DIAMETERSfnml AXONS

I 70 - 99 11

II 100- 120 19

III 130- 159 20 I

IV 160-179 6



3.7 Structure and development of stellate cells.

In many vertebrates, non secretory cells have been 

identified in the pituitary (Vila-Porcile, 1972; 

Shiotani, 1980). They are usually found interspersed 

amongst the secretory cells and are termed stellate or 

follicular cells. In all species so far studied, the 

stellate cells are characterised by long cytoplasmic 

processes extending between the secretory cells and 

frequently positioned close to blood vessels or peri

vascular canals. It is thought that these ’s t a r ’ shaped 

cells which have been described from the cyclostomes to 

the rat are homologous, and that they may have a phago

cytic function, possibly contributing to an intra- 

glandular transport system or even a secretory function.

In the lamprey, the stellate cells appear to be confined 

to the anterior hypophysis and have been identified in 

the pro-adenohypophysis of adult L. fluviatilis (Bage & 

Fernholm, 1975), in both the pro- and meso-adenohyp- 

ophysis of adult P. marinus (Leatherland, 1975)and in 

adult L. tridentata (Tsuneki & Gorbman, 1975b). The 

latter authors also reported stellate type cells in the 

pars intermedia (Tsuneki & Gorbman, 1975a) of the latter 

species.

Rather different results have been reported in the ammocoete of the 

landlocked P. marinus where stellate cells in the ammocoete 

of the landlocked form occur mainly in the

pro-adenohypophysis, are rare in the meso-adenohypophysis 

and are absent from the meta-adenohypophysis (Percy



et a l ., 1975). In the anadromous form on the other hand, 

Wright (1983) reported their presence in all parts of 

the larval adenohypophysis.

In this study,stellate cells were widely observed from 

the older ammocoete to the spawning adult stage in both 

the pro- and meso-adenohypophysis.

In form they are similar to those described in other 

vertebrates,being grouped broadly into those with dense, 

normal or translucent cytoplasm. They have the charac

teristic stellate shape with thin cytoplasmic processes 

extending from a usually small cell body, with only a sparse 

amount of cytoplasm surrounding an irregular shaped 

nuclei.

The largest cell is one with translucent cytoplasm, a 

relatively large cytoplasmic/nuclear ratio and the most 

extensive cytoplasmic processes. In this type of stel

late cell cytoplasmic organelles are better dev

eloped.

The intermediate form or S'̂  type seems less common, pos

sibly because it is more difficult to detect,being of 

similar electron density to the surrounding secretory 

cells.

The most common stellate cell throughout the life cycle 

of L. planeri is an electron dense type , with an ex

tremely small volume of cytoplasm and very slender cyto

plasmic processes (Figs. 49 and 55). The cytoplasm is 

often devoid of structural details. The nucleus assumes 
various shapes and its nucleolus is usually of a small



size. Sometimes microfilaments can be observed in the 

cytoplasmic processes, although the existence of des- 

mosomes described by other authors has not been estab

lished. However, in common with descriptions in other 

vertebrates, the stellate cells throughout the life cycle 

of L. planeri are frequently associated with the basal 

lamina of the adenohypophysial lobes

and with the richly granulated cells. The cytoplasmic 

processes can be observed running parallel to the base

ment membrane often over the length of several cells.

Stellate cells usually occur only singly, but can be ob

served occasionally in groups in the centre of lobes, 

surrounding the secretory cells or aligned in groups on 

the basement membrane. They may extend a broad process 

to reach the basal lamina of an adjacent blood vessel or 

fibrovascular space.

The development of the stellate cells in the pro- and 

meso-adenohypophysis is broadly similar. The first clear 

evidence of their presence was seen in large pre-metam- 

orphic ammocoetes where all three types were represented 

(Figs. 13, 17 and 75). However, at this stage the cytoplas

mic processes are not extensive and there is no evidence 

of phagocytic activity.

At this period the most conspicuous stellate cell is the 

type of the pro-adenohypophysis (Fig. 17). This very

large cell is found singly along the edge of the lobe or 

the perivascular canal or even in the centre of the lobe. 

Because of the length of the cytoplasmic processes, 

several S^ cells seem to be in contact and these processes



are sometimes broader than the more slender processes of 
the Sg cell (Fig. 8).

A smaller version of this cell is seen in the meso- 

adenohypophysis at the equivalent stage, although it is 

by no means so conspicuous (Fig. 75). In both cases, 

however, lysosomes can be seen in the cytoplasm, although 

little other cytoplasmic detail is apparent.

Throughout the metamorphic period in the pro-adenohyp- 

ophysis, type stellate cells can be seen, although the 

electron density of the cytoplasm is never very marked 

(Fig. 32 and 39). The S 2  type can be also observed part

icularly in the later stages of metamorphosis (Figs. 20 

and 30), but the S^ type was absent in these examples 

during metamorphosis.

In the meso-adenohypophysis, the stellate cells appear 

much rarer during the metamorphic period, although this 

may be due to the fact that they are of the $ 2  form, which 

are much less easy to distinguish (Fig. 75). However, an 

example of the type was observed (Fig. 76).

In late metamorphosis the cells become apparent on the 

edge of perivascular canals (Fig. 95). It is also evident 

that the long thin cytoplasmic processes are arranged 

around the granulated cells (Fig. 95). This conformation 

is also seen in the pro-adenohypophysis, during the late 

metamorphic stage, when invaginations into the cell mem

branes of neighbouring granulated cells may be observed (Fig.36)

The Sg cell may be observed throughout the adult phase.

Here the electron dense cytoplasm of this type becomes



-very conspicuous, surrounding the secretory cells, whose 

cytoplasm appears to be disintegrating (Fig. 49).

The distribution of stellate cells in the adult meso- 

adenohypophysis is more difficult to ascertain and, al

though some areas of glandular tissue may contain none of 

these elements, rarer examples show larger numbers of the 

Sg type. Again, as in the pro-adenohypophysis, the stel

late cells are often arranged around the secretory cells 

normally towards the centre of the lobules as well as on 

the perimeter. In Fig. 105 stellate processes appear to 

envelop areas of secretory cell cytoplasm.

At the early and late adult stages, the cells in both 

lobes appear to show poorly defined cytoplasmic organelles, 

although lamellae, indistinct mitochondria and lysosomes 

of varying density have been distinguished.

Stellate cells show their most conspicuous development in 

the spawning pro-adenohypophysis, where cells can be 

seen gathered on the perimeter of the lober and to a 

lesser extent in the more central regions. Their very 

slender cytoplasmic extensions may surround secretory 

cells and these processes may extend along the cell m e m 

brane of a neighbouring cell where it borders the peri

vascular canal, sometimes penetrating the cytoplasm of 

the cell (Fig. 55).

The cytoplasm of the cells at this stage is particul

arly dense with only a small volume. Lysosomes are 

discernable, but not other cytoplasmic structures. The 

nucleus is irregular in shape.



This great development of the Sg cells in the pro-adeno

hypophysis of the spawning and spent adult is not seen in 

the meso-adenohypophysis where they are identifiable, but 

fewer in number and with less densely stained cytoplasm. 

In spent animals the cell is only recognisable by its 

characteristic triangular shaped nucleus.
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4.0 ■ DISCUSSION.

The examination of the pituitary gland of L. planeri at 

the ultrastructural level at various stages in the life 

cycle has shown distinct changes in both its morphol

ogical and cytological characteristics. Although 

inferences on the possible functional role of the 

various cell types are restricted by the purely morphol

ogical techniques employed, ultrastructural observations 

can nevertheless provide a sound basis from which future 

experimental work can develop.

Studies of the vertebrate pituitary involving both 

cytological and experimental methods have recognised 

distinct cell types secreting specific hormones. Hence 

the form, position and fine structural appearance of a 

pituitary cell can be linked reliably to their functional 

role. In a few mammalian species it is now possible to 

identify the specific cells concerned with the secretion 

of the hormones of the anterior hypophysis^ following the 

development of sophisticated techniques for the purif

ication and analysis of these hormones. However, it was 

the original cytological work on the rat and mouse that 

laid the foundations of ultrastructural studies on the 

pituitary of other vertebrates (Rinehart & Farquar,

1953; Farquar & Rinehart, 1954; Barnes, 1962).

In the lower vertebrates, the teleost pituitary has been 

the most widely studied and in a number of species its 

cytological features have been well documented by many 

authors including Knowles & Vollrath, 1966; Olivereau & Ball
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1964; Follenius, 1968; Ball & Baker, 1969; Leather- 

land, 1970. However, evidence for the function of 

various cell types has been developed with improved 

techniques including immunocytochemistry and it has been 

possible to specify cells producing various hormones 

such as lactotrophs, adrenocorticotrophs, somatotrophs 

and gonadotrophs in the pars distalis and MSH producing 

cells in the pars intermedia (Holmes & Ball, 1974).

Cytological studies on the basic morphological cell 

types in the adult teleost have provided a foundation 

for experimental work to establish both functional cell 

types and control and feedback mechanisms where they 

occur throughout the life cycle.

However, the cyclostomes have proved much more elusive 

and the functional role of the pituitary cells, part

icularly in the ammocoete and metamorphic stages, is 

still uncertain.

In the lamprey, earlier light microscope and more recently 

electron microscope studies,have demonstrated a morphol

ogical range of cell types in the adult pituitary and to 

a much lesser extent in the earlier ; life cycle stages.

However, our understanding of the secretory role of 

the various cells is extremely limited. It is also 

possible that the cyclostome pituitary shows a more 

restricted secretory repertoire than that of the higher 

vertebrates. There are no reasons for supposing that 

the chemical nature or the secretory output of the



pituitary endocrine system in these primitive agnathans 
matches that of the teleost or mammalian pituitary.
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4.1 Cytological Comparisons.

Previous analyses of the cell populations of the lamprey 

pituitary at the level of the light microscope and more 

especially recent electron microscope studies,have 

concentrated to a great extent on the adult parasitic 

lamprey during its upstream migrant and sexually 

maturing adult stages (see reviews by Larsen & Rothwell, 

1972; Hardisty & Baker, 1982). The present ultra- 

structural studies are the first to be reported on a 

non-parasitic species which, because of the elimination 

of the adult trophic phase of the life cycle, exhibits 

within the space of a few months those physiological 

changes including metamorphosis and sexual development 

which in the parasitic lampreys may be spread over 

several years. In making comparisons between the 

pituitary of L. planeri and the various parasitic 

species which have been studied, it is important that 

this compression of the life cycle in the non-paras

itic form should be borne in mind. Unfortunately, 

observations on earlier stages of the life cycle at 

the ultrastructural level have been reported only for 

parasitic forms; the landlocked sea lamprey, P. marinus 

(Percy, et a l ., 1975) and the ammocoete of the 

anadromous form of the same species (Wright, 1983).

In spite of the disparity in their life cycle, L . 

planeri and L. fluviatilis are very closely related and 

except for differences in body size, almost morphol

ogically identical. For this reason it might be ex

pected that there would be basic similarities in their
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pituitary morphology. However, although the pituitary of 

L. fluviatilis has been intensively studied,experimentally 

and by electron microscopy, this work has been confined 

to upstream migrant stages.

At this time the testis is a comparatively large organ in 

which the germ cells have usually reached the spermatocyte 

stage, while in the female the oocytes may already have 

diameters of about 400 jum and are engaged in vitello- 

genesis.

In L. planeri on the other hand, at the completion of 

metamorphosis in the autumn, the testis is still a comp

aratively minute structure, containing only small numbers 

of spermatogonia, while the oocytes are still little more 

than about 100 jum in diameter and have not yet entered 

vitellogenesis.

Thus, in the brief adult life of L. p laneri, gonadal 

development starts from a much lower baseline than in 

L. fluviatilis and within a few months passes through 

developmental stages which in the parasitic form are 

spread over several years. If as is thought, the pituitary 

plays some part in gonadal development and final matur

ation, this difference in phasing might be expected to be 

reflected in the course of pituitary development. In 

regard to the state of sexual development, the pituitary 

of the upstream migrant L. fluviatilis should more ap

propriately be compared with the young adult and sexually 

maturing stages of L. planeri in the period between Sep

tember or October and the following early spring.
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(i) Granulated cells.

The basophil (B) cells of the pro- and meso- 

adenohypophysis.

Ammocoete and pre-metamorphic stages.

These cells have been reported in landlocked P.

marinus in very small ammocoetes only 50 m m  in length 

and probably in their first year, containing membrane 

bound electron dense granules with diameters of 165- 

215 nm (Percy, et a l ., 1975). In the anadromous form 

of the same species^Wright (1983) has reported pro- 

adenohypophysial basophils in ammocoetes of only 25 m.m 

in length. In the present study, granulated cells 

were observed in the pro-adenohypophysis of large 

ammocoetes, becoming particularly numerous at the pre- 

metamorphic stage. This agrees with observations on 

landlocked P. marinus at similar stages, although in 

the latter species the upper limit of granule size 

(240 nm) was considerably higher than in L. planeri 

(about. 190 n m ) . In the large ammocoetes of the latter 

species about 70% of the cells were granulated, al

though the cytoplasm showed little fine structural 

d e t a i l . .

However, at the pre-metamorphic stage the cytoplasm 

shows numerous large mitochondria, a well developed 

juxta nuclear Golgi apparatus and rough endoplasmic 

reticulum. The presence of these organelles combined 

with an increase in the extent and density of
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granulation would suggest active synthesis and a 

high level of stored secretory material. In the 

large ammocoete some examples show a nuclei with a 

crenulated outer membrane which may be an indication 

of cellular activity.

Comparisons with P. marinus show that in the pro

adenohypophysis of large (97-143 mm ) ammocoetes of 

the anadromous form one type of granulated cell was 

identified with granules averaging 140 nm in diameter, 

range 80-240 nm (Wright, 1983), whereas in pretrans

formers of the landlocked form two types of basophils 

were distinguished differing in the number and size

of granules; the first with larger numbers of gran

ules of 140 - 230 nm and the second with fewer gran

ules of 105 - 180 nm (Percy et a l . , 1975).

In the meso-adenohypophysis of the large ammocoete 

of L . planeri only about 10% of the cell population 

are basophils and these are all only lightly granular. 

This agrees with the findings of Wright (1983) in the 

anadromous form of P. m a r i n u s .where 10-20% of the meso- 

adenohypophysial cells of the ammocoete were granulated 

In this species, the granules were much smaller than 

those of the pro-adenohypophysial basophils, but 

similar in size to those of L. planeri at the same 

stage. However, this differs from the description by 

Percy et a l . (1975) of " apparently active granulated

cells ... not found at any other developmental stage " 

in the landlocked form of the sea lamprey with small



numbers of larger granules with diameters of 100- 

137.5 nm.

However, at this stage, both authors describe the 

^  basophils of the meso-adenohypophysis as having well

developed cytoplasmic organelles which was not the 

case in L. planeri.

Pre-metamorphosis in L. planeri sees a sharp increase 

in the size of the basophil granules of the pro

adenohypophysis from a mean value of 98 nm (range 50- 

150) in the large ammocoete to a mean of 132 nm with 

a range of 70-190 nm. At the same stage in the meso- 

adenohypophysis the proportion of granulated cells has 

increased to approximately 30% of the cell population. 

This may be contrasted with the description of the 

corresponding stage of the sea lamprey (Percy et a l . , 

1975) where the meso-adenohypophysis is said to be 

still largely chromophobic with only rare granulated 

cells. In L. planeri the basophil granules of the 

meso-adenohypophysis are smaller than those of the 

pro-adenohypophysis at the same stage. These basophils 

also have a lower cytoplasmic/nuclear ratio than those 

of the pro-adenohypophysis tending to be more spherical 

in shape. Similar morphological differentiation 

between the basophils of the two lobes has also been 

reported in the sea lamprey (Wright, 1983). However, 

like their counterparts in the pro-adenohypophysis, 

those of the meso-adenohypophysis of L. planeri also 

show at the p r e - m e t a m o r p h i c  s t a g e



well developed cytoplasmic organelles, including 

mitochondria, intracellular vacuoles and extensive 

rough and smooth endoplasmic reticulum.

Metamorphic Stages.

The most significant change in the basophils of the 

pro-adenohypophysis during metamorphosis is a reduc

tion in the density of their granulation. However, 

the mean diameter of individual granules does not 

change significantly from the pre-metamorphic stage 

(132 nm mean diameter) through early (126 nm) and 

middle metamorphosis (129 nm), although Some reduction 

in size may occur in late metamorphosis (112 nm) .

These findings are counter to those of Percy et al., 

(1975) who reported an increase in stainable material 

in the basophils of P. marinus during metamorphosis. 

On the other hand, light microscope studies had 

previously commented on the reduction in basophil 

tinctorial affinity during metamorphosis in L. planeri 

(Van de Kamer & Schreurs, 1959; Thompson, 1971).

This reduction in granulation could, of course, be 

attributable either to decreased synthetic activity 

or alternatively to an increased turn over of the 

secretory products. In the examples used in this 

study, however, the cytoplasm contained well developed 

synthetic organelles with a conspicuous Golgi body 

numerous mitochondria and abundant endoplasmic
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reticulum, suggesting that increased secretion is 

responsible for the decline in the density of their 

granulation. In view of this, it is interesting to 

note the contrast with the meso-adenohypophysis which 

still shows only a small proportion of basophils; in 

this respect disclosing no obvious changes from the 

pre-metamorphic to the metamorphic stage.

In the landlocked P. marinus ,meso-adenohvpophysial 

basophils are also described as first appearing in 

middle metamorphosis (Stage 3).

A further distinction between the cells of the meso- 

adenohypophysis and those of the pro-adenohypophysis 

during metamorphosis is the increase in nucleo-cyto- 

plasmic ratios, which is without parallel in the 

anterior lobe. A marked V%crease in the volume of 

.the meso-adenohypophysis during transformation in 

L. planeri has already been reported (Thompson, 1971) 

and is attributable partly to increases in cell size. 

Associated with this cytoplasmic growth may be the 

development of extensive rough endoplasmic reticulum 

with stacks and whorls of membranes,which are seen in 

the basophils of the meso-adenohypophysis during 

these p eriods.

Although changes in granule sizes must be interpreted 

with caution because of the extent of variability 

within individuals and sample groups, it does appear 

from the examples used in this study that the
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diameter of the meso-adenohypophysial basophil 

granules increases from a mean of 97 nm at early 

metamorphosis to 123 nm in the middle metamorphic 

period. This increase is not paralleled in the pro

adenohypophysis, where a marked increase in granule 

diameters is seen only between the ammocoete and 

the pre-metambrphic phase.

Whether these changes in granule size reflect a change 

in the nature of the secretory product or are a result 

of increased storage cannot be determined.

Adult stages.

The basophils,particularly those of the pro-adenohyp

ophysis, reach their maximum density of granulation 

in the adult stages. In L . planeri the maximum 

density of granulation is seen in the spawning and 

spent animals, which also show the largest granule 

s i z e s .

Other authors working on parasitic species have also 

found extensive granulation in the pro—adenohypophysis 

of upstream migrant and spawning adults (see reviews 

by Larsen & Rothwell, 1972; Hardisty & Baker, 1982).

In these stages in L. fluviatilis, Bage & Fernholm 

(1975) distinguished three categories of basophil, 

based on increases in granule density and granule 

sizes (Bl, B2, B3). In this series B3^ the cell which pre

dominates in the later stages,showed the largest



granules and increased cellular activity.

In the same species, Larsen & Rothwell (1972) dis

tinguished two classes of basophil (III and IV) with 

the latter replacing to some extent the former over 

the 6 - 9  months of the migratory period. In type 111 

the mean granule diameters ranged from 150 - 300 nm 

compared to 300 - 350 nm in type IV.

In Bage & Fernholm's study the size range over the 

whole series Bl - B3 was about 100 - 350 nm or more 

and the mean values for the three classes were about 

149 nm, 178 nm and 222 nm. The reports of Percy et al 

(1975) on P. marinus are exceptional in failing to 

show any noticeable change in the basophils between 

the autumn migrant and spawning adult stages. Over 

this period granule diameters r a n g e  from 

120 - 260 nm and it is curious that the largest 

granules are recorded from the newly metamorphosed 

stages where they varied from 340 - 490 nm.

Compared to the values obtained for L. planeri in the 

present study,the upper range of pro-adenohypophysial 

basophil granule size in parasitic species is far 

greater than in the non parasitic form, although its

significance is not clear. It is possible that the

notably smaller and more constant size of these

granules in the non parasitic L . planeri is a

reflection of its brief adult life, the absence of 

feeding and growth and the restricted period that is 

available for the production of its secretions.



Alternatively it could be related to the much smaller 

body size and hence cell sizes of L. planeri compared 

to those of parasitic lampreys.
The general increase in both species (except P . marinus ) 

of stainable material in the B cells of the pro-adeno

hypophysis, is accompanied also in L. fluviatilis by 

evidence of increased release of secretory material 

(particularly in the April-May period), including 

degranulation of the cytoplasm and granule release 

profiles (Bage & Fernholm,1975) Larsen & Rothwell (1972)^ 

described the increasing vacuolisation of the cyto

plasm which occurs during sexual maturation when the 

cell boundaries are often difficult to distinguish.

A similar breakdown of fine membranous structures is 

also seen in mature pro-adenohypophysial cells of 

L . planeri .

The present study has shown that the basophils of the 

adult meso-adenohypophysis are differentiated from 

those of the pro-adenohypophysis in some morphological 

features, namely shape, density of granulation and 

granule size. Adult meso-adenohypophysial cells in 

L. planeri contain smaller granules than those of the 

equivalent pro-adenohypophysial cells, although the 

difference is not as great as in the pre-metamorphic 

and early metamorphic stages. At the spawning stage 

the granules appear to be similar in size, but are 

always more numerous in basophils of the pro-adenohyp

ophysis .

In L. fluviatilis Larsen & Rothwell (1972). describe their
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type VIII as the meso-adenohypophysial basophil and 

during the migratory period this cell type contains 

granules ranging from 80 - 200 nm in size, similar to 

those of the spawning L. planeri (80 - 190 n m ) , but 

larger than those of the earlier adult stages (55 - 

170 nm) of the latter species.

In P . marinus ̂ the richly granulated basophils of the 

meso-adenohypophysis have granule diameters of 140 - 

280 nm and in a second type the granules of varying 

electron density had diameters of 120 - 250 nm (Percy 

et a l ., 1975). These granules are thus considerably 

larger than those of either L. fluviatilis or L . 

planeri.

In L . planeri ^the basophils of the pro- and meso- 

adenohypophysis appear to have reached their defin

itive form by the early adult stage and it is interes

ting to note that, although the cells of the pro- 

adenohypophysis are the most densely granulated, the 

cytoplasm of the meso-adenohypophysial basophils 

suggests greater synthetic activity at this time with 

a Golgi, mitochondria and lamellae of endoplasmic 

reticulum. While this indicates a more active 

secretory role for the basophils of the meso-adenohyp

ophysis at later stages of the life cycle, it may 

also be attributable to the earlier differentiation 

of the pro-adenohypophysial basophils.
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The 'active' chromophobe (C) cells of the pro- and 

meso-adenohypophysis.

Identification and categorization of the granulated 

chromophobes on purely morphological criteria presents 

considerable difficulties,in view of the considerable 

variability in structure, distribution and granule 

numbers which may vary from one or two to over twenty 
per cell section.

In this study the meso-adenohypophysis generally shows 

greater numbers of granular chromophobes than the 

pro-adenohypophysis. In the latter, for example, the ’a c t i v e ’ 

C3 type of chromophobe is rare and examples have been 

found only at the pre-metamorphic stage, during late 

metamorphosis and in the early adult. However, even 

in the meso-adenohypophysis, granulated chromophobes 

never occur in conspicuous numbers and are most evident 

during the pre-metamorphic stage.

In agreement with other workers the distinctive 

features of these cells is the sparsity of their 

granulation and the smaller size of their granules 

compared to those of the pro— and meso-adenohypophysial 
bas ophils.

Not surprisingly, there have been considerable 

variations in the classification of the chromophobes 

by different authors and in different species. In the 

adult of L. fluviatilis, Bage & Fernholm^identified



two active chromophobes in the pro-adenohypophysis; 

one cell (C2) containing granules with a range of 50 - 

150 nm and another (D cell) with very dense granules . 

varying from 60 - 160 nm in diameter.

The C2 cells of Bage & Fernholm (1975) are often arranged in

follicles and appeared to be most active in winter

and spring when the animals approach spawning. At

this latter time the cytoplasm accumulated large

lipid droplets. The type D cell was only occasionally

seen in the pro-adenohypophysis where they reached

their maximum size and granulation in October.

In this study, the C3 chromophobe of adult L. planeri 

with granules of 80 - 100 nm generally resembles the C2 

cell of Bage & Fernholm(1972) and the type VI 1 cell of Larsen & 

Rothwell (1972 ) being very sparsely granulated, 

with a low cytoplasmic / nucleo ratio and only moder

ately differentiated cytoplasmic organelles.

However, at no stage of the life cycle does the adeno

hypophysis of L . planeri and more especially the meso- 

adenohypophysis display the degree of chromophobe dif

ferentiation reported in upstream migrant L. fluviat

ilis.

This is not necessarily surprising in view of the much 

shorter non feeding adult life of the adult brook 

lamprey.

In general agreement with the situation in L. planeri ,



Percy et a l . (1975), using only light microscopy,

identified active chromophobes in the meso-adenohyp

ophysis of P. marinus during metamorphosis, although, 

they were not reported in the pro-adenohypophysis. In 

the adult P. marinus electron migrographs showed two 

types of granulated chromophobes in the meso-adenohyp

ophysis as is also the case in L. fluviatilis. On the 

other hand, in the present study, only one granular 

chromophobe (mean diameter of granules: 90 nm) appears

to be present in the meso-adenohypophysis of L. planeri 

This appears to be similar to the type VII cell of 

Larsen & Rothwell (1972) or the granulated chromophobe 

described by Percy et. a l . (1975) in upstream migrant 

sea lampreys.

However, in the latter species the range of granule 

diameters 120 - 210 nm was much larger than in L . 

planeri , where the upper size limit of chromophobe 

granules never exceeded 110 nm, consistently smaller 

than the basophil granules throughout the life cycle.

Most cytologists generally believe that the pro- and 

meso-adenohypophysis of the lamprey share in common an 

active granulated chromophobe thought to correspond to 

the lead haematoxylin cell of the light microscopist . 

This is more frequent in the meso-adenohypophysis, 

where it tends to predominate in the dorsal region.

The same cell has also been equated with the carmino- 

philic cells of light microscopy.

In addition to this chromophobe common to the anterior



lobe of the adenohypophysis, some authors have ident

ified a second type of chromophobe which may differ in 

each lobe. This is the D type cell of Bage & Fernholm 

in the pro-adenohypophysis of the upstream migrant of 

L. fluviatilis and the type V of Larsen & Rothwell in 

the meso-adenohypophysis of the same species at the 

same stage.

In P. marinus (Percy et al., 1975) the upstream migrant 

is reported to contain a second chromophobe with 

granules of only 5 - 1 0  nm in the meso-adenohypophysis, 

whereas in L. tridentata three granulated chromophobes 

are reported in this lobe with granules varying in size 

from 110 nm - 240 nm.

In this study it has not been possible to determine 

whether or not the granulated chromophobes in the two 

lobes are identical cell types. Both have only sparse 

granulation with small granules but the granules in the 

meso-adenohypophysis usually appear spherical in shape 

rather than the somewhat ovoid form of those in the 

pro-adenohypophysis and are significantly larger in 

the late metamorphic stages.



4.1 (ii) Non granulated chromophobe (C) cells.

Two types of non granulated chromophobes have been 

identified in the pro- and meso-adenohypophysis of 

L. planeri (types Cl and C2). Both are seen 

throughout the life cycle in both the anterior lobes. 

They appear to be more morphologically stable than 

the granulated chromophobes.

The C2 type is characteristically elongate, partic

ularly in the pro-adenohypophysis and appears to be 

very similar to the 02 type described by Bage & 

Fernholm (1975). On the other hand their 02 type is 

granulated and is described only in the adult stage. 

This raises the possibility that the equivalent cell 

in the adult L. planeri is the lightly granulated 

chromophobe of the 03 type.

01 cells are commonly described as undifferentiated 

cells and this is in agreement with their morphol

ogical appearance in L. plan e r i . They occur only in 

small numbers and appear to decrease in frequency 

with the age of the animal.

(iii) Stellate (S) cells.

The other group of non granulated cells are of the 

stellate type with the same characteristics as those 

described in other species (L. fluviatilis, Bage & 

Fernholm, 1975; P. m a r i n u s , Leatherland & Percy, 1976) 

Thus, they are non granular, have long cytoplasmic projections
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from the cell body, contain microfilaments and sometimes link 

with neighbouring stellate cells to surround the 

granulated cells.

The observations made here have not clarified the 

problem of the source of the stellate cells, although 

it seems possible that they originate from small 

flattened cells situated on the surface of the 

glandular lobules adjoining the perivascular spaces.

This would not be inconsistent with the view (based on 

their content of nervous tissue specific protein SlOO) 

that they arise from the embryonic neuroectoderm, thus 

representing a cell lineage quite distinct from the 

ectodermally derived glandular tissue (Nakajuna, et 

^ .  , 1980).

Bage & Fernholm (1975) describedthe phagocytic activity of 

stellate cells in the adult pro-adenohypophysis of 

migrant L. fluvia tilis. In their examples, dark 

stellate cells surrounded granulated portions of baso

phils. Subsequently, the cells became lighter and 

phagocytotic activity takes place. However they note 

that such activity was not observed in the meso- 

adenohypophysial stellate cells, suggesting that 

phagocytosis may only occur when large amounts of 

granular material are present.

In this study, the light form of the stellate cell was 

more commonly observed in the pre-metamorphic pro

adenohypophysis. This would suggest that they might 

be involved in phagocytotic activity associated at



this time with the controlled release of granular 

material from the pro-adenohypophysial secretory cells 

As the pro-adenohypophysis has been regarded as the 

most likely source of endocrine earlier in metam

orphosis, the behaviour of the stellate cells at this 

time would substantiate this suggestion. In this con

nection, it may be noted that stimulation of stellate 

cells by endocrine activity has been reported in the 

pars distalis of the frog after TSH injections 
(Garcia-Navarro et al., 1983).

However, during later stages of the life cycle in 

L. planeri,the dark form of the stellate cell was 

commonly seen. These frequently contained lysosomes 

and several cells could be observed surrounding the 

granulated cells.

It is therefore apparent from these examples that the 

dark form of the stellate cell is most active in both 

the pro- and meso-adenohypophysis in the later stages 

of the life cycle.

Bage & Fernholm (1975) have suggested that some of the 

dark stellate cells in the upstream migrant stage of 

L . fluviatilis may correspond to the lead haematoxylin 

cells which have often been regarded as corticotrophs 

(Larsen & Rothwell, 1972; Hardisty & Baker, 1983) •

In this connection it is interesting to note the re

port that stellate cells in the rat pituitary react 

immunologically to ACTH and FSH antisera (Yoshimura &
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Nagami, 1979). Another report has established that 

immunostaining with ACTH antisera was localised in stel

late cells dispersed throughout the pars distalis of 

the rat. In some cells staining with N*-terminal frag

ment of pro-opio-melano-cortin was positive and 

all the pars intermedia secretory granules were pos

itive with both antisera (Cantin, et a l .(1983).

Bage & Fernholm (1975) also suggested that their rare 

type D chromophobe (which they believed might be re

presented in the meso-adenohypophysis by a lead haema

toxylin positive carminophil) corresponds to a larger 

form of lead haematoxylin cells in the pro-adenohyp

ophysis. However, this type D cells is said to be 

difficult to distinguish from the basophil except for 

its denser and somewhat smaller granules.

0972-j
Larsen & Rothwell favoured their lightly granulated 

type V meso-adenohypophysial cell as the lead haema

toxylin cell and possible corticotroph, but since 

there is general agreement that the lead haematoxylin 

cells tend to be dense and angular in shape, we cannot 

exclude the possibility that some at least of the dark 

stellate cells may respond to this staining technique.
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4.2 Biochemical differentiation of anterior adeno

hypophysial cell types. (See Table 8).

Observations on the distribution of immunoreactivity to 

sera raised against pro-opiocortin derivatives and to 

substance P have demonstrated clear differences in the 

biochemical activity of the pro- and meso-adenohyp

ophysis, although without resolving the question of the 

precise chemical basis for these immunological responses

For example, comparisons of the responses of the pro- 

and meso-adenohypophysis to anti-Met-enkephalin and 

anti-substance P sera indicate fundamental differences 

in the cell population of the two lobes: only the 

former showing marked and general reactions to anti-Met- 

enkephalin and only the latter giving consistent and 

general positive reactions to anti-substance P (Nosaki & 

Gorbman, 1984, 1985). Dores et a l . , ( 1984 )> found that all 

the cells responded to anti-Met-enkephalin, although in 

the adults of P. marinus and E. tridentatus only a few 

positively reacting cells were observed.

While Nosaki & Gorbman were inclined to discount any 

identity between the substrates for these immunological 

responses and the authentic Met-enkephalin and more 

especially substance P, they interpreted the differences 

as indicative of some as yet unknown divergences in the 

secretory activities of the cells of the pro- and meso- 

adenohypophysis.

In attempting to correlate these observations with
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morphological cell types it is important to note the 

differences in these immunological responses in the 

large ammocoetes examined by Nosaki & Gorbman (1985).

In these the reactions to anti-Met-enkephalin sera were 

even more intense in the pro-adenohypophysis and ap

peared to involve an even larger proportion of the cell 

population than in the spawning migrant adults. This 

suggested that whatever may be the exact basis for the 

reaction it could be regarded as ’a general property of 

the pro-adenohypophysial c e l l s ’.

Further, while a majority of the cell population of this 

lobe were generally AF light green stainable, from the 

numbers of cells which react immunologically we can 

almost certainly assume (especially in the case of the 

ammocoete) that these responses cannot be confined to 

the basophils or their counterparts, the densely gran

ulated B cells seen in the electron micrographs.

In the case of the adult meso-adenohypophysis, it may be 

significant that about 50% of the cells gave a positive 

reaction to anti-substance P sera; but these were almost 

entirely confined to the dorsal region, where cytol- , 

ogists have frequently noted signs of greater activity 

(Larsen & Rothwell, 1982; Hardisty & Baker, 1972).

In the ammocoete, only a few meso-cells responded to 

anti-substance P, none did so in the pro-adenohypophysis, 

and in the adult only a few reacted positively. The ap

pearance of this immunoreactivity might implicate either 

the basophils or a chromophobe of the meso-adeno-



hypophysis, although the proportion of positively 

reacting cells suggests that these are probably chromo
phobes.

Their location in the dorsal region may correspond to 

the lead haematoxylin cells which have been said to be 

most prominent in this region and which have been re
garded as corticotrophs.

However, interpretation of these observations is made 

more difficult by virtue of the fact that the Met- 

enkephalin and substance P compounds represent neuro

peptides or neurotransmitters, which may be well in

volved in modulating behaviour and hence quite possibly 

o^i8^*7ate in the central nervous system rather than in 

the pituitary. In this connection it should be noted 

that strong reactions to substance P antisera were re

corded in the anterior neurohypophysis. Mo re

over the possibility that they are produced elsewhere 

than in the pituitary itself is increased by the local

isation of the immunoreactivlty to the most dorsal region 

of the meso-adenohypophysis adjacent to the neurohyp— 

ophysis. Moreover in the rat, substance P is reported 

as having both stimulatory and inhibitory effects on the 

release of various pituitary hormones (De Palatis et a l ., 
1 9 8 2 ) .

Meso-adenohypophysial chromophobes have also been im

plicated in the response to an antiserum against human 

luteinising hormone (L H ), Wright (1983). No 

specific r e a c t i o  n s were obtained in the pro—



adenohypophysis, but checks on duplicate sections ind

icated that the responses to anti-LH serum occurred 

in cells which were PAS-haematoxylin negative and 

would therefore be classified as chromophobes. Whether 

these are the cells reacting to anti-substance P sera 

or represent a second type of chromophobe it is impos

sible to judge.

Further tests by Wright (1984) have shown cells of the 

meso-adenohypophysis reacting specifically to antisera 

against rat ' prolactin and rat growths '

hormone and these responses occured in distinct cell 

popul ations.

Cells reacting to anti-prolactin serum (PRL) were said 

to be irregular in shape with a large nucleo/cytoplasmic 

ratios and comparable with the carminophils described by 

light microscopists. As Wright's text figures show they 

are present, like the anti-substance P reacting cells, 

in large numbers and mostly in the dorsal region.

Anti-GH reacting cells were present singly or in small 

groups and were angular in shape with a central oval nucleus. 

Wright's photo-micrographs fully bear out the opinion 

that these are likely to correspond to the scanty baso

phils of the meso-adenohypophysis, although teleost STH 

cells are acidophils (Holmes & Ball, 1974):

Finally, there are the PAS-haematoxy1 in positive baso

phils scattered throughout the pro-adenohypophysis as 

large angular shaped cells reacting specifically to



antisera raised against a B subunit of mammalian TSH.

No specific reactions were obtained in the meso- or 

meta-adenohypophysis. However, since not all the baso

phils of the pro-adenohypophysis reacted to anti-TSH 

sera, Wright suggested that there might be more than 

one type of basophil, although it seems equally plausible that the 

non reacting elements might represent cells which are 

either exhausted or at an earlier stage of the secretory 

cycle.

Thus, the immunocytochemical studies so far reported 

suggest the presence of distinct basophil cell types 

in the pro- and meso-adenohypophysis and of two types 

of chromophobes in the latter lobe. Met-enkephalin 

reactivity appears to be common to the vast majority 

if not all of the pro-adenohypophysial cells (and, 
according to Dores et al. , (1984) to the. meta-adenohypophysis, 

also) and to be not directly related to any specific 

form of secretory activity.

However the absence for the most part of this reactivity 

in the meso-adenohypophysis suggests some quite radical 

divergence of biosynthetic pathways in the pro— and

meso-adenohypophysis.
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^ •3 Functional role of secretory cells in the anterior 

adenohypophysial cell types.

The physiological significance of the observed changes 

in the state of the secretory elements such as the dev

elopment of synthetic organelles,cytoplasmic inclusions,or 

numbers and sizes of secretory granules is always dif

ficult to evaluate. These need to be examined against 

the background of the experimental work on the lamprey 

pituitary and the more recent immunocytochemical evidence 

of cellular differentiation discussed in 4.2.

Apart from the obvious problems in the interpretation of 

changes in granule density and size to which references 

have already been made, changes in cell size and nucleo/ 

cytoplasmic ratios, form of the nucleus and its chromatin, 

state of the nucleolus, development of the Golgi and the 

endoplasmic reticulum, numbers and condition of mito

chondria and lysosomes,all may give some indication of 

the degree of synthetic activity within the secretory 

adenohypophysial cells (Sage oC Bern, 1972; Groves, 1984) 

For example, in cultured teleost gonadotrophs. Groves 

has shown that stimulation by L H .RH in addition to 

causing degranulation, also resulted in a reduction in 

the numbers of lysosomes, more abundant rough endoplas

mic reticulum with dilated cisternae, increases in 

numbers of mitochondria and in nuclear volumes.

On the other hand, inhibition by the addition of oestra- 

diol or testosterone led to an increase in granulation, 

reduction in mitochondria, decreased nuclear volumes and 

in the female, an increase in the numbers of lysosomes.



Hence, combined with immunocytochemical evidence, mor

phological changes in the fine structure of the cell 

organelles can provide some indications as to the role 

of specific cell types in particular physiological 

activities or at particular periods of the life cycle.

(i) Metamorphosis.

Experimental evidence based on ' pinealectomy and 

hypophysectomy (Eddy, 1969; Cole & Youson, 1981; 

Joss, 1985) has implicated the pineal and the 

adenohypophysis in the initiation and maintenance 

of metamorphosis.

The pineal is thought to be involved in mediating 

the effects of environmental factors (light, d.ay 

length or temperature) on the initiation of metam

orphosis. The results of differential hypophys

ectomy have suggested that the pro-adenohypophysis 

IS responsible for initiating transformation and 

the meso-adenohypophysis for its successful comple

tion, although the nature of the secreted substance 

remains enigmatic.

While it is tempting to speculate on the possib

ility of thyroid control of metamorphosis via a 

thyrotrophic factor in the pro-adenohypophysis, 

there is no experimental evidence to implicate 

thyroid hormones in the process. Indeed'plasma T3 

and T4 levels actually decline during metamorphosis 
(Lintlop & Youson, 1983).
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In spite of the presence of TSH-like immunoreac- 

tivity in the PAS positive basophils of the pro

adenohypophysis (Wright, 1984), all attempts to 

demonstrate thyrotrophic effects in lampreys have 

proved inconclusive or negative.

It seems likely therefore that this immunoreactivity 

may be due to the presence of some glycoprotein 

sharing antigenic properties with mammalian TSH and 

perhaps with gonadotrophic activity. In this con

nection it has been pointed out that a mammalian TSH 

antiserum has reacted with teleost gonadotrophin as 

well as with TSH (Olivereau & Nagahama, 1983).

Thus, the reduction in granulation of pro—adenohyp

ophysial basophils observed in the present study 

during the metamorphic stages could be attributed 

to their involvement in gonadal development rather 

than to a possible function in the control of me tam

orphosis, Indeedjthis evidence of active secretion 

would appear to occur too late for it to be con

cerned in the actual initiation of the transform

ation process.

(ii) Gonadal development and reproductive function.

In relation to the origin of L. planeri and other 

non-parasitic lampreys,many authors have favoured 

the view that they represent paedomorphic forms in 

which sexual maturity has been accelerated (perhaps
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under pituitary stimulation) to a point where pre

cocious sexual maturation has come to overlap the 

later stages of metamorphosis, resulting in the 

elimination of the adult feeding stages (Leach,

1940; Young, 1950; Hardisty, 1960b,1963, 1964,

1965 a & b ; Zhukov, 1965, 1968).

Certainly, there is now some evidence that metam

orphosis in lampreys generally may be linked to a 

recrudescence of gonadal development (Hardisty & 

Potter, 1971). For example, in the male L. fluviat- 

i l i s , metamorphosis is accompanied by a pronounced 

acceleration in spermatogonial mitoses, while in 

females of this species as well as in M . mordax and 

G. australis (Hardisty, et

1986), there is a marked acceleration at this time 
in oocyte growth.

One consequence of this view of the non parasitic 

forms, would be the expectation that there should 

be some evidence of greater pituitary gonadotrophic 

activity in these species at the metamorphic period 

in comparison with the situation in parasitic species 

Measurements of pituitary volumes before, during and 

after metamorphosis in L. planeri and L . fluviatilis 

(Thompson, 1971) have indeed shown a marked overall 

increase in the size of the pituitary in the non- 

parasitic form, especially in the period between 

pre-metamorphosis and transformation, and again in 
early spring.

On the other hand, in the parasitic L. fluviatilis
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ho such increase occurs until the post metamorphic 

downstream migrant stage. It is also noteworthy 

that almost all the early increase in pituitary 

volume in L. planeri is accounted for by the growth 

of the meso-adenohypophysis.

These observations are consistent with at least 

some of the present cytological observations on the 

adenohypophysis of L. p laneri, especially in regard 

to the development and differentiation of the cells 

of the meso-adenohypophysis during metamorphosis.

However, the participation in later gonadal develop

ment c a n n o t  b e  excluded, although it

would be difficult to implicate it in the divergent 

development of non—parasitic and parasitic species, 

since the development of the pro-adenohypophysial 

basophils occurs equally in both types of lamprey 

and moroever these elements appear to be functional 

in at least the later ammocoete stages.

Nevertheless,the view that the granular cells of the 

larval pro-adenohypophysis may represent gonadotrophs 

has been widely canvassed (van de Kamer & Shreurs, 

1959; Percy et a l . 1975 ; Sholdice, 1985; Wright, 

1983), although the basis for this belief is very 

insecure. According to these authors there is a 

correlation between the first appearance of these 

basophils and the onset of gonadal growth. Thus, in 

L. planeri and P. marinus these cells have been des

cribed in very small larvae down to only 25 mm in 

length,which has been described as "the time when
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the oocytes first begin to mature". Apart from the 

obvious danger of making deductions based solely 

on such apparent correlations, these views are . 

based on erroneous conceptions of gonadal maturation 

in lampreys.

Cytoplasmic growth and vitellogenesis in the oocytes 

of the non-parasitic lampreys is confined to matam- 

orphic or post-metamorphic stages, while in paras

itic species the oocytes are often not even dif

ferentiated until the later stages of larval life 

(Hardisty, 1965; 1971).

Evidence from hypophysectomy in L. fluviatilis has 

indicated that gonadotrophic activity in the pro

adenohypophysis serves to stimulate, but not to 

maintain gonadal maturation (Larsen, 1965,a, 1980). 

This has led to suggestions that two gonadotrophins 

may be present in the lamprey pituitary as in 

higher vertebrates,with the analogue of LH in the 

meso-adenohypophysis and FSH in the pro-adenohyp

ophysis. In this connection it should be noted 

that the FSH gonadotrophs of higher vertebrates 

are basophils.

On this interpretation, a LH-like gonadotrophin 

of the meso-adenohypophysis might be responsible 

for controlling the steroid secreting tissues of 

the gonads (and hence the appearance of secondary 

sex characters), while that of the pro-adenohyp

ophysis might have only a rate-governing or stim

ulating action on gametogenesis.
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4.4 Meta-adenohypophysis.

Experimental evidence as well as observations on the 

biological effects of tissue extracts have established 

that the meta-adenohypophysis is involved in the produc

tion of substances with melanotropic activity (Young, 

1935; Lanzing, 1954; Larsen, 1965a; Eddy & Strahan, 1968)

Evidence has also been forthcoming for the presence of 

MSH-like activity in extracts of the lamprey neurointer

mediate lobe, although this substance differs from the mam

malian hormone and its exact chemical identity remains 

to be elucidated (Baker & Buckingham, 1983). In their 

immunocytochemical tests on various pro-opiocortin elem

ents Nosaki & Gorbman (1984, 1985) found that reactions 

to met— enkephalin in the meta—adenohypophysis were some

what dubious, although spasmodic positive reactions to 

an anti—meta— enkephalin serum did occur in some cells 

of the nasohypophysial epithelium.

According to the same authors the reactions to ACTH and 

MSH antisera in the meta—adenohypophysis were also doubt
ful.

Rather different findings were reported by Dores et a l . 

(1984) who reported that all the meta— adenohypophysial 

cells react positively to anti—met-enkephalin and anti- 

MS H antisera, although these tissues were negative to a 

middle ACTH serum and to LPH serum, which gave positive 

reactions in the pro—and meso-adenohypophysis respectiv
ely.

Cytological studies during the course of the life cycle
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may be of interest in view of the colour changes which 

take place during metamorphosis. In contrast to the 

light microscope picture which shows the ammocoete meta

adenohypophysis to be chromophobic, electron micrographs 

exhibit some granulated cells.

At the end of metamorphosis the young adult (macroph- 

thalmia), shows some changes in skin colour involving a 

silvering of the lateral and ventral surfaces attribut

able to the deposition of guanine in the skin. In L . 

planeri this silvering is very transient and rapidly 

gives way to a darkening of the dorsal surface while the 

ventral regions may remain pale (Hardisty & Potter, 1971)

During the pre-metamorphic period, the meta-adenohyp

ophysis shows only very limited growth in volume, but a 

threefold increase occurs between the early and mature 

adult stages. During metamorphosis itself,there is no 

increase in volume, but the cells appear to be synthet

ically active.

Unlike the sea lamprey, where the pre-metamorphic meta

adenohypophysis was said to be indistinguishable from 

that of the ammocoete (Percy et a l ., 1975), there were 

significant cytological developments in L. planeri at 

this stage. The cytoplasm of the granulated cells 

contained well developed organelles, including a cons

picuous Golgi and extensive rough endoplasmic reticulum. 

In some examples,the whorls of lamellae reached maximum 

development at this stage. Since changes in skin colour

ation occur only at a late stage of metamorphosis, this 

evidence of synthetic activity may be related more to
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the growth of the lobe at this time than to an increase 

in melanotropic activity.

Extensive development of rough endoplasmic reticulum 

paralleling that at the pre-metamorphic stage,is also 

observed at the young adult stage in L. planeri and this 

indication of synthetic activity is more likely to be 

associated with changes in skin colouration.

In this study,distinct changes have been observed in the 

granule sizes of the meta-adenohypophysial Cells during 

the early stages of the life cycle.

From the large ammocoete stage to the pre-metamorphic 

stage there was a 60% increase in mean diameters. This 

was followed by a marked reduction from the pre-metam- 

orphic to the metamorphic phase, after which values 

remain unchanged to the young adult stage.

These changes in granule sizes could be related to 

the critical period of synthetic activity associated 

with changes in skin pigmentation and a more rapid turn

over of secretory materials.

In the later stages of the life cycle there was an in

crease in granule size and the range of 110-210 nm in 

P. marinus (Percy et a l . , 1975) agrees with the findings 

of other authors on the adult sea lamprey.

The increase in mean diameters observed in L. planeri 

during the later stages of the life cycle may reflect a 

decreased rate of secretion in this period.
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The accumulation of secretory granules in the dorsal 

processes of the meta-adenohypophysial cells reported 

in L. tridentata (Tsuneki & Gorbman , 1975) )was not 

seen in the AF positive extensions of these cells in 

L. p laneri. However, the close proximity of the dorsal 

surface of the meta-adenohypophysis and the ventral 

surface of the neurohypophysis with interdigitations of 

the basal lamina,which is characteristic of these re

gions are also evident in L. planeri, probably facil

itating the interchange of secretory material between 

the two lobes .

The only report of nerve endings in the meta-adenohyp

ophysis of the lamprey is that of Muller (1964), based 

on an early electron microscope study of the pituitary 

of the ammocoete of L. p laneri.

Other authors have all agreed that there is no direct 

innervation of the glandular tissue. However, in one 

micrograph of the pre-metamorphic ammocoete there ap

pears to be a small group of secretory granules which 

are strikingly similar to those seen in the axonal en

dings of the neurohypophysis.

Clearly this possibility merits further investigation.



4 . 5  N e u r o h v p o p h y s i s .

Studies on other species have distinguished 6-8 axonal 

types in the posterior neurohypophysis of L. tridentata 

(Tsuneki & Gorbman, 1975b) and 3-4 in L. fluviatilis 

(Belenky, 1975). However, in the former species clas

sification was based on granule density as well as on 

size and shape. According to other authors (Konstan

tinova, 1973; Polenov et a l ., 1974; Tsuneki & Gorbman, 

1975) the smallest granules (70-100 nm) have generally 

been regarded as monoamine while the fibres with the 

largest granules (160-340 and 120-200 nm) have been

thought to be peptidergic (Belenky, 1975).

In L . planeri, size frequency distributions for the

adult stage have suggested the presence of four size

classes of granules with mean diameters of

and ranges of 60-100, 100-130, 130-160 and 160- 200 nm

An analysis of the distribution of mean diameters in adult

posterior neurohypohy sial axons confirmed this grouping. 
There are- therefore no granules as large as the largest

size reported by Belenki in L . fluviatilis (160-340 nm),

but the ranges observed in L. planeri do resemble the

broad groups described in L. tridentata where the

maximum size reported was 200 nm.

In L. planeri, t h e  frequency distributions of 

granule sizes in the adult suggest that the endings 

with ,the smallest granules 60-100 nm correspond to the 

type B endings of L . fluviatilis and the type II of 

L. tridentata while the other groups with larger 

granules would be peptidergic.
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Apart from the size categories of axonal endings,it has 

also been reported that specific types are localised in 

the various regions of the neurohypophysis.

In L. tridentata type V and VI endings with granules of 

100-140 nm and 150-200 nm occur mainly in the middle 

zone of the posterior neurohypophysis where the type A^ 

endings (160-340 nm) of L. fluviatilis predominate. 

However, about half of the endings are of the A 2  type 

(120-220 nm) and 25% of the B monoaminergic type (80-

100 nm) and these are found in contact with the base

ment membrane or ependymal end feet of the lower ’pal

i s a d e ’ layer adjacent to the meta-adenohypophysis.

These different zones of the posterior neurohypophysis 

coincide with reports of the distribution of LH.RH. 

and vasotocinergic endings suggesting that the rare A^ 

fibres may contain releasing factors while the more 

common A^ fibres are vasotocinergic.

In L. tridentata (Tsuneki & Gorbman, 1975b) the majority

of the. axonal^ types, apart from types V and VI, are 

reported as being located in the lower layers of the 

posterior neurohypophysis.

In L. planeri it is not clear whether, as in other 

species, the various types of endings show a distinct 

spatial distribution within the neurohypophysis. In 

the adult, the fibrous or middle zone contains all axonal 

types,whereas the Herring bodies are largely distributed 

in the upper regions close to the ependymal layer. These 

granules have a mean diameter of 160 nm, which suggests 

they are peptidergic (Grim et a l ., 1979a).



In the region of the basal lamina there are often 

axons containing the largest size granules (type IV). 

These appear less dense or even translucent compared 

to those in the middle zone, and some endings contain 

only translucent vesicles. There is also some evidence 

that, as reported in neurosecretory vesicles of the 

mammalian median eminence (Whitnall et a l . , 1985), a 

single ending may contain more than one type of neuro

secretory material and more than one type of secretory 

granule (Figs. 186b and 187b).

Almost all the ultrestructurai studies of the lamprey 

neuro-hypophysis have been undertaken on the adult and 

hence comparisons of other stages in the life cycle 

are difficult.

However, the ammocoete stage of L. planeri was inves

tigated by Muller (1964) who observed type A fibres 

containing numerous granules of a diameter range 100 - 

200 nm, mitochondria, empty vesicles of 40 nm diameter, 

but no type B fibres.

In the present study, the ammocoete appears to contain 

only three axonal groups of which the smallest size 

range 70 - 100 nm are considered to represent type B 

axons. The largest type IV granules which are absent 

from the ammocoete might represent releasing factors 

related specifically to adult functions such as LH.RH; 

a peptide identified by immunocytochemistry in the neuro- 

hypophysis of lampreys at the sexually mature stage 

(Grim., et al. , 1979a).
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During the pre-metamorphic phase there is an increase 

in the size of the neurohypophy. is (which is continued 

during the metamorphic period)and in the quantity of neuro- 

secretion^: This agrees with the observations

of Damas (1935) who recorded a doubling in width of the 

neurohypophysis during metamorphosis in L. p l a n e r i .

This increase in neurohypophysial volume combined with 

the increased granulation would therefore supply the 

metamorphosing animal with an effective reserve of 

secretory material.

Apart from the growth of the neurohypophysis and the 

increase in granulation, the pre-metamorphic phase also 

shows great activity at the ependymal surface which is 

continued during metamorphosis. This activity is inter

esting in view of the possibility that neurosecretion 

may occur at this surface via the CSF. In this con

nection, it may be significant that invaginations of 

the ventricle have been observed penetrating into the 

neurohypophysis as reported also in L. tridentata 

(Tsuneki & Gorbman, 1975).

Other authors have reported conflicting observations 

on the amount of neurosecretion present in the ammocoete 

phase. Van de Kamer ceC Shreurs (1959) reported large 

accumulations of neurosecretory material in the ammocoete 

of L. planeri which was depleted during metamorphosis, 

while Percy et a l . (1975) remarked that the amounts of

neurosecretory material seemed to be similar at all 

stages of the life cycle, although less was observed in 

earlier ammocoete stages.
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However, in agreement with this study neither Rurak & 

Perks (1976) nor Sterba (1961, 1972) were able to find 

any reduction in neurosecretory material during metam

orphosis. In fact,granulation increases with the 

progress of metamorphosis and Herring bodies appear, 

especially in the early adult stage. A reduction in 

granule content seems to occur in the late adult stage.

In their reports on neurohypophysial principles in 

larval and adult lampreys, only a single neurohyp

ophysial octapeptide - arginine vasotocin - has so far 

been identified by Rurak & Perks (1976, 1977). In 

small 1-2 year old ammocoetes, these authors detected 

only low levels of activity of arginine vasotocin and 

the levels of thioglycollate labile oxytocic activity 

were always higher in the adult. Vasotocin has also 

been detected by immunocytochemical methods in the pre

optic nucleus and in the endings of these neurones in 

the posterior neurohypophysis (Goossens et a l . , 1977).

Immunocytochemical studies have also been made on the 

distribution in the hypothalamus and neurohypophysis of 

the releasing factor LH.RH in the non-parasitic L . 

richardsonii and in the parasitic species L. tridentata 

and L. japonica (Grim et a l . , 1979a & b ; Nosaki & 

Kobayashi, 1979).

In the ammocoete of the non*-parasitic species, reactions 

in the preoptic neurones and neurohypophysial endings 

were relatively weak, but became much more intense after 

metamorphosis and especially when the lampreys became 

sexually mature.



As in the present study, Herring-like dilations which 

stained intensely were seen along the course of the 

axons which terminated around the ependymal surface of 

the neurohypophysis. The prominence of Herring bodies 

in L. planeri , particularly in late metamorphosis and 

the early adult phase, would thus be consistent with 

the observations on L. richardsonii and with the involve

ment of a releasing factor during gonadal maturation, 

which is taking place rapidly at these stages.

The possibility has been considered that in higher ver

tebrates neurosecretory materials might be released 

along the length of axons and especially from the 

Herring bodies (Holmes et a l . , 1986). If this were to 

be true in the lamprey, it might imply that releasing 

factors such as LH.RH could reach the meso-adenohyp

ophysis more directly by diffusion into the connective 

tissue lying immediately above the glandular tissue.

The concëntration of neurosecretory material in the pos

terior neurohypophysis,which is greatest in the early 

adult stage, coincides with the most prominent synthetic 

activity in the cells of the meta-adenohypophysis. In 

addition, throughout the metamorphic and early adult 

phase, evidence of great activity is seen at the boundary 

zone between the two lobes where densely stained mito

chondria, vacuolisation and interdigitations are 

seen, which are consistent with the control of meta- 

adenohy pophy sial secretion.

At the later adult stage the concentration of neuro

secretory endings around the bases of the ependymal
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cells appears to be associated with increases in the 

electron density of the ependymal cytoplasm. Could 

this be a reflection of the transfer of neurosecretory 

material to the ependymal cells ? This, together with 

the localisation of ir.LH.RH on the ependymal surface 

areas (Grim et a l . , 1979b) raises the possibility of 

transfer of neuro-secretory material via the GSF.

Thus, the ependymal surface may be the seat of transfer 

of materials in both directions; neurosecretory materials 

passing into the GSF and nutritive materials being taken 

up by the ependymal cells from the ventricle.

At the sexually mature stage there is a noticeable de

granulation of the neurohypophysis,culminating in vir

tually complete degranulation in the spent adult. This 

observation agrees with reports from other authors who 

have noticed degranulation associated with sexual mat

uration and spawning. Fluctuations in the amount of 

neurosecretory material in certain teleosts has also 

been linked to reproductive cycles (Heller, 1972).
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4.6 Hypothalamo-hypophysial relationships.

The close association of adenohypophysis and neuro

hypophysis which occurs throughout the vertebrates is 

only intelligible in terms of the control exerted by 

the central nervous system over the secretory activities 

of the adenohypophysis (Gorbman, 1980; Ball, 1981; Rovainen, 1982)

In the higher vertebrates,this control is carried out 

through the releasing factors transmitted from the 

hypothalamus to the adenohypophysis through the vas

cular plexus of the hypophysial portal system. In the 

lampreys, many of whose activities including reproduc

tion are seasonal in their occurrence, such control 

systems are presumed to operate, although there are no 

vascular arrangements which could convey hypothalamic 

factors direct to the adenohypophysial tissue.

As in other vertebrates, the lamprey possesses neuro

endocrine cells in various parts of the central nervous 

system, notably in the preoptic area, from which their 

axons are carried through the hypothalamo-hypophysial 

tract towards their endings in the neurohypophysis.

This means that the potential exists for neurohypophysial 

secretions to influence the release of adenohypophysial 

hormones.

The route by which such releasing factors are able to 

reach the glandular tissue is still not entirely clear, 

although it is assumed that some transfer by diffusion 

via the connective tissues may be possible. The other 

alternative is transfer in the systemic circulation
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(which would entail hormone dilution) or via the CSF 

and vascular system.

In favour of the connective tissue diffusion hypop- 

thesis is the observation that cellular differentiation, 

particularly in the meso-adenohypophysis first begins 

at the dorsal surface below the neurohypophysis. More

over, it is in this region that the cell cords and cap

illaries are best developed (Hardisty & Baker, 1982) 

and where many authors have noted the greatest intensi

ty of staining in light microscope sections.

In addition, the possibility of connective tissue trans

port has been supported by experiments which have de

monstrated the ability of horseradish peroxide to pe

netrate through a thick connective tissue layer over 

the adenohypophysis of the hagfish (Nosaki et a l . ,

1975).

The possibilities for transport via the CSF have been 

raised by observation made in the course of the present 

study, in the signs of intense activity of the ventricu

lar surface during metamorphosis, as well as in the 

presence of neurosecretory granules in the apical parts 

of ependymal cells. Specialised CSF contacting cells 

have been described in the walls of the hypothalamus of 

the lamprey, L . japonica (Yui & Honma, 1979) and the 

hypothalamus also exhibits serotonin and dopamine- 

containing cells (Konstantinova, 1973; Occhi & Hosaya, 

1974); amines which may well regulate the release of 

other hormones.
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CONCLUDING REMARKS.

Comparing L. planeri with its closely related parasitic 

counterpart L. fluviatilis, one is left with the general 

impression of an altogether lower grade of cellular dif

ferentiation. This is shown by the absence in L. planeri 

of the conspicuous cell cords characteristic of the meso- 

adenohypophysis of L. fluviatilis, the much lighter 

granulation of the basophils and their smaller secretory 

granules, the relatively poorly differentiated active 

chromophobes and the paucity of their granulation and 

finally,the contrast in the comparative growth of the 

meso-adenohypophysis of the two species during metamor

phosis, when the meso-adenohypophysis of L. planeri 

doubles in size, whereas over the same period the in

crease in L. fluviatilis is only slight.

These differences are best understood in the context of 

the abbreviated life cycle of the non parasitic form.

The degree of contrast between the comparative develop

ment of the pro-adenohypophysis and meso-adenohypophysis 

at the onset of metamorphosis would seem to emphasise 

the greater significance of the latter in relation to 

adult life. If, for example, any of the functions of 

the meso-adenohypophysis were to be related to aspects 

of adult life such as feeding, growth, migration or 

osmoregulation, then the relatively poor development of 

this lobe in a species which has dispensed with these 

functions can readily be appreciated .

While the purely morphological studies reported here
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cannot be expected to yield definitive answers to the 

problems of the functional role of pituitary cells, they 

will, it is hoped, provide a descriptive framework on 

which future experimental work can be built.

This should include techniques such as pinealectomy and 

hypophysectomy combined with immunocytochemistry. However, 

because of the close relationship of the paired species 

of L a m p e t r a , the most promising approach would appear to 

rest on a careful comparison of ultrastructural changes 

during the metamorphosis of L. fluviatilis with those 

that have been reported in the present studies. Since it 

is only in the non-parasitic form that metamorphosis is 

accompanied by gonadal development and closely followed 

by complete sexual maturity, it might be anticipated that 

such comparisons would throw some light on the activities 

‘of those cell populations most directly involved in these 

reproductive processes.
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ABBREVIATIONS FOR FIGURES

Cell types 

B ' Basophil
pBl Pro-adenohypophysial lightly granulated basophil
pB2 Pro-adenohypophysial moderately granulated basophil
pB3 Pro-adenohypophysial richly granulated basophil

mBl Meso-adenohypophysial lightly granulated basophil
mB2 Meso-adenohypophysial moderately granulated basophil

pCl Pro-adenohypophysial undifferentiated chromophobe
pC2 Pro-adenohypophysial non granulated chromophobe
pC3 Pro-adenohypophysfal granulated chromophobe

mCl Meso-adenohypophysial undifferentiated chromophobe
mC2 Meso-adenohypophysial non granulated chromophobe
mC3 Meso-adenohypophysial granulated chromophobe

S Stellate cell
SI Stellate cell with translucent cytoplasm
82 Stellate cell with normal stained cytoplasm
S3 Stellate cell with densely stained cytoplasm

Types of granulated axonal endings of the posterior neurohypophysis
TI Type I - granules have diameter range approximately 70-100nm
Til Type II - granules have diameter range approximately 100-130nm
TITI Type III- granules have diameter range apprpxim ately 130-170nm
TIV Type IV - granules have diameter range approximately 170-200nm

Abbreviations used in micrographs

Ap Apical process
Ae Axonal ending
Ax Axon
B1 Basal lamina
Bm Basal membrane
c Cilia
C Colloid droplet
Cc Cytoplasmic canal
Cf Cytoplasmic filaments
Cl Collagen
Cp Capillary plexus



Cr Crypt
Cy Cyst
D Dorsal
Ec Ependymal, cell
ef End foot
El Ependymal layer
Ep Ependymal process
er Endoplasmic reticulum
F Fibrous layer
Ft Fibroblast
f vs Fibrovascular septum
g Granule
gs Granule shadow
G Golgi region
Int Intercellular space
Ir Infundibular recess
Hb Herring body
J Junction
1 Lamellae
L Lysosome
Lb Lamellar body
Le Lobular edge
Li Lipid
m Mitochondria
Me Melanin
mt Microtubules
Mt Meta-adenohypophysis
Mtg Meta-adenohypophysial granulated cell
Mv Microvilli
n Nucleus
N Neurohypophysis
nc Nucleolus
Ne Neurosecretory ending
Nf Neurosecretory fibre
Ng Neurosecretory granules
nhc Nasohypophysial canal
P Phagosome
Pv Pinocytotic vesicles
Pvs Perivascular space



r Ribosome

rer Rough endoplasmic reticulum
s Saccules
Se Sub-ependymal cells
sv Synaptic vesicles
V Vesicles
V Vacuoles
Vs Ventricular surface

Abbreviations used in light microscope prints

a Cytoplasmic processes
be Blood capillaries
c Cavity
Ms Meso-adenohypophysis
Mt Meta-adenohypophysis
nhc Naso-hypophysial canal
nhs Naso-hypophysial stalk
P Pro-adenohypophysis
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F i g u r e  A

The pituitary gland ôf a young ammocoete of L.planeri showing the 
three lobes, pro-adenohypophysis (P), meso-adenohypophysis (Ms) and 
meta-adenohypophysis (Mt).
The lobes have the characteristic ammocoete form with the pro- 
adenohypophysis continuous with the naso-hypophysial cord and the 
cells appearing chromophobic.

X 10

Figure B
The pituitary gland of a pre-metamorphic ammocoete of L.planeri.
The lobes appear to have dorsally defined lobulation and development 
of fibro-vascular septa, (s)
The naso-hypophysial stalk has grown and extends to the level of the 
anterior meta-adenohypophysis on the ventral surface and there is 
some indication of vacuolisation and development of septa.

nhs - naso-hypophysial stalk; P - pro-adenohypophysis; Ms - meso- 
adenohypophysis; Mt - .meta-adenohypophysis.

X  10
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F i g u r e  C

The pituitary gland of an early metamorphic L.planeri

The three adenohypophysial lobes are now well defined and show 
an overall increasein size of the gland.

The naso-hypophysial stalk (nhs) has extended to lie along the 
ventral surface of the whole gland and cavities (c) have developed 
along its length.
P - pro-adenohypophysis; Ms - meso-adenohypophysis; Mt - meta-adeno. 
hypophysis; c - cavity

X  10

Figure D
Pituitary gland of L.planeri in late' metamorphosis.
The adenohypophysial lobes show distinct lobulation and septa 
and the meso-adenohypophysis is now clearly larger than the pro 
adenohypophysis.

The naso-hypophysial canal is now completely formed (nhc).

X 10
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Figure E
Pituitary gland of a young adult L.planeri
By this stage the adenohypophysis has completed its development 
to the adult form.

X 10

Figure F
The meta-adenohypophysis and posterior neurohypophysis of a 
young adult L.planeri.
The meta-adenohypophysial cells show long basophilic cytoplasmic 
processes (a)
A layer of blood capillaries separate the meta-adenohypophysis 
and neurohypophysis (be) although the connective tissue 
barrier appears very thin.
A layer of ependymal cells can be seen on the dorsal surface of 
the neurohypophysis. The fibre layer has a granular appearance

X 100 Heidenhain’s Azan.
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F ig u re  G

Stages in the transformation of L.planeri

From top to bottom

p - Ammocoete of metamorphic length

MI - Early metamorphosis (Stages I/II). The eye has appeared
as a dark patch, the pre-orbital region has begun to
elongate and the colour is that of the ammocoete.

M2 - Middle metamorphosis (Stage III/IV). The eye has separated
into pupil and iris. The pre-orbital region has elongated
further and the ammocoete colour has assumed a grey sheen.

M3 - Late metamorphosis (Stage V). The eye has a black pupil and
silver iris. The snout has become streamlined and the 
colour similar to that of the adult with a black dorsal 
and silver ventral surface.
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LIST OF FIGURES FOR PRO-ADENOHYPOPUYSIS

Èarge ammocoete
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X  :2,300
X 11,000
X  60,000 
X  12,600 
X  2,300 
X  8,000

X  2,000 
X  3,400 
X  1,600 
X  1,600

X  5,000 
X  5,000 
X  5,000 
X  12,600 
X  45,000 
X  6,300 
X  6,300 
X  6,300

Early metamorphosis

Basophil cells (type (pB2) on lobular edge 
Granulated cells 
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X  25,000 
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M id d le  m etam orphosis
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Early adult
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Figure 58 Detail of granulated cells X  5,000



PRO-ADENOHYPOPHYSIS

Large ammocoete (Sampled in December)

Figure 1

Lobular edge . with , granulated cells (pBl and pB2) showing varying 
degrees of granule density.

Stellate cells (S3) also present exhibiting characterisitic cell 
processes and position on lobule edge.
Note development of cyst (Cy) within the cytoplasm of a basophil

x2,300

Figure 2

Nuclei exhibiting irregular outline in both granulated cell(pBl) 
and stellate cells (S3)

X 11,000
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PRO-ADENOHYPOPHYSIs

Large ammocoete (Sampled in December) 

Figure 3
Granules of pBl cell. They vary in shape and size, are osmiophilloally 
dense and in this gxample have' no peripheral halo.

X 60,000

Figure 4
Granulated cell of the pB2 type with the granules noticeably 
concentrated in the cell apices. In this example the granules have 
a modest peripheral halo.
Also present are dense mitochondria (m) and a Golgi (G) with associated 
lamellae of endoplasmic reticulum (er)microtubules (mt) .
A conspicuous collection of large mitochondria with prominent cristae 
can also be seen on the edge of the fibro-vascular septum in the 
cytoplasm of a non granulated cell.

X 12,600
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PRO-ADENOHYPOPHYSIS

Large ammocoete (Sampled in December)

Figure 5

Low power view of part of the lobular edge showing granulated cells 
gathered on the perimeter.
Non granulated cells of type S3 and pC2 can also be seen.

pBl - lightly granulated basophil 
pB2 - moderately granulated basophil

X 2,300

Figure 6

High power view of lobular edge with granules accumulated at the 
perimeter and nearby a stellate cell with both densely stained 
cytoplasm and large mitochondria (m)
S3 - stellate cell with dense cytoplasm. Note crenulated margin 

of the nucleus.

X  8,000
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PRO-ADENOHYPOPHYSIS

P re-m etam orph ic  ammocoete (Sampled in  March)

Figure 7
Ventral surface showing lobular development and a predominance of 
granulated cells (ipB2) with conspicuous translucent cytoplasm of the 
the stellate cells (SI)

pB2 - granulated basophil
pC2 - non granulated chromophobe
pC3 - granulated chromophobe

X  2,000

Figure 8
Ventral surface with granules and mitochondria collected near the 
perimeter.
pB2,pCl,pC2 and SI types are represented
Note the very lightly granulated B type cell adjacent to the large 
translucent SI cell, on the lobular edge. (pBl)

X 3,400
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PRO-ADENOHYPOPHYSIS

P re-m etam orph ic  ammocoete (Sampled in  June)

Figure 9
Dorsal surface of part of the pro-adenohypophysis showing marked 
lobule development and capillary network of the fibrovascular 
septa

pB2 - granulated basophil cell 
pC3 - granulated chromophobe
S2 - stellate cell with normal cytoplasmic density. 
pC2 - non-granulated chrompphobe

X 1,600

Figure 10
Dorsal surface of the lobe showing development of the vascular 
plexus.
Dorsi-ventral orientation of cell axes apparent and characteristic 
translucent cytoplasm .of SI cells with elongate mitochondria (m) 
in the cytoplasmic processes. Also densely stained mitochondria 
are gathered on the dorsal perimeter of the lobe.

X 1,600



#V

ÿ.. 0
I#:

@ # m
«W-'

s:

84



PRO-ADENOHYPOPHYS IS

P re -m etam orph ic  ammocoete (Sampled in  M arch)

Figure 11
Ventral surface of lobe showing extensive areas of vacuolisation 
in the basal cytoplasm. (V)
pC2 - non-granulated chromophobe. Note the irregular nucleus.

X  5,000

Figure 12
Ventral surface showing region of folding in the basal lamina. 
Secretory granules of pB2 cells are concentrated at the perimeter 
where mitochondria (m) are conspicuous.

Note the pC2 non granulated chromophobe

X  5,000
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PRO-ADENOHYPOPHYSIS

P re-m etam orph ic  ammocoete (Sampled in  June)

Figure 13

Development of fibro-vascular septa prior to metamorphosis with 
secretory granules on the perimeter and isolated examples of granules 
in the perivascular space (arrow)

Varying degrees of granulation and sizes of granules in different 
cells are seen in this example.
Note densely stained cytoplasm which may be associated with 
typ© g2 cells. A Also note the granulated cells lying dorsally 
to the septum with varying degrees of granulation and irregular nuclei 
pBl, pB2 - granulated basophils 
pC2 - non granulated chromophobe 
pC3 - lightly granulated chromophobe

X 5,000
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PRO-ADENOHYPOPHYS IS

P r e - m e t a m o r p h i c  a m m o c o e t e  ( S a m p l e d  i n  M a r c h )

Figure 14
Single basophil cell (pB2) contained,dense stained secretory granules, 
Golgi (G), intra-cellular vacuoles and densely stained mitochondria and 
endoplasmic reticulum throughout the cytoplasm.
On either side are neighbouring cell bodies and processes of the 
translucent cell SI with distinct elongate mitochondria.

X 12,600

Figure 15
Secretory granules of pB2 cell used for measurement of diameters 
Granules generally spherical,moderately osmiophically dense and 
presence of a peripheral halo.

X  45,000
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^^^-APENOHYPOPHYSIS

Pre-metamorphic ammocgete (Sampled in June) 

Figure 16

PC2 - non-granulated chromophobe
L - lysosoraes

X 6,300

Figure 17

r::-;
and lysosomes (L).

X 6 ,300



PRO-ADENOHYPOPHYSIS

Pre-metamorphic ammocoete (Sampled in June)

Figure 18
Example of large stellate cell (SI) with translucent cytoplasmic processes 
surrounding neighbouring basophil cell (pB2) and adjacent processes 
of other SI cells forming nearly a 'network' of processes.

X 6,300
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PRO-ADENOHYPOPHYSIS

E a r ly  m etam orphosis

F ig u re  19

Basophil cells (pB2) bordering the fibrovascular septa.

Secretory granules appear scattered through the cytoplasm with numerous 
numerous densely stained mitochondria (m) and strands of endoplasmic 
reticulum (er)

X 5,500

Figure 20
Granulated cells showing extensive development of endoplasmic 
reticulum and numerous dense mitochondria
Note non granulated chromophobes of type S2 and lightly granulated 
cell of the pC3 type.

L - lysosomes

X  5,000
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PRO-ADENOHYPOPHYS IS

Early metamorphosis 

Figure 21

Granulated of type pB2
Note dense spherical granules with slight peripheral halo

X 12,000

Figure 22
Secretory granules scattered amongst lamellae of endoplasmic reticulum(er) 
mitochondria (m), vesicles (v) and ribosomes (r).

X 12,600
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PRO-ADENOHYPOPHYS IS

E a r ly  m etam orphosis

F ig u re  23

Granulated cell (pB2) on the perimeter of the lobule showing secretory 
granules amassed on the basal lamina .
Note development of cytoplasmic canals (Cc), numerous cytoplasmic vesicles 
containing ribosomes (r) are present.

X 12,600

Figure 24

Local concentrations of mitochondria on the perimeter of a lobule 
associated with free secretory granules, vesicles, ribosomes and 
endoplasmic reticulum C.er)
Note collagen fibres (Of) and lysosomes (L)

X 15,000
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PRO-ADENOHYPOPHYS IS

E a r ly  m etam orphosis

F ig u re  25

High power view of basal lamina at lobule edge showing secretory granules 
granules in close proximity to the perivascular septum(Pvs) possibly 
prior to release.
Note one example of a membrane free granule in the Pvs adjacent to the 
basal lamina (arrow)

X  25,000

Figure 26

Lightly granulated basophil cell (pBl) with well developed cytoplasmic 
organelles.
Note two ' chromophobe cells of type pC2 and 82.

X  11,000
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PRO-ADENOHYPOPHYS IS 

Middle metamorphosis

Figure 30

Lightly granulated cells of type pBl lying near the lobular edge 
Note in one example the basophil appears to be degranulated and 
the nucleus is very irregular (pBl)

Many free secretory granules are gathered around the nearby peri
vascular septum (Pvs)

pC2 - non granulated chromophobe 
-// S2 .- stellate cell

pC3 - granulated chromophobe

X 6,500

Figure 31
Enlarged area of basophil cytoplasm showing extensive development 
of endoplasmic reticulum (er), secretory granules, lipid droplets 
(Li),vesicles (v) and ribosomes (r)

X  . 8 , 500
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PRO-ADENOHYPOPHYS IS

Middle metamorphosis

Figure 32
Non granulated cells including pC2 cell and a rare S3 cell with 
dense cytoplasm and mitochondria

X 6,500

Figure 33
Perimeter of lobule showing mass of secretory granules, vesicles,(v) 
vacuoles (V), lipid masses (Li),lysosomes (L), . abundant ribosomes

(r) and mitochondria (m).

X 11,500
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PRO-ADENOHYPOPHYS IS

L a te  m etam orphosis

F ig u re  34

Section through the ventral surface of lobule showing on the left 
cells of the naso-hypophysial cord (nhC) and on the right a small 
island of pro-adenohypophysial tissue.

X 4,100

Figure 35

Dorsal surface of lobe with concentrations of large mitochondria (m) 
on the perimeter and invaginations of basal lamina (Bl)

X  18,000
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PRO-ADENOHY POPHY SIS

La te  m etam orphosis

F ig u re  36

Low power view of the centre of the lobe showing pB2 cells with 
moderate granulation and well developed cytoplasmic organelles

G -Golgi

pC2 - non granulated chromophobe 
pC3 - granulated chromophobe 
S3 - stellate cell

X 2,500

Figure 37
High power view of mitochondria showing conspicuous cristae 
At this stage the mitochondria are only lightly stained.

X  40,000 

Figure 38
High power view of secretory granules in pB2 cell.
Note the absence of a peripheral halo.

X 40 ,000
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PRO-ADENOHYPOPHYSIS

Late metamorphosis

Figure 39

Lightly granulated cells of type.pBl and ■ cells of type pC2
and a stellate cell (S3) which has osmiophilically dense cytoplasm but small
small cytoplasmic processes

L -lysosomes 
P - phagosomes

X 8,000

Figure 40

An example of a granulated chromophobe (pC3) 
pBl - lightly granulated basophil cell

X  8 ,000
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PRO-ADENOHYPOPHYS IS

Late metamorphosis 

Figure 41

Perivascular septum bordered by cells of the pB2,pC2 and S3 type

X 8,000

Figure- 42

Intercellular space within a lobule bounded by a lamina and 
containing ’loose' cells, strands of reticulum, vacuoles 
and secretory granules.

ij > pC2 - large non granulated chromophobe
Int- intercellular ’follicle’ bounded by a lamina.
S2 - stellate cell. Note mitochondria at perimeter of intercellular septum,

X  8 ,000
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PRO ADENOHYPOPHYSIS 

Early adult 

Figure 43
Lower power view of lobulation in the pro-adenohypophysis.
All the cell types observed in this stage exhibited - pB3 
pB2, pBl, pCl, pC2 and S3.

Secretory granules are gathered along the perimeter of the basal 
membrane (Bm).

X 2,500

Figure 44
Large granulated cell of the pB2 type on the perimeter of the lobule 
Note indications of impending granular release into the perivascular 
space (Pvs).
Adjacent are a stellate cell S3 and a non granulated chromophobe pC2
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PRO-ADENOHYPOPHYS IS

Early adult 

Figure 45

Higher power view of Figure 43 showing richly granulated cells 
of type pB3 bordering the perivascular canal ,(Pvc)
Note the well developed Golgi (G) 
pB2 - moderately granulated basophil 
pC2 - non granulated chromophobe 
pC3 - granulated chromophobe 
S2 - stellate cell

X 3,100

Figure46

High power view of basal lamina bordering the perivascular canal 
Note the folded membrane with granules and densely stained 
mitochondria (m) gathered at the perimeter 
Note the S2 type cell on the lobular perimeter.

X 4 ,200
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PRO-ADENOHYPOPHYSIS 

Early adult

Figure 47
High power view of type S3 cell with dense mitochondria collected 
near the perimeter of the lobule.
pB2 - moderately granulated basophil cell 

X 12,600

Figure 48

Non granulated chromophobe (pC2) with cytoplasm containing large 
elongate mitochondria (m)
Adjacent are numbers of very dense mitochondria bordering the 
lobule edge.

X 12,600
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PRO-ADENOHYPOPHYSIS

Late adult 

Figure 49
Conspicuous densely stained stellate cells (S3) surrounding 
basophil cell in which the cytoplasm appears to have lost its 
differentiation. ''

x6,500
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PRO-ADENOHYPOPHYSIS

Late adult

Figure 50

Lobular edge containing collections of secretory granules and 
folded lamina (Bl)
Li - lipid
S3 - stellate cell with densely stained cytoplasm

X 12,600

Figure 51

Basophil of the pB2 type showing large osmiophilically dense granules 
and vacuoles.
Note irregularity of nuclear; membranes

X  7 ,300



w

!■
Bl

Ü »
m %



PRO-ADENOHYPOPHYSIS 

Spawning adult 

Figure 52

Fibrovascular region bordered by pB3 cells. Although the cytoplasmic 
detail is not well defined. However secretory granules and remnants 
of endoplasmic reticulum (er) and the Golgi region are still distinct

S3 - Stellate cell 
fvs - fibro-vascular septum

X  5,000

Figure 53

High power view of secretory granules showing spherical shape, 
dense staining and absence of peripheral halo, (type pB3)

X 15,000



W V?'î?
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PRO -ADENOHY POPHYSIS

Spawning adult

Figure 54

Stellate cells with particularly dense nuclei and cytoplasm. Note 
Note the irregular shape (S3) which surrounds granulated regions

Arrows - show densely stained S3 cells on the lobule perimeter. 
pB2 - moderately granulated basophil cell.

X  5,000

a
Figure 55

Single stellate cell (S3). Close to the edge of the lobule 
slender cytoplasmic process has enclosed part of the basophil 
cytoplasm (arrow).

X  12,600
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PRO-ADENOHYPOPHY SIS 

Spent adult 

Figure 56
Low power view showing extensive granulation but general absence 
of cell membranes and in some cells nuclear breakdown.
Evidence of stellate cell nucleus (S type).

X 1,700

X  4,500 

Figure 57

Membranes of fibrovascular septa (fvs) 

x4,500

Figure 58

Dense granulation but few cytoplasmic organelles or cell membranes 
are recognisable.

x 5 ,000
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LIST OF FIGURES FOR MESO-ADENOHYPOPHYSIS

Large ammocoete

Figure 59 Low power view of lobe X 1,400
Figure 60 Lobule edge showing type S3 cell X 2,500
Figure 61 Interdigitations of basal membrane X 4,000
Figure 62 Folding of basal membrane X 4,500
Figure 63 Granulated cell of type mBl X 8,100
Figure 64 High power view of secretory granules (type mBl) X 22,000
Figure 65 Low power view of lobe showing range of cell types ;X 2,700
Figure 66 Range of cell types X 3,100

Pre-motamorphic ammocoete

Figure 67 Granulated cell type mBl X 12,600
Figure 68 High power view of Golgi area X 29,000
Figure 69 Secretory granules of pBl cell X 48,000
Figure 70 Lobular boundary showing collection of granules X 37,000
Figure 71 Non: granulated and granulated cells X 4,000
Figure 72 Type mC3 cell X 10,200
Figure 73 Collection of mitochondria X 11,000
Figure 74 Synthetic activity associated with nuclear X 16,000

membrane
Figure 75 Low power view of stellate cell type SI X 2,300■
Figure 76 Cytoplasmic processes of SI cell X 10,000

Early metamorphosis

Figure 77 Low power view showing granulated cells (mBl) X 2,000
Figure 78 Higher power view of mBl cells X 3,000
Figure 79 Detail of cytoplasm of granulated cell X 6,000
Figure 80 Secretory granules of mBl cell X 48,000
Figure 81 Cytoplasm near lobular edge X 7,000

Figure 83 High power view of endoplasmic reticulum X 12,600

Middle metamorphosis

Figure 84 Low power view showing increased cytoplasmic X 2,100
volume

Figure 85 Granulated cells mBl X 5,100
Figure 86 High power view of mBl cell X 16,300
Figure 87 Granulated chromophobe mC3 X 7,400
Figure 88 Non granulated chromophobe raC2 X 11,300



M idd le  m etam orphosis

Figure 89 High power view of vesicular cytoplasm X 15,400
Figure 90 Detail of cytoplasmic organelles X 7,000
Late metamorphosis

Figure 91 Granulated cell type mBl X 15,000
Figure 92 High power of secretory granules (mB2) X 51,000

Figure 94 High power of cell types mBl,mC2 and mC3 X 9,800
Figure 95 Low power view of stellate cell(S3) on perimeter 

of lobe
X 8,000

Early adult

Figure 96 Low power view of part of lobule showing range 
of cell types

X 2,200

Figure 98 Part of basophil of type mB2 X 20,000
Figure 99 High power view of type mB2 cell X 27,000
Figure 100 Area of cytoplasm of mB2 cell . .. X 21,000
Figure 101 Detail of Golgi region . X 31 000

Late adult

Figure 104 Lobular edge showing cell types X 4,000
Figure 105 Stellate cells X 3,400
Figure 106 Detail of lobular edge showing S3 cells X 3,400

Spawning/Spent; adult

Figure 107 Centre of lobe X 4,500
Figure 108 Interlobular region X 4,800



meso- ad eno hypophysis

Large ammocoete (Sampled in September)

Figure 59
Low power view of a section of meso-adenohypophysial lobe. 
Nuclei of various shapes occur and some cell differentiation 
including the inCl, mC2, mBl and S3 types can be seen.

X 1,400

Figure 60
Lobule edge showing S3 type cell bordering the perivascular septum 
with densely stained cytoplasm extending along the basal lamina 
Note the mBl cell on the lobule perimeter

X 2 ,5 0 0
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MES 0 -A DF.NOHY PO PHY SIS
Large ammocoete (Sampled in September)

Figure 61
Lobular edge showing complex interdigitations of basal membrane 

(Bm)

X 4,000

Figure 62
Extensive folding of basal membrane accompanied by a densely stained 
edge. A stellate cell on the perimeter of the lobule shows clearly 
densely stained cytoplasmic processes (S3)
C - collagen fibres 
Ft- fibroblasts
g - secretory granules . -

X 4 ,500



%

13

W

%

I

- ,



MESO-ADENOHYPOPHYSIS

Large ammocoete (Sampled in September)

Figure 63
Granulated cell of type mBl. The type of cell is rare at this 
stage. The cytoplasm contains mitochondria(m) but no other well 
developed organelles.
Note densely stained mitochondria grouped on the perimeter of the 
lobe
m - mitochondria

X 8,100

Figure 64

High power view of granules collected at the lobule edge. 
Adjacent is densely stained cytoplasm and mitochondria (m ; pvs)

X 22,000
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MESO-ADENOHYPOPHYSIS

P re -m etam orph ic  ammocoete ( Sampled in  March)

Figure 65
Low power view of part of the meso-adenohypophysis showing well 
differentiated cell membranes and generally small cytoplasmic cell 
volume.
A very high proportion of the cells contain granules although the 
granules occur in small numbers ( g)
Large numbers of mitochondria with dense matrices
Cells of varied type are present including characteristically
sparsely granulated cells of type mC3
Note abundance of lysosomes (L)

mBl - lightly granulated basophil 

mC2 - •non granulated chromophobe

X  2,700

Figure 66
Low power view of lobe showing further examples of cell types 
generally with large nuclei, light chromatin staining and small 
cytoplasmic volumes. These cell types include mBl and imC2, and mC3.
Also present is a rare lightly granulated cell with noticebly 
translucent cytoplasm. It lies on the perimeter of the lobule(B) 
and may be a degranulated basophil .
Note the presence of large numbers of lysosomes (L) and translucent SI cell

X  3 ,100
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MESO-ADENOHYPOPHYSIs

Pre — m etam orphic ammocoete (Sampled in  March)

Figure 67
Granulated cell type mBl showing well developed cytoplasmic organelles 
large mitochondria (m) containing distinct cristae, endoplasmic 
reticulum (er), ribosomes and lysosomes (L)
The secretory granules are scattered throughout the cytoplasm and 
have a peripheral halo.

X  12,600

Figure 68

High power view of Golgi area (G) showing evidence of synthetic 
activity and granule development with a well developed stack of 
Golgi saccules (s) and large mitochondria with conspicuous 
cristae (m)
Note branching microtubules can be seen (mt)

L - lysosomes.

X 29,000
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MESO-ADENOHYPOPHYS

o r.-m A ta m o rp h ic  ammocoete (Sampled in  M arch)

^ r i o w e r  view of secretory granules with prominent halos adjacent to 
a lysosomes (h) and large densely stained mitochondria (m)

Cell type mBl.

X 48,000

Figure 70
Detail Of boundary membrane showing collection of secretory granules 
of varying shape with prominent halos close to the perimeter 
and associated with large mitochondria, (m)

X 37,000
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MESO-ADENOHYPOPHYSIS

P re -m etam orph ic  ammocoete (Sampled in  March)

Figure 71

At this stage virtually every cell appears to have-at.least a few 
granules. All the cells have a low cytoplasmic /nuclear ratio which 
is very distinctive of this stage.
Cell types present include mBl,mC2 and mC3 
A rare triangular shaped chromophobe is also present (mC2)
Note all cells are richly supplied with mitochondria (m) and 
prominent lysosomes (L)

X 4,000

Figure 72

Lightly granulated cell with translucent cytoplasm type mC3

X  10,200
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MESO-ADENOHYPQPHYS IS

P re -m etam orph ic  (Sampled in  M arch)

Figure 73
Detail of cytoplasm showing collections of numerous elongate 
densely stained mitochondria.(m)

Adjacent non granulated chromophobes (mC2) have vesicles on the 
perimeter of the nuclear membrane indicative of synthetic 
activity, (v)

X 11,000

Figure 74

High power view showing vesicles on the nuclear membrane (v)
Note the haloed secretory granules (g) and abundance of ribosomes(r) 
Developing granules are associated with the Golgi region (q )

X 16,000
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MESO-ADENOHYPQPHYS IS

P r e - m e t a m o r p h i c  a m m o c o e t e  ( s a m p l e d  i n  M a r c h )

Figure 75
-Low power view showing translucent type stellate cell(SI) with

cytoplasmic processes extending around granulated cells.
Note many cells contain densely stained lysosomes (L) 
mBl - lightly granulated basophil cell
S2 - stellate cell(associated with very lightly granulated B cell 
mC2 - non granulated chromophobe

X  2,300

Figure 76
Detail of cytoplasmic processes of SI cell showing numerous cytoplasmic 
organelles in neighbouring cells including well developed Golgi region 
(G). Note elongated dense mitochondria (m)
Lb - lamellar body 
L - lysosomes 
D r dense body

X 10,000
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MESQ-ADENQHYPOPHYSIS

E a r ly  m etam orpiiosis

Figure 77
Low power view of lobule Dordered by fibro—vascular septa siiowtng 
a range of lightly granulated cells of the inBl type.

Note that in this region nearly every cell appears to contain 
granules and whorls of endoplasmic reticulum (er).

X 2,000

Figure 78

Higher power view of Figure 77 showing mBl cells containing 
scattered granules.
Note the high cytoplasmic/nuclear ration compared to the pre-metamorphic 
stage and prominent whorls of endoplasmic reticulum (er)

X 3 ,000
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MESO-ADENOHYPQPHYSIS

E a r ly  m etam orphosis

Figure 79

Granulated cell mBl showing cytoplasm packed with small dense 
mitochondria.
Also present a non granulated chromophobe mC2 and nucleus 
associated with intercellular area of translucent cytoplasm and 
endoplasmic reticulum.

X  6,000

Figure 80
High power micrograph of secretory granules of mBl cell 
Note spherical shape, relatively dense staining and a distinct 
peripheral halo. Numerous ribosomes some within cytoplasmic 
vesicles can be seen (r)

X 48,000
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MESO-ADENOHYPQPHYSIS ,

Early metamorphosis 

Figure 81
Part of the cytoplasm of a granulated cell (mBl) near lobular edge 

showing massed mitochondria associated with lamellae of 
endoplasmic reticulum and scattered small secretory granules.
Note chromophobe cell of type S2 
er - endoplasmic reticulum

X 7,000
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MESO-ADENOHYPQPHYSIS

E a r ly  m etam orphosis

F ig u re  83

High power view of whorls of endoplasmic reticulum 
characterise the granulated mBl cells during tnis stage

X 12,600
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M E S O - A D E N O H Y P Q P H Y S I S

M i d d l e  m e t a m o r p h o s i s

Figure 84
Low power view of lobular edge showing increased cytoplasmic 
volume with the cytoplasm containing extensive endoplasmic 
reticulum (er) and numerous mitochondria (m) This 
extensive development of endoplasmic reticulum is also seen 
in early metamorphosis in the meso-adenohypophysial mBl cells 
Note mC2 cells

2,100
X

Figure 85
Granulated cells (mBl) showing large cytoplasmic volume

considerably filled by whorled stacks of endoplasmic

reticulum. The nuclear membrane of some examples shows 
indentations and secretory granules are scattered throughout 
the cytoplasm.

X 5 ,100
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MESO-ADENOHYPQPHYSIS

M id d le  m etam orphosis

Figure 86

Single granulated cell with indented nuclear membrane, (type mBl) 
sparse secretory granules can be seen with a distinct peripheral halo

■ • . - ■ '
Note rough endoplasmic reticulum.
mBl - lightly granulated meso-adenohypophysial basophil

16,300

Figure 87
Granulated chromophobe (mC3) the cytoplasm containing numerous 
small spherical mitochondria (m) Note irregular and indented 
surface of nuclear membrane.

X 7 ,400
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M E S O - A D E N O H Y P Q P H Y S I S

M i d d l e  m e t a m o r p h o s i s

Figure 88
High power view of non granulated chromophobe mC2 showing 
numerous mitochondria (m),vesicles (v) and neighbouring 
lamellar body (lb)

X 11,300

Figure 89
High power area of vesicular cytoplasm containing many free 
ribosomes,mitochondria, lamellae and secretory granules* (Type mBl) 
Note branched microtubules (mt).

X 15,400
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MESO-ADENOHYPQPHYSIs

M id d le  m etam orphosis

Figure 90

Area of highly vesicular cytoplasm associated with rough 
endoplasmic reticulum (rer) and elongate densely stained 
mitochondria (m) and abundant free ribosomes.(r)

X  7,000





MESO-ADENOHYPQPHYSIS

L a te  m etam orphosis

Figure 91 ^
Granulated cell mBl showing moderate! granulation with intra
cellular vacuolisation and modest Golgi
Note presence of small mitochondria and a phagosome (P)

X 15,000

Figure 92
High power view of secretory granules with dense osmiophilic 
staining and a moderately developed peripheral halo. (Type mB2 cell)

X 51,000
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MESO-ADENOHYPOPHYSIS

Late metamorphosis

Figure 94
High power view of type mBl, mC2 and mC3 cells.
At this stage the mitochondria appear to be only moderately 
stained and the cytoplasm vesicular. ,

P - phagosomes

X 9,800





MESO-ADENOHYPOPHYSIS

L a te  m etam orphosis

F ig u re  95

Low power view of perimeter of lobe showing stellate cells S3 
bordering the edge, with> slightly osmiophilically dense cytoplasm.
Note lightly granulated meso-adenohypophysial basophils (mBl type) 

mC2 - non granulated chromophobe 
Cl - collagen fibres

X  8,000
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MESO-ADENOHYPOPHYSIS

■Early adult

Figure 96
Low power view of part of the early adult meso-adenohypophysls 
The perimeter of the lobule has folded "basal membrane 
associated with collections of secretory granules (g) and 
numerous mitochondria.
Various cell types are identifiable including mBl and mB2
granulated cells, the lightly granulated mC3 chromophobe
and non-granulated cells of the type mC2 and stellate cells (82)





MESO-ADENOHYPOPHYSIS

E a r ly  a d u lt

Figure 98
Part of a meso-adenohypophysial basophil showing characteristic 
spherical shape (mB2)
The cytoplasm contains well developed lamellae of endoplasmic 
reticulum moderately developed saccules of the Golgi(G) and 
strands of reticulum adjacent to intracellular vacuoles.
Note generally spherical granules with slight peripheral haloCg)

X 20,000

Figure 99
High power view of part of Fig;98(granulated cell mB2) with dense 
haloed spherical granules scattered amongst vesicles (v), ribosomes 
(r) and strands of endoplasmic reticulum (er)

X  27,000
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MESO-ADENOHYPOPHYSIS

E a r ly  a d u lt

Figure 100
Golgi region (G); of a type mB2 cell showing evidence of synthetic 
activity associated with smaller less distinct secretory granules 
compared to earlier examples (g)
Neighbouring cell has a prominent nucleolus which is characteristic 
of nuclei at this stage (nc)

X  21,000

Figure 101
High power view of Figure 95 showing stages in development of 
secretory granules in the Golgi region.

X 31,000
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MESO-ADENOHYPOPHYS IS

L a te  a d u lt

Figure 104
Lobular edge showing characterisitc spherical mB2 cells and non 
granulated cells raC2 and stellate cells (S3) on the perimeter 
edge.
Note general breakdown of internal membrane structures

X 4,000

Figure 105
Lobular edge showing stellate cells collected on perimeter, (type S3) 
However the cytoplasmic processes are not as extensive as in the 

equivalent state of the pro-adenohypophysis 
Active release is suggested by the presence of large numbers of 
secretory granules in the area adjoining the fibro-vascular septum 
(fvs)
arrow - S3 cells on perimeter of lobule.

X 3,400
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MESO-ADENOHYPOPHYSIS

L a te  a d u lt

Figure 106
Lobular edge showing densely stained stellate cells(S3) and 
indented basal raembane,densely stained and with free granules 
in the perivascular space ' -

01 - collagen

X 3,400





MESO-ADENOHYPOPHYSIS 

Spawning/Spent adult

Figure 107
Centre of lobe exhibiting in this example complete breakdown of 
intercellular membranes.
Note free granules and irregularity of nuclear membranes.

X 4,500

Figure 108
Interlobular region with crenulated nuclei and absence of cytoplasmic 
membranes or fine structure 
Cl - collagen fibres 
Me - melanin deposits

X 4 ,800
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LIST OF FIGURES FOR META-ADENOHYPOPHYSIS 

Large ammocoete

Figure 109 Low power view of dorsal surface X 3,600
Figure 110 Selection of meta-adenohypophysial cells X 3,700
Pre-inetamorphic ammocoete

Figure 111 Low power view of granulated cells X 2,700
Figure 112 High power of endoplasmic reticulum X 28,800

Figure 115 Non granulated cell X 9,700
Figure 116 Example of granulated cell with extensive 

endoplasmic reticulum
X 4,100

Figure 117 Granulated cells with vesicular cytoplasm X 4,300
Figure 118 High power of group of secretory granules X 6,900
Metamorphosing

Figure 119 Low power view of lobe X 2,700
Figure 120 Detail of Golgi region X 5,000
Figure 121 High power view of Golgi region X 6,600
Figure 122 Granulated cells in late metamorphosis X 4,500
Early adult

Figure 123 High power of endoplasmic reticulum X 5,300
Figure 124 High power view of granulated cells X 11,300
Figure 125 Low power of lobe X 3,200
Figure 126 Junction between meta-adenohypopnysis and 

and neurohypophysis
X 4,500

Late adult

Figure 127 Granulated cells X 5,200
Figure 128 Junction between meta-adenohypophysis and 

and neurohypophysis
X 4,800

Spawning adult

Figure 129 Low power view of lobe X 3,100
Spent adult 

Figure 130 Boundary of meta-adenohypophysis and neurohypophysis x 2,500



META-ADENOHYPOPHYS IS

Large ammocoete (Sampled in December)

Figure 109
Low power view of dorsal surface of lobe showing largely chromophobic 
cells with a minority of sparsely granulated cells (Mtg)
The cytoplasm shows no well defined cell organelles.

D - dorsal

X 3,600

Figure 110
Meta-adenohypophysial cells with an example of an apical process(Ap) 
D - dorsal

X  3 ,700
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META-ADENOHYPOPHYSIS

P re -m etam orph ic  ammocoete (Sampled in  M arch)

Figure 111
Low power view of dorsal region of lobe showing cells with elongate 
nuclei, well developed nucleoli and increased cytoplasmic volume.
The granulated cells have a high cytoplasmic/nuclear ratio with large 
amounts of endoplasmic reticulum present (er)
The secretory granules are few in number, being large,spherical and 
densely stained*.
Note an example of a non granulated cell with a low cytoplasmic volume, 
possibly a stellate cell type (S).and highly vesicular cytoplasm.

X 2,700

Figure 112
High power view of endoplasmic reticulum showing extensive 
development of lamellae and isolated secretory granules. 
Note dilated regions in the lamellae.

X  28,800
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META-ADENOHYPOPHYSIS

P re-m etam orph ic  ammocoete (Sampled in  March)

Figure 115
Non granulated cell showing irregular outline with small 
cytoplasmic extensions and densely stained mitochondria 
Intracellular vacuoles are evident and the cytoplasmic and 
nuclear membrane show signs of synthetic activity .

X  9-, 700

Figure 116
Example of granulated cell containing lysosomes (L) and extensive 
vacuolisation (V)
Note nuclei with indented outlines, (n)
Also present in this example extensive stacks of endoplasmic 
reticulum (er) and large dense spherical secretory granules 
characteristic of the meta-adenohypophysis.

X 4 ,100
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META-ADENOHYPOPHYS IS

P re-m etam orph ic  ammocoete (Sampled in  March)

Figure 117
Granulated cells showing ’vesicular' cytoplasm . 
Note isolated example of group of small granules in 
membranous area (g).

X 4,300

Figure 118
High power view of Figure 117 showing group of granules 
rather than widely distributed meta-adenohypophysial 
granules.
Note lysosome. (L)

X  6 ,900



i-'t . ;v' --

m m %

f > ? ' v 3



META-ADENOHYPOPHYS IS

M etam orphosing

Figure 119
Low power view of meta-adenohypophysial cells the nuclei 
orientated in a dorsi-ventral direction
Both granulated and non granulated cells are present, the 
latter having a lower cytoplasmic/nuclear ratio.
There is a variation in the amount of stainable material 
in the nuclei and variable development of' the nucleolus.

D - Dorsal 

X 2,700

Figure 120
Enlargment of Figure 119 showing evidence of secretory activity
in the granulated cells and vacuolated Golgi (G) region
Note densely stained mitochondria in the non granulated cells, ,

X  5 ,000
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META-ADENOHYPOPHYSIS

M etam orphosing

Figure 121
Vacuolated Golgi area (V) with associated large secretory 
granules. .. These have a distinct peripheral halo.
Note the well developed nucleolus in the granulated cells

X 6,600

Figure 122
Example of late metamorphic animal showing the beginning of 
separation of cells in characterisitic loose intercellular 
arrangement
Note the secretory granules appear less pronounced as does the 
endoplasmic reticulum (er).

X 4 ,500
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META-ADENOHYPOPHYS IS

Early adult

Figure 123
High power view of whorls of endoplasmic reticulum showing 
association with secretory granules. '

X 5,300

Figure 124
High power view of meta-adenohypophysial cell showing close 
association of endoplasmic reticulum and nuclear membrane .

X  11,300
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META-ADENOHYPOPHYS IS

E a r ly  a d u lt

Figure 125
Low power view of meta-adenohypophysial cells with loose cellular 
organisation and various nuclear shapes including an example 
with irregular outlines.

X  3,200

Figure 126
Junction between dorsal surface of meta-adenohypophysis (Mt) 
and ventral surface of neurohypophysis (N)
Note convolutions of meta-adenohypophysial dorsal boundary 
membrane. -

X  4 ,500
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META-ADENOHYPOPHYS IS

L a te  a d u lt

Figure 127 -
Loose network of lightly granulated cells. At this stage 
cytoplasmic differentiation is poor but stacks of endoplasmic 
reticulum are still visible.

X 5,200

Figure 128
Junction between meta-adenohypophysis and neurohypophysis showing 
regions of very close association (J).

X 4 ,800
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META-ADENOHYPOPHYSIS

Spawning a d u lt

Figure 129
As the animal approaches spawning the breakdown of cellular 
membranes is seen although nuclei and granules are still 
in evidence .

X 3,100

Spent adult 
Figure 130
As in other lobes virtual breakdown of cytoplasm is seen at 
this stage although nuclei are still clear with some indications 
of denser staining around nuclei near the boundary of meta
adenohypophysis and neurohypophysis (Mt) .

X  2 ,500
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l is t  of fig u r e s  for NEUROHYPOPHYSIS

Large ammocoete
Figure ,132 Low power view of posterior neurohypophysis 
Figure 133 High power of secretory granules

Pre-metamorphic ammocoete

Figure 134 Low power view of posterior region
pigur© 135 Detail of ventricular surface
Figure 136 Ventral surface of lobe
Figure 137 Invaginations of basal membrane
Figure 138 Tract of neurosecretory axons
Figure 139 Upper region of posterior fibrous layer

Early/Middle metamorphosis

Figure 140 Low power view of ependymal layer
Figure 141 Detail of ependymal cells
Figure 142 Fibrous layer showing axon types
Figure 143 Area of infundibular recess
Figure 144 Detail of ventricular surface
Figure 145 High power view of basal membrane
Figure 146 Region of neurohypophysis overlying meso-adeno 

hypophysis

Figure 147 Anterior neurohypophysis showing fibrous region
Figure 148 Development of sub-ependymal cells in anterior

region
Figure 149 Ventral surface showing ependymal end feet
pigyx*© 150 Sub—ependymal cells of the anterior region

Late~metamorphosis

Figure 151 Fibrous zone showing Herring bodies
Figure 152 - High power view of ventral surface.

Early adult
Figure 153 Low power view showing Herring bodies
Figure 154 Detail of ventricular surface
Figure 155 Section exhibiting axon categories
Figure 156 High power view of axonal endings
Figure 157 Detail of ventral region
Figure 158 Three categories of axonal endings
Figure 159 Detail of granulated axonal endings

X  4,400 
X  15,300

X  3,000
X  6,000 
X  4,000 
X  6,000 
X  17,100 
X  6 000

X  2,000 
X  2,500 
X  5,600 
X  3,300 
X  11,500 
X  10,500 
X  4,300

X  5,000 
X  4,200

X  7,600
X  6,100

X  8,000
X  12.100

X  2,100 
X  5,200 
X  7,600 
X  18,000 
X  14,000 
X  17,200
X  12,500



L a te  a d u lt

Figure 160 

Figure 161

Spawning adult

Figure 162 
Figure 163

Spent adult

Figure 164 
Figure 165

Low power view of posterior neurohypophysis 
overlying the meta-adenohypophysis
Ventricular surface showing concentrations of 
neurosecretory granules

Low power view of posterior region 
High power view of fibrous layer

Low power view of posterior region 
Degranulated fibrous layer

X 4,600 

X  7,500

X  4,500 
X  10,200

X  1,500 
X  3,500



NEUROHYPOPHYSIS

Large  ammocoete (Sampled in  Septem ber)

Figure 132
Low power view of the posterior neurohypophysis showing 
differentiation of dorsal ciliated ependymal layer (EL) 
and fibrous layer (F).
Secretory granules can be seen largely distributed in the 
upper fibrous layer.
There appears to be no evidence of secretory activity in the 
region of the basement membraneand axons are not well represented

X  4,400

Figure 133

High power section of neurosecretory granules with both densely 
stained and translucent granules arranged in small groups.

X 15,300
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POSTERIOR NEUROHYPOPHYSIS

Pre-metamorphic ammocoete (Sampled in March)

Figure 134

Low power view of section through the neurohypophysis from 
dorsal to ventral surface. This shows considerable growth 
and development compared to the ammocoete with a marked increase 
in overall depth, particularly in the extent of the fibrous 
layer.
The ependymal cells appear more densely stained (Ec) than the 
subependymal cells (SeO 

pNeurosecretory fibres(Nf), scattered neurosecretory granules 
and colloid droplets are seen in the upper layers and a 
translucent crypt like cell (Ær)
Note the more distinct neurosecretory endings and fibres in the 
lower fibrous layers and that the basal membrane is densely stained 
and well lobulated(Bm) and with it are associated masses of 
mitochondria.

X  3,000
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POSTERIOR NEUROHYPOPHYSIS

Pre-metamorphic ammocoete (Sampled in March)

Figure 135
Detail of ventricular surface showing extensive vacuolisation 
(V),cilia (c), and pinocytotic vesicles (Pv), microvilli(Mv) 
Numerous dms.ely stained mitochondria lie just below the 
surface.
Note the translucent cell associated with a 'crypt' like 
invagination (Or)

X  6,000

Figure 136
Ventral surface.of lobe with subependymal cells,neurosecretory 
axons and axonal endings. These axons contain granules of 
several distinctive size groups.
The basal membrane is richly supplied with small densely stained 
mitochondria.
Note tract of axons passing transversely across the lower fibrous layer 
(Ax) and large ending containing mitochondria (m)
C - Colloid droplet

X  4 ,000
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POSTERIOR NEUROHYPOPHYSIS

Pre-m etam orph ic  ammocoete

Figure 137
Ventral surface showing invagination of basal membrane(Bm) and 
numerous mitochondria (m) distributed along the perimeter.
Note the interdigitating cytoplasm of the end foot of an 
ependymal cell can be seen on the basal membrane (Ep)
Various neurosecretory endings can be seen containing various 
sizes of secretory granules. Examples of Types II,III and IV are 
present
m - mitochondria

X  6,000

Figure 138
High power view of a tract of neurosecretory axons (Ax) and 
endings of Type IV with granules of varying electron density. 
Adjacent to this is an ending devoid of granules but with (sv) 
synaptic vesicles and mitochondria
Nearby neurosecretory endings containing, largely granule'shadows
(gs)
Note the ependymal process on the right (Ep).

X 17,100
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POSTERIOR NEUROHYPOPHYSIS

Pre-metamorphic ammocoete (Sampled in March)

Figure 139
Detail of upper region of fibrous layer showing dense aréas of 
neurosecretory axons of Type I and II
Many neurosecretory fibres are present (Nf)and an area containing 
many elongate mitochondria which may be following the course 
of a neurosecretory fibre (m)
Li - Lipids

X  6,000
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P O S T E R I O R  N E U R O H Y P Q P H Y S I S

E a r l y / m i d d l e  m e t a m o r p h o s i s

Figure 140
Low power plan in early metamorphosis showing extensive development 
of ependymal cells (Ec) and the fibrous layer richly supplied 
with axons.

X 2,000

Figure 141
Higher power view of Figure 140 showing ependymal cell layer 
richly supplied with nuclei with prominent chromatin staining 
Note elongate mitochondria (m) and conspicuous lipid droplets 
(Li)

X  2 , 5 0 0
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POSTERIOR NEUROHYPQPHYSIS

E a r lv /m id d le  m etam orphosis

Figure 142
Fibrous layer showing types 1,11 and 111 axons.
The type 111 ending is represented by a Herring body (Hb) 
Numerous collections of very small granules (Type I) can be 
seen associated with extensive development of vacuoles (V) 
Li - lipid

X 5,600

Figure 143
Section of region of dorsal layer, in the area of the infundibular 
recess (Ir)
Most noticeable is the extensive development of cilia (c) and 
small densely stained mitochondria (m)

X  3,300
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POSTERIOR NEUROHYPOPHYSIS

Early/middle metamorphosis

Figure 144
Detail of ventricular surface exhibiting extended ependymal 
processes associated with axonal endings and containing mitochondria 

(Ep, A e , m)
The ventricular surface is richly supplied with pinocytotic vesicles, 
(Pv), and microvilli (Mv). It is bordered by ependymal cell 
cytoplasm containing large numbers of densely stained mitochondria 
concentrated in the apical processes 
Li - lipid droplets

X  11,500

Figure 145
High power view of basal membrane(Bm) showing convoluted 
densely stained edge,mitochondria , and axonal endings 
reaching down to the ventral surface.
Axonal endings can be seen containing granules varying in electron density 
density

X 10,500
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ANTERIOR. NEUROHYPOPHYSIS

E a r ly /m id d le  m etam orphosis

Figure 146
Region of neurohypophysis overlying the meso-adenohypophysis 
with section through pre-optic hypophysial tract(Po).
This region contains many mitochondria which are noticeably collected 
in the ventral layers (m)
The ventricular layer in this example is devoid of cilia with a 
single layer of ependymal cells (Ec).
Many axonal endings are seen scattered through the fibrous layer 
containing either medium sized granules Type II/III or small Typel 
granules.

X 4,300

Figure 147
Area of anterior neurohypophysis showing a narrow region 
with reduced depth of the fibrous layer compared to the 
ependymal layer
Moderate ciliation of the ventricular surface can be seen
with ependymal cell processes extending to the basal membrane (Bm)
as basal end feet .

X 5 ,000
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ANTERIOR NEUROHYPOPHYSIS

E a r ly /m id d le  m etam orphosis

Figure 148
Area of anterior neurohypophysis showing development of sub
ependymal layer in association with loose network of axonal 
endings (Type I) and vacuoles (V)

X  4,200

Figure 149
Ventral surface with ependymal end feet (ef) and numerous 
dense small mitochondria (m)
Li - lipid

X  7 ,600
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ANTERIOR NEUROHYPOPHYSIS

Early/middle metamorphosis

Figure 150
Region of anterior neurohypophysis ventral surface showing development 
of sub-ependymal cells ( SE) in the proximity of the basal 
membrane

X 6,100
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POSTERIOR NEUROHYPOPHYSIS

La te  m etam orphosis

Figure.l51
Fibrous zone showing rich granulation with many Herring bodies 
(Hb) containing Type III neurosecretory granules.
Section through a bundle of axons can be seen with dense 
mitochondria associated. (Ax)

X 8,000

Figure 152
High power view of ventral surface of lobe showing close proximity 
to meta-adenohypophysis (Mt) intra-lobular canals (Cc) leading 
to the basal membrane (Bm)
Numerous mitochondria can be seen

X 13,100
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POSTERIOR NEUROHYPOPHYSIS

E a r ly  a d u lt

Figure 153
Low power view of lobe showing increased granulation and 
extensive development of Herring bodies

X  2,100

Figure 154
Higher power view of Figure 154 with ependymal cell nuclei 
having distinct chromatin patterning and nuclei orientated 
in a dorsi-ventral direction
The ventricular surface (Vs) shows vacuolisation and ciliation 
with the apical ends of the ependymal cells in very close 
proximity to the ventricular edge (Ec)
Note the densely stained neurosecretory granules of the 
Herring bodies which are distributed amongst and ventral to 
the ependymal cell bodies (Hb)
Li - lipid droplet

X 5,200
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POSTERIOR NEUROHYPOPHYSIS

E a r ly  a d u lt

Figure 155
Section of ventral region showing range of granulated axonal 
endings terminating on or near the basement membrane.
This region is particularly richly granulated with Type III 
and Type IV categories.
Densely stained basal end feet can be seen(ef).
Note the boundary between the meta-adenohypophysis (Mt) and 
neurohypophysis in this example is very narrow.
Several of the axonal endings appear to open into the . 
perivascular space separating the two lobes and two of 
the endings contain large mitochondria.(arrow)

X 7,600

Figure 156
High power view of part of Figure 156.
Note axonal endings apparently opening into the perivascular 
space (Ae) It contains a few large neurosecretory granules 
(Type IV) and a large vacuolated mitochondrion(m)
Adjacent are endings with more numerous denser neurosecretory 
granules (Type III) and a densely stained ependymal end foot 
(ef) with osmiophilic mitochondria (m)

X  18,000
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POSTERIOR NEUROHYPOPHYSIS

E a r ly  a d u lt

Figure 157
Detail of ventral region showing a selection of neurosecretory 
axons and endings bordering the ventral lamina, one example 
appearing to be devoid of granules .
Note the bundle of fibres in section (Nf) and numerous 'vacuolated' 
mitochondria associated mainly with the nerve endings 
Generally the axonal endings contain granules of a similar size
range.

X  14,000
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POSTERIOR NEUROHYPOPHYSIS

E a r ly  a d u lt

Figure 158
High power view showing at least three categories of axonal 
endings (See Pig.iSSb) Types II,III and IV
Also present are neurosecretory fibres some terminating in 
endings either vacuolated or devoid of granules
The granulated endings contain a mixture of electron dense cored 
granules, moderately dense granules and granule 'shadows’.
Ae - axonal endings 
Lb- lamellar body

X 17,200

Figure 159
Adjacent to Fig.158 granulated endings with examples ■ 
containing vacuolated mitochondria (m)
Note collections of tiny granular structures .probably microtubules (M) 

and large group of a x o n  terminals of types 11 and 111.
‘Lb - lamellar body

X 12 500
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p n . q T E R I O R  n e t t r O H Y P O P H Y S I S

L a te  a d u lt

Figure 160 , .
LOW power plan of narrower region of the posterior neurohypophysrs
overlying the m e t a - a d e n o h y p o p h y s i s ( M t ) a n d  separated by the

feirsVppIar to have densely stained cell bodies (Ec) and

C o % % %  Z L l e s  appear particularly near the ventricular surface 
in this example suggesting possible release of material into the
third ventricle (Ng)
Hb - Herring bodies

X 4,600

Zgill of'lobe Showing concentrations of granules near the 
ventricular surface apparently fromthe Herring body type( Hb ) 
(These are of the Type III category ; see Fig.187b )
The axonal fibres in the fibrous layer are not well defined 
and the basement membrane in this example appears relatively 
thin and inactive, devoid of the mitochondrial concentrations
observed earlier.

X 7 ,500
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POSTERIOR NEUROHYPOPHYSIS

Spawning a d u lt

Figure 162
At this stage the cytoplasmic structures are pcO rly defined 
but neurosecretory granules can still be seen with smallgranules 
appearing to predominate ventrally.
The capillary network is well developed (Op)
Note the relatively inactive ependymal surface, and a Herring bpdy 
which is partly degranulated/'
Ng - neurosecretory granules 

X 4,500

Figure 163
High power view of mid-fibrous region showing gradation 
in electron density of neurosecretory granules.

X 10,200
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POSTERIOR NEUROHYPOPHYSIS

Spent a d u lt

Figure 164
As with other lobes at this stage cellular structure has largely 
dis peared. The lobe appears degranulated but ependymal cell 
bodies and the basement membrane can still be seen.
The closeness of the neurohypophysis and meta-adenohypophysis •
can be observed still retaining the form, of the basal lamina (Bl)

X 1,500

Figure 165
Higher power view of spent posterior neurohypophysis lobe, 
showing 'shadows' of spent Herring body and axonal emdings 
However the cell bodies of the ependymal cell layer are 
still preserved.

X  3,500
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MESO-ADENOHYPOPHYSIS
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NEUROHYPOPHYSIS
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