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Synopsis

An anatomical and histological description is given of the hypothalamus-hypophyseal region of Aci- 
penser stellatus, Acipenser giildenstaedti, Polyodon spathula, Polypterus senegalus, Calamoichthys calabaricus, 
Lepisosteus productus and Amia calva. The distinctive features of the hypophysial vascularization have been 
studied in the same species with the exception of Acipenser giildenstaedti and Polypterus senegalus.

The neurohypophysis comprises three parts: 1) a rostral part, which is regarded as homologous with 
the eminentia mediana of the tetrapods, 2) a hypophyseal stem, only comparable with the oral wall of the 
infundibular stem in the tetrapods and 3) a hollow caudal part, the lobus nervosus, comparable with the 
lobus nervosus of tetrapods. Crown cells have been described in the eminenlial ependymal layer in Chon- 
drostei and in the same layer in the lobus nervosus in all the species except for Calamoichthys.

The adenohypophysis comprises in Chondrostei and Holoslei three histologically different regions and 
in Brachiopterygii two regions. The chroinophilic cell types in the adenohypophysis have been described and 
compared with those of the teleosts. In the Condrostei a hypophyseal cavity is present, and in the Brachi­
opterygii a buccohypophyseal duct.

The adenohypophysis has no direct arterial supply but is supplied exclusively from a pituitary portal 
system, basically comparable with that of tetrapods. The primary plexus covering the eminentia mediana 
is fed through aa. infundibulares, which on their way give olT some small branches, supplying the post- 
chiasmatic region. In addition the primary plexus also receives supplementary vessels from the adjacent 
hypothalamic plexus in Holostei and Calamoichthys. The primary plexus comprises a rostral and a caudal 
region which are not sharply delineated. In the Chondrostei the primary plexus merges into the secondary 
plexus of the adenohypophysis, while vv. portae originating from this plexus are developed in Brachiopterygii 
and Holostei. The plexus intermedius is mainly fed through the superficial hypophyseal stem plexus. In 
addition the plexus intermedius is supplied in Lepisosteus through lateral afferent veins.

The neurohypophysis and the vascularization of the pituitary gland in the primitive actinopterygians 
have been compared with that of other vertebrates. This comparison gives a reason to conclude, among 
other things, that the subdivision of the neurohypophysis into an eminentia mediana and a lobus nervosus 
region, and a pituitary portal system represent primitive features that must have been present in a gnat- 
hostome ancestor, probably with a pattern similar to that in Chondrostei. In the light of this hypothesis it is 
pointed out that the structural pattern of the neurohypophysis and the vascular arrangement in the teleosts 
represents a secondary pattern.
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I. Introduction

he pituitary gland in Amia and Lepisosteus has been studied by Green (1951),
I who gives a brief description of the vascular system. Green points out that a well 
marked vascular plexus in the teleosts, as well as in the Elasmobranchs, separates 
the pro- and the mcso-adenohypophysis from the neurohypophysis, and that vessels 
branch from this plexus to the adenohypophysis. Green has suggested that there is 
an evolutionary relationship between this (primitive) vascular plexus and the portal 
system of higher vertebrates.

Since Green put forward his hypothesis of the evolution of the pituitary portal 
system, a great deal of interest has been attached to the study of the pituitary vas­
cularization and the hypothalamic control of the adenohypophysis. A pituitary portal 
system, although in some species of simple configuration, exists in all tetrapods. 
Meurling (1960, 1967 a, b) and Mellinger (1960 a—c, 1963) have proved that the 
neurohypophysis of Chondrichthyes consists of a neural lobe, a hypophysial stem and 
a median eminence with histological and vascular characteristics similar to that of 
other eminences. On the basis of this observation it is evident that the division of the 
neurohypophysis into a median eminence and a neural lobe and the evolution of the 
pituitary portal system are more primitive features than supposed by Green. This 
brings into question the interpretation of the pituitary gland, and in particular the 
neurohypophysis, in the primitive actinopterygians.

1) Does there exist, among the primitive actinopterygians, a division of the 
neurohypophysis into a median eminence and a neural lobe, and is a pituitary portal 
system developed? (Wingstrand (1966 a) has suggested that these structures are 
present in Polypterus and Acipenser).

2) Alternatively, is the hypothalamic-neurovascular link built up in the same 
way as in the teleosts? (This possibility is assumed by Green (1951)).

3) Should the hypothalamic-hypophysial link and the elaboration of the neuro­
hypophysis in the teleosts be interpreted as primary or secondary developments?

In an attempt to answer some of these questions, the following primitive actinop­
terygians have been examined: Acipenser stellatus and güldenstaedti, Polyodon spathula, 
Polypterus senegalus, Calamoichthys calabaricus, Lepisosteus productus and Amia calua, 
with special reference to a description of the pituitary gland and its vascularization.
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II. Material and Methods
1. Material

The different methods of preparation used in the investigation are indicated in 
the list below. The abbreviations used are as follows:

AFA: fixed in alcohol-formalin-acetic acid.
B: fixed in Bouin’s mixture.
C: celloidin sections.
Ii: Indian ink injection of the vascular system.

li, S-V: double injection with Indian ink-starch-vermilion solution of the vascular system.
Is: longitudinal sections.
P: paraffin sections.

P-C: plastic injection into the arterial system and corrosion.
sp : specimen.

S-V: starch-vermilion injection into the arterial system.
T : tissuemat sections.

T-B: total preparation, cleared in benzol. 
Tl: total length.
Lrs: transverse sections.

Order: Chondrostei
Family : Acipenseridae
Acipenser stellatus
Pallas, 1771 ............ 1 sp Tl, 459 mm ......... B P Is, 8 g

1 sp Tl, 430 mm ......... B P 1rs , 8 fi
1 sp Tl, 400 mm Ii . . . . .. AFA C Is, 75 fi
1 sp Tl, 410 mm S-V. . . . . AFA T- B

Acipenser giildenstaedti
Brandt, 1833 +).... 1 sp B P Is, 8 fi

Family : Polyodontidae
Polyodon spathula 
(Walraum, 1792) 1 sp

1 sp
1 sp

Tl, 215mm .......... B 1 Is, 8 //
Tl, 200 mm ......... B T trs, 8 ii

Is, 50 it.............. Ii . . . . . . AFA C
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( )rder : Brach iopterygii 
Family : Polypteridae 
Poly pt er us sen eg a lus
Cuvier, 1829 + ). . . . 1 sp .........................................

1 2 * * SP ......................................... B
.. 1rs, 10//, 

Is, 5 ii

Calainoichthys calabaricus 
(Smith, 1865) +).... 1 sp Tl, 320 mm B P trs, 8 //

+ ).... 1 sp Tl, 260 mm B P trs, 8 //
+ ). . . . 1 sp B P Is, 5 ii

1 sp Tl, 325 mm B P Is, 5 //
+ ).... 1 sp Tl, 350 mm Ii, S-V . A FA C trs, 100//
+ ). . . . 1 sp Tl, 370 mm Ii, S-V . A FA C Is, 75 ii

+).... 1 sp Tl, 300 mm Ii.......... AFA c Is, 100//
1 sp Tl, 331 mm P-C

2. Methods

Anaesthesia : Acipenser and Calainoichthys were anaesthetized with a solution of 
urethane. The other fishes were anaesthetized with a solution of MS 222 (Sandoz).

Fixation: Specimens for histological investigation were fixed in Bonin’s mixture 
(Romeis, 1948). The specimens were fixed by injection through aorta dorsalis. Fixa­
tion with alcohol-formalin-acetic acid was used for specimens injected with Indian 
ink and starch-vermilion.

Vascular injection: The Indian ink and starch-vermilion injections of the vascular 
system of the head were done according to the method given by Wingstrand (1951).

Decalcification: The Indian ink and starch-vermilion injected specimens were 
hardened in alcohol and decalcified in alcoholic hydrochloric acid or in aqueous 
nitric acid (Romeis, 1948).

Order: Holostei 
Family : Lepisosteidae 
L ep isoste us produc ti is 
(Cope, 1865)  1 sp TI, 200 mm 

 1 sp TI, 260 mm 
 1 sp '1'1, 290 mm li

B P Is, 8 //
B P trs, 8 //

AFA C Is, 75 ii

Family: Amiidae
Amia calva
Linné, 1766 1 sp TI, 470 mm .

1 sp TI, 420 mm . .
1 sp 1'1, 440 mm li 

B P Is, 8 //
B P 1rs, 8 //

AFA C Is, 75 /i
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Embedding: The specimens fixed with Bouin’s mixture were embedded in 
paraffin or tissuemat, whereas the Indian ink and starch-vermilion specimens were 
embedded in celloidin (Pro-Fluka).

Staining of the histological material: For histological use the paraffin and tissue­
mat material were stained in: 1) Aldehyd-fuchsin, AF (Gabe, 1953), 2) Aldehyd- 
fuchsin-HALMi (Gabe, 1953; Halmi, 1952), 3) Heidenhain’s azocarmine-aniline blue 
stain (Azan), 4) periodic acid SCHIFF (PAS), 5) Alcian blue-PAS (1 °/0 AB in 1 
vol. °/0 acetic acid), 6) PAS-orange G (Herlant, 1956), 7) AB-PAS orange G (ox. 
with KMnO4) pH 3 or pH 0.2 (Herlant, I960), 8) Ehrlich’s hematoxylin and eosin 
(H-E), 9) Trichrome stain of Cleveland and Wolfe (1931-32), and according to 
Bodian’s protargol method. The celloidin sections were mounted as recommended by 
Wingstrand (1951 : p. 14-15) and stained with H-E.

Graphic reconstructions of the vascular system were made from the celloidin 
sections. The schematic cross sections were reconstructed from the celloidin and 
paraffin (tissuemat) sections.

III. General Anatomy and Terminology of the Pituitary Region

This general description of the pituitary region is based on common characters 
among the species examined. The deviations and variations between the species will 
be noted during the individual descriptions.

1. The Hypothalamo-neurohypophysial Region

The recessus praeopticus lies immediately in front of the chiasma opticum. The 
ventral surface is here quite thin and covered by a dense capillary plexus. Nucleus 
praeopticus is morphologically differentiated into two regions: the dorsal, pars magno- 
cellularis, and the ventral region, pars parvocellularis. The neurosecretory cells lie (dose 
to the ependyma which bounds the recessus praeopticus.

The lobi inferiores (lobi laterale) enclose the recessus lobi inferiores. They con­
stitute the main part of the ventral hypothalamus. The lobi inferiores lie close to the 
lateral part of hypothalamus, and to the ventral part of the lobus nervosus.

The lobus médius in Amia and Lepisosteus is described by Kappers (1907) as 
that part of the ventral hypothalamic wall which is situated between the lobi inferiores 
and bounded rostrally by the chiasma opticum. The homologies of the region including 
the lobus médius and the neurohypophysial part are described by Wingstrand 
(1959, 1966). The lamina postoptica is, in the species examined, caudally proliferated 
while the rostral part is undifferentiated brain wall. This undifferentiated brain wall, 
the postchiasmatic region, is called the pars oralis tuberis in the reptiles and mammals 
where it is very distinct (Spatz, Diepen and Gaipp, 1948).

The differentiated pari of the lobus medias, separated by a more or less distinct 
furrow, the sulcus lubero-infundibularis (Spatz, Diepen and Gai pp, 1948) from the 
rest of the lobus médius, is characterized in the following way.
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1 ) The region is separated from the adenohypophysis only by a layer of con­
nective tissue.

2) It is covered by a dense vascular plexus. The capillaries of this plexus may, 
in some of the species, form loops into the rostral or lateral part of the wall. In other 
species these capillaries run in shallow furrows on the surface. The blood from this 
vascular plexus (pial plexus — cminential plexus — primary plexus) is drained to the 
adenohypophysis and to the plexus intermedins along the oral surface of the hypo­
thalamus.

3) The brain wall in the region consists of three histological zones: an inner 
ependymal layer, an intermediate fibre layer and an outer cortical layer covered by 
the pial plexus. In the ependymal layer there are only a few nerve fibres and nerve 
cells. From the ependymal cells, processes run to the external surface through the 
other layers. The fibre layer is dominated by the AF positive nerve fibres which come 
from the nucleus praeopticus. In the cortical layer there are no coarse nerve fibres 
but an accumulation of AF positive material in connection with the capillaries of the 
pial plexus. The line ependymal processes are, in this layer, branched and end on 
the endomeninx with “vascular feet’’.

4) There is, in connection with the pial plexus, an accumulation of A F positive 
material.

'fhe median eminence is defined by Green (1947 a, according to Wingstrand, 
1966 a) as that part of the postoptic hypothalamic wall which is coextensive with the 
primary capillary net of the hypophvsial-portal system of blood vessels. In 1951 
Green defined the eminentia mediana as that part of the neurohypophysis which 
receives its blood supply from the hvpophysio portal circulation or which has a com­
mon vascularization with the adenohypophysis. This requirement is fulfilled in the 
case of this differentiated region.

In addition this region fulfils the histological requirement established for the 
eminentia mediana (Nowakowski, 1951; Wingstrand, 1951). 'fhe same histological 
characteristica are described in sharks and rays (Mevrling, 1960, 1967 a, b; Pole- 
nov, 1968), in Hydro/uzyzz.s (Jasinski and Gorbman, 1966; Satiiyanesan, 1965) in C7iz‘- 
marea (Fujita, 1963; Meurling, 1967 b) and also in Acipenser (Polenov, 1966 and 
1968).

For this reason it is assumed that an eminentia mediana is developed in the 
primitive actinopterygians.

The eminentia mediana of the primitive actinopterygians may thus be defined 
as that part of the ventral hypothalamic wall (in some instances bounded by a sulcus 
tubero-infundibularis) which consists of three histological layers (ependvmal-fibre- and 
cortical layer), and whose superficial vascular plexus is drained toward the adenohypo­
physis (in some instances by typical vv. portae).

This description is in agreement with Meurling’s (1967 a) definition of the 
eminentia mediana of the elasmobranchs. As with the elasmobranchs it is necessary 
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that both structural criteria are fulfilled because: 1) The characteristic histological 
structure may continue rostrally from the eminentia mediana, w ithout ils pial plexus 
being drained to the adenohypophysis and 2) the primary plexus may be continuous 
with the surrounding plexus of the brain wall, which does not contain the three 
histological layers.

The boundary between the eminentia mediana and the postchiasmatic region 
(pars oralis tuberis) and the hypophysial stem is not sharp.

The hypophysial stem connects the lobus nervosus with the eminentia mediana. 
Its wall consists of an inner ependymal layer and an outer layer, occupied mainly 
by the AF positive nerve fibres passing down to the lobus nervosus. A layer which 
corresponds to the eminentiae medianae cortical layer, is only found in A. giilden- 
staedti. The pial plexus which covers the hypophysial stem continues in the plexus 
intermedins. The hypophysial stem is only comparable with the oral wall of the in­
fundibular stem in tetrapods.

The majority of the AF positive neurosecretory fibres which constitute the traclus 
praeoptico-hypophyseus fibres terminate in the lobus nervosus (the neural lobe). The 
lobus nervosus which is in close contact with the meta-adenohypophysis is externally 
surrounded by a connective tissue membrane and the plexus intermedins. The lobus 
nervosus is more or less lobulated. The lobuli are solid or contain hollow diverticules 
from the recessus infundibularis. The hollow lobuli subdivide gradually into numerous 
solid processes. The walls in the hollow lobuli consist of three histological layers:
1) the ependymal layer nearest the ventricle contains ependymal cells and in some 
cases crown cells, 2) the intermediate fibre layer with the coarse neurosecretory fibres 
and in some cases pituicytes and 3) the superficial cortical layer containing the ends 
of the neurosecretory fibres and the fine ramified ends of the ependymal processes.

The saccus vasculosus which is found in all the species examined, is a thin-walled, 
strongly folded and richly vascularized sac in which the epithelium contains crown 
cells with supporting cells in between. In some of the species the central cavity of the 
saccus vasculosus is in direct wide connection with the recessus infundibularis. In 
others there is a hollow stem, through which the recessus infundibularis communi­
cates with the central cavity of the saccus vasculosus.

2. The Adenohypophysis

With the exception of Calamoichthys and Polypterus the adenohypophysis con­
sists of three histological divisions: the pro-, the meso- and the meta-adenohypophysis. 
The terms are proposed by Pickford and Atz (1957). The adenohypophysis of 
Calamoichthys and Polypterus can be subdivided into only two typical parts, desig­
nated the pars intermedia (meta-adenohypophysis) and the pars distalis.

According to Olivereau (1954, 1963) the subdivision of the pars distalis into 
two zones (pro- and meso-adenohypophysis) in the teleosts depends on the distribu­
tion of two types of acidophil cells: 1) the erythrophil cell generally found in the pro­
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adenohypophysis and 2) the Orange-G positive cell generally localized in the meso­
adenohypophysis.

In Salmo (Olivereau, 1954) the pro-adenohypophvsis contains numerous 
regular follicles, composed mainly of erythrophils. A corresponding follicular struc­
ture of the pro-adenohypophysis is found in other primitive teleosts (Pickford and 
Atz, 1957; Wingstrand, 1966). In teleost species without a follicular pro-adeno­
hypophysis, and in the elasmobranchs, in which the pro-adenohypophvsis contains 
vesicles or follicles, the dominant cell type is an acidophil, fuchsinophil and crythro- 
phil cell.

In accordance with this, the part of the pars distalis (in the examined species), 
which has a follicular structure and where the dominating cell type is erythrophil, 
is called the pro-adenohypophysis.

The meso-adenohypophysis w hich forms the posterior part of the pars distalis is 
composed of more or less typical cell-columns, which either are compact or made 
up of follicles and tubules. The cell-columns are separated by the secondary vascular 
plexus of the pars distalis and by connective tissue.

The meta-adenohypophysis consists of more or less irregular cell-columns or 
cell groups, separated from the lobus nervosus by connective tissue and a capillary 
plexus (plexus intermedins).

In Acipenser and Polyodon a hypophysial cavity is present between the mela- 
adenohvpophysis and the pro- and meso-adenohypophysis. The partis distalis in 
Polypterns and Calamoichthys has a medio-ventral hypophysial lumen, connected 
with the oral roof through a hypophysial duct.

An attempt has been made to classify the cell types in the adenohypophysis in 
spite of the imperfection of the material and the difficulty in trying to compare cell 
types in the absence of appropriate physiological tests.

The pars distalis may contain two types of acidophil cells, four basophils and 
chromophobes. The meta-adenohypophysis may contain one type of acidophil cells, 
two basophils and chromophobes. The acidophils are PAS negative or only weak 
PAS positive. The basophils are AF and PAS positive.

In the light of a comparison with the histological description of the adenohypo­
physis in the teleosts (Pickford and Atz, 1957 ; Olivereau, 1963) the following group­
ing is made.

The pars distalis:

a. Acidophil cells
1) Erythrophils (Ax). These cells, the dominant cell type in the pro-adeno­

hypophysis, are PAS and A F negative and are stained with ervthrosine and azocarmine 
(possibly epsilon-cells).

2) Orange G or fuchsinophils (A2). These cells may be found everywhere in 
the adenohypophysis. The A2 cells are generally smaller than the Ax, and arc in some 
cases weakly PAS positive (possibly alfa-cells).



12 Nr. 1

b. Basophil cells
3) Br cells (possibly delta-cells) are most often “cone shaped’’, angular, AF and 

PAS positive cells, with coarse grannies. These cells are present in the medio-ventral 
part of the meso-adenohypophysis. According to Olivereau (1963) they are found 
in the pro- as well as the meso-adenohypophysis. In the specimens examined Bx cells 
are considered to be restricted to the meso-adenohypophysis.

4) and 5) and B3 cells probably correspond to the gonadotrophs. The material 
does not permit classification into gamma and beta cells. It is also possible that these 
two “cell types’’ may not be functionally different but represent various stages in 
the secretory activity of the same cell type. Both of them are AF and PAS positive. 
The B2 cell is bigger thant he B3 cell and dominates the medio-dorsal or the central 
part of the meso-adenohypophysis.

6) are small AF and PAS positive cells. They arc only present in the pro- 
adenohvpophysis in A. giildenstaedti.

7) B1 are big ovoid, only weakly AF and PAS positive cells. They are found 
only in the ventro-rostral region of the pars distalis in Calamoichthys.

8) Chromophobes are found throughout the adenohypophysis; they are small 
degranulated faintly stainable cells, with only a small amount of plasma around the 
nucleus.

Th e meta-adenohypophysis :
1) In many cases small acidophils were seen in this part of the adenohypophysis. 

These cells are possibly identical with the A, cells.
2) B5 is the predominant cell type in the meta-adenohypophysis. The cell is 

AF and PAS positive.
3) Be are only found in Acipenser. These cells are AF and PAS positive, with 

a coarser granulation than found in B5.

3. The Arteries

The paired aa. carotides internae which do not anastomose mutually supply the 
brain and the hypophysial region with blood. The a. carotis interna continues in the 
investigated specimens (with the exception of Calamoichthys) intracranially as a. ca­
rotis cerebralis, which divides into a ramus anterior and a ramus posterior. In Cala­
moichthys the a. carotis interna bifurcates extracraniallv into these main stems, which 
then continue intracranially.

The ramus anterior gives off the following branches: a) the a. cerebralis anterior 
which supplies the ventral part of the telencephalon, b) the a. cerebralis media to the 
olfactory brain region, plus c) the a. mesencephali dorsalis (Grodzinski, 1948) the 
main branch of which runs to the mesencephalon, the cerebellum and the dorsal part 
of medulla oblongata.

The ramus posterior (a. cerebralis posterior, Meurling, 1967 a) runs caudally 
and joins its “twin’’ ventrally of the medulla oblongata. From this union the unpaired 
median a. basilaris or the paired aa. basilares continue caudally ventral of the medulla 



Nr. 1 13

oblongata. The a. cerebralis posterior gives off small branches which supply the 
superficial part of the diencephalon, the cerebellum, the mesencephalon and the 
medulla oblongata.

The circulas arteriosus Willisi is complete caudally, where the rami posteriores 
fuse, but it is incomplete rostrally because there is no anastomosis between the paired 
rami anteriores. Some anastomotic vessels between aa. cerebrales anteriores are 
present but have the dimensions of capillaries.

The aa. infundibulares supply the postchiamatic region and the primary capillary 
plexus. The source and the course of these arteries are very variable.

4. The Hypophysial Blood System

The pituitary portal system consists in the tetrapods of a primary plexus—a 
dense capillary plexus in connection with the eminentia mediana—and portal vessels 
which drain this plexus, and which pass the blood to the secondary plexus in the pars 
distalis. The primary plexus, which is supplied by the aa. infundibulares (aa. hypo- 
physeae), is often quite distinct, and is only slightly in connection with the hypotha­
lamic capillaries.

In the species examined, this system is differentiated in various degrees. For 
the description it is intended to follow the terminology used by Meurling (1967 a).

In connection with the eminentia mediana a pial plexus is developed (= eminen­
tial plexus = primary plexus). Phis plexus is fed by aa. infundibulares and by the 
plexus which covers the postchiasmatic region. Further there is in some cases connec­
tion between the primary plexus and the surrounding hypothalamic plexus via sup­
plementary vessels. From the rostral part of the primary plexus the blood continues to 
the secondary plexus in the pro- and meso-adenohypophysis, while the blood from 
the caudal pari of the primary plexus is led to the meta-adenohypophysis and to the 
hypophysial stem plexus which is emptied into the plexus intermedins (Benda, 1927; 
Wingstrand, 1966 b). In addition to this blood supply of the plexus intermedius 
there are in Lepisosteus developed lateral afferent veins, fliese veins arise from the 
hypothalamic superficial vessels, and terminate in the plexus intermedius.

In the light of the elaboration of the primary plexus it is possible, in the species 
examined, to distinguish between two eminential types: 1) a “simple eminential type", 
with only a few or no loops at all in the rostral part of the eminentia mediana and 
2) a “differentiated eminential type”, with well-developed “deep” loops into the rostral 
part of the eminentia mediana.

5. The Veins

Only the draining of the pituitary gland and of the saccus vasculosus is described 
to an extent determined by the available material.

For descriptive purposes the following terms are used: The i>. hypophyseos media 
drains the ventral part of the adenohypophysis and leads into the v. interorbitalis 
(v. pituitaria). The plexus intermedius and saccus vasculosus may be drained through 
the v. hypophyseos lateralis. The v. hypophyseos collects blood from the adenohypo­
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physis, the plexus intermedins and the saccus vasculosus. In some instances there 
is developed a u. sacci vasculosi which drains only the saccus vasculosus. The lobi 
inferiores and the diencephalon are drained towards the vu. infundibulares.

IV. Acipenser güldenstaedti and Acipenser stellatus

Material and methods (see p. 6).
Literature.

The early embryonal development of the pituitary gland in A. slur io and A. ruthenus 
has been described respectively by von Kupffer (1906) and Holmgren (1932). Both of these 
authors point out that the hypophysial cleft forms as a schizocoel in the original compact 
hypophysial antage. Stendel (1913, 1914) gives a morphological and an embryological de­
scription of the pituitary gland in A. sturio. Johnston (1902) gives a complete survey of the 
brain of A. rubicundus and in connection with this a brief morphological description of the 
pituitary gland. Kerr (1949) gives a detailed morphological and histological account of the 
pituitary gland in A. fulvescens. There is agreement in the present work with the morphological 
description but some discrepancy as to the position and number of cell types. Barannikova 
(1949, 1950) considers the gonadotropic function in the hypophysis in A. stellatus and the 
histophysiology of the basophil cells in the hypophysis in A. güldenstaedti persicus. Polenov 
and Barannikova (1958) describe the preoptico-neurohypophyseal neurosecretory system in 
Acipenser. The general structure of the pituitary gland is given by Wingstrand (1966 a). 
Polenov 1966 (A. stellatus) and 1968 (A. stellatus, A. güldenstädti) examined the vasculariza­
tion of the pituitary gland and pointed out the presence of an eminentia mediana and a prim­
itive portal system. Jasinski (1964) describes the structure and vascularization of the pituitary 
gland in A. stellatus. This author denies the existence of an eminentia mediana and a portal 
system although his illustrations give a hint of a portal system. Grodzinski (1948) gives a de­
tailed picture of the arteries and veins in the head of A. ruthenus. Embryological and compara­
tive information on jugular and cerebral veins is given by Bertmar (1965). (This material in­
cludes the species, A. güldenstaedti, ruthenus and stellatus).

1. The Hypothalamo-neurohypophysial Region (Figs. 1-3, Pls. I-IV)
The reeessus praeopticus in front of the chiasma opticum is V-shaped, and con­

tinues ventro-caudally below the chiasma opticum as a thin-walled sac. The ependymal 
processes run to the surface, which is covered by a dense capillary plexus. The cells 
of the nucleus praeopticus, are definitely neurosecretory and differentiated into the 
dorso-caudal region, pars magnocellularis, plus the bigger ventro-rostral region, pars 
parvocellularis. In A. stellatus a corresponding division of the cells in the nucleus 
praeopticus has not been found. This might possibly be due to the juvenile character 
of the specimens examined. The lobi inferiores are well developed and the reeessus 
lobi inferiores have a wide open medial connection with the reeessus infundibularis. 
The lobi inferiores merge into the lobus médius. The lobus médius consists of a rostral 
postchiasmatic region, and a caudal region, the eminentia mediana.

The eminentia mediana (Figs. 1—2, Pls. I, III) is bounded by a sulcus tubero- 
infundibularis faintly discernable. Between the ependymal cells in the whole emi­
nentia mediana crown cells are visible. In the fibre layer there are, besides the tractus 
praeoptico-hypophyseos fibres, some pituicytes. In the rostral part of the eminentia 
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mediana the cortical layer is well developed and contains abundantly AF + material, 
concentrated around the primary capillaries. Between the ependymal processes in the 
cortical layer a few small glia cells are found.

The eminentia mediana continues caudally in the hypophyseal stem, which on 
the inner side is dominated by crown cells. The hypophysial stem is bounded laterally 
by two longitudinal grooves.

I’he lobus nervosus is folded down into a “pocket” on either side of the median 
plane but the “pockets” are asymmetrically constructed. The recessus infundibularis 
continues into the lobus nervosus as a primary lumen in each of the pockets. The 
primary lumen gives off secondary lumina which in turn are subdivided. The outer­
most lobi nervosi processes are solid and run out in all directions. In the hollow 
lobuli (Pl. II) the wall is composed of the ependymal, fibre- and cortical layers. The 
ependymal layer contains ependymal cells, with oval or circular nuclei, and crown 
cells in between.

The saccus uasculosus is limited ventrally by the hypophyseal stem and the lobus 
nervosus, and dorsally by the lobus posterior. The saccus vasculosus is thin-walled 
and richly vascularized, with a central cavity from where two ventral, two lateral 
and two dorsal protuberances (which in turn subdivide) branch off.

2. The Adenohypophysis

a) The adenohypophysis in A. giildenstaedti (Fig. 1, Pl. Ill)
The pituitary gland is elongated and flattened dorso-ventrally, with the longitu­

dinal axis parallel to the recessus infundibularis. The gland consists of the pro- and 
meso-adenohypophysis plus the meta-adenohypophysis which is separated from the 
other parts by the hypophysial cavity. This cavity rims forward between the pro- 
and meso-adenohypophysis. Laterally, dorso-caudally and ventro-caudally the meta- 
adenohypophysis is continuous with the meso-adenohypophysis, but the two parts are 
histologically clearly separated.

The pro-adenohypophysis is built of cell-groups, radially situated around vesicles 
or follicles, which in some instances contain colloidal material. In addition tubules 
are found which likewise may contain colloidal material. These tubules are possibly 
derived from the tubular extensions of the hypophysial cavity. The latter do not hold 
colloidal material. All transitions from tubules in connection with the hypophysial 
cavity to isolated tubules (with or without colloidal material) and typical vesicles or 
follicles are found. Therefore the last-mentioned possibly represent, as suggested by 
Kerr (1949) and Olivereau (1954), separated diverticula from the hypophysial cavity. 
The cell groups are surrounded by connective tissue and by the secondary capillary 
plexus.

The meso-adenohypophysis : The medio-dorsal part of this region is built up of 
cell-columns. The cells in the columns surround projections from the hypophysial 
cavity. The cell-columns are enclosed by connective tissue and the secondary capillary 
plexus. The ventral and the lateral parts of this region are more irregularly constructed 
of cell-columns and cell-groups.
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The meta-adenohypophysis encloses the lobus nervosus and fills up the spaces 
between the branches of this. Medially are found some vesicles and tubules. There is 
no special structure associated with the superficial cells which line the cleft.

The pro-adenohypophysis is almost solely composed of Ax cells. In between these 
cells a few A2, B4 and chromophobic cells are found. The acidophil A4 cells are elon­
gated and grouped around the follicles, with the nucleus located in the basal part of 
the cells and with the granules concentrated in the perinuclear plasm. The small B4 
cells adjoin the capillary walls. In addition there are a few scattered A2 cells and 
chromophobic cells.

The meso-adenohypophysis contains Bx, B2, B3, Ax, A, plus chromophobic 
cells. The Bj cells are “cone shaped’’, the nucleus circular and eccentrically placed.

Fig. 1. Acipenser giildenstaedti. Median diagrammatic section.—A = chiasma opticum, B = recessus prae- 
opticus, C = nucleus praeopticus, D = postchiasmatic region, Ea = rostral part of the eminentia mediana, 
Eb = caudal part of the eminentia mediana, F = hypophysial stem, H = saccus vasculosus, I = recessus 
infundibularis, J = recessus posterior, K — medulla oblongata, N = pro-adenohypophysis, O = meso-adeno­

hypophysis, P = meta-adenohypophysis, S = lobus nervosus, T = hypophysial cavity.

This cell type is confined to the ventro-inedial part of the meso-adenohypophysis. 
The B2 cells which predominate in the dorso-medial part are ovoid in shape. Medially 
there are only a few B3 cells, but they are prevalent laterally. A2 is the predominant 
acidophil cell type in this part of the adenohypophysis. It is an ovoid cell, with an 
eccentrically placed nucleus. In addition lo A2 cells a few Ax cells are found. The 
chromophobic cells are mainly aggregated in the central part of the cell-columns.

In the meta-adenohypophysis B5 and Be are found together with chromophobic 
cells. The B5 is the conspicuous cell type. They are ovoid or elongated cells, with
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Scheme I. Staining affinities of the chromophilic cell-types in the adenohypophysis in Aci- 
penser güldenstaedti.

cell-type

staining method
Al A 2 b2 b3 B. B., b6 colloidal

material

Gabe’s AF + + + + + + +

AF — Halmi’s 
counterstain

yellowish
green

yellowish
green violet brown

pale 
violet

pale 
brownish 

violet

pale 
brown 
(with 
violet 
shade)

pale 
violet violet

PAS — (( + )) + + + + +

Azan red pale 
orange

pale
blue

red bluish
(red)

red pale 
violet

violet blue

Trichrome stain.
Cleveland — Wolfe

reddish 
brown

yellowish
red

dark
blue

yellowish
green

bluish
violet

reddish
violet

purple violet blue

the nucleus eccentrically situated. Dorso-rostrally and medially is found an area with 
B6 cells. These are small elongated cells. There are only a few A2 and chromophobic 
cells.

b) The adenohypophysis in A. stellatus (Fig. 2-3, Pl. IV)
The longitudinal axis of the oval dorso-ventrally flattened pituitary gland is 

parallel to that of the recessus infundibularis. The gland is situated in a deep fossa 
hypophyseos surrounded by connective tissue. Only the rostral part of the fossa hypo­
physeos is ossified. Caudally the fossa hypophyseos is bounded by a well-developed, 
cartilaginous dorsum sellae. The adenohypophysis can be divided into three zones; 
the pro-, meso- and meta-adenohypophysis. The meta-adenohypophysis is separated 
from the former parts by the hypophysial cavity. The hypophysial cavity extends 
forward to the pro-adenohvpophysis, and envelops caudally the neuro-intermedia 
lobe, which “hangs” into the hypophysial cavity. The hypophysial cavity gives off 
tubules penetrating the pro- and meso-adenohypophysis.

The pro-adenohypophysis is strongly folded and consists of cell-strands and cell- 
groups, separated by connective tissue and capillaries. The cell-strands and groups 
contains vesicles, follicles and tubules, with or without colloidal material.

The meso-adenohypophysis is essentially of the same structure as in A. giilden- 
staedti, although the ventral part is quite thin, and consists of irregular cell-strands, 
penetrated by protuberances from the hypophysial cavity.

The cell-strands of the meta-adenohypophysis lie towards the hypophysial cavity 
and the plexus intermedins is surrounded by connective tissue. There is no special 
differentiation of the cells lining the hypophysial cleft.

Biol.Skr. Dan.Vid. Selsk. 18, no. 1. 2
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Fig. 2. Acipenser stellatus. Median diagrammatic section. — L = fossa hypophyseos, M = dorsum sellae 
coarsely stippled = cartilage, coarsely striated = bone. Other labels see fig. 1.

The cell type Ax in the pro-adenohypophysis are small ovoid or elongated cells, 
with faint cell-boundaries. In the specimens examined these cells are weakly stainable.

In the ineso-adenohypophysis are found Bx, B2, B3, Aa and a few small chromo­
phobic cells. The Bx cells are “cone shaped” with the circular nucleus eccentrically 
placed at the base of the “cone”. This cell type is found mainly in the ventro-medial 
area. B2 is the predominant cell type. The cell is ovoid, with the nucleus located in

Scheme II. Staining affinities of the chromophilic cell-types in the adenohypophysis in 
Acipenser stellatus.

cell-type

staining method
(AO a2 Bi b2 (B3) b5 B«

colloidal 
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violet
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pale 
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blue

blue

Trichrome stain.
Cleveland — Wolfe

yellow yellowish 
green

bluish
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reddish
brown

dark 
blue

blue
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that part of the cell which is nearest to the capillaries. There are only a few ovoid 
B3 cells. The A2’s too are few, small and ovoid.

The meta-adenohypophysis contains B5 and B6 cells, the former being the main 
type. B6 cells are found only in the dorso-rostral and the medial part. The B5 cells 
are ovoid with an eccentrically placed nucleus and faint cell boundary. The Bb cells 
are ovoid with a distinct cell boundary.

3. The Arteries in A. stellatus

a) Carotid and cerebal arteries (Fig. 3)
The two aa. carotides internae penetrate the basis cranii rostro-latcrally to the 

pituitary gland. The a. carotis cerebralis divides between the n. opticus and the lobus 
inferior, into two main stems: the ramus anterior and the ramus posterior. The ramus 
anterior gives oil' the a. ophthalmica interna and after a short distance it splits into 
the a. cerebralis anterior and media plus the a. mesencephali dorsalis. The paired aa. 
mesencephali dorsales anastomoses medio-dorsal to the mesencephalon and continue 
caudally as an unpaired vessel. A. cerebralis posterior passes caudallv and dorso- 
medially, lateral to the lobus inferior. Medio-ventral to the n. oculomotorius, in the 
fissure between the saccus vasculosus and the base of the brain, the a. cerebralis 
posterior joins its twin from the other side to form the paired aa. basilares.

b) Infundibular arteries (Fig. 3)
The aa. infundibulares originate from the aa. carotides cerebrales, the rami an­

teriores and from the aa. cerebralis anteriores and mediae. Compared with Jasinski’s 
(1964) description it is evident that the courses and origins of the aa. infundibulares 
are variable within the species. The aa. infundibulares, emitted from the aa. carotides 
cerebrales, pass to the rostral part of eminentia mediana, while the other aa. infundi­
bulares run to the postchiasmatic region.

4. The Hypothalamo-hypophysial Blood System in A. stellatus (Fig. 3, Pls. IV-V)
a) Pituitary portal system

There is a hypophysial portal system, but no supplementary vessels and no, 
or only minor, connection between the hypothalamic superficial capillaries and the 
plexus intermedius via lateral afferent veins.

Arriving at the postchiasmatic region the aa. infundibulares split into capillaries, 
some of which supply the profound part of the hypothalamus, whilst others run as 
superficial capillaries ventro-caudallv to the primary plexus. From the postchiasmatic 
plexus additional capillaries run to the deeper and superficial part of the ehiasma op­
tion m.

The primary plexus consists of a rostral and a caudal part. There are no connec­
tions between the profound capillaries and the superficial plexus in the eminentia 
mediana.

2*
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In the rostral pari of the primary plexus the capillaries lie mainly in Hal lon­
gitudinal furrows, and loops are only faintly developed at some places — a “simple 
eminentia type’’. The medial pari of the primary plexus is drained to the pro- and 
meso-adenohypophysis, but real portal vessels are not developed. In consequence the 
primary plexus continues directly into the secondary plexus. Additionally, some ca­
pillaries from the rostral plexus run to the caudal eminential plexus.

In the caudal part of the primary plexus the capillaries lie superficially, medially 
in Hat grooves without any special orientation, laterally in somewhat deeper furrows. 
Loops in the strict sense are not developed. The capillaries from the medial part of the 
primary plexus continue into the secondary plexus of the meso-adenohypophysis. 
The lateral part of the primary plexus is drained Io the adenohypophysis via a few 
typical vv. portae (Pl. V: 1). The primary plexus merges posteriorly into the hypo­
physial stem plexus, which continues into the plexus intermedins. Some of the capil­
laries from the hypophysial stem plexus are also in connection with the capillaries of 
the saccus vasculosus.

b) Vessels in the pro- and meso-adenohypophysis
There is no direct arterial supply to the pro- and meso-adenohypophysis, which 

are supplied exclusively from the primary plexus. The primary plexus is, as mentioned 
above, connected with the secondary plexus either directly or via the vv. portae.

In the pro-adenohypophysis the capillaries of the secondary plexus form a dense 
network which surrounds the cell-strands and cell-groups. In the meso-adenohypo­
physis the main direction of the capillaries are along the more or less vertically aligned 
cell-columns. In neither of the two parts of the adenohypophysis do the capillaries 
penetrate between the cells which constitute the cell-groups.

c) Vessels in the neuro-intermedia area
The plexus intermedins is well developed and supplied with blood from the 

hypophysial stem plexus. From the plexus intermedins a few capillaries pass through 
the meta-adenohypophysis to the superficial plexus which covers this part of the adeno­
hypophysis. This gives a hint of an intermedia sinusoid system (Pl. V).

d) Saccus vasculosus
The dense capillary net in the saccus vasculosus receives a few capillaries from 

the hypophysial stem plexus and from the plexus intermedins. Furthermore, there 
exists a vascular connection between the plexus of the saccus vasculosus and the super­
ficial capillaries of the hypothalamus.

I7ig. 3. Acipenser stellatus. Ventral view of the brain showing the distribution of the arteries. — BA = a. 
basilaris, BO = bulbus olfactorius, CA = a. cerebralis anterior, CC = a. carotis cerebralis, CE = cerebellum, 
CEM = caudal part of the eminentia mediana, CI = a. carotis interna, CM = a. cerebralis media, CP = a. 
cerebralis posterior, HY = hypophysis, IN = a. infundibularis, LI = lobus inferior, MD = a. mesencephali 
dorsalis, ME = mesencephalon, MO = medulla oblongata, OPI = a. ophthalmica interna, PO = postchias- 
matic region, RAC = a. carotis cerebralis ramus anterior, REM = rostral part of the eminentia mediana, 
SV = saccus vasculosus, TE = telencephalon, II = n. opticus, III = n. oculomotorius, V = n. trigeminus, 

VII = n. facialis, VIII = n. acusticus.
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5. The Venous System (Fig. 4, Pls. V-VI:1)

The unpaired v. hypophyseos (which drains the pituitary gland only) arises medio- 
ventrally on the hypophysis in the superficial venous plexus which covers the ventral 
part of the pars distalis (Fig. 4). The v. hypophyseos communicates with the terminal

1 mm
Fig. 4. Acipenser stellatus. Ventral view of the brain showing the venous drainage of the pituitary gland. — 
sup. v. = superficial venous plexus, SVA = v. sacci vasculosi, v. HY = v. hypophyseos, Z = capillary con­
nection between the plexus intermedius and the superficial venous plexus of the hypophysis. Brain parts 

see fig. 3.

part of the v. cerebralis anterior immediately before this fuses with the left v. cerebra- 
lis media (Bertmar, 1965).

The lateral parts of the plexus intermedius are drained by veins (Pl. VI: 1) 
directed dorsallv. These veins run into the v. cerebralis media ramus anterior. Jasinski 
(1964) found only one vein draining the plexus intermedius and entering the v. cere- 
bralis media.

The saccus vasculosus is drained by small veins running dorsallv and commu­
nicating with the v. cerebralis media ramus anterior. In addition there is a single 
well developed n. sacci vasculosi (Fig. 4) which enters the terminal part of the right 
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v. cerebralis anterior, immediately before this unites with the v. cerebralis media. 
The course of the v. sacci vasculosi and of the v. hypophyseos is the same and for 
this reason these veins are possibly right and left half of a divided v. interorbitalis 
(v. pituitaria).

V. Polyodon spathula

Material and methods (see p. 6).

Literature.
The paired aa. carotides internae were described by Allis (1911) and Danforth (1912). 

Hocke Hoogenboom (1929) gives a complete survey of the brain of P. folium and in connec­
tion with this a brief morphological description of the pituitary gland. Lagios (1968 a) gives 
a description of the pituitary gland of P. spathula. There is in the present work disagreement 
with this last description, as to 1) the morphology of the adenohypophysis, 2) the number of 
cell types and 3) Lagios’s opinions of the hypothalamus-hypophysial vascular system.

1. The Hypothalamo-neurohypophysial Region (Figs. 5-6, Pl. VII)

The cells of the nucleus praeopticus are easily-stained neurosecretory cells dif­
ferentiated into a dorsal group, the pars magnocellularis and a bigger ventral group, 
the pars parvocellularis. The boundaries of the lobi inferiores and the lobus médius 
arc only weakly defined. The medial part of the lobus médius consists of the post- 
chiasmatic region and the eminentia mediana.

The postchiasmatic region is covered by a dense vascular plexus. In between 
the ependymal cells crown cells are visible.

The eminentia mediana is not bounded by a sulcus tubero-infundibularis. In 
the eminentia mediana crown cells are visible between the ependymal cells (Pl. VI: 2), 
with a few in the rostral part and more in the caudal part. In the fibre layer there 
are a few pituicytes. In the cortical layer a few small glia cells are found between 
the ependymal processes. Neurosecretory material appears close to the superficial 
capillaries in this layer.

The hypophysial stem is on the inner side (toward the recessus infundibularis) 
bounded rostrally and laterally by furrows. Between the ependymal cells are seen 
crown cells. The hypophysial stem is covered by a superficial capillary plexus.

The lobus neruosus is morphologically and histologically similar to that in A. stella- 
tus. The ependymal layer contains ependymal cells with crown cells in between.

The saccus vasculosus is a thin-walled and richly vascularized sac, with a central 
cavity in connection with the recessus infundibularis. A ventral, two lateral and a 
well-defined dorsal protuberance branch off from the central cavity.

2. The Adenohypophysis (Figs. 5-6, Pl. VII)

The oviform, dorso-ventrallv flattened pituitary gland is situated, surrounded 
by connective tissue, in a relative flat fossa hypophyseos, which is bounded caudally 
by an inconspicuous dorsum sellae. The adenohypophysis comprises a pro- and meso­
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adenohypophysis plus a meta-adenohypophysis separated from the first-mentioned 
parts by a well-developed hypophysial cavity. The hypophysial cavity extends rostrally 
to the pro-adenohvpophysis and surrounds caudally the ventral and lateral parts of 
the meta-adenohypophysis. Laterally the hypophysial cavity is bounded by the meso­
adenohypophysis which communicates dorso-caudallv and medially with the meta- 
adenohypophysis. The hypophysial cavity gives off tubules which penetrate into the 
meso-adenohypophysis.

The pro-adenohypophysis is folded and consists of cell groups containing follicles 
and tubules with or without colloidal material.

The meso-adenohypophysis consists medio-dorsally of more or less vertically 
orientated cell strands. These cell strands contain follicles and protuberances from 
the hypophysial cavity. The lateral and ventral parts are very thin-walled and are 
composed of cell groups with central lumina.

The meta-adenohypophysis occupies the spaces between the folds of the lobes 
nervosus. Tubules and follicles are not found in this part, and the cells lining the 
hypophysial cavity are similar to those deeper in the tissue.

In the pro-adenohypophysis are found two types of PAS-negative cells. One is a 
small ovoid cell, with a globular nucleus, whilst the other is an elongated cell, with 
an eccentrically placed nucleus. Neither can be stained specifically which might 
possibly be due to immaturity of the animals.

The meso-adenohypophysis contains A2, B1( B2> B and chromophobic cells. 
The Bx’s are irregular in form, with the globular nucleus eccentrically placed and filled 
with coarse granules. This cell type, which is not frequently seen, occurs in the medio- 
ventral area. The B2’s are ovoid or elongated cells, which predominate dorso-medially 
and laterally. The cells arc filled with amorphous material and the nucleus is eccen­
trically placed. The B cell is a small ovoid cell, with a globular nucleus, around 
which the PAS-positive material is concentrated. This cell type is found in the rostral 
part of the medio-venlral area. The A2’s are small and ovoid and filled with amor­
phous material.

In the meta-adenohypophysis the B5’s and the A2’s are found. The B5’s are elon­
gated and filled with distinct but small granules uniformly scattered in the cytoplasm. 
There are only a few A2 cells.

3. The Arteries

a) Carotid and cerebral arteries (Fig- 6)
There is in the present material no deviation from the description of the origin 

of the paired aa. carotides internae given by Allis (1911) and Danforth (1912).
The paired aa. carotides internae penetrate the basis cranii ventro-laterally Io 

the pituitary gland. In the area between the n. opticus and the lobus inferior the 
a. carotis cerebralis divides into the ramus anterior and the ramus posterior (= a. 
cerebralis posterior). Caudallv to n. opticus the ramus anterior gives off the a. ophthal- 
mica interna and after a short distance splits further into the a. cerebralis anterior
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0.5 m m
Fig. 5. Polyodort spathula. Median diagrammatic section. — Labels see figs. 1-2.

Scheme III. Staining affinities of the chromophilic cell-types in the adenohypophysis in 
Polyodon spathula
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and media plus a. mesencephali dorsalis which is the largest branch. The a. mesence- 
phali dorsalis runs dorsally and meets its contralateral partner medio-dorsally to the 
mesencephalon to form an unpaired vessel which continues caudally. Rostro-ventrally 
to the n. oculomotorius the a. cerebralis posterior joins its twin to form the unpaired 
a. basilaris which continues below the medulla oblongata. (According to Danforth 
(1912) the a. basilaris is a paired vessel).

b) Infundibular arteries (Fig. 6)
The aa. infundibulares originate from the aa. cerebralis anteriores and mediae 

and can be followed to the caudal pact of the eminentia mediana. The aa. infundi­
bulares send off capillaries to the postchiasmatic region and to the rostral part of the 
eminentia mediana.

4. The Hypothalamo-hypophysial Blood System (Fig. 6, Pls. VII-VIII)

a) Pituitary portal system
There is a pituitary portal system, but no supplementary vessels and no lateral 

allèrent veins.
The postchiasmatic plexus, which is fed by the aa. infundibulares, is more open 

than the plexus of the eminentia mediana. In this region there are connections be­
tween the superficial and deeper capillaries. The posterior delimitation to the eminen­
tia mediana is not distinct, and the capillaries from the postchiasmatic plexus continue 
both to the chiasma opticum and to the eminentia mediana.

The primary plexus comprises a rostral and a caudal part (Fig. 6). There are no 
connections between the deeper capillaries and (he superficial plexus of the eminentia 
mediana.

In the rostral part of the eminentia mediana the capillaries run in flat longitu­
dinal grooves, and loops are not found—“simple eminential type”. The lateral part 
of the plexus is drained to the pro-adenohypophysis via a few ”uu. portae” (Pl. VIII: 
1). The capillaries from the medial part of the plexus continue into the caudal eminen­
tial plexus.

In the caudal region of the eminentia mediana the capillaries also lie in longitu­
dinal grooves, but the grooves in this part of the eminentia arc deeper than in the 
former part. The capillaries (Pl. VIII: 2-3) continue directly into the secondary 
plexus in the pro- and meso-adenohypophysis (real portal vessels are not developed).

Fig. 6. Polyodon spathula. Ventral view of the brain, showing the distribution of the arteries. — BA = a. 
basilaris, BO = bulbus olfactorius, CA = a. cerebralis anterior, CC = a. carotis cerebralis, CE = cerebellum, 
CEM = caudal part of the eminentia mediana, CI = a. carotis interna, CM = a. cerebralis media, CP = a. 
cerebralis posterior, HY = hypophysis, IN = a. infundibularis, LI = lobus inferior, MD = a. mesencephali 
dorsalis, ME = mesencephalon, MO = medulla oblongata, OP I = a. ophthalmica interna, BAC = a. carot is 
cerebralis ramus anterior, REM = rostral part of the eminentia mediana, SV = saccus vasculosus, TE = 
telencephalon, II = n. opticus, III = n. oculomotorius, V = n. trigeminus, VII = n. facialis, VIII = n. 

acusticus.
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The capillaries from the caudal part of this plexus continue into the hypophysial 
stem plexus, which in turn passes into the plexus intermedins and to the saccus vas­
culosus.

b) Vessels in the pro- and meso-adenohypophysis
The secondary plexus in the pars distalis is fed exclusively from the primary 

plexus.
The general vascular pattern in the pars distalis resembles that in Acipenser. 

As in Acipenser the capillaries of the secondary plexus surround, in the form of a 
dense network, the cell groups, but do not penetrate between the cells.

c) Vessels in the neuro-intermedia area
The plexus intermedius is well developed (Pl. VIII). There is no hint of an inter­

media sinusoid system, and the plexus intermedins does not send oil' capillaries to 
the lobus nervosus.

d) Saccus vasculosus
The capillary plexus of the saccus vasculosus is fed from the hypophysial stem 

plexus and from the superficial capillaries of the hypothalamus.

5. The Venous System (Fig. 7, Pl. VIII: 1)

The unpaired v. hypophyseos (v. interorbitalis) (Fig. 7) which drains the pitu­
itary gland and the saccus vasculosus unites with the v. cerebralis media. The vein 
arises in the superficial capillary plexus which covers the ventral surface of the pars 
distalis. After a short distance it communicates with an unpaired “p. hypophyseos 
lateralis" which drains the plexus intermedins. In addition the v. hypophyseos com­
municates with several small vessels comming from the saccus vasculosus.

VI. Polypterus senegalus and Calamoichthys calabaricus

Material and methods (see p. 7).

Literature.
The pituitary gland of the Brachiopterygii was examined and briefly described by Wald- 

schmidt (1887, Polypterus'), Bickford (1895, Calamoichthys), de Beer (1926, Polypterus; 
according to Wingstrand 1966 a), Gerard and Cordier (1936 a, b, Polypterus) and Gerard 
(1937, Polypterus). These authors agreed in finding a persistent buccohypophyseal duct. Dorn 
(1955) alleges (referring to Bickford, 1895) that the saccus vasculosus is absent in Calamoich­
thys. Dodd and Kerr (1963, Calamoichthys and Polypterus) described the pituitary gland and 
suggested the existence of a pituitary portal system in Polypterus, which superficially recalls 
the portal arrangement in amphibians. The general structure of the pituitary gland in Polyp­
terus is given by Wingstrand (1966 a). This author describes a “morphological” cminentia



Nr. 1
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Fig. 7. Polyodon spathula. Ventral view of the brain showing the venous drainage of the pituitary gland. — 
GM = v. cerebralis media, CMA = v. cerebralis media ramus anterior, CMP = v. cerebralis media ramus 
posterior, JU = v. jugularis, sup. v. = superficial venous plexus, v. HY = v. hypophyseos, Z = capillary 
connection between the plexus intermedius and the superficial venous plexus of the hypophysis. Brain 

parts see fig. 6.

mediana in the brain wall between and in front of the meso-adenohypophysis. Lagios (1968b, c, 
Calamoichthys and Polypterus) gives a description, based on light and electron microscopy, 
of the pituitary gland and of the eminentia mediana. Kerr (1968, Calamoichthys and Polyp­
terus) likewise gives a morphological and histological description of the pituitary gland. The 
last mentioned author also describes the pituitary gland of two larvae (Polypterus). Allis 
(1908, Polypterus) describes the pseudobranch and the carotid arteries.

The descriptions given by Lagios and Kerr are in nearly all respects in agreement 
regarding the morphology but discrepant concerning the cell types. The following description 
confirms in nearly all respects the morphological description given by these authors, but the 
interpretation of the number of cell types diverges.

As a consequence of the similar morphological structure of the pituitary gland 
and of the neurohypophysial region in Polypterus and Calamoichthys, the two species 
will be treated together below.
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1. The Hypothalamo-neurohypophysial Region (Figs. 8-10, Pl. IX)

The cells of the nucleus praeopticus are differentiated into a dorso-caudal group, 
the pars magnocellularis, and a bigger ventro-rostral group, the pars parvocellularis. 
The lobi inferiores are not very prominent. The medial part of the lobus médius in­
cludes the postchiasmatic region and the eminentia mediana.

The eminentia mediana (Figs. <8-10, Pl. IX: 1) is bounded by a vague sulcus 
tubero-infundibularis. In the angle between the rostral part of the eminentia mediana 
and the pars distalis a pad of connective tissue is found containing vu. portae (“the 
vascularized ligament” of Wingstrand, 1966 a). The caudal part of the eminentia 
mediana is separated only by a thin layer of connective tissue and capillaries from the 
pars distalis. The brain wall in the eminentia mediana may be divided into the three 
histological layers. The fibre layer in Polypterus contains Herring bodies but no pi­
tuicytes. In Calamoichthys pituicytes are found in the margin between the libre and 
cortical layer. Neurosecretory material is found in the cortical layer, localized around 
the capillaries of the primary plexus.

Caudally the eminentia mediana continues in the thin but distinctly marked 
hypophysial stem, which is covered superficially by a capillary plexus.

The recessus infundibularis continues with a primary lumen into the lobus 
nervosus (Pl. IX: 2), on each side of the median plane. The primary lumen is short 
and gives off only a few secondary lumina. The outermost lobi nervosi processes appear 
solid and are irregularly dispersed in all directions in intimate association with the 
pars intermedia. In the hollow proximal part of the lobus nervosus, the wall consists 
of the ependymal-, libre- and cortical layers. The ependymal cells continue from here 
as a central cell-mass into the solid processes, so that the three histological layers, 
somewhat atypically, are found also in these parts of the lobus nervosus. In Polypterus 
some crown cells are found in between the ependymal cells, but not in Calamoichthys. 
In both Calamoichthys and Polypterus the ependymal cells (of which there are two 
types) include some cells in all respects equal to the crown cell, but lacking the char­
acteristic “crown”. In the fibre layer Herring bodies and pituicytes are found. The 
cortical layer contains a lot of small neurosecretory granules and some Herring bodies.

'fhe saccus vasculosus is limited rostro-dorsallv by the lobus posterior, and ven- 
trallv by the lobus nervosus. The recessus infundibularis continues as a central cavity 
into the saccus vasculosus which in turn subdivides. The walls of the saccus vasculo­
sus are thin, and the epithelium contains crown cells with supporting cells in between.

2. The Adenohypophysis (Figs. 8-10, Pls X-XI:2)

The oviform pituitary gland lies rostrally between the caudal parts of the lobi 
inferiores. The pituitary gland and the saccus vasculosus are situated in a Hat fossa 
hypophyseos bounded ventrally by the parasphenoid and caudally by the dorsum 
sellae, which dorsally is completely ossified. The adenohypophysis comprises the pars 
distalis, the pars intermedia (the meta-adenohypophvsis) and a duct (the bucco-
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Fig. 8. Calamoichthys calabaricus. Median diagrammatic section. — Labels see figs. 1-2, 9.

Fig. 9. Polypterus senegalus. Median diagrammatic section. — E = eminentia mediana, Q = pars distalis, 
R = pars intermedia. Other labels see figs. 1-2.

hypophysial duct) connecting the cavity in the adenohypophysis with the buccal 
cavity (Figs. 8-9). (A subdivision of the pars distalis into a pro- and meso-adeno- 
hypophysis is not possible after the criteria given on p. 11). The irregular cavity 
of the adenohypophysis gives off short hollow protuberances which in turn are sub­
divided. fhe cells lining the cavity are long and narrow basophils, comparable with 
ordinary mucus-producing cells. The cells lining the duct are, in the proximal part, 
identical with the cells of the cavity epithelium, but in the distal part the cells become 
reduced in length, and are identical with the mucus cells of the buccal cavity. The 
lumen contains a small quantity of PAS positive substance.

The greater part of the pars distalis (interpreted by Wingstrand and Kerr as 
a possible meso-adenohypophvsis) is built up of regular horizontally placed compact
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Scheme IV. Staining affinities of the chromophilic cell-types in the adenohypophysis in 
Calamoichthys calabaricus.

staining method
cell-type

A B, b2 b3 B- b5

Gabe’s AF — < > + + + +

AF-Halmi’s 
counterstain

pale 
green

greyish
violet

brown violet pale 
violet

pale 
violet

PAS — orange G orange brownish 
red

pale 
pink

bordeaux 
red

Azan orange blue red blue pale 
blue

pale 
blue

Trichrome stain.
Cleveland — Wolfe

greenish 
yellow

greenish 
blue, or 

pale blue

yellowish 
orange

blue pale 
violet

pale 
blue

cell-columns surrounded by connective tissue and separated by capillaries. Around 
the hypophysial cavity the pars distalis is made up mainly of separate ccll-groups. 
The rostro-medio-ventral part of the pars distalis is irregularly constructed and 
bounded rostrally by the “vascularized ligament’’. (The two last-mentioned parts of 
the pars distalis are interpreted by Wingstrand and Kerr as a possible pro-adeno- 
hypophvsis). In Polypterus the dorso-laterai part of the “meso-adenohypophysis” 
extends into a pair of lobules, which touch the lobi inferiores, and which embrace 
the lateral parts of the “pro-adenohypophysis”.

The neuro-intermedia lobe is sharply demarcated histologically from the pars 
distalis. Dorso-rostrally the lobe extends on either side of the median plane above 
the pars distalis. A single layer of intermedia cells (radially arranged) surrounds the 
irregular neurohypophysial processes. The capillaries of the plexus intermedius are 
found between the Johns nervosus and the intermedia cells. The single neuro-inter- 
media “rosettes” are separated by capillaries and connective tissue.

The pars distalis in Calamoichthys contains A, Bx, B2, B3, B7 and chromophobic 
cells. I'he Bx cells are small round cells, with only a little cytoplasm. These cells are 
chiefly grouped together in separated clones in the area around the hypophysial cavity. 
Nearest to the mucus cells of the cavity the Bx cells form a layer, one or two cells 
thick. In the rostro-medio-ventral part of the pituitary gland the Bx cells are found 
together with some indefinable, weakly stainable cells the B7. The B2’s are big ovoid 
cells filled with amorphous material, with or without vacuoles. This cell type is prevalent 
in the central part of the pars distalis, whilst B3 cells are predominant in the dorso- 
medial part. The latter are elongated, smaller than the B2 cells, and filled with granules 
of medium size. The B7’s are big ovoid cells, with granules of medium size, with or 
without vacuoles. This cell type is found in the rostro-medial and lateral part of the 
pars distalis in a faintly stainable form. In the central part the B7 cells are found in
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Scheme V. Staining affinities of the chromophilic cell-types in the adenohypophysis in 
Polypterus senegalus.

staining method

cell-type

A Bi

B

b2 b3 b5

Gabe’s AF — ( + ) + + +

Gomori’s chrome hematoxylin
red

( + ) + (1 )

a more distinctly stainable form. The A cells are very small, somewhat elongated and 
less numerous than the other cells in the pars distalis. They are found mainly in the 
rostral periphery of the pars distalis, and in addition occur in small numbers in the 
rest of the pars distalis. The chromophobic cells are small and found throughout 
the pars distalis.

In the pars intermedia the B5 cells are found. They are small and elongated, 
with the nucleus eccentrically situated in the basal part of the cell.

On the basis of the nature of the material, the following classification of the cell 
types in Polypterus, must be taken with reservations.

The pars distalis contains the basophil B cells (which probably may be classified 
into B2 and B3) and a “doubtful” basophil cell type Bx, the acidophil cell type A 
plus chromophobic cells. The Bx cells correspond with the B/s in Calamoichthys as 
far as the morphology and the location relative to the hypophysial cavity are concerned. 
The B cells are ovoid or elongated and uniformly scattered in the pars distalis. The 
“Ba” cells are elongated with the nucleus eccentrically placed and the cytoplasm filled 
with amorphous material, This “cell type” is predominant in the central part. The 
“B3” is ovoid, of a size similar or smaller than the “B2” and filled with irregular 
medium size granules. This “cell type” is prevalent in the medio-dorsal part. Laterally 
the two “cell types” are uniformly scattered. The A cells are equivalent in morphology 
and location to the A cells of Calamoichthys.

The pars intermedia contains a single basophil cell type B5 which likewise cor­
responds with the B5 cells described in Calamoichthys with respect to morphology and 
location.

3. The Arteries in Calamoichthys

n) Carotid and cerebral arteries (Fig. 10)
The paired aa. carotides internae divide extracranially into the ramus anterior 

and the ramus posterior (= a. cerebralis posterior). The extracranial part of the ramus 
posterior gives rise to the a. ophthalmica interna and the a. ophthalmica (Frantz, 
1934). Intracranially the a. mesencephali dorsalis branches off from the ramus anterior 
which after a short distance splits into the a. cerebralis anterior and media. The paired 
aa. mesencephali dorsales anastomose medio-dorsally to the mesencephalon. This 

Biol.Skr. Dan.Vid.Selsk. 18, no. 1. 3 
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anastomosis gives oil' vessels to the telencephalon and a vessel which continues cau- 
dallv. Lateral to the lobus inferior the a. cerebralis posterior gives off a vessel “ y” 
which continues to the pars dorsalis hypothalami and pars ventralis thalami. Ven­
trally of the medulla oblongata the a. eerebralis posterior joins its twin from the other 
side to form the unpaired a. basilaris. Lateral to the pituitary gland the a. eerebralis 
posterior gives oil' an artery “X”, which meets its collateral partner behind the n. 
oculomotorius and dorso-medial to the pituitary gland. This anastomosis is with re­
spect to the position and the area of supply equal to the anastomosis formed by the 
aa. eerebralis posteriores as seen in the other species, but it lacks the a. basilaris which 
normally continues from this anastomosis.

b) Infundibular arteries (Fig. 10)
The paired aa. infundibulares originate from the arteries “Y”. The aa. infun­

dibulares give off vessels to the postchiasmatic region and to the lobi inferiores. On 
arrival at the eminentia mediana the aa. infundibulares divide into capillaries which 
continue into the primary plexus.

4. The Hypothalamo-hypophysial Blood System in Calamoichthys (Fig. 10. Pls. X-XI) 
a) Pituitary portal system

There is a pituitary portal system and a suggestion of supplementary vessels, but 
no lateral afferent veins.

The postchiasmatic superficial and deep-lying capillary plexus are fed by the 
aa. infundibulares. Some of the superficial capillaries continue into the plexus of the 
eminentia mediana.

The primary plexus of the eminentia mediana comprises a rostral part in con­
nection with a caudal part. The capillaries of the rostral part of the primary plexus 
lie medially in Hat furrows, but form laterally some capillary loops. This eminentia 
type represents approximately a “transitional stage” between the simple and the dif­
ferentiated eminentia type. The rostral part of the primary plexus is drained to the 
pars distalis via typical vv. portae running in the pad of connective tissue (Pl. X).

The primary plexus of the caudal part of the eminentia mediana consists of slen­
der capillaries, which lie in slightly undulated furrows. Real portal vessels are not 
developed, and the capillaries of the plexus continue nearly directly into the secondary 
plexus of the pars distalis. There is also a slight connection between the capillaries 
of the primary plexus and the deep-lying capillaries of the hypothalamus. In addition 
some capillaries of this plexus merge posteriorly into the hypophysial stem plexus, 
which in turn passes into the plexus intermedius and to the saccus vasculosus (PI. X).

Fig. 10. Calamoichthys calabaricus. Ventral view of the brain, showing the distribution of the arteries. — 
BA = a. basilaris, BO = bulbus olfactorius, BS = buccohypophysial stem, GA = a. eerebralis anterior, CE = 
cerebellum, CI = a. carotis interna, CM = a. eerebralis media, CP = a. eerebralis posterior, DI = diencepha­
lon, EM = eminentia mediana, HY = hypophysis, IN = a. infundibularis, LI = lobus inferior, MD = a. 
mesencephali dorsalis, ME = mesencephalon, MO = medulla oblongata, OP = a. ophthalmica, OPI = a. 
ophthalmica interna, RAC = a. carotis eerebralis ramus anterior, SV = saccus vasculosus, TE = telence­

phalon, X = a. X, Y = a. Y, II = n. opticus, III = n. oculomotorius.
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b) Vessels in the pars distalis
I'he secondary plexus in the pars distalis is a well developed system of capil­

laries fed exclusively from the primary plexus. The capillaries of the secondary plexus 
are surrounded by connective tissue and run between the cell “columns” in the form 
of a dense network, without penetrating between the individual cells in the “columns”.

c) Vessels in the neuro-intermedia area
The plexus intermedins is well developed and associated with the outer faces of 

the lobus nervosus processes. In connection with this plexus an intermedia sinusoid

Fig. 11. Calamoichthys calabaricus. Ventral view of the brain showing the venous drainage of the pituitary 
gland. — JU = v. jugularis, v. HY = v. hypophyseos. Brain parts see fig. 10.

system is developed. The sinuses form a dense network throughout the intermedia 
around the “rosettes” and reunite with the secondary plexus of the pars distalis.

d) Saccus vasculosus
The capillary plexus of the saccus vasculosus is as previously mentioned fed 

from the hypophysial stem plexus.

5. The Venous System in Calamoichthys (Fig. 11, Pl. XI: 2)
The unpaired v. hypophyseos, which drains the pituitary gland, arises in the 

ventral fissure between the saccus vasculosus and the pars distalis. This vein receives 
some small veins from the saccus vasculosus, and communicates extracraniallv with 
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the v. jugularis. In the specimens examined only a left v. hvpophyseos was found. 
Furthermore the saccus vasculosus is drained by small veins running dorsally and 
communicating with the vv. infundibulares, which in turn run into a venous plexus 
ventral to the medulla oblongata.

VII. Lepisosteus productus

Material and methods (see p. 7).

Literature.
The early developmental stages of the pituitary gland are described by Balfour and 

Parker (1882) (these authors point out that the hypophysial cleft is formed as a schizocoel), 
and by Dean (1895). Further embryological investigations were carried out by Lindahl (1944). 
This author indicates that the adenohypophysis of the holosteans and chondrosteans develops 
approximately like that of elasmobranchs. The adult pituitary gland is briefly described by 
Tilney (1911). Kerr (1949) gives a detailed morphological and histological account of the 
pituitary gland. As in the case of Acipenser there is agreement in the present work with the 
morphological description, but some discrepancy as to the number of cell types. A brief de­
scription of the vessels in and around the pituitary gland is given by Green (1951), who points 
out that a well marked vascular plexus separates the pro- and meso-adenohypophysis from 
the brain wall, and that this plexus continues into the area between the lobus nervosus and the 
meta-adeno-hypophysis. A recent review by Wingstrand (1966 a) surveys the literature 
dealing with the pituitary gland. Sathyanesan and Chavin (1967) describe the hypothalamo- 
hypophyseal neurosecretory system in the primitive actinopterygians (which includes among 
others Lepisosteus). These authors suggest the presence of a pituitary portal system in Amia 
and Lepisosteus. Information on the aa. carotides internae is given by Wright (1885).

1. The Hypothalamo-neurohypophysial Region (Figs. 12-13, Pls. XII-XIII)

The ventral brain wall of the recessus praeopticus is thin and covered by a 
dense capillary plexus, with typical capillary loops. The general structure of this 
wall recalls that of the eminentia mediana but without the neurosecretory material. 
The cells of the nucleus praeopticus are differentiated into a dorsal group, the pars 
magnocellularis, and a ventral group, the pars parvocellularis. The lobi inferiores are 
distinct. The medial area of the lobus médius consists of the postchiasmatic region and 
of the eminentia mediana.

The postchiasmatic region is covered by a superficial capillary plexus.
The sulcus tubero-infundibularis is distinct (Pl. XII: 1). The rostral part of the 

eminentia mediana is crescent-shaped and lies rostrally and laterally to the caudal 
part. The brain wall in the eminentia mediana comprises the ependymal- the fibre 
and the cortical layer. In the fibre layer some glia cells are found, and in the cortical 
layer some small glia cells can be discerned in between the ependymal processes.

The hypophysial stem is distinctly marked, and covered by a dense capillary 
plexus.
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The lobiis nervosus is bifid and asymmetrically tabulated (Pl. XII: 2). A pair of 
hollow protuberances from the recessus infundibularis continue into the lobus ner­
vosus. These primary lumina are restricted to the proximal part of the lobus ner­
vosus and only to a small extent subdivided. The outermost processes of the lobus 
nervosus are solid. In the hollow parts of the lobus nervosus, the wall consists of the 
three histological layers. As in the Brachiopterygii the ependymal cells continue as a 
central mass into some of the solid processes. In the ependymal layer some crown 
cells are found, in the libre layer pituicytes appear, and the cortical layer contains 
small neurosecretory granules and some small glia cells.

The saccus vasculosus (Figs. 12—13, Pl. XIII) lies ventrally to the medulla ob­
longata, as a transverse hollow sac in connection with the hypothalamus-hypophysial 
area via a stem. The lumen of the stem links the recessus infundibularis to the central 
cavity of the saccus vasculosus. This central cavity gives off hollow protuberances 
to the rest of the saccus vasculosus. 'Fhe walls of the saccus vasculosus contain crown 
cells with supporting cells in between.

2. The Adenohypophysis (Figs. 12-13, Pl. XIII)

'fhe elongated, dorso-ventrally flattened pituitary gland is situated, surrounded 
by connective tissue, in a Hal fossa hvpophyseos, close to the paraspenoid, and bor­
dered caudally by a distinct dorsum sellae, which is completely ossified dorsallv. 
The gland comprises the three histological zones (the pro-, the meso- and the meta­
adenohypophysis). A hypophysial cavity is not developed.

The pro-adenohypophysis is built of follicular cell groups, with or without col­
loidal material. The cell groups are surrounded by connective tissue and by capil­
laries.

'Fhe meso-adenohypophysis consists dorsallv of solid, perpendicularly arranged 
cell columns surrounded by capillaries. The ventral part is irregular in construction 
and consists of separated cell strands and groups. Ventral to the pro-adenohypophysis 
this irregular part (which corresponds to Kerr’s “mixed zone”) extends to the tip 
of the adenohypophysis. Latero-ventrally this “zone” covers the meta-adenohypo- 
physis.

The meta-adenohypophysis consists of cell strands which are separated from the 
lobus nervosus by the plexus intermedins. 'Fhe cell strands are separated mutually 
by sinusoid capillaries.

The pro-adenohypophysis contains A1, A2, B3 and some chromophobic cells. 
Ax is the predominant cell type, radially arranged around the follicles. This is a typ­
ical elongated cell, with the nucleus in the basal part of the cell, surrounded by gran­
ules. The A2 cells are found less frequently, and are ovoid, with eccentric nuclei and 
a cytoplasm packed with small granules. 'Fhe ovoid B3 cells lack a sharply defined 
cell boundary, and the granules of medium size are scattered irregularly in the cyto­
plasm.

The meso-adenohypophysis contains one acidophil cell type (A2), possibly three
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Fig. 12. Lepisosteus productus. Median diagrammatic section. — G = sacci vasculosi stem. Other labels see 

figs. 1-2.

basophil cell types (Bj, B2 and B3) together with some chromophobic cells. The Bx 
cells, which are confined to the medio-ventral region are elongated and have an ec­
centrically placed nucleus. The granules are fairly coarse and irregular in shape. 
The B3’s are distributed in considerable number throughout the remaining part of 
the meso-adenohypophysis. The B2 cells are only prevalent in the dorsal region. 
This “cell type” is smaller than the “type” marked B3, and contains fewer granules.

Scheme VI. Staining affinities of the chromophilic cell-types in the adenohypophysis in 
Lepisosteus productus.
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(The Ba and B3 may be two different cell types, but this is not precisely demonstrated 
by the staining results). Further, a lew A2 cells are present in this part of the adeno­
hypophysis.

In the meta-adenohypophysis B5 is the conspicuous cell type, and only a few A2 
cells are encountered. The B5 cells are somewhat elongated with the nucleus eccen­
trically placed. The granules are coarse and distributed uniformly in the cytoplasm.

3. The Arteries

a) Carotid and cerebral arteries (Fig. 13)
There is in the present work agreement with the description of the aa. carotides 

internae given by Wright (1895).
The paired aa. carotides internae unite with the efferent pseudobranch arteries 

immediately before the former pierce the basis cranii. The a. carotis cerebralis sends 
off the a. ophthalmica interna laterally to the chiasma opticum. Somewhat further 
rostrally it splits into the two main stems: the ramus anterior and the ramus posterior 
(a. cerebralis posterior), which is the more prominent of the two. The ramus anterior 
gives off the a. mesencephali dorsalis, after which it passes above the n. opticus and 
gives rise to the a. cerebralis anterior and media. The paired aa. mesencephali dorsales 
do not anastomose dorsally to the mesencephalon. The a. cerebralis posterior runs 
caudally and joins its partner from the opposite side, behind and below the n. ocu- 
lomotorius, to form an unpaired strong trunk, which after a short course subdivides 
into the paired aa. basilares.

b) Infundibular arteries
It is possible to distinguish between the a. infundibularis ventralis, which arises 

from the ventral side of the a. cerebralis posterior, and the a. infundibularis dorsalis 
which arises from the dorsal side of the a. cerebralis posterior. The a. infundibularis 
ventralis proceeds forward giving off small branches supplying the capillary plexus 
of the postchiasmatic region. From this plexus pial capillaries continue into the median 
part of the primary plexus. The a. infundibularis dorsalis supplies the lateral part of 
the primary plexus and the hypophysial stem plexus, and in addition it gives off some 
small branches to the postchiasmatic region. There is a marked difference in the 
course of the paired vessels on the two sides.

Fig. 13. Lepisosteus productiis. Ventral view of the brain showing the distribution of the arteries. — BA = 
a. basilaris, CA = a. cerebralis anterior, CC = a. carotis cerebralis, CE = cerebellum, CEM = caudal part 
of the eminentia mediana, CI = a. carotis interna, CM = a. cerebralis media, CP = a. cerebralis posterior, 
EP = efferent pseudobranch artery, HY = hypophysis, HYS = hypophyseal stem plexus, IND = a. in­
fundibularis dorsalis, INV = a. infundibularis ventralis, LI = lobus inferior, MD = a. mesencephali dorsa­
lis, ME = mesencephalon, MO = medulla oblongata, OPI = a. ophthalmica interna, RAC = a. carotis cere­
bralis ramus anterior, REM = rostral part of the eminentia mediana, SV = saccus vasculosus, SVS = sacci 

vasculosi stem, TE = telencephalon, II = n. opticus, III = n. oculomotorius.
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4. The Hypothalamo-hypophysial Blood System (Fig. 13, Pls. XIV-XV)

a) Pituitary portal system
There is a pituitary portal system which includes supplementary vessels and a 

lateral allèrent vein on each side.
Med ially the postchiasmatic plexus continues into the primary plexus of the 

eminentia mediana, which comprises a rostral and a caudal region.
In the rostral region of the primary plexus (Pls. XIV: 2, XV: 1) distinct capillary 

loops are found (“differentiated eminentia type”). The lateral parts of the plexus receive 
some supplementary vessels (PI. XIV: 1). From the plexus typical vv. portae arise 
and pass to the pro-adenohypophysis. Furthermore many of the capillaries pass to 
the caudal part of the primary plexus.

In the caudal region (Pls. XIV: 2, XV: 1) of the primary plexus the capillaries lie 
in narrow undulated furrows. (There is no distinct border between the caudal and the 
rostral eminential parts). Some supplementary vessels make contact with the lateral 
part of the plexus. Blood from the plexus passes to the meso-adenohypophysis. Real 
portal vessels are not developed, and the primary and the secondary plexus are more 
or less continuous. From the posterior part of the primary plexus the capillaries con­
verge toward the hypophysial stem plexus, which in turn continues into the plexus 
intermedins and the plexus of the saccus vasculosus.

b) Vessels in the pro- and meso-adenohypophysis
As mentioned above the pars distalis receives blood from the primary plexus 

of the eminentia mediana. In addition the adenohypophysis receives direct arterial 
supply via a few small capillaries (Pl. XIV: 1), branching off from the a. infundibu- 
laris. This supply is probably of no special functional significance compared with 
the supply comming from the primary plexus. The general capillary pattern is deter­
mined by the different glandular proliferation in the pro- and meso-adenohypophysis, 
i.e.: with an irregular network in the pro-adenohypophysis and more longitudinal 
meshes in the meso-adenohypophysis (PI. XIV:2).

c) Vessels in the neuro-intermedia area
The plexus intermedins is distinct. It gives rise to some small capillaries which 

penetrate into the interior of the lobus nervosus. A pair of prominent lateral afferent 
veins (Pl. XV: 2) collect blood from the lobi inferiores, the lobi posteriores and the 
adjacent area of the hypothalamus. Reaching the pituitary gland the afferent vein 
joins the lateral part of (he plexus intermedius. The plexus intermedius gives rise to 
some small capillaries which penetrate the meta-adenohypophysis. These capillaries 
unite with the superficial capillary plexus of the meta-adenohypophysis, i.e. a hint 
of an intermedia sinusoid system is developed (Pl. XV:2).

d) Saccus vasculosus
'fhe capillary plexus of the saccus vasculosus receives capillaries from the 

hypophysial stem plexus, plexus intermedius and the superficial parts of the hypo­
thalamus.
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5. The Venous System (Fig. 14, Pl. XV:2)

An unpaired p. hypophyseos media arises at the medio-ventral surface of the 
pituitary gland. This vein communicates with the u. interorbitalis.

The paired pp. hypophyseos laterales collect blood from the plexus intermedins. 
'The veins pass dorso-caudally and enter a venous plexus below the medulla oblongata.

The saccus vasculosus is drained by an unpaired n. sacci vasculosi, which empties 
into the v. hypophyseos lateralis.

Fig. 14. Lepisosteus productus. Ventral view of the brain showing the venous drainage of the pituitary gland.
— HL = v. hypophyseos lateralis, HM = v. hypophyseos media, IO = v. interorbitalis, JU = v. jugularis, 

sup. v. = superficial venous plexus, SVA = v. sacci vasculosi. Brain parts see fig. 13.

VIII. Amia calva

Material and methods (see p. 7).

Literature.
Notes on tlie embryonic development of the pituitary gland are given by Dean (1896), 

Smith (1914) and de Beer (1923). The two last-named indicate that a schizocoelic cavity ap­
pears in the compact anlage but is reduced in the adult. Kerr (1949) and Green (1951) fur- 
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nisli information about the hypophysial structure in the adult animal. Neither of these authors 
describes an eminentia mediana structure. Green points out that a vascular plexus separates 
the adenohypophysis from the brain wall, and that this plexus gives rise to capillaries which 
pass into the plexus intermedius. Kerr describes the structure, the histology and the blood 
supply of the pituitary gland. Wingstrand (1966 a) gives a survey of the literature dealing 
with the pituitary gland. Sathyanesan and Chavin (1967) describe the hypothalamo-hypo- 
physial neurosecretory system, and suggest the presence of a pituitary portal system. The 
carotides in the larvae are described by Wright (1885). The main arteries in the head and 
brain are described by Allis (1897, 1900 and 1912). Allis (1897) gives a complete survey of 
the cranial muscles and nerves including the first spinal nerves. The main veins are described 
by Allis (1897). Embryological and comparative information on jugular and cerebral veins 
are given by Bertmar (1965).

1. The Hypothalamo-neurohypophysial Region (Figs. 15-16, Pls. XVI—XVII)

The structure of the praeoptic region is rather similar to that of Lepisosteus. 
The lobi inferiores are prominent, and lie rostrally fairly close to the pituitary gland. 
There is a clear boundary between the lobus médius and the lobi inferiores. The 
medial part of the lobus médius comprises the postchiasmatic region and the eminentia 
mediana.

The structure of the postchiasmatic region is fairly similar to that of Lepisosteus.
The eminentia mediana is bounded by a distinct sulcus tubero-infundibularis. 

In the eminentia mediana (Fig. 16) one can distinguish between a rostral and a caudal 
region. The rostral region is crescent-shaped, and the brain wall is rather thick com­
pared with that of the caudal region. In addition capillary loops are found in the 
rostral region. The brain wall of the eminentia mediana (Pl. XVI:1) comprises the 
ependymal, the libre and the cortical layer. In the outer part of the fibre layer some 
pituicytes are found. The cortical layer contains neurosecretory material and some 
small glia cells. In addition pituicytes are found although less abundantly in the caudal 
than in the rostral region.

The eminentia mediana joins the hypophysial stem posteriorly. The boundary 
between the hypophysial stem and the adjacent parts of the hypothalamus is not 
distinct.

The lobus nervosus is asymmetrically bifid and is folded down as lobulated 
pockets on either side of the median plane into the meta-adenohypophysis. The 
recessus infundibularis continues with a pair of hollow protuberances (the primary 
lumens) into the lobus nervosus. These lumens are in turn subdivided, pushing out 
ramified hollow protuberances, but the outhermost processes of the lobus nervosus 
are solid. The general histological pattern of the lobus nervosus corresponds to that 
of Lepisosteus (p. 38).

The saccus vasculosus consists of a stem and a considerable caudal part (Fig. 16). 
The hollow stem connects the caudal part with the hypothalamus-hypophysial area. 
In the caudal part there is a central cavity. This gives olT blind-ending hollow ramified 
protuberances. In the hollow stem as well as in the large caudal part the epithe­
lium contains crown cells with supporting cells in between.
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Fig. 15. Amia calva. Median diagrammatic section. — Labels see figs. 1-2, 6.

2. The Adenohypophysis (Figs. 15-16, PI. XVII)

The pituitary gland is “dorso-ventrally” flattened, heart-shaped, with the “apex” 
toward the chiasma opticuni. The gland is dislocated rostrally, lying in front of the 
lobi inferiores. The longitudinal axis is approximately perpendicular to that of the 
recessus infundibularis. The gland is situated surrounded by connective tissue, in 
the fossa hypophyseos, which is bounded caudally by a distinct dorsum sellae. The 
adenohypophysis is subdivided into three histological regions (the pro-, the nieso- 
and the meta-adenohypophysis). A hypophysial cavity is not found.

The pro-adenohypophysis consists of follicles and occupies the dorso-caudal 
part of the gland. It embraces part of the meso-adenohypophysis from the sides with 
two lobules facing backwards. The follicular cell groups are surrounded by connective 
tissue and capillaries.

The meso-adenohypophysis consists “dorsally” of cell columns lying approxi­
mately perpendicular to the longitudinal axis of the gland. These cell columns arc 
mutually separated by connective tissue and capillaries. “Ventrally” the cell columns 
disintegrate into irregular cell groups which constitute the remaining portion of the 
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Scheme VII. Staining affinities of the chromophilic cell-types in the adenohypophysis in 
Amia calva.
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meso-adenohypophysis. The irregular cell masses, enclosed by connective tissue and 
capillaries, are devoid of distinct orientation. That part of the meso-adenohypophysis 
which is irregular in structure corresponds to the mixed zone described by Kerr.

The meta-adenohypophysis forms a dense cell mass, containing a few vesicles, 
around and between the processes of the lobus nervosus. Laterally the meta-adeno­
hypophysis is covered of the meso-adenohypophysis.

The pro-adenohypophysis contains Ax, A2, B2 and some small chromophobic 
cells. The Ax cells are radially orientated around the vesicles and are the prevailing 
cell type. They are typically elongated, with the globular nucleus eccentrically located 
in the basal part of the cells and with the tine granules concentrated around it. The 
A2 cells are oval in shape and are found less frequently than the Ax. The nucleus is 
globular and the cytoplasm is packed with homogeneous fine granules. In between 
the acidophils a few B2 cells are found. These cells are oval, with scattered medium 
size granules.

The meso-adenohypophysis contains A2, Bx, B2, B3 and some small chromo­
phobic cells. The Bx cells are confined to the “medio-ventral” part. They are cone- 
shaped and without a sharply defined cell boundary. The ovoid nucleus is typically 
at the base of the “cone”, and the gramdes are coarse and somewhat irregular in shape. 
The above-mentioned B2 cells are mainly confined to the more “dorsal” part of the 
meso-adenohypophysis. The B3 cells occur throughout the meso-adenohypophysis, 
and form laterally the predominant cell type. These cells are oval, (he nuclei are 
ovoid and irregular, and the medium size granules arc scattered throughout the cyto­
plasm, but are more clumped together than in the B2 cells. The cell type A2 occurs 
only in small number.

The meta-adenohypophysis contains B5 and A, cells. The B5 cells make up the 
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predominant cell type. These cells arc oval or elongated, with the nucleus typically at 
one end of the cell, and with the fine granules mainly concentrated around it. 'The 
A2 cells previously mentioned are relatively few in number.

3. The Arteries

o) Carotid and cerebral arteries (Fig. 16)
The paired aa. carotides internae pierce the basis cranii lateral to the n. opticus. 

Intracranially and ventral to the n. opticus the a. carotis cerebralis divides into two 
main stems: the ramus anterior and the ramus posterior (a. cerebralis posterior).— 
(Il has not been possible to give a general description of the ramus anterior, due Io 
incorrect trimming of the celloidin block)—. The a. cerebralis posterior runs dorso- 
mcdially, dorsal to the lobus inferior and ventral to the n. oculomotorius. The a. cere­
bralis posterior meets its contralateral partner above the saccus vasculosus to form 
an unpaired a. basilaris. (Ali.is (1897) points out that from the median point of 
this anastomosis one branch is sent forward and another backward)—. The presence 
of the antrorse vessel has not been verified. In addition Allis indicates that a. cere­
bralis posterior sends off a. auditiva, this artery, in the material examined, is sent oil' 
by the a. basilaris. Immediately before the a. cerebralis posterior meets its partner 
from the opposite side, it gives rise to an artery “X” w hich turns inwards behind the 
lobus inferior and meets its collateral partner. The anastomosis gives rise to some 
vessels which supply parts of the diencephalon, the mesencephalon and the cerebel­
lum. This anastomosis appears to be analogous to the “X” anastomosis described in 
Calamoichthys (p. 34).

6) Infundibular arteries
The proximal part of a. cerebralis posterior emits, fairly close to the point 

where the a. carotis cerebralis ramifies into the two main stems, the paired aa. in- 
fundibulares which continue caudally. Reaching the lateral part of the hypophysis 
the a. infundibularis splits into smaller branches w hich supply both the rostral and the 
caudal part of the primary plexus and the hypophysial stem plexus. In addition 
some branches may reach the plexus intermedins. Also the median part of the post- 
chiasmatic capillary plexus is fed by branches from the aa. infundibulares.

4. The Hypothalamo-hypophysial Blood System (Fig. 16, Pls. XV1:2, XVII-XVIII)

n) Pituitary portal system
There is a pituitary portal system which includes a few supplementary vessels, 

but no lateral afferent veins.
As mentioned above, the median part of the postchiasmatic capillary plexus is 

mainly supplied by small branches from the aa. infundibulares. The lateral parts
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are according to Allis supplied by small arteries emitted from the “aa. olfactoriae”. 
The postchiasmatic plexus continues into the primary plexus of the eminentia mediana 
which comprises a rostral and a caudal region (Pl. XVIII: 2).

In the rostral region of the eminential plexus the capillaries give rise to some 
peculiar capillary loops or “wads” (Pls. XVI: 2, XVIII). The individual “wad” con­
sists of a complex of capillary loops, framed in such a way that it is this bundle of 
loops and not the single loop which are enclosed by the cortical layer of the eminentia. 
In the light of the material examined it is very probable that the individual complex 
of loops originates from a single capillary and is drained through a single v. porta. 
The lateral parts of the primary plexus receive some supplementary vessels from the 
deep and superficial part of the adjacent area. From this plexus some typical vv. 
portae arise and pass to the pro- and meso-adenohypophysis. Further, this plexus 
continues on to the caudal eminential plexus.

In the caudal region the capillaries run in superficial undulating furrows. This 
part of the primary plexus more or less merges with the secondary plexus in the meso- 
adenohypophysis (Pl. XVIII). From the caudal part of this plexus, capillaries continue 
into the hypophysial stem plexus which in turn is connected with the plexus intermedius 
and the plexus of the saccus vasculosus plus the superficial capillary plexus of the 
hypothalamus.

b) Vessels in the pro- and meso-adenohypophysis
The general vascular pattern of the pars distalis is, as in the other 4 species, 

determined by the different glandular arrangement in the pro- and the meso-adeno­
hypophysis. Only an insignificant direct arterial supply occurs, via some small arteries 
branching off from the “aa. olfactoriae”. The general structure of the capillaries of 
the secondary plexus also resembles that of the other species i.e. the capillaries do not 
penetrate between the individual cells in the cell columns or cell groups.

c) Vessels in the neuro-intermedia area
A typical plexus intermedius occurs interposed between the lobus nervosus and 

the meta-adenohypophysis. Around its margins this plexus is connected with the 
capillary plexus of the hypophysial stem and of the saccus vasculosus stem. The 
plexus intermedius gives rise to some small capillaries which penetrate into the lobus 
nervosus. An intermedia sinusoid system does not exist.

d) Saccus vasculosus
The capillary plexus of the saccus vasculosus is connected with the hypophysial 

stem plexus and the plexus intermedius. In addition the plexus receives capillaries 
from the superficial plexus of the hypothalamus.

Fig. 16. Amia calva. Ventral view of the brain showing the distribution of the arteries. —AU = a. auditiva, 
BA = a. basilaris, CC = a. carotis cerebralis, CEM = caudal part of the eminentia mediana, CI = a. carotis 
interna, CP = a. cerebralis posterior, HY = hypophysis, IN = a. infundibularis, LI = lobus inferior, ME = 
mesencephalon, MO = medulla oblongata, RAC = a. carotis cerebralis ramus anterior, REM = rostral part 
of the eminentia mediana, SV = saccus vasculosus, SVS = sacci vasculosi stem, TE = telencephalon, X = 
a. X, II = n. opticus, III = n. oculomotorius, V = n. trigeminus, VII = n. facialis, VIII — n. acusticus.

Biol.Skr.Dan.Vid.Selsk, 18, no. 1. 4
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5. The Venous System (Fig. 17, Pls. XVII-XVIII: 2)

The unpaired v. hypophyseos media (Fig. 17) arises in the ventro-medial part of 
the pituitary in connection with the superficial capillary plexus. In addition the vein 
is joined by a pair of veins comming from the internal parts of the pro- and the meso­
adenohypophysis. The v. hypophyseos media communicates rostrally and dorso- 
medially with the v. interorbitalis.

The i’v. hypophyseos laterales (Fig. 17, Pl. XVIII:2) drain the plexus intermedius 
and, before they communicate with the venous plexus below the notochord, receive 
some small veins coming from the lobi inferiores and the saccus vasculosus. In ad­
dition the plexus of the saccus vasculosus is in connection with the above-mentioned 
venous plexus via several small veins.

IX. The Pituitary Gland and its Blood Supply in the Primitive 
Actinopterygians Compared with that of other Vertebrates

The morphological descriptions given in the preceding chapters made it possible 
to compare the pituitary gland and its vascularization in the primitive actinopterygians 
with that of other vertebrates.

The comparative anatomy of the hypophysis (in particular the neurohypophysis) 
and its blood supply was reviewed by Green (1951). Wingstrand (1966 a) gives a 
survey of the comparative anatomy of the hypophysis and aspects of its evolution. 
The vascularization of the pituitary gland has recently been reviewed by Meurling 
(1967 a).

A. Comparison with Cyclostomata

1 ) Xeurohypophysis
The neurohypophysis of the primitive actinopterygians comprises the saccus 

vasculosus, the lobus nervosus, the hypophysial stem and the eminentia mediana. 
In the cyclostomes a saccus vasculosus is not found. In Petromyzon the caudal part 
of the hypothalamic floor is slightly thickened and is similar histologically to a lobus 
nervosus (although primitive). An eminentia mediana area does not appear. The 
neurohypophysis of the Myxine is more differentiated and comprises a ventral part 
called “Infundibulum” (= eminentia mediana and hypophyseal stem (Wingstrand, 
1966 a)), and a dorsal part “the lobus nervosus”.

2) Adenohypophysis
The adenohypophysis of the Chondrostei and the Holostei is histologically dif­

ferentiated into the pro-, the meso- and the meta-adenohvpophysis. In Petromyzon the 
adenohypophysis consists of three histological parts, designated after their situation 
the pro-, the meso- and the meta-adenohvpophysis. According to Wingstrand (1966 a)
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Fig. 17. Amia calva. Ventral view of the brain showing the venous drainage of the pituitary gland. — 
HI. = v. hypophyseos lateralis, HM = v. hypophyseos media, IO = v. interorbitalis, JU = v. jugularis, 
sup. v. = superficial venous plexus, Z = vein from the internal parts of the pro- and meso-adenohypophysis.

Brain parts see fig. 16.

the pro- and the meso-adenohypophysis are hardly homologous with the similarly 
situated parts in the actinopterygians. In My.vine the histological differentiation of the 
adenohypophysis is not apparent.

4*
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3) Vascularization of the pituitary gland
A pituitary portal system like that in the primitive actinopterygians is not found 

in the cyclostomes.
According to Gorbman (1965) the area between the lobus nervosus and the 

meta-adenohypophysis of the lamprey is fed with blood through arteries branching 
off from the carotids. In addition the carotids send off some arteries which run to 
“the pro- and the meso-adenohypophysis”. In the area between these two regions 
and the hypothalamic floor only a few capillaries are found.

A description of the vascularization of the pituitary gland in Polistotrema (a 
Myxinoidea) is given by Gorbman et al. (1963). According to these authors the adeno­
hypophysis and the neurohypophysis (the lobus nervosus) are fed through a pair of 
arteries branching off' from the internal carotids. The “eminentia mediana’’ is drained 
via some neurohypophysial portal veins running to the lobus nervosus. Consequently 
this eminentia area has little in common with the eminentia mediana in the primitive 
actinopterygians.

B. Comparison with Chondrichthyes

7) Neurohypophysis
The general embryology, structure and differentiation of the neurohypophysis 

in the primitive actinopterygians and the Chondrichthyes are very much alike.
According to Meurling (1962) it is possible in the selachians to distinguish be­

tween two lobus nervosus types a) the "Squalus type" which represents a primitive 
type and b) the "Scy Ilium type". The lobus nervosus of the primitive actinopterygians 
corresponds morphologically and histologically to the “Squalus type’’. Crown cells 
in the ependymal layer in the lobus nervosus and the eminentia mediana are not 
found in the selachians. An eminentia mediana area with a structure similar to that 
of the primitive actinopterygians exists in the selachians. The eminentia mediana of 
the selachians approximate to the “simple type” described in the Chondrostei.

2) Adenohypophysis
The adenohypophysis of the selachians is differentiated into three histological 

regions. The hypophysial cavity in the Chondrostei, the Brachiopterygii and the se­
lachians (belonging to the Squaloid type) can be considered as homologous even 
though they are of different embryological origin (Wingstrand, 1966 a).

The Euselachii have a ventral lobe, the Holocephali a “Rachendach-Hypophyse” 
(Meurling, 1967 b). In the primitive actinopterygians nothing occurs which could 
be interpreted as homologous with the ventral lobe.

5) Vascularization of the pituitary gland
In the primitive actinopterygians and in the selachians so far investigated, a 

pituitary portal system was found. Both in the species examined and in the selachians 
there are more or less marked structural difference between the anterior and the pos- 
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terior part of the eminentia mediana. The pro-adenohypophysis is fed mainly from 
the anterior part, while the posterior part supplies the meso-adenohypophysis. Sup­
plementary vessels are found from adjacent brain parts to the primary plexus in 
euselachians, in the holosteans and are suggested in Calamoichthys. A distinct plexus 
intermedins occurs in the primitive actinopterygians and in some selachians. In the 
selachians the plexus intermedins is usually fed through arteries and in certain cases 
through the hypophyseal stem plexus and the lateral allèrent system. In the primitive 
actinopterygians the plexus intermedins is generally fed through the hypophysial 
stem plexus; direct arterial supply does not occur, and only in the Lepisosteus are 
lateral afferent veins found. An intermedia sinusoid system is present in some of the 
selachians and in some of the primitive actinopterygians.

C. Comparison with Teleosts

/) Neurohypophysis
In the light of embryological criteria there is no positive basis to homologize 

the neurohypophysis in the teleosts and the eminentia mediana and the lobus nervosus 
in the primitive actinopterygians (Wingstrand, 1966 a). On the other hand, in the 
light of a) the distribution of the Gomori positive and negative fibres in the neuro­
hypophyseal area in the teleosts (Diepen, 1953; Bargman, 1953), b) the nature 
of the neurocrine fibres and their connection with “the primary plexus” (Follenius, 
1965 a) and c) the occurrence and variation of the ependymal processes and the 
glia cells (pituicytes) (Diepen, 1953; Follenius, 1965 a), these authors consider that 
the neurohypophysis in the teleosts comprises a rostral and a caudal part which are 
functionally equivalent to the eminentia mediana and the lobus nervosus.

2) Adenohypophysis
The actinopterygian adenohypophysis is subdivided into three histological re­

gions termed the pro-, the meso- and the meta-adenohypophysis. Deviations have 
been described e.g. there are only two regions in the Brachiopterygii, Fundus (Mat­
thews, 1936) and Eso.v niger (Scruggs, 1939) and according to Kobayashi et al. 
(1959) there are more than three regions in Lepidogobius lepidus.

3) Vascularization of the pituitary gland
A pituitary portal system like that in the species examined does not occur in 

the teleosts. Follenius (1965, a-b) describes in the teleosts a primary plexus, fed 
by arteries, surrounding the protuberances of the neurohypophysis and giving off 
quite a number of capillaries constituting the secondary plexus of the adenohypo­
physis. According to Follenius there is a duality in the terminations of the neuro­
secretory fibres 1) a neurovascular and 2) a neuroglandular termination. In the light 
of the origin of the neurosecretory libres, their termination on the capillaries and the 
average size of their secretory granules, this author supposes: a) that the anterior 
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part of the neurohypophysis is equivalent to the eminentia mediana and b) that the 
primary plexus in the teleosts represents a functional and a morphological analogy 
to the hypophysial portal system in the tetrapods.

D. Comparison with Dipnoi and Tetrapods

1 ) Neuroh ypoph y sis
The neurohypophysis of Dipnoi and tetrapods consists of a lobus nervosus, a 

hypophyseal stem and an eminentia mediana area (Wingstrand, 1956). These parts 
plus the saccus vasculosus have also been identified in the primitive actinopterygians.

The histological structure of the lobus nervosus in the species examined cor­
responds to the “primitive neural lobe type” which occurs in the case of many reptiles 
and some birds. The hypophysial stem in the primitive actinopterygians and in the 
amphibians (except the Gymnophiona) corresponds only to the oral wall of the in­
fundibular stem in the Amniota. An eminentia mediana area which contains three 
histological layers and which is covered by a capillary net (the primary capillary 
plexus) supplying the adenohypophysis, occurs both in the primitive actinopterygians, 
I he Dipnoi and in the tetrapods.

In Chondrostei, Protopterus (Wingstrand, 1956), Cryptobranchus (Grenell, 
1939), Necturus (Green, 1947 b, 1951), Megalobatrachus (Imai, I960) and Genenophis 
( Pillai, Thesis, Trivandrum, 1961; according to Wingstrand, 1966 a) the eminentia 
mediana represents a simple type i.e. it is only weakly differentiated, and the primary 
plexus is superficial and essentially continuous with the secondary plexus (real portal 
vessels are not or poorly developed).

The eminentia mediana in the Brachiopterygii, the anurans and most of the 
urodelans represents an “intermediate type”, i.e. the eminentia mediana is only 
slightly proliferated, and there is a faint suggestion of capillary loops, formed by the 
primary plexus, which is drained by vv. portae.

A “differentiated eminentia mediana type” occurs in the holosteans and in most 
of the mammals. In this type, the eminentia mediana is thick, the capillaries of the 
primary plexus are buried in deep furrows formed as loops, and typical vv. portae 
are found.

2) Adenohypophysis
In the light of the material examined it is not possible to compare the histologi­

cally different regions of the adenohypophysis in the primitive actinopterygians with 
those of the Dipnoi and tetrapods. A general discussion of the adenohypophysis in 
the vertebrates is given by Wingstrand (1966 a). In his interpretation the meta­
adenohypophysis of the primitive actinopterygians is homologous with the pars in­
termedia in the Dipnoi and the tetrapods. In addition Wingstrand considers the 
hypophysial cavity of the actinopterygians as homologous with the cavity which occurs 
in some reptiles and mammals. A pars tuberalis which is found in most of the tetra 
pods (Wingstrand, 1956) does not occur in the primitive actinopterygians.
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.?) Vascularization of the pituitary gland
In all the species investigated a pituitary portal system was found. The hypo­

physial stem plexus enters the plexus intermedins, which in Lepisosteus is also fed 
through the lateral afferent veins. Supplementary vessels are found in the holosteans, 
and are suggested in Calarnoichthys.

According to Green (1951, 1966) it is possible in the tetrapods to distinguish 
between two fairly well-defined vascular systems, 1) the primary plexus and 2) the 
plexus intermedins. The primary plexus is in vascular contact with the adenohypo­
physis, which is practically without direct arterial supply. In the adult tetrapods there 
arc only slight connections between the deeper capillaries of the hypothalamus and the 
primary plexus. The plexus intermedins receives blood through the aa. infundibulares 
and/or aa. hypophysea inferiores. According to Enemar (1961) there is in some 
amniotes a vascular connection between the plexus intermedins and the primary 
plexus.

X. Discussion
1) The neurohypophysis

In the preceding comparison it has been demonstrated that the neurohypophysis 
in the selachians, the primitive actinopterygians, the lungfish and the tetrapods com­
prises an eminentia mediana and a lobus nervosus region. In addition it has been 
suggested in this context, that a pituitary portal system connects the eminential plexus 
and the secondary plexus of the adenohypophysis. In the cvclostomes (p. 50) it is 
not certain if an analogous subdivision of the neurohypophysis can be made. In the 
teleosts the solid neurohypophysis gives off branching processes into all three histo­
logical regions of the adenohypophysis, and a distinct eminentia mediana region, in 
agreement with the definition given p. 9, has not so far been described.

In the light of the presence of such a subdivision of the neurohypophysis among 
the gnathostomes, with the exception of the teleosts so far investigated, it may thus 
be concluded: 1) that the eminentia mediana and the lobus nervosus represent primitive 
features and must have been present in the gnathostome ancestor, and 2) that the struc­
tural pattern of the neurohypophysis in the teleosts constitutes a secondary feature.

The structural pattern of the lobus nervosus in the primitive actinopterygians 
led Kerr (1949) to conclude that: “the penetration of the lobus nervosus into all 
three glandular regions in teleosts is shown by the “ganoids” to be a secondary devel­
opment”.

A general survey of the embryology of the neurohypophyseal region is given by 
W ingstrand (1959, 1966 a). In his interpretation the lobus nervosus in the primitive 
actinopterygians is developed from the oral wall of the saccus infundibuli and the 
basal part of the lamina postoptica, while the saccus vasculosus develops from the 
aboral part of the saccus infundibuli. The fact that crown cells occur in the ependymal 
layer of the lobus nervosus and the eminentia mediana in Chondrostei, and in addition 
in the ependymal layer of the lobus nervosus in the Holostei and Polypterus, may 
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possibly be construed to mean that the segregation of the saccus vasculosus and the 
lobus nervosus in the above-mentioned animals is incomplete (a possible primitive 
character). Further, the presence of these crown cells outside the saccus vasculosus, 
supports Wingstrand’s (1956) argument against the justification for defining the sac­
cus vasculosus solely on the basis of its content of crown cells, and that: “crown cells 
cannot be used as a primary criterion for homologies”.

In addition the uniform histological feature (with three zones) in the eminentia 
mediana and the lobus nervosus could be regarded as a support to the hypothesis 
put forward by Wingstrand (1959), and further adopted by Jørgensen and Larsen 
(1960) and Meurling (1967 a), that the eminentia mediana and the lobus nervosus 
have arisen from a uniform undivided neurohypophysis.

There is according to Wingstrand (1951, 1956, 1959 and 1966 a) no basis for 
postulating strict homology of the neurohypophysis of the teleosts with the eminentia 
mediana and the lobus nervosus of the other gnathostomes. On the other hand from 
the distribution of the Gomori negative and positive fibres in the neurohypophysis 
of the teleosts (Bargmann, 1953 and Diepen, 1953) and in the light of the connection 
of the neurocrine fibres with “the primary plexus” in the teleosts (Follenius, 1965 a), 
these authors suggest that it is possible to divide the neurohypophysis of the teleosts into 
an anterior and a posterior region which morphologically and/or functionally are 
homologous with the eminentia mediana and the lobus nervosus of the tetrapods, 
respectively. Bargmann’s and Diepen’s arguments in favour of such a subdivision 
of the neurohypophysis in the teleosts are weakened, although not convincingly, by 
the fact that Etmopterus (Meuri.ing, 1963) in which an eminentia mediana and a 
lobus nervosus are described, has both Gomori positive and negative fibres in the 
lobus nervosus region.

In the light of the elaboration of the primary plexus and the proliferation of the 
eminenliae medianae wall in the species examined, three eminential types have been 
established (fig. 18): 1) The “simple type” found in the selachians, the sturgeons, 
the lungfish and in some of the amphibians and the Prototheria. Here the eminential 
wall is thin and the capillaries of the primary plexus run in superficial furrows and 
merge into the secondary plexus. In consequence of its broad distribution, this type 
represents a primitive pattern and must have been present in a gnathostome ancestor. 
2) In the “transitional eminential type”, found in the Brachiopterygii and in most of 
the amphibians, the eminential wall is more proliferated. The capillaries run in deep 
furrows and loops may occur. The primary plexus is drained by vv. portae. 3) The 
“differentiated eminential type” occurs in the Holostei and in most of the mammals. 
The capillaries of the primary plexus may form well-developed loops into the wall. 
The primary plexus is drained by vv. portae.

2) The vascularization of the hypothalanio-hypopliysial region
A pituitary portal system, comprising a primary plexus, more or less typical 

vv. portae and a secondary plexus in the adenohypophysis, occurs in the selachians,
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Fig. 18. Median diagrammatic sections through the pituitary region showing the hypothalamo-hypophysial 
vascular links in Acipenser (simple eminential type, fig. 1), Calamoichthys (transitional eminential type, fig. 2) 
and Lepisosteus (differentiated eminential type, fig. 3). — A = postchiasmatic region, B = eminentia mediana, 
Ba = rostral part of the eminentia mediana, Bd = caudal part of the eminentia mediana, C = hypophyseal 
stem, D = saccus vasculosus, E = sacci vasculosi stem, F = pro- and meso-adenohypophysis, G = meta­
adenohypophysis, H = pars distalis, I = pars intermedia, J = lobus nervosus, K = hypophyseal stem, L = 
buccohypophyseal duct, M --= a. infundibularis, N = superficial primary capillary plexus, O = capillary loops 
of the primary plexus, P v. porta, Q = plexus intermedins, R = lateral afferent vein, S = v. hypophyseos, 

T = v. hypophyseos media, U = v. interorbitalis.



58 Nr. 1

the primitive actinopterygians, the lungfish and the tetrapods. In consequence of this 
distribution it is probable that: /he pituitary portal system is a primitive feature, and 
that it has been present in the gnathostome ancestor. In addition there is reason Io 
suppose that the primary and the secondary plexus have been directly continuous 
in the gnathostome ancestor. The reason for this supposition is that a portal system 
with such a structural feature occurs in the selachians, the sturgeons, Necturus, Crypto- 
branchus and Genenophis. Green (1951) is of the definite impression that the pituitary 
portal system has evolved from a simple superficial plexus situated between the neuro­
hypophysis and the adenohypophysis. This hypothesis presupposes that a vascular 
plexus of such a pattern is common among fish-like vertebrates. However, the existence 
of a more typical portal system in the selachians (Meurling, 1960, 1967 a and Mel­
linger, 1960, 1963) and in the primitive actinopterygians as shown in the preceding 
section proves that the structural feature of the vascular plexus found in the teleosts 
so far investigated shows something unique for this order. Follenius (1965 a) is of 
the opinion that the hypothalamic control of the pro- and the meso-adenohypophysis 
in the teleosts may be exercised in two ways: 1) via a neurovascular transmission— 
a vestigial portal system, comprising a “primary plexus” on which neurocrine fibres 
terminate and from where the majority of the capillaries irrigating the “pars distalis” 
originate, and 2) via a neuroglandular transmission—exerted through ordinary neu­
rons terminating in contact with the glandular cells.

In the light of the fact that a pituitary portal system occurs in all the gnathostomes 
except for the teleosts so far investigated, it may be concluded that: the vascularization 
of the hypothalamus-hypophysial region in the teleosts, comprising a superficial vascular 
plexus which continues directly into the secondary plexus, and the direct innervation of 
the glandular cells of the pro- and the meso-adenohypophysis represent secondary devel­
opments.

In Amia a few supplementary vessels are found and in Lepisosteus both supple­
mentary vessels and lateral afferent veins occur in connection with the primary plexus 
and the plexus intermedins, respectively. In addition, supplementary vessels are found 
in all euselachians investigated and lateral allèrent veins occur in some of the selachians 
(Meurling, 1967 a). This author assumes that the portal system, including the sup­
plementary vessels, the lateral afferent veins and the neuro-intermedia component of 
the portal system, in the selachians represent remains of an original drainage pattern 
common to the hypothalamus hypophyseal region. Thus the primary route of the 
blood from hypothalamus to the hypophysis is not necessarily of any specific functional 
significance for the hypothalamic regulation of the hypophysis. In accordance with 
this Jørgensen and Larsen (1967) indicate that the primitive arrangement of blood 
vessels in this region: “. . . . can be imagined to have been of preadaptive significance 
in the development of functioning portal system of the type which has been demon­
strated in tetrapods”. This is favoured by Wingstrand’s (1951) and Enemar’s (I960) 
observations on the embryonic differentiation and development of the pituitary ves­
sels. According to these authors the adenohypophyseal plexus, the eminential plexus 
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and the portal vessels are successively formed by differentiation of a part of the capil­
lary plexus covering the brain surface. This plexus starts as a cloud of capillaries in 
connection with the v. interorbitalis (or derivative of this) through the area in which 
the Rathke’s pouch develops.

.7. The adenohypophysis
A survey of the embryology and the differentiation of the adenohypophysis in 

the different vertebrate classes is given by Wingstrand ( 1966 a). This author concludes 
among other things that: . . . “the adenohypophysis of the ancestral vertebrate can be 
supposed to have developed from the stomodeal ectoderm . . In addition the 
embryological development shows the meta-adenohypophysis in the eyclostomes, 
the selachians and the actinopterygians to be homologous with the pais intermedia 
in the lungfish and the tetrapods.

Wingstrand (1966 a) discusses some of the advanced theories dealing with 
comparisons between the histological regions of the adenohypophysis in the different 
vertebrate classes. An attempt to detect homology between the different histological 
regions in the adenohypophysis of the primitive actinopterygians with those in the 
other vertebrates has not been carried out. The reason for this is that the present 
investigation does not include embryological material, which must be regarded as 
the only possible basis for deciding homologies.

Neither in the species examined nor in the teleosts so far investigated, has a ven­
tral lobe or a pars tuberalis been developed. Therefore it is still somewhat doubtful 
whether these parts were present in an ancestral gnathostome form.

In the Chondrostei and the Brachiopterygii a hypophysial cavity occurs. Tubules 
and follicles are found in the adenohypophysis in the Holoslei and some of the iso- 
spondylous teleosts (Wingstrand, 1966 a). In addition a hypophysial cavity occurs 
in the lungfish, and in some of the selachians, the reptiles and the mammalians. In 
spite of the fact that the hypophysial cavity, the tubules and the follicles have dif­
ferent embryological origins (a schizocoele development, or represent the remains 
of the cavity in the pouch of Rathke) it is highly probable that these structures can 
be considered as homologous, and indicate that a hollow pituitary gland must have 
occurred in a gnathostome ancestor as pointed out by Kerr (1949) and Wingstrand 
(1966 a).



60 Nr. 1

XL References
Allis, E. P. jr., 1897: The cranial muscles and cranial and first spinal nerves in Amia calva.

— J. Morph., 12. No. 3: 489-808.
1900: The pseudobranchial circulation in Amia calva.-—Zool. Jb., Abt. Anatomic and 
Ontogenie der Tiere, 14: 107-134.

- 1908: 'fhe pseudobranchial and carotid arteries in Polypterus.— Anal. Anz., 33, No. 8/9: 
217-227.
1911: The pseudobranchial and carotid arteries in Polyodon spathula. — Ibid., 39, No. 
9/10: 257-262.
1912: The pseudobranchial and carotid arteries in Esox, Salmo and Gadus, together with a 
description of the arteries in the adult Amia. - Ibid., 41, No. 5: 113-142.

Balfour, F. M. and Parker, W. N., 1882: On the structure and development of Lepidosleus.
— Phil. Trans. R. Soc., 173: 359-492.

Barannikova, T. A., 1949: Localization of the gonadotrophic function in the hypophysis of 
sevriuga (Acipenser stellatus). —Dokl. Akad. Nuuk SSSR, 69: 117-120. (In Russian).
1950: On the difference in the function of basophilic cells of the hypophysis of the Kura 
osetr (Acipenser güldenstädti persicus Borodin) of different biological groups. — Ibid., 74: 
1033-1036. (In Russian).

Bargmann, W., 1953: Über das Zwischenhirn-Hypophysensystem von Fischen. — Z. Zell- 
forsch. mikrosk. Anat., 38: 275-298.

de Beer, G. R., 1923: Some observations on the hypophysis of Petromyzon and of Amia. — 
Q. JI. microsc. Sei., 67: 257-292.

— 1926: The Comparative. Anatomy, Histology and Development of the Pituitary Body.-— 
Oliver and Boyd, London.

Benda, C., 1927: Beiträge zur normalen und pathologischen Morphologie der Hypophyse.— 
Zentb. Pathol., 40 (Erg. Hft.): 185-190 and 211-215.

Bergquist, FI., 1932: Zur Morphologie des Zivischenhirns bei niederen Wirbeltieren. 1-303.— 
Alb. Bonniers, Stockholm.

Bertmar, G., 1965: On the development of the jugular and cerebral veins in fishes. — Proc, 
zool. Soc. Land., 144: 87-130.

Bickford, E. E., 1895: The hypophysis of the Calamoichthys calabaricus (Smith). — Anu/. 
Anz., 10: 465-470.

Bodian, D., 1936: A new method for staining nerve libres and nerve endings in mounted 
paraffin sections. — Anat. Rec., 65: 89-97.

Cleveland, R. and Wolfe, J. M., 1932: A differential stain for the anterior lobe of the hypo­
physis. — Anat. Rec., 51: 409-413.

Danforth, C. IL, 1912: The heart and arteries of Polyodon. — J. Morph., 23: 409-454. 
Dean, B., 1895: Early development of gar-pike and sturgeon. -— Ibid., 11: 1-62.
— 1896: On the larval development of Amia calva. — Zool. Jb., Abt. Systematik, Ökologie und 

Geographie der Tiere, 9: 639-672.
Diepen, R., 1953: Über das Hypophysen-Hypothalamussystem bei Knochenfischen (Eine 

vergleichend-anatomische Betrachtung). — Verh. anat. Ges., Jena, Anat. Anz. Erg.-Bd. zu 
100. Bd.i 111-122.

Dodd, J. M. and Kerr, T., 1963: Comparative morphology and histology of the hypothalamo- 
neurohypophysial system. — Symp. zool. Soc. Land., 9: 5-27.

Dorn, E., 1955: Der Saccus vasculosus. — In: Bargmann, W. (Ed.): Hand. mikr. Anat. des 
Menschen, IV/2: 140-195. Springer, Berlin-Göttingen-Heidelberg.



Nr. 1 fil

Enemar, A., 1960: The development of the hypophysial vascular system in the lizards Lacerta 
a. agilis Linnaeus and Anguis fragilis Linnaeus and in the snake Natrix n. natrix (Lin­
naeus), with comparative remarks on the Amniota.— Acta zool., Stockh., 41: 141-237.

- 1961: The structure and development of the hypophysial portal system in the laboratory 
mouse, with particular regard to the primary plexus. — Ark. Zool., Ser. 2, 13: 203-252.

Follenius, E., 1965 a: Bases structurales et ultrastructurales des corrélations hypothalamo- 
hypophysaires chez quelques espèces de poissons téléostéens. — Annis Sei. nat. Zoologie, 
7: 1-150.
1965 b: Bases structurales et ultrastructurales des corrélations diencéphalo-hypophysaires 
chez les sélaciens et les téléostéens. — Archs Anat. microsc., 54: 195-216.

Franz, V., 1934: Vergleichende Anatomie des Wirbeltierauges. In: Bolk, L., Göppert, E., 
Kallius, E. and Lubosch, W. (Ed.): Hand, vergl. Anat. Wirbelt., 2 (2): 989-1292 — Ber­
lin-Wien.

Fujita, T., 1963: Über das Zwischenhirn-Hypophysensystem von Chimaera monstrosa.— 
Z. Zellforsch, mikrosk. Anat., 60: 147-162.

Gabe, M., 1953: Sur quelques applications de la coloration par la fuchsine-paraldéhyde. 
Bull. Microsc. appl., 3: 153-162.

Gérard, P., 1937: Sur la persistance d’une continuité tissulaire entre hypophyse et épithélium 
buccale chez Polypterus weeksi.— Monitore zool. ital., 47 (suppl.): 22.
and Cordier, R.. 1936 a: Sur la région infundibulo-hypophysaire de Polypterus weeksi.
— Bull. Ass. Anal., Paris, 1936: 160-169.

1936 b: Sur la persistance d’une connextion bucco-hypophysaire chez les Crossoptéry- 
giens adultes. — Annis Soc. r. zool. Belg., 67: 87-90.

Gorbman, A., 1965: Vascular relations between the neurohypophysis and adenohypophysis 
of cyclostomes and the problem of evolution of hypothalamic neuroendocrine control. 
-— Archs Anat. microsc. Morph, exp., 54: 163-194.

—• Kobayashi, H. and Uemura, H., 1963: The vascularization of the hypophysial structures 
of the hagfish. — Gen. Comp. Endocrinol., 3: 505-514.

Green, J. 1)., 1947 a: Some aspects of the anatomy and function of the pituitary gland with 
especial reference to the neurohypophysis. — Alexander Blain IIosp. Bull., 6: 128-142. 
1947 b: Vessels and nerves of amphibian hypophyses. A study of the living circulation 
and of the histology of the hypophysial vessels and nerves. — Anal. Rec., 99: 21-54. 
1951 : The comparative anatomy of the hypophysis, with special reference to its blood 
supply and innervation. — Am. J. Anat., 88: 225-312.

— 1966: 'fhe comparative anatomy of the portal vascular system and of the innervation of 
the hypophysis. — In: Harris and Donovan (Ed.): The pituitary gland, 1: 127-146.— 
Butterworths, London.

Grenell, R. G., 1939: The morphogenesis of the hypophysis cerebri in Cryptobranchus alleghe- 
niensis. — Anat. Rec., 73: 327-341.

Grodzinski, Z., 1948: The blood-vessels in the brain of the sturgeon (Acipenser rulhenus L.).
— Bull. int. Acad, polon. Sei. Lett., série B., 2: 61-81.

Halmi, N., 1952: Differentiation of two types of basophils in the adenohypophysis of the rat 
and the mouse. — Stain Technol., 27: 61-64.

Herlant, M., 1956: Corrélations hypophyso-génitales chez la femelle de la Chauve-Souris, 
Myotis myotis (Borkhausen). — Archs Biol., 67: 89-180.

- 1960: Étude critique de deux techniques nouvelles destinées a mettre en évidence les 
différentes catégories cellulaires présentes dans la glande pituitaire. — Bull. Microsc. appl., 
10: 37-44.

Hocke Hoogenboom, K. J., 1929: Das Gehirn von Polyodon folium Lacép. — Z. mikrosk.- 
anat. Forsch., 18: 311-392.



62 Nr. 1

Holmgren, N., 1932: Note on the development of the hypophysis in Acipenser rutenus. — 
Acta zool., Stockh., 12: 145-152.

Imai, Ch., 1960: Histologische Untersuchungen am Zwischenhirn-neurohypophysensystem 
von Megalobatrachus japonicus. — Z. Zellforsch. mikrosk. Anal., 52: 501-505.

Jasinski, A., 1964: Structure and vascularization of the pituitary body of Acipenser stellatus 
Pallas. —• Acta biol. cracov. Ser. Zool., 7: 127-132.

-—- and Gorbman, A., 1966: Hypothalamo-hypophysial vascular and neurosecretory links 
in Ratfish, Hydrolagus colliei (Lay and Bennet). — Gen. Comp. Endocrinol., 6: 476-490. 

Johnston, J. B., 1902: The brain of Acipenser.— Zool. Jb., Abt. Anatomie und Ontogénie der 
Tiere, 15: 59-260.

Jorgensen, C. B. and Larsen, L. O., 1960: Comparative aspects of hypothalamic-hypophysial 
relationships. — Ergebn. Biol., 22: 1-29.

-------  1967: Neuroendocrine mechanisms in lower vertebrates.— In: Martini and Ganong (Ed.) : 
Neuroendocrinology, 2: 485-528. — Academic Press, New York and London.

Kappers, C. U. A., 1907: Untersuchungen über das Gehirn der Knochenganoiden, Amia calva 
und Lepidosteus osseus. — Abh. senckenb. naturforsch. Ges., 30, Heft 3: 447-500.

Kerr, T., 1949: The pituitaries of Amia, Lepidosteus and Acipenser. — Proc. zool. Soc. Lond., 
118: 973-983.

-— 1968: The pituitary in Polypterines and its relationship to other fish pituitaries. — ,/. 
Morph., 124: 23-36.

Kobayashi, H., Ishii, S. and Gorbman, A., 1959: The hypothalamic neurosecretory appara­
tus and the pituitary gland of a teleost, Lepidogobius lepidus. — Gunma J. med. Sei., 8: 
301-321.

Kupffer, K. von, 1906: Die Morphogenie des Centralnervensystems. — In: Hertwig (Ed.): 
Hand, vergl. u. exper. Enhvickl. Wirbelt., 2, Teil 3: 1-272. — Gustav Fischer, Jena.

Lagios, M. D., 1968 a: The pituitary gland of the paddlefish, Polyodon spathula. — Copeia, 
2: 401-404.

— 1968 b: Tetrapod characteristics of the pituitary gland of Calamoichthys calabaricus.— 
Nature, Lond., 217: 473.

— 1968 c: Tetrapod-like organization of the pituitary gland ol' the polypteriformid fishes, 
Calamoichthys calabaricus and Polypterus palmas. — Gen. Comp. Endocrinol., 11: 300-315.

Lindahl, P. E., 1944: Zur Kenntnis der Entwicklung von Haftorgan und Hypophyse bei 
Lepidosteus. — Acta zool., Stockh., 25: 97-133.

Matthews, S. A., 1936: The pituitary of fundulus. — Anal. Rec., 65: 357-367.
Mellinger, J. C. A., 1960 a: Contribution à l’étude de la vascularisation et du développement 

de la région hypophysaire d’un sélacien, “Scyliorhinus caniculus” (L.). — Bull. Soc. zool. Er., 
85: 123-139.'

— 1960 b: La circulation sanguine dans le complexe hypophysaire de la Roussette.— Ibid., 
85: 395-399.

- 1960 c: Esquisse structurale de l’appareil hypophysaire d’un Sélacien, Scyliorhinus cani­
culus (L.), pour servir de base à une étude expérimentale des corrélations neuro-endocri­
niennes. — C. r. hebd. Séanc. Acad. Sei., Paris, 251: 2422-2424.
1963: Les relations neuro-vasculo-glandulaires dans l’appareil hypophysaire de la rousette, 
Scyliorhinus caniculus (L.). — Thés. Lac. Sei. Univ. Strasb., 238, Ser. E.: 1-211.

Meurling, P., 1960: Presence of a pituitary portal system in Elasmobranchs. — Nature, Land., 
187: 336-337.
1962: The relations between neural and intermediate lobes in the pituitary of Squalus 
acanthias. — Z. Zellforsch. mikrosk. Anal., 58: 51-69.

-— 1963: Nerves of the neuro-intermediate lobe of Etmopterus spinax (Elasmobranchi). — 
Ibid., 61: 183-201.



Nr. 1 63

Meurling, P., 1967 a: The vascularization of the pituitary in Elasmobranchs. — Sarsia, 28: 
1-104.
1967 b: The vascularization of the pituitary in Chimaera monslrosa (Holoccphali). — Ibid., 
30: 83-106.

Nowakowski, H., 1951: Infundibulum und Tuber cinereum der Katze.- Dt. Z. NervHeilk., 
165: 261-339.

Oboussier, H., 1944: Die Rachendachhypophyse des Hundes. — Z. iviss. Zool., 156: 365-438. 
1956: Die Hypophyse des Nashorns (Rhinoceros unicornis L. u. Diceros bicornis L.). — 
Zool. Anz., 157. Heft 1/2: 3-11.

Olivereau, M., 1954: Hypophyse et glande thyroïde chez les poissons. Etude histophysiolo- 
gique de quelques corrélations endocriniennes en particulier chez Salmo salar L. — Annis 
Inst, océanogr., Monaco, 29: 95-296.
1963: Cytophysiologie du lobe distal de l’hypophyse des Agnathes et des Poissons, à 
l’exclusion de celle concernant la fonction gonadotrope. — In: Cytologie de V Adénohypo- 
physe. — Colloques int. Cent. nain. Rech. scient., 128: 315-331.

Pickford, G. E. and Atz, J. W., 1957: The physiology of the pituitary gland of fishes. N.Y. 
Zool. Soc., New York: 1—613.

Polenov, A. L., 1966: About the proximal neurosecretory contact region of the preoptic- 
hypophysial system in Acipenseridae. (In Russian). — Dokl. Akad. Nauk SSSR, 169; 
1467-1470.

— 1968: On the evolution of the median eminence—-the proximal neurosecretory contact 
region in some fishes (Elasmobranchii, Chondrosleoidei). — Archs Anat. Histol. Embryol. 
normal, el exper., 51: 553-561.

— and Barannikova, I. A., 1958: The preoptico-neurohypophyseal neurosecretory system 
in sturgeon. Dokl. Akad. Nuak SSSR, 123: 1117-1120 — (In Russian).

Romeis, B., 1940: Innersekretorische Drüsen II. Die Hypophyse. In: von Möllendorff, W. 
(Ed.): Hand. mikr. Anat. des Menschen, VI/3: 1-625. Springer, Berlin-Göttingen-Heidel­
berg.

— 1948: Mikroskopische Technik. 15. verbesserte Auflage. R. Oldenbourg, München.
Sathyanesan, A. G., 1965: The hypophysis and hypothalamo-hypophysial system in the 

Ghimaeroid fish Hydrolagus colliei (Lay and Bennet) with a note on their vascularization.
- Morph., 116: 413-449.

- and Ghavin, W., 1967: Hypothalamo-hypophyseal neurosecretory system in the primitive 
actinoptcrygian fishes (Holostei and Chondrosteif — Ada anal., 68: 284-299.

Scruggs, W. M., 1939: The epithelial components of the teleost pituitary gland as identified 
by a standardized method of selective staining. — J. Morph. 65: 187-213.

Smith, P. E., 1914: The development of the hypophysis of Amia calva. — Anat. Rec., 8: 499- 
506.

Spatz, H., Diepen, R. and Gaupp, V., 1948: Zur Anatomie des Infundibulum und des Tuber 
cinereum beim Kanninchen. Dl. Z. NervHeilk., 159: 229-268.

Stendell, W., 1913: Zur vergleichenden Anatomie und Histologie der Hypophysis cerebri. 
Arch, mikrosk. Anal., 82: 289-332.
1914: Die Hypophysis cerebri.— In: Oppel, A. (Ed.): Lehrbuch der vergleichenden Mikro­
skopischen Anatomie der Wirbeltiere, 8: 1-168. Gustav Fischer, Jena.

Tilney, F., 1911: Contribution to the study of the hypophysis cerebri with especial reference 
to its comparative histology. — Mem. Wistar Inst. Anal., 2: 1-91.

Waldschmidt, J., 1887: Beitrag zur Anatomie des Zentralnervensystems und des Geruchs­
organs von Polypterus bichir. — Anat. Anz., 2: 308-322.

Wingstrand, K. G., 1951: The structure and development of the avian pituitary. From a com­
parative and functional viewpoint: 1-316. G. W. K. Gleerup, Lund.



64 Nr. 1

Wingstrand, K. G., 1956: The structure of the pituitary in tlie African lungfish, Prolopterus an- 
nectens (Owen). — Vidensk. Meddr dansk naturh. Foren., 118: 193-210.

- 1959: Attempts at a comparison between the neurohypophysial region in fishes and tetra­
pods, witli particular regard to amphibians.— In: Gorbman, A. (Ed.): Comparative 
Endocrinology; 393-403. — Wiley and Sons, New York.
1966 a: Comparative anatomy and evolution of the hypophysis.—-In: Harris and Do­
novan (Ed.): The pituitary gland, 1: 58-126. — Butterworths, London.

— 1966 b: Microscopic anatomy, nerve supply and blood supply of the pars intermedia. — 
7&zd., 3: 1-27.

Wright, R. R., 1885: On the hyomandibular clefts and pseudobranchs of Lepidosteus and 
Amia. — J. Anat., 19: 476-499.

Indleveret til Selskabet den 13. marts 1970.
Færdig fra trykkeriet den 11. juni 1971.



PLATES



Plate I
Fig. 1. Acipenser stellatus. Transverse section through the caudal part of the eminentia mediana, showing 
crown cells between the ependymal cells. — a = ependymal layer, b = fibre layer, c = cortical layer, moa 
= meso-adenohypophysis. Thick arrow points at a crown cell. — 8 p section. AF-Halmi. Na: 0.65. The 

scale represents 50 p.

Fig. 2. Acipenser güldenstaedti. Sagitlal section through the eminentia mediana. — d = superficial capil­
lary plexus, e = connective tissue. Other abbreviations, see fig. 1. — 8 p section. NA: 0.45. The scale repre­

sents 50 p.
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Plate II
Fig. 1-2. Acipenser giildenstaedti. Sagittal section through the lobus nervosus and the meta-adenohvpo- 
physis. — a = ependymal layer, b = fibre layer, c = cortical layer, d = secondary lumen, e = decussating 
ependymal processes, f = accumulated neuro-secretory material (mainly in the fibre layer, see fig. 2), In = 
lobus nervosus, maa = meta-adenohypophysis, ph = plexus intermedius. Thick arrow points at a crown 
cell.—-8/1 section. Fig. 1, Azan; fig. 2, AF-Halmi. NA: 0.65. The scale represents 50/*.
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Plate III
Acipenser giildenstaedli. Paramedian section. — em = eminentia mediana, he = hypophysial cavity, In = 
lobus nervosus, pr = post chiasmatic region, pra, moa and maa = pro-, meso- and meta-adenohypophysis, 
sv = saccus vasculosus. Arrow points at crown cells in the ependymal layer of the hypophysial stem. — 

8/1. section. AF-Halmi. The scale represents 500 p.
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Plate IV
Acipenser stellatus. Paramedian section. — ds = dorsum sellae, cm = eminentia mediana 
primary plexus giving off vessels to the adenohypophysis (ad), he = hypophysial cavity, nil 
media lohe, pli = plexus intermedius, pr = postchiasmatic region, sv = saccus vasculosus.

(celloidin). H-E. The scale represents 500 p.
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Plate V
Acipenser stellatus

Fig. 1. Sagittal section, showing how the caudal part of the primary plexus is drained to the adenohypo­
physis via vv. portae. — a = hypophysial stem plexus, b = superficial venous plexus, c = v. hypophyseos, 
cem = caudal part of the eminentia mediana, d = a. infundibularis, e = primary plexus, he = hypophysial 
cavity, In = lobus nervosus, moa = meso-adenohypophysis, pli = plexus intermedins. Thick black arrow 

points at vv. portae. — 75/z section (celloidin). H-E. NA: 0.3. The scale represents 250/z.

Fig. 2. Median section, showing how the capillaries of the primary plexus merge into the secondary plexus 
of the adenohypophysis. — em = eminentia mediana, f = capillary connecting the plexus intermedius with 
the plexus of the saccus vasculosus, nil = neuro-intermedia lobe, pra = pro-adenohypophysis. Other abbre­

viations, see fig. 1.—• 75 /z section (celloidin). H-E. NA: 0.3. The scale represents 250/z.
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Plate VI
Fig. 1. Acipenser stellatus. Sagittal section through the lateral part of the hypophysis showing the dorsally 
directed draining (thick arrow) of the plexus intermedins (pli). — a = part of the superficial venous plexus 
covering the meta-adenohypophysis, lie = hypophysial cavity, nil = neuro-intermedia lobe. — 75 // section 

(celloidin). H-E. NA: 0.3. The scale represents 250/t.

Fig. 2. Polyodon spathula. Sagittal section through the eminentia mediana. Thick arrow points at a crown 
cell. — pra = pro-adenohypophysis, rem = rostral part of the eminentia mediana. — 8// section. Azan. 

NA: 0.65. The scale represents 50 p.
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Plate VII
Polyodon spathula. Paramedian section. —em = eminentia mediana covered by the primary plexus giving 
oil' vessels lo the secondary plexus of the pro- and the meso-adenohypophysis (ad), fh = fossa hypophyseos, 
he = hypophysial cavity, In = lobus nervosus, maa = meta-adenohypophysis, pli = plexus intermedius, 
sv = saccus vasculosus.— 50/t section (celloidin). H-E. NA: 0.3. The scale represents 250 /t.
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Plate VIII
Polyodon spathula

Fig. 1. Sagittal section through the lateral part of the pituitary gland, showing how the primary plexus 
covering the eminentia mediana (em) merges into the secondary plexus of the meso-adenohypophysis (moa). 
— a = v. porta, h = a. infundibularis, thick black arrow points at v. interorbitalis, he = hypophysial cavity, 

inaa = meta-adenohypophysis, nil = neuro-intermedia lobe, pli = plexus intermedins.

Fig. 2. Paramedian section. — ad = pro- and meso-adenohypophysis, c = part of the hypophysial stem 
plexus, In = lobus nervosus. Other abbreviations, see fig. 1.

Fig. 3. Slightly median section. — d = part of the superficial venous plexus covering the adenohypo­
physis, fh = fossa hypophyseos. Other abbreviations, see figs. 1 and 2.

Figs. 1-3. 50 p section (celloidin). H-E. NA: 0.32. The scale represents 250 p.
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Plate IX
Polypteriis senegalus

Fig. 1. Sagittal section through the eminentia mediana showing tlie localization of the ependymal layer (a), 
the fibre layer (b) and the cortical layer (c). d = connective tissue containing vv. portae (e), pd = pars 

distalis. — 5// section. Gomori-staining. NA: 0.45. The scale represents 50/i.

Fig. 2. Transverse section through the neural lobe and the pars intermedia showing how the recessus infun- 
dibularis gives off a pair of hollow protuberances (= the primary lumen = a). —In = lobus nervosus, pd = 
pars distalis, pi = pars intermedia, thick black arrow points at the dorsal saccus vasculosus wall. — 8 /t sec­

tion. AF-Halmi. NA: 0.2. The scale represents 200/i.
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Plate X
C al am o i c hl hys cal a b arien s

Fig. 1. Sagittal section.—a = portal vessels collecting blood from the rostral part of the primary plexus, 
b = capillary connection between the capillaries of the primary plexus and the deeper capillaries of the 
hypothalamus, ds = dorsum sellae, em = eminentia mediana, lie = hypophysial cavity plus buccohypophvsial 
duct, pd = pars distalis, sv = saccus vasculosus. — 75/z section (celloidin). H-E. NA: 0.3. The scale rep­

resents 250 ft.

Fig. 2. Paramedian section showing how the capillaries of the caudal part of the primary plexus (-= c) merge 
into the secondary plexus of the pars distalis. — pli = plexus intermedius. Other abbreviations see fig. 1.

— 75 /i section (celloidin). H-E. NA: 0.3. The scale represents 250 ft.
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Plate XI
Calamoichthys calabarictis

Fig. 1. Transverse section through the anterior part of the eminentia mediana. — a = eminential plexus, 
b = sulcus tubero-infundibularis, c = lobus inferior, d = a. cerebralis posterior, cm = eminentia mediana. 
—• 100/< section (celloidin). Phosphotungstic acid hematoxylin of Mallory. NA: 0.3. The scale represents 

250 /i.

Fig. 2. Transverse section through the pituitary gland. — bd = buccohypophysial duct, ds = dorsum sel- 
lae, e = the unpaired v. hypophyseos, f = osseous floor of the fossa hypophyseos, hs = hypophysial stem, 
pd = pars distalis. Other abbreviations see fig. 1. — 100 // section (celloidin). Phosphotungstic acid hema­

toxylin of Mallory. NA: 0.3. 'the scale represents 250 fi.
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Plate XII
Lepisosteiis productus

Fig. 1. Transverse section through the eminentia mediana and the meso-adenohypophysis. — a = recessus 
infundibularis, b = eminential plexus, cem = caudal part of the eminentia mediana, moa = meso-adeno­
hypophysis, thick black arrow points at the sulcus tubero-infundibularis. — 8// section. AF-Halmi. NA: 

0.22. The scale represents 100 p.

Fig. 2. Transverse section through the neural lobe and the meta-adenohypophysis. — a = recessus infun­
dibularis, b = primary lumen of the lobus nervosus, In = lobus nervosus, maa = meta-adenohypophysis.

— 8 p section. AF-Halmi. NA: 0.2. The scale represents 150 p.



Plate XII



Plate XIII
Lepisosteus productus. Paramedian section. — a = recessus infundibularis, b = v. interorbitalis, ds = dorsum 
sellae, em = eminentia mediana, In = lobus nervosus, maa - moa - pra = meta-, meso- and pro-adenohypo­
physis, sv = saccus vasculosus, svs = saccus vasculosus stem. — 75 p section (celloidin). H-E. The scale 

represents 500 p.
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Plate XIV
Lepisosteus product us

Fig. 1. Sagittal section. — a = a. infundibularis, b = eminential plexus receiving supplementary vessels
(= c), d = lateral altèrent vein, moa = meso-adenohypophysis.— 75/z section (celloidin). H-E. NA: 0.3.

The scale represents 150 p.

Fig. 2. Sagittal section showing the different development of the rostral (= a) and caudal (= b) eminential 
plexus. — c = hypophysial stem plexus, cem = caudal part of the eminentia mediana, In = lobus nervosus, 
maa - moa - pra = meta-, meso- and pro-adenohypophysis, rem = rostral part of the eminentia mediana.

— 75 p section (celloidin). H-E. The scale represents 200//.
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Plate XV
Lepisosteus productus

Fig. 1. Paramedian section showing the rostral and (part of the) caudal region of the eminential plexus. — 
a = capillary loops of the primary plexus, h = superficial primary capillaries, c = v. porta, cem = caudal 
part of the eminentia mediana, <1 = a. infundibularis, moa - pra = meso- and pro-adenohypophvsis, rem = 
rostral part of the eminentia mediana. — 75 p section (celloidin). H-E. NA: 0.3. The scale represents 100 p.

Fig. 2. Sagittal section through the lateral part of the lobus nervosus and the meta-adenohypophysis. — 
e = lateral allèrent vein, f = hypothalami capillaries, g = capillary penetrating the meta-adenohypophysis, 
h = v. hypophyseos lateralis, i = v. interorbitalis, j = part of the superficial venous plexus covering the 
adenohypophysis, In = lobus nervosus, maa - moa = meta- and meso-adenohypophysis, pli = plexus inter- 

medius. — 75 p section (celloidin). H-E. NA: 0.3. The scale represents 150//.
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Plate XVI 
A mi a calva

Fig. 1. Sagittal section through the rostral part of the eminentia mediana. — a = ependymal layer, b 
fibre layer, c = cortical layer, d = capillary loops of the primary plexus (around which neurosecretory ma­

terial (black) is accumulated). — 8// section. AF-Halmi. NA: 0.32. The scale represents 100//.

Fig. 2. Transverse section through the rostral part of the eminentia mediana, showing the capillary loops 
(or “wads”) of the primary plexus. — e = bundle of loops surrounded by tissue of the cortical layer (= c), 
d = accumulated neuro-secretory material, maa = meta-adenohypophysis. — 8// section. AF-Halmi. NA: 

0.22. The scale represents 150//.
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Plate XVII
Amia calva. Paramedian section. — a = recessus infundibularis, ad = adenohypophysis, b = v. interorbi- 
talis, c = v. hypophyseos media, ds = dorsum sellae, em = eminentia mediana, In = lobus nervosus, sv = 
saccus vasculosus, svs = saccus vasculosus stem. — 75 /z section (celloidin). H-E. The scale represents 100 /z.
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Plate XV111 
Amia calva

Fig. 1. Median section through eminentia mediana and the adenohypophysis, showing how the rostral 
region of the primary plexus is drained by vv. portae, while the capillaries of the caudal region merge into 
the secondary plexus of the adenohypophysis. — a = capillary loops of the primary plexus, b superficial 
primary capillaries, c = a. infundibularis, cem = caudal part of the eminentia mediana, d = v. porta, pra 
= pro-adenohypophysis, rem = rostal part of the eminentia mediana. — 75/z section (celloidin). H-E. NA: 

0.3. The scale represents 200 ft.

Fig. 2. Sagittal section. —a = rostral part of the primary plexus, ad = adenohypophysis, b = caudal part 
of the primary plexus, c = v. hypophyseos lateralis, d = v. interorbitalis, In = lobus nervosus, pli = plexus 

intermedius. — 75/z section (celloidin). H-E. The scale represents 500/z.
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