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ABSTRACT

The highly vascular caudal neurosecretory system of some Indian fishes has been described.
The neurosecretory cells are developed from the small cells nearby. The praeoptico-hypophysial
system and other spinal cord neurons develop before the caudal neurosecretory system, which
has got a cell station, axonal paths for migration of neurosecretory material and the terminal
swelling as the storage release centre. The teleosts examined have got the terminal swelling.
In T'rygon sephen there is no terminal swelling but the junctional place between the neurosecretory
axon and the blood-vessel functions as the storage release centre. The cells form neurosecretion
in cycle and the material may be formed by Nissl granules, basophilic cytoplasm, and the chro-
matins, The neurosecretory material is discharged in the blood-vessels of the terminal swelling,
Both the neurosecretory systems (central and caudal) of C. mrigala, Anabas testudineus and the
Rita fish respond to osmotic stimuli, Section of the caudal spinal cord of C. mrigala leads to
accumulation of neurosecretory material in the proximal stump proving proximodistal migration.
There is also neoformation of the terminal swelling with atrophy of the original one. The proxi-
mal cells respond to stress. A CRF has been isolated from the caudal neurosecretory system:.
This system shows much similarity with the hypothalamo-neurohypophysial system.
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INTRODUCTION

Speidel (1919, 1922) made cytological studies on the caudal spinal cords of
skates and other fishes. It was stated that certain neurons may show glan-
dular activity. Weber (1827) described the presence of a warty appendix
(knoten) at the end of the spinal cord of the carp and other types of fishes,
e.g. the catfish and the burbot. Arsaky (1813), Serres (1826), Zagorsky
(1833) and Girgensohn (1846) studied this terminal structure of the spinal
cord. Verne (1914) stated the terminal swelling as ‘renflement caudal’ and
Favaro (1926) spoke of it as ‘ipofisi caudale’ (hypophysis caudalis). Kappers
et al. (1936) state that, apart from glandular cells, septa of connective tissue and
blood-vessels of meningeal origin are found in the hypophysis caudalis. This
structure is not found in Murenoids and Lophiobranchia and it is best devel-
oped in Culpea, Atherina and Lophius. The hypophysis may be divided into
two lobes and they are found to curve upwards around the cord.

Dahlgren (1914) studied big cells in the hind part of the spinal cord of
skates.

Scharrer (1957) defines the neurosecretory cells ‘as a nerve cell which
secretes microscopically demonstrable granules via its axon into the blood’.
He further says that the neurosecretory cell is the common final pathway for
the transmission of messages to organs of internal secretion.

There are four types of neurosecretory systems:

(1) the crustacean neurosecretory system and the sinus gland as the
storage-release centre, _

(2) the intercerebralis-cardiacum-allatum complex in insects,

(3) the hypothalamo-neurohypophysial system in vertebrates, and

(4) the caudal neurosecretory system in the adult of Japanese species of
the eel, Anguille japonica (Enami 1955).

In the system (4) there are anteriorly situated large neurosecretory cells,
coarse bundles of neurosecretory pathway and a caudally situated big mass of
swollen nerve fibre endings acting as a storage-release centre. This system is
well distributed in Pisces (Enami and Imai 1955, 1956a, b; Sano 1958; Sano and
Knoop 1959) and the storage depot is termed ‘neurohypophysis spinalis’ or_
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‘urohypophysis’ by Enami (1956). Enami ef al. (1956) report this to be effec-
tive for salt metabolism. Holmgren (1959) found no Gomori-positive material
either in the spinal cells or in the urophysis spinalis. The neurosecretory mate-
rial gave conspicuous  acidophilic’ reaction. The material also gave negative
alcian blue and PAS-reactions. Histochemical methods for proteins gave a
strong indication that the secretory material is a protein.

Sano (1957) found neurosecretory cells in the anterior grey column of the
lumbar part of the spinal cord in several birds.

Speidel (1919) studied few skate embryos of the species Raia punctata.
The gland cells of internal secretion in the spinal cord of skates were differen-
tiated from the same cells that gave rise to the motor nerve cells of the an-
terior horn. There was first an increase in the amount and number of chro-
matin granules. The nucleus became elongated from its original spherical
shape. Subsequently the nucleus became lobular due to unequal and local-
ized growth. The chromatin granules also increased. Sano and Kawamoto
{1959) described the development of the neurohypophysis spinalis caudalis of
Lebistes reticulatus Peters, a viviparous bony fish. The first trace of the
neurohypophysis spinalis is seen in the form of a dense network of capillaries.
At this time the neurohypophysis is fully developed and contains neuro-
secretory material. The neurohypophysis spinalis is not fully developed
before the 20th day after birth and the first trace of neurosecretory material is
stainable at about the 14th day. The cells of the neurohypophysis spinalis
are probably derived from two rows of specially formed ependymal cells in the
floor of the canalis centralis. Gorbman and Ishii (1960) found that in embryos
of the shark, Squalus suckleyi, differentiation of hypothalamic neurosecretory
system was accelerated by treatment with thyroxine, triiodothyronine or
trilodothyroacetic acid. Early accumulation of stainable neurosecretory
granules is stimulated in the praeoptico-hyvpophysial fibre tract, and in the
neurohypophysis.

Reviews on osmoregulation have been done by Baldwin (1937), Krogh
(1939), Black (1957) and Pickford and Atz (1957).

Enami (1956) studied the changes in the caudal neurosecretory system of
the loach (Misgurnus anguillicaudatus) in response to osmotic stimuli. He
found a state of hypersecretion in the cells after a single intraperitoneal injec-
tion of hypertonic sodium chloride. Repeated injection led to vacuolization
and complete loss of secretory activity. After spinal transection in front of
the terminal swelling and repeated salt loading there was depletion of neuro-
secretory material (NSM) in the terminal swelling and then an increased
secretory activity in the small cells distal to the site of section. This gave
rise to accumulation of NSM in the nerve terminals. When the osmoregulation
was greatly impaired, the terminal swelling and the small cells showed
depletion of neurosecretory material. There was accumulation of NSM
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proximal to the level of section and this was elaborated by the more proximally
situated cells. This proves increased secretory activity of the cells. In the
later stages this accumulation disappeared.

Enami et al. (1956) thought of the possibility of occurrence of a sodium
regulating hormone in the caudal neurosecretory system of teleosts.

Enami (1959) states: ‘In general, many problems remain unsettled in the
analysis of the co-ordinating mechanism(s) concerned with the phenomena of
Na-exchange, gas-metabolism, and gill morphology. However, if one em-
phasizes the significance of carbonic anhydrase, the activity of which is known
to be related also to the so-called chloride shift, common basic mechanism
underlying the three kinds of phenomena might be imagined.’

Aldosterone, an adrenocortical hormone which is present in the fish,
undoubtedly helps a lot in osmoregulation.

Histological and experimental investigations regarding the caudal neuro-
secretory system of the Indian fishes have not as yet been carried out and so
these unexplored fields have been taken up.

Corticotrophin releasing factor has been isolated from hypothalamus by
many (Hume and Wittenstein 1950; Hellerstein et al. 1952; Slusher and
Roberts, 1954; Guillemin et al. 1957; Roy 1960a; and others). But no
corticotrophin releasing factor has yet been isolated from the caudal neuro-
secretory system of fishes. This was attempted in the present investigation.

MATERIAL AND METHODS
(Development and histology)

The following types of teleost fishes have been examined:

(1) Labeo rohita, (2) Labeo kalbasu, (3) Labeo gonius, (4) Cirrhina mrigala,
(5) Cirrhina reba, (6) Catla catle, (7) Barbus sarana, (8) Barbus
ticto, (9) Amblypharingodon mola, (10) Macrones vittatus, (11)
Notopterus chitala, (12) Wallago attu, (13) Lates calcarifer, (14)
Hilsa ilisha, (15) Clarias batrachus, (16) Heteropneustes fossilis,
(17) Anabas testudineus, (18) Ophicephalus punctatus, (19) Ophice-
phalus striatus, (20) Ophicephalus marulius, (21) Mugil tade, (22)
Mugil parsia, (23) Psettus falciformis, (24) Flying fish—Exocaetus
mento, (25) Hemirhamphus.,

One type of chondropterygii has been examined:

(1) Trygon sephen.

Fresgh specimens were collected from natural sources and local markets of
Calcutta and suburbs. Sea fishes were collected from Orissa. Ten adult
specimens of each species were studied. For studying the development of
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the praeoptico-hypophysial system and the caudal neurosecretory system,
larvae of C. catla and L. rohita at different periods were taken. The dien-
cephalon including the pituitary and the caudal spinal cord of the larvae were
fixed 4n sitw in 10 per cent formalin or Bouin’s fluid. For other purposes the
fixatives for the caudal spinal cord were 10 per cent formalin, Bouin’s fluid,
Helly’s, Levi’s and Champy’s fluid. The paraftin sections were stained with
Gomori’s chrome-alum-haematoxylin and phloxin, Mallory’s triple stain,
toluidine blue, Schiff’s reagent for Feulgen reaction, Heidenhain’s iron-hae-
matoxylin and eosin method and Van Gieson’s method. Photographs were
taken from the caudal bodies and the terminal spinal cords. The exact
locations of the caudal bodies were marked by pin-head over the particular
vertebra and radiographs were taken.

OBSERVATIONS

(a) Development

Larvae of L. rohita and C. catle were studied at different stages of develop-
ment. At two weeks there is just a starting of the ventral herniation of the
caudal part of the spinal cord. The interval between this and the chorda
tissue is occupied by a capillary net (PL. XLV, fig. 1). At this area the meningeal
covering is deficient (P1. XLV, fig. 2). The praeoptico-hypophysial system devel-
ops before the caudal neurosecretory system (Pl. XLV, fig. 3). Other spinal
cord neurons with Tigroid bodies are developed before the caudal neurosecretory
system (Pl. XLV, fig. 4). In these two fishes there is no indication that the
ventromedian rows of ependymal cells are directly responsible for the transforma-
tion into the caudal neurosecretory cells. Rather, it has been observed that the
small cells which are very preponderant may transform into the neurosecretory
cells. It may be that the ependymal cells change into the small cells and from
these into the neurosecretory cells (Pl. XLV, fig. 2). At two weeks no neuro-
secretory material is observed in the caudal neurosecretory system. In the
third week the neurosecretory material is observed first in the neurosecretory
cells and axons and then in the terminal swelling. The terminal swelling
appears vacuolated at the stage when tlie neurosecretory material has not
formed in the neurosecretory cells. The praeoptico-hypophysial system is
developed in very young larva and Gomori-positive material is observed.

The neurohypophysis is developed from a diverticulum of the diencephalic
floor called saccus infundibuli. Wingstrand (1959) states that °The oral
surface of the saccus infundibuli, or the base of it, together with parts of the
post-optic floor, develops into the neurohypophysis. It is characterized by its
close connection with the fibres of the neurosecretory system’. . In the devel-
opment of the caudal neurosecretory system of the two types of fishes studied
here, there is no indication of such diverticulum formation from the central
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canal of the spinal cord. In Wallago attu the development of saccus infundi-
buli-like structure in the dorsal part of the terminal swelling prior to its for-
mation is possible.

Close approximation of the neurohypophysial with the adenohypophysial
component is important for the proper control of the adenohypophysis by the
hypothalamus. But it has been shown by Etkin (1958) that, if the adeno-
hypophysial anlage is removed in the frog tadpole in stage 17 and transplanted
into the tailbud, the proper development of the neurohypophysis and adeno-
hypophysis occurs. This shows that the contact of the two parts is not
essential for proper development when the primordia are formed. The
pituitary-grafted animals are black because of increased secretion of inter-
medin and they grow faster than non-grafted animals and become giant sized
because of excessive production of growth hormones. This shows that hy-
pothalamic control is essential for finer adjustment of the release of anterior
pituitary hormones. In the caudal neurosecretory system there is no adeno-
hypophysial component and therefore this link is-missing; but a feed-back
mechanism may operate here from target glands.

The factors which lead to the herniation of the caudal spinal cord for the
development of the terminal swelling are unknown at present. In the spinal
cord transection experiment it is seen that there is a neoformation of the
terminal swelling-like structure proximal to the level of section. This is
due to the accumulation of neurosecretory material proximally after its ela-
boration from the cells and propagation along the axons. This now acts as a
new storehouse. The original terminal swelling atrophies and is vacuolated.
At first there is a leash of newly-formed capillaries and surrounding these the
neurosecretory material accumulates. These capillaries may have some chemo-
tactic means by which the neurosecretory material comes around them or the
neurosecretory material migrates along the axons by axoplasm current. A
similar account may explain the starting of the herniation process.

This type of neoformation of the terminal swelling is also met with in the
pituitary stalk region after the ablation of the hypophysis and this newly-
formed neurohypophysis responds to stress. The newly-formed terminal swell-
ing also responds to stress (Enami 1956).

(b) The glomus coccygeum and the terminal swelling of the fish spinal cord

As both these structures are situated in the hind part of the body, one
may think that the coccygeal medullary vestige is the same as the terminal
swelling of the fish spinal cord. The difference is as follows:

(i) Developmentally—They are separate. The coccygeal body is an
arterio-venous anastomosis and it is developed in connection with the middle
sacral artery. It develops as a channelled mass and its polyhedral cells have
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been thought to be either as highly modified smooth-muscle elements or as
post-embryonal angioblasts.

(ii) Anatomically—The glomus coccygeum lies ventral to the coccyx in
cloge relation to the arteria sacralis media.

The terminal swelling is situated in the spinal canal in association with
the spinal cord.

(iii) Huistologically—The terminal swelling of the spinal cord of fishes is a
storehouse of the neurosecretory substance elaborated by the caudal neuro-
secretory cells and transported to the storehouse along axons. The neuro-
secretory substance is accumulated around blood-vessels.

The glomus coceygeum consists of a vascular plexus rather than chro-
maffin tissue. It is not an end-station for the neurosecretory substance coming
from the neurosecretory cells situated in the caudal spinal cord.

(iv) Functionally—The caudal neurosecretory system including the ter-
minal swelling has got the following functions:

(1) 1t takes part in sodium exchange (Enami 1959).

(2) It has got relation to gas metabolism (Enami 1959).

(3) It has got action on gill morphology (Enami 1959).

(4) It has got action on the pituitary-adrenocortical axis. This has
been found in the present investigation.

No such action is ascribable to the presence of glomus coccygeum. More-
over, there is no indication of gradual atrophy of the terminal swelling with
inicrease of age. Atrophy occurs only when it is transected by surgery proxi-
mally. Thus it shows that this swelling has got some important functions.

(¢) Vascularity of the caudal neurosecretory system

The caudal spinal cord and the terminal swelling in the fishes examined
are highly vascular. The neurosecretory cells in the caudal spinal cord are
surrounded by blood capillaries and blood-vessels are also situated endocellu-
larly. The neurosecretory substance is present in these vessels. Sometimes
the endocellular vessel traverses the cell in such a way as to divide it into two
halves, one half containing the nucleus and the other half devoid of it (Pl. XLVI,
fig. 5). The nucleus comes in contact with the capillary. The vascular
contact of the nucleus with the cytoplasm may have some role in the cellular
metabolism. Similar peri- and endocellular capillaries have been noted in the
hypothalamic neurosecretory cells of these fishes. Because of the high meta-
bolic rate in these cells, they may require more nutritive substances and
oxygen and so they are richly vascularized. Moreover, an alteration in the
physical or chemical nature of the blood will alter the cellular activity. This
type of control is present in the hypothalamic neurosecretory cells and similar
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control is expected in the neurosecretory cells of the caudal spinal cord of
fishes. That the neurosecretory cells in the hypothalamus are supplied by
blood-vessels have been mentioned by Collin (1931a, b), Scharrer and -Gaupp
(1933), Scharrer and Scharrer (1954a, b) and Roussy and Mosinger (1937).
Sano and Kawamoto (1960) described endocellular capillaries in the neuro-
secretory cells of the caudal spinal cord of Channa argus Cantor. Scharrer
(1955) discussed about the factors which could determine capillary density.
It does not depend so much on the number and size of the cells but on the
number of synapses. This accounts for the poor vascularity of the spinal
ganglia. Though the cells are densely packed, no synapses are found. Then
he mentions that ‘if the number of synapses were the determining factor,
neuropils, ie. areas of interwoven nerve fibres and synaptic endings such as
the molecular layer of the cerebellum of the vertebrates, the so-called nucleus
rotundus of the fish brain, and so forth, should show relatively dense capillary
beds’. But differences are there. Poor vascularization has been noted in
some neuropils, like the molecular layer of the cerebellum. In the nucleus
rotundus of the fish brain there are dense capillary beds. The different
neuropils differ according to the number of mitochondria in the synapses.
Mitochondria are rich in neuropils with many capillaries. Few mitochondria
have been noted in neuropils with poor vascularity. Enzymes are carried in
mitochondria and differences in the number of mitochondria in different
areas of the brain probably signify differences in metabolism and thus there is
variation in vascular density.

The terminal swelling of the caudal spinal cord of the fishes examined is
vascular and neurosecretory material has been found in the vessels. This is a
type of transport of the neurosecretory material from the storage-release
centre. The quantity of the neurosecretory material in the vessels is variable
depending on the type of demand. In the ventral and ventrolateral aspects of
the caudal spinal cord there is good amount of vascularity. Axonal processes
of some of the neurosecretory cells end around these vessels instead of coursing
into the storage organ. This is another mode of discharge of the neuro-
secretory substance.

(d) Histological findings

Separate terminal swelling was present in all the varieties of fishes (except
Trygon sephen) examined and experimented with as the particular type of
storage-release centre whereas in 7'rygon sephen the junctional area between
the end of the neurosecretory axon and the blood-vessels serves the same
purpose.

The terminal swelling is situated on the ventral aspect of the spinal cord.
It rests in a depression of the body of the vertebra and has a very good blood

4B
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supply. According to Favaro there are six different types of the terminal
swelling :

(a) single ventral swelling,

(b) unpaired ventrolateral swelling,

(¢) ventral swelling divided into lateral halves,

(d) paired ventral swelling,

(e) lateral bulges, and

(f) dorsally united lateral bulges.

In the present investigation all of the above types have been encountered
except type (f). In C. mrigala the surface of the terminal swelling seems to be
nodular. In Cotla the swelling is not round but rather fusiform in shape.

In Wallago attu the central canal expands at the dorsal part of the ter-
minal swelling just like the infundibular recess of the third ventricle near the
posterior pituitary (Pl. XLVI, fig. 6). There is no terminal swelling in Trygon
sephen.

The exact location of the terminal swelling is shown in Pls. XLVI and
XLVII, figs. 7, 8, 9, 10, by a pin-head. The different types of the terminal
swelling is shown (Pls. XLVII, XLVIII, X1LIX, L, figs. 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24).

The terminal swelling is not considered to be a discrete body at present
but it represents a part of a well-organized system which is known ag the
caudal neurosecretory system. The NSM is formed in cells situated more
proximally, carried along axons, stored in the terminal swelling around blood-
vessels and is discharged into the lumen of the blood-vessels.

Neurosecretory cells :

 The neurosecretory cells in the caudal spinal cord are like the praeoptic
nuclei and nucleus lateralis tuberis of fishes. These cells are big and have got
polymorphic nuclei. They produce secretory material and are richly supplied
with blood. Big cells are situated more proximally and small cells are more
distally located near the terminal swelling. Cells with single nucleus and
nucleolus are also encountered. In the cytoplasm the neurosecretory material
is stained with acid fuchsin part of Mallory and Van Gieson stains, With
Gomori’s chrome-alum-haematoxylin-phloxin stain the neurosecretory ma-
terial takes up the phloxine component. With iron-haematoxylin it is blue-

black.

Secretion cycle :

Some cells are seen to be filled with neurosecretory material while others
are devoid of it and are vacuolated and still in others scanty amount of neuro-
secretory material is noted (Pl. LI, fig. 25). From these different pictures it is
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understood that a secretion cycle takes place in these neurosecretory cells with
elaboration of secretory material.

Nissl substance and neurosecretory material ;

Nissl substance is present in the neurosecretory cells and the observations
indicate that the Nissl substance may give rise to the neurosecretory material.
Four different types of cells are found. In one the neurosecretory material is
peripherally located amongst the Nissl substance. In the second variety it is
perinuclear and in the third one the whole cytoplasm is filled up with neuro-
secretory material. In the fourth variety the neurosecretory material is
found in vacuoles in the cytoplasm. Scharrer et al. (1945) studied the Nissl
substance in secreting nerve cells. They found inverse relationship between
the amount of Nissl substance and that of neurosecretory material. There are
other different ways by which the Nissl substance gives rise to the neuro-
secretory material. They are as follows:

(@) Vacuoles are formed in the cell periphery among the Nissl sub-
stance. They are filled either with homogeneous substance or
with red staining granules.

{d) The Nissl granules may be transformed into homogeneous acidophil
material at the periphery of the cell.

Such types of progressive transformation from the Nissl substance to the
neurosecretory material have been observed in the caudal neurosecretory cells
of the fishes studied here. This has also been observed by Bargmann (1949)
and Hild (1950). This inverse relationship is also noted amongst inverte-
brates and insects (Gabe 1951, 1953; Arvy and Gabe 1952a, b). Ito and
Oishi (1950) did not find any definite clue that the neurosecretory granules are
formed at the cost of Nissl substance. The neurosecretory material and the
Nissl substance are Feulgen negative. The nuclear chromatin is Feulgen
positive.

The basophilic cytoplasm and the neurosecretory material :

The basophilic cytoplasm is located about the nuclear surface in the
caudal neurosecretory cells. With the increase of neurosecretory material
there is disappearance of the basophilic cytoplasm.

Nucleus and the neurosecretory substance :

The nucleus of the caudal neurosecretory cells studied here is usually
spherical. In some nuclei there are indentations or notched appearances and
these are lined by basophil cytoplasm. Nucleus may also be of cup or crescent
shape. The concave surface is filled in by basophil cytoplasm. Similar
features were observed in the nucleus lateralis tuberis of fishes by Palay



THE CAUDAL NEUROSECRETORY SYSTEM OF SOME INDIAN FISHES 459

(1943). Each nucleus has got one nucleolus but multiple nucleoli may also be
found. There are chromatins in the nucleus and the findings indicate that the
neurosecretory substance may be produced in the nucleus at the expense of
chromatins. Nuclei in different states of elaboration of the neurosecretory
material are found. Some nuclei appear absolutely empty (Pl. LI, fig. 26)
indicating that the secretion has passed into the cytoplasm. In some the
neurosecretory material is noted amidst the chromatins (Pl. LI, fig. 27).

Multilobed nuclei have also been noted. Finger-like projections start
from the nuclei. These are specially found in 7Trygon sephen. In these
complicated nuclei, chromatins and multiple nucleoli are found. The chro-
. matins are finely granular. Basophil cytoplasm occupy the spaces between
the lobes. The nuclear membrane is distinet on the convex surface but it is
indistinct at the finger-like process or in between the multiple lobes. The
intranuclear inclusions are in the form of granules or globules. The smaller
granules unite to form the globules. The globules are discharged into the
cytoplasm through the concave border of the complicated nuclei. Palay
(1943) described three possible ways by which the inclusions are discharged
from the nucleus into the cytoplasm :

(1) They may exude out of the nucleus through the delicate or defective
membrane which covers the nuclear process and the filamentous interconnec-
tions between lobes.

(2) They may be extruded into nuclear invaginations lined with dark
staining cytoplasm,

(3) They may be expelled as a cluster through a large defect in the nuclear
membrane.

Scharrer and Scharrer (1954a) state that chromatins also give rise to
secretory granules in the neurosecretory cells. The secretory granules increase
when the chromatins decrease.

Pathway for transport of neurosecretory material from the neurosecretory cells to
the storehouse:

The neurosecretory cell groups in the caudal spinal cord send thick axons
up to the terminal swelling. Some axons stop more proximally. On these
axons neurosecretory material is accumulated in beaded fashion. These
beaded accumulations have got the same tinctorial characteristics as those of
the neurosecretory material in the cells. Thus it seems that the neurosecretory
material is transported along these axons into the storage-release centre, i.e.
the terminal swelling.

More definite proof about the passage of the neurosecretory material
along the axons is noted from the transection experiment of the caudal spinal
cord.
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Storage-release centre :

The terminal swelling acts as the storage-release centre. The neurosecre-
tory material elaborated in the neurosecretory cells is transported along the
axons and accumulates at their ends surrounding blood-vessels. Neurosecre-
tory material is found in the lumen of such blood-vessels in the storage-release
centre (Pl. LI, fig. 28). Enami (1955) described such features in the eel.

There is no cellular element in the terminal swelling other than the con-
nective tissue elements, There are some glia-cells and Herring bodies.

In the caudal bodies examined so far, there has not been found even any
solitary incidence of the presence of the anterior pituitary-like tissue.

The neurosecretory material takes up reddish colour in Mallory, Van
Gieson and Gomori staining. It is Feulgen negative.

Thus it is definite that the terminal swelling is not an isolated entity but it
is a part of a system which is known as the caudal neurosecretory system
(Enami 1955).

Dahlgren’s cells in the spinal cord of Trygon sephen :

Speidel (1919) described the gland cells of internal secretion in the spinal
cord of the skates. Fridberg (1959) studied the Dahlgren’s cells in rays and
teleosts. The cells have got processes which penetrate the glial membrane of
the spinal cord into a highly vascularized part of the endomeninx in the ventral
fissure of the cord and dorsal to the spinal artery. The processes have got
bulbous swellings which are in intimate connection with the vessels. The
processes of Dahlgren’s cells act as secretory storing and releasing centre
like the neurohypophysis spinalis caudalis in teleosts (Sano 1958). Bern and
Hagadorn (1959) described the caudal neurosecretory system in the elasmo-
branch—Rhinobatos productus, the shovelnose guitar fish. They suggest that
in elasmobranchs the more primitive homologue of the urohypophysis may be
a diffuse area where the secretion comes in contact with capillaries in the
ventral surface of the spinal cord. This area is situated where the giant
neurosecretory cell bodies are found.

In the hind part of the spinal cord of Trygon sephen, Dahlgren’s cells
have been noted. The cells are very big in size and are situated on both
sides of the central canal. The cells may be of elongated or irregular shape.
The long axes of the cells are disposed either anteroposteriorly or dorsoven-
trally. Processes extend from the cells and abut against a vessel on the
ventral side. Gomori-negative neurosecretory material is seen along the
processes and at the ends of them, abutting against the wall of the blood-
vessels presumably to be discharged into the lumen. Thus the junctional
place between the ends of the processes and wall of the blood-vessel acts as a
storage-release centre just like the terminal swelling studied previously.
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This is because of the fact that Trygon sephen has got no terminal swelling.
The giant cells have got complex nuclei. These are multilobed but mono-
nuclear cells are also met with. The nuclear membrane is distinet on the
convex side and indistinet on the concave one. Large chromatin granules are
found within the nucleus. Intranucleal neurosecretory material is found in
the form of globules (Pl. LII, fig. 29). These are extruded into the cyto-
plasm (Pl. LII, fig. 30). This finding speaks for the elaboration of the
neurosecretory material by the nucleus. The resting cytoplasm is homo-
geneous but in an active cell vacuoles of different sizes with or without neuro-
secretory material are noted. A cell with multiple small vacuoles is found.
Another cell with a big vacuole and with or without neurosecretory material
within it is noted (Pl. LII, fig. 30). These when placed side by side mean
that the small vacuoles coalesce to form a big vacuole with appearance or
release of neurosecretory material. Moreover, the neurosecretory material is
noted in the cell cytoplasm outside the vacuoles (Pl. LII, figs. 30, 31). The
neurosecretory material is never found lying free in the cord tissue. Speidel
(1919) noted increase in volume of granular material after electrical or pilo-
carpine stimulation of the spinal cord. No increase in volume of granular
material was seen after atropine stimulation. This indicates that the cells are
gland cells of internal secretion. The exact function of the cells is unknown.
He suggests that experiments are to be done with extracts of granular secretion.

We find that in T'rygon sephen the neurosecretory material is elaborated in
the giant cells, passes along the processes, and is stored in the storage-release
centres, to be discharged when necessary. Thus it is a well-organized system
having some definite functions for the benefit of the body.

EXPERIMENTAL

(4) Osmotic Stimuli and Neurosecretory System

(@) Material and methods

C. mrigala of about 10 inches in length and 18 in number has been used in
this experiment. These are freshwater teleosts and cannot tolerate higher
percentage of salinity well. Maximum percentage of sodium chloride solution
used here is 7-5. Other strengths used were 0-9, 1:8, 2:5 and 5 per cent. The
period of study was 1 h, 2h and 4 h. The animals were gradually transferred
from lower to higher salinity. Towards the higher salinity the observation
period was very short (five to ten min) and then some of the animals were
transferred back to fresh water. Surgical section of the caudal spinal cord in
front of the terminal swelling was done in 10 other animals. These were then
subjected to the osmotic stimuli. After the experiments were over the dience-
phalon, the pituitary and the caudal spinal cord including the terminal swelling
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were fixed in Bouin’s fluid and 10 per cent formalin and paraffin sections
were stained with Gomori’s chrome-alum-haematoxylin-phloxin stain and
trichrome stain of Masson.

Anabas testudineus of five inches in length and 15 in number and Rita
fishes of about eight inches in length have also been used. The Rita fish
has been collected from the Ganges at Varanasi. These two types of fish have
been included here as they can survive out of water. Moreover, they can
tolerate more concentrated sodium chloride solutions. The sodium chloride
solutions used are of 0-9, 1-8, 2+5, 5, 7-5, 10 and 15 per cent. The Rita fish could
survive in 15 per cent solution for 11 h. Anabas testudineus could survive at
15 per cent solution only for six min when they were transferred from the
lowest to the highest concentration through the intermediary ones. In each
solution the fish was kept for 10 min and then transferred to the next higher
concentration.

Materials for histological study, fixation of tissues and staining procedures
are same as mentioned for Cirrhina mrigala.

(6) Observations

The praeoptico-hypophysial system in C. mrigala.—The neurosecretory
content of the praeoptic cells varies in normal condition. Some cells are com-
pletely filled up with NSM and some are empty. The praeoptico-hypophysial
tract takes up chrome-alum-haematoxylin stain. Beaded appearance of the
fibres is also seen. Presence of Herring bodies is seen in the pars nervosa.
The detailed histology of the pituitary of C. mrigala has been already described
(Roy 1961, in press). The caudal neurosecretory system of C. mrigala has
been described in this paper.

The nfluence of hypertonic saline on the pracoptico-hypophysial system,
nucleus tuberis lateralis, and the caudal neurosecretory system of C. mrigala

The praeoptico-hypophysial system.—There is a loss of NSM in the neuro-
hypophysis. The Herring bodies are scanty or absent in some. Loss of
neurosecretory material from the praeoptico-hypophysial tract is noted.
The praeoptic cells are free from neurosecretory material (hyperfunctioning
stage) (Pls. LII, LII1, figs. 32, 33).

When the fishes were transferred to fresh water, there was reappearance
of NSM in the praeoptico-hypophysial system. The appearance of NSM
started first in the neurohypophysis, then in the praeoptico-hypophysial tract
and lastly in the praeoptic cells.

In the cells of the nucleus tuberis lateralis there was no marked change
due to the osmotic stimuli.

Caudal meurosecretory system.—There was depletion of NSM from the
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terminal swelling (the storage-release centre), the axons and the caudal neuro-
secretory cells. Cells with vacuolated appearance were plenty (Pl LIII, fig.
34).

Early accumulation of NSM in the proximal stump of the cord in cord-
sectioned animals with its subsequent disappearance after osmotic stimuli
proves the axonal migration of the NSM and also that such a lesioned system
responds to osmotic stimuli. This fully agrees with the findings of Enami
(1956).

When the fishes were transferred to fresh water, there was reappearance of
neurosecretory material in the caudal neurosecretory system. The appearance
of NSM was identical to that observed in the praeoptico-hypophysial system,

After osmotic stimuli there was depletion of neurosecretory material from
the praeoptico-hypophysial system and the caudal neurosecretory system of
Anabas testudineus and the Rita fish (Pls. LITI, LIV, figs. 35, 36, 37) but there
was no change in the cells of the nucleus tuberis lateralis (PL. LIV, fig. 38).

(¢) Discussion

Arvy and Gabe (1954), Arvy et al. (1954), Tuurala (1957) and Fridberg and
Olsson (1959) found decrease of neurosecretory substance in the praeoptico-
hypophysial system of fishes when they were transferred from fresh water to
salt water. In higher vertebrates neurosecretory material contains an anti-
diuretic principle (Bargmann 1954). The above-mentioned observations
confirm this in fishes. Arvy and Gabe (1954), Arvy et al. (1954), Tuurala
(1957) and Rasquin and Stoll (1957) found accumulation of neurosecretory
material in the neurosecretory system due to hypotonic condition. But
Fridberg and Olsson (1959) did not find it. They think that this may be due
to a stress reaction. Rasquin and Stoll (1957) found accumulation of neuro-
secretory material in some brain nuclei and also in nucleus lateralis tuberis after
injections of water or Pitressin. Fridberg and Olsson (1959) found no con-
nection between either the production of secretion in nucleus lateralis tuberis
or in the subcommissural organ and variations in osmotic value. Korn (1960)
studied changes in the praeoptico-hypophysial system of Mugil and Gobius in
hypotonic medinm.

Verney (1947) spoke about the large vesicles situated in the neurosecre-
tory cells of the supraoptic nuclei in dogs as osmoreceptors. This occurs
only in a few species. The observations of Bargmann et al. (1950), Hild
and Zetler (1953a) and Jewell (1953) indicate that such a type of vesicle
depends on the functional condition of the cell. Euler (1953) injected
hypertonic solution of sodium chloride (2 per cent) and glucose (10 per cent)
into the carotid artery of cats and found electrical activity in the supraoptic
region. Ortmann (1951) found depletion of neurosecretory material after
dehydration, thirst, overloading with sodium chloride and heat. Alteration
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in the nucleus of the hypothalamic neurosecretory cell was noted after thirst
by Eichner (1952, 1954) and Macher (1952). Neurosecretory material is
depleted first in the posterior lobe. With thirst, depletion of NSM occurs in
the rat in 12 to 14 days and in the dog in 7 to 14 days. Ortmann (1951)
found that, even when the neurosecretory material was extensively depleted,
some unaffected Herring bodies were found in the hypothalamic nuclei and in
the posterior lobe for a long time. Eichner (1952), Hillarp (1949), and Macher
(1952) found nuclear enlargement. Ortmann (1951, 1960) found nuclear
enlargement, eccentric position of the nucleus, enlargement of nucleoli, disso-
lution of the Nissl material and ultimately degeneration of the cell. These
changes were found at the same time when the neurosecretory material was
depleted. Ortmann (1951) found increased mitotic activity of the posterior
lobe pituicytes in rats. The changes are reversible. Time for reaccumulation
of NSM is usually longer. Ortmann (1960) states: ‘It should be pointed out
that each of these cellular changes is similar to the axon reaction and may
represent an increased nervous activity as well as secretory activity of the
cell” When saline drinking water was chronically administered, there was an
increase in NSM in all parts of the hypothalamo-hypophysial system and this is
interpreted as ‘an adaptation with subsequent hyperfunction’. Hild and
Zetler (1951, 1952a, b, 1953a, b) and Hild (1956) found a parallelism between
the hormone content of the supraoptic and paraventricular nuclei, the supra-
optico-hypophysial tract and the neurohypophysis on the one hand and the
amount of histologically stainable material present in sections on the other.
Neurosecretory substances (carrier substance and hormones) are depleted from
the hypothalamo-hypophysial system by dehydration of the experimental
animals. On re-establishment of water balance there was reaccumulation of
both fractions. When the supraoptico-hypophysial tract was interrupted in
dehydrated animals, there was accumulation of carrier substance and hormones
in the proximal fibre stump and in the nerve cells during recovery. The distal
fibre stump and posterior lobe remained empty. Bioassays of posterior
pituitary tissue grown in vitro gave the evidence of no production of hormones.
Hormones transferred with the explants are destroyed within 7 to 10 days. The
neurosecretory cells which were grown in wvitro for from 12 to 68 days contained
small amount of neurosecretory material. That there was an evidence of
peripherally directed transportation of substances within the axoplasm of the
axons of neurosecretory meurons was proved by time lapse microcinema-
tography (phase contrast). These observations prove that the antidiuretic,
vasopressor and oxytocic hormones are not produced in the posterior pituitary
but they are formed in the neurosecretory nerve cells of the supraoptic and
paraventricular nuclei and transported along the supraoptico-hypophysial
tract to the posterior lobe where they are stored and released on demand. The
parallelism between the neurosecretory material and the hormone content in
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the posterior lobe was also confirmed by Adamsons ef al. (1956), Diamond
(1956), Vogt (1953), and Moreno et al. (1955).

The depletion of the neurosecretory material from the praeoptico-
hypophysial system and the caudal neurosecretory system after changes in
the osmotic stimuli speaks for the presence of one antidiuretic factor in these
systems of C. mrigala, Anabas testudineus and the Rita fish. The neuro-
secretory material is replenished by transference to fresh water. The order of
replenishment has also been mentioned and it is identical in both the systems.
First of all the storage-release centre, then the tracts and lastly the cells are
filled with neurosecretory material. Thus it is seen that both the systems
take part in osmoregulation. The cells of nucleus tuberis lateralis do not show
any change after alteration in osmotic stimuli. These cells are related to the
reproductive cycle of the fish (Scharrer 1936; Hild 1950; Stahl 1957).

(@) Swmmary

Depletion of NSM in the praeoptico-hypophysial system and the caudal
neurosecretory system has been observed after changing the osmotic stimuli
in C. mrigala, Anabas testudineus and Rifa fish. These systems take part in
osmoregulation. The cells of the nucleus tuberis lateralis are not engaged in
this process. They are related to the reproductive cycle.

(B) Section Experiments
(@) Material and methods

Twenty-two specimens of C. mrigala of 10 to 12 inches in length were used.
The spinal cord was transected surgically in front of the terminal swelling which
functions as a storage-release body of the caudal neurosecretory system.
The specimens were examined from one day to three weeks after operation.
Fixation of the tissues was done in Bouin’s fluid, 10 per cent formalin, Susa
and 96 per cent alcohol. Deparaffinized sections were stained with Gomori’s
chrome-alum-haematoxylin-phloxin, toluidine blue, and trichrome stain after
Masson.

(b) Results

By surgical transection the caudal neurosecretory system was divided
into two parts—the proximal one containing the neurosecretory cells and the
fibres and the distal one having some of the cells, the neurosecretory fibres and
the terminal swelling (the storage-release body).

The neurosecretory cells have got good resistant power after surgical
transection. The cells in the immediate vicinity of the lesion show degen-
erative change but more proximally the cells are intact and show hyper-
function. The degenerated cells show pyknosis of the nucleus, very scanty
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neurosecretory material in the form of granules, and the cytoplasm takes a
deep stain (Pl. LIV, figs. 39, 40). The cells in the distal part showed normal and
degenerated forms. The cells Jooking normal were not functioning properly
otherwise the storage body would not atrophy and it would have been filled
up with neurosecretory material. The terminal storage organ is atrophic
after section, with small lumina appearing in it (Pl. LV, fig. 41). Very
scanty neurosecretory material is noted.

Accumulation of neurosecretory material is noted in the proximal stump
within 48 h (P1. LV, fig. 42). Then gradually the accumulation increases and it
surrounds newly-formed capillaries. Ultimately a new depot organization is
formed. The neurosecretory fibres contain neurosecretory material in the
proximal stump. That the accumulated neurosecretory material at the end of
the proximal stump diminishes after changes in osmotic stimulation has been
mentioned previously.

(¢} Discussion

Hild (1951) found that the proximal stump of the cut pituitary stalk
was filled with neurosecretory material 65 h after section. Sano and Hart-
mann (1959) found the accumulation of neurosecretory material in the proxi-
mal stump of sectioned caudal spinal cord of Tnca vulgaris after 48 h. Inoue
(1959) found some accumulation of the neurosecretory material in the proximal
stump of sectioned caudal spinal cord of Anguilla japonica after eight days and
the maximum accumulation of the secretory material was noted in the speci-
men 32 days after operation. Accumulation of NSM in the proximal stump
of the interrupted caudal spinal cord of C. mrigale is first noted after 48 h.
Then gradually the accumulation increases and ultimately a new depot organ-
ization is formed. Such type of accumulation of neurosecretory material in
the proximal stump of interrupted tractus hypophyseus was observed by many
in different vertebrates (Hild 1951; Palay 1953; Scharrer and Wittenstein
1952; Roy 1957; and others). Roy (1960a) observed the appearance of
neurogecretory material in the proximal stump of interrupted pituitary stalk
of guinea pigs after two weeks and this was in excess after one month. At
both periods the neurosecretory material from the stump diminished in res-
ponse to stress.

Billenstein and Leveque (1955) studied the reorganization of the neuro-
hypophysial stalk following hypophysectomy in the rat. Two months after
hypophysectomy the reorganized end of the stalk had the histological appear-
ance of normal neural lobe. Barrnett (1954) found inereased disulphide groups
in the infundibular stalk in the hypophysectomized rat. Lloyd and Pierog
(1955) found increased ADH content in the median eminence of the hypo-
physectomized rat. Billenstein and Leveque (1955) state that the adminis-
tration of adrenal cortical substitution therapy plus dehydration caused the
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reorganized neurohypophysis to be depleted of neurosecretory material. In
the present investigation (as stated previously) the accumulated NSM in the
proximal stump of the interrupted caudal spinal cord in C. mrigala diminishes
in response to the changes in osmotic stimuli.

Roy (1960a) found the median eminence of stalk sectioned dogs to be
enlarged when compared to that in control animals. Campbell and Harris
(1957) noted hypertrophy of the median eminence in the stalk sectioned
rabbits. Magoun ef al. (1939) mentioned an apparent hypertrophy cf the
median eminence in the stalk sectioned monkeys. Median eminence hyper-
trophy has been mentioned by Benson and Cowie (1956) in the partially or
completely hypophysectomized rats. Increased activity in the proximal
stump and in areas even more proximal to it has been observed by many
(Sato 1928; Lloyd and Pierog 1955; Moreno et al. 1955; Barrnett 1954;
Billenstein and Leveque 1955). Roy (1960a) thought that the enlarged
median eminence and proximal hypophysial stump in stalk sectioned dogs is
due to an accumulation of NSM which cannot pass to the hypophysis along its
well-established routes. It was also observed (Roy 1960a) that when hypo-
thalamic extract from hypophysectomized (Ist day) dogs was injected into the
carotid artery of the assay animals, the percentage rise in adrenal venous 17-
OHCS output was 332 per cent as opposed to 74-1 per cent rise in 17-OHCS
output in the assay dogs when hypothalamic extracts were taken from normal
dogs and injected into the exteriorized carotid artery of the assay animals.
This proves increased activity of the hypothalamus and median eminence
region after hypophysectomy.

In the invertebrates reorganization of storage depot after interruption of
the neurosecretory path has also been noted by Passano (1951), Bliss and
Welsh (1952) and others. Roy (1958) found in the Palaemon carcinus that
when the sinus gland is removed there is accumulation of neurosecretory
substance in the proximal stump.

From the present investigation it is also noted that the NSM is produced
in the caudal neurosecretory cells, transported along the axons and stored in
the terminal swelling and discharged whenever necessary.

(d) Summary

The caudal neurosecretory system of C. mrigala was studied on different
days after sectioning the spinal cord. Accumulation of NSM in the proximal
part was noted after 48 h. This gave rise to a new depot organization subse-
quently. This proves the proximodistal migration of the neurosecretory
material along the axons and its store in the terminal swelling. The terminal
swelling became atrophic and porous with scanty neurosecretory substance.
The newly-formed depot organization can respond to stress.
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(C) Zinc, Histamine, Substance P and Corticotrophin-releasing Factor (CRF) in
the Caudal Spinal Cord (Caudal Neurosecretory System)

Zinc.—Enami (1958a, 1959) found that zinc is closely associated with the
secretory material of the caudal neurosecretory system in the eel. Both
soluble and insoluble forms of zinc have been detected but the amount of the
soluble form is in excess. He states: ‘ The secretory material within the peri-
karyon, unlike that in the axon and in the end-bulb, exists in combination
with ethanol insoluble zine compounds.’

By a paper chromatographic study (with n-butanol-acetic acid-water,
40 : 10 : 50) of the crude extract of eel caudal spinal cord, Enami (1958b)
came to the conclusion that the increased buoyancy effect (in tailless and
finless goldfish) of the eluate from the topmost section of the paper chro-
matographic development (Rf. 0-25) was due to its zinc ingredient. The
actual hormonal principle was contained in a lower fraction of the paper
chromatogram and this was responsible for the second buoyancy effect without
affecting the respiration.

Enami (1959) tried to isolate the effective fraction by:

(@) removal of lipids,

(b) precipitation of the active principle with 85 per cent acetone,
(c) fractionation with 45 per cent ethanol, and

(d) further fractionation by paper electrophoresis.

Fractions A and A 1 at pH 7-8 in the paper electrophoresis showed no
characteristic dithizone-positive reaction. In the paper electrophoresis of
fraction A 2 at pH 3-0, a pronounced reaction was noted midway between A 3
and A 4 which were ninhydrin-positive bands. However, when fractions A
and A 1 were subjected to paper chromatography in n-butanol-acetic acid-
water (40 : 10 : 50) at pH 2-5, a dithizone-positive band was found at Rf.
0-25. Therefore the metal forms a complex with the caudal neurosecretory
hormone in such a way that it is separable in acid media.

Roy (1961) found that zinc is an important stimulant for the hypotha-
lamo-pituitary-adrenal axis and it was also thought that the secretion of the
caudal neurosecretory system might have some action on the said axis.

Histamine.—Histamine is present in the diencephalon and the caudal spinal
cord of fish (Pl. LV, fig. 43). Histamine liberated in the median eminence is
carried through the hypophysio-portal vessels into the anterior pituitary and
stimulates ACTH release (Harris et al. 1952; Roy 1960a).

Substance P.—Substance P is a very good smooth muscle stimulating
factor. This is present in the hypothalamus (Pernow 1953; Gaddum 1960).
A fraction of substance P from gut stimulates ACTH release in vitro (Guillemin
et al. 1957). Substance P has no ACTH-releasing activity (adrenal ascorbic
acid depletion method) #n vivo (Martini 1958; Casentini et al. 1959). Sedating
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and tranquillizing action (Stern and Milin 1959) are noted after injection of
substance P.

Euler and Ostlund (1958) found the presence of substance P in the brain
of the cod fish (Gadus callarias), the ray (Raja batis) and the hag fish (Myzine
gultinosa) in amounts of 3:3 to 85 units per g. Large amounts of substance
P were found in the spinal cord of Raja batis (19-36 units per g).

Further investigations by spectrographic method showed that zinc is
present in the diencephalon and in the caudal spinal cord of L. rokita, C. catla
and C. mrigala. Both soluble and insoluble forms of zinc are present in the
caudal spinal cord.

Crude spinal cord extracts with water, acid, alcohol and acetone had
stimulating action on the pituitary-adrenal axis of the fish, guinea pigs and
dogs. The crude extracts will contain zinc, histamine and other substances
which have a modifying influence over the pituitary-adrenal axis. In order
to clarify this point watery extract of the caudal spinal cord including the
terminal swelling was subjected to paper chromatography (in n-butanol-
acetic acid-water, 40 : 10 : 50) for 6 to 8 h. When the chromatogram was
developed in ninhydrin, several spots of greater or lesser intensity were noted
(Rf. 0-05, 0-17, 025, 0-45, 0-73, 0-91). Spots at Rf. 0-05, 0-17 and 0-25 are
clear. The spot at Rf. 0-25 shows maximum intensity. Spots at Rf. 0-45,
0-73 and 0-91 are indistinct ones. Zinc sulphate shows dithizone-positive
spot at Rf. 0-25. One of the previous strips of paper chromatogram was
developed with dithizone and that showed positive spot at about Rf. 0-25.
Thus the fraction at about Rf. 0-25 is mixed with zinc. This observation
is in full agreement with that of Enami (1959).

Next the adjacent strips were cut and eluted with water and tested for
action on the pituitary-adrenal axis of the fish, guinea pigs and dogs. Table
1 shows the response.

TaBLE 1

Response in the form of increased plasma

17-hydroxycorticosteroids in the fish

Rf. and guinea pigs and adrenal venous

blood 17-hydroxycorticosteroids output
(gamma/min) in dogs.

0:05 .. Less response
0-17 .. Good response
0-25 . . s
0-45

0-73} . Less response
0-91

When the crude watery extract of the caudal spinal cord of the above-
mentioned types of fishes was subjected to ascending chromatography in
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solvent system 1 of Guillemin ef al. (1957), ninhydrin-positive spots appeared
between Rf. 062 and 0-95. Corresponding areas of adjacent strips were eluted
with water and tested for action on the pituitary-adrenal axis. Good response
was achieved at about Rf. 0-92.

Alcoholic extract of caudal spinal cord including the terminal swelling was
subjected to paper electrophoresis in phosphate buffer of pH 7-8 and p = 0-6,
7V/em, two h. Four or five ninhydrin-positive bands were noted of which
three moved towards cathode and one or two towards anode. Eluted materials
(watery) from the cathodic side had more stimulating action on the
pituitary-adrenal axis than those from the anodic one. Another important
observation is that the material makes the animal less agile and quiet (Pls.
LV, LVI, figs. 44, 45). These actions simulate central actions of substance P.
When the material from the caudal spinal cord was prepared and purified
after the method of Guillemin et al. (1957) and subjected to paper electro-
phoresis as mentioned above, similar findings were noted regarding the activity
of the pituitary-adrenal axis. There was no variation in the findings when the
starting materials were taken either from L. rohita, C. mrigala or C. catla.

After the above-mentioned findings were noted, it was next decided
whether a corticotrophin-releasing factor (CRF) can be isolated from the
caudal spinal cord (caudal neurosecretory system) of L. rohita, C. mrigala and
C. catle. The methods of preparation of the extract and the findings will be
given only for L. rohita as the findings are similar in the three cases.

(a) Material and methods

The starting material was the terminal part of the caudal spinal cord of
L. rohila including the terminal swelling (caudal neurosecretory system).
For control studies more proximal parts of the spinal cords were taken. The
extraction procedure and the purification of the active fraction was after the
method of Guillemin et al. (1957). The extracts were injected (intracarotid)
into the assay animals (male dogs—10 to 15 kg in weight). The assay animals
have been prepared by exteriorization of the carotid artery and the animals
have been conditioned for intracarotid injections. Cannulation of the right
adrenal vein has been performed before the experiments. Blood was collected
30 min after injection of the extracts. Hypophysectomy was done by the
transtemporal route and it was thought to be complete when no pituitary
tissue was found in the pituitary fossa or in areas nearby in histological sec-
tions. ~The determination of plasma 17-hydroxycorticosteroids was done after
the method of Silber and Porter (1954).

The extracts were also injected intraperitoneally into L. rohita (10 to 12
inches in length). Three hours after, the tail was severed and the blood was
collected in a heparinized pot. The plasma was separated and 17-hydroxy-
corticosteroids were estimated after the method of Silber and Porter (1954).
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The pituitaries of the dogs have been fixed in 10 per cent formaldehyde
and paraffin sections have been cut and stained by haematoxylin and eosin
and Masson’s trichrome stain. The adrenals of the dogs were fixed in 10
per cent formaldehyde and frozen sections stained with sudan III and paraffin
sections stained by haematoxylin and eosin. '

(b) Results

In solvent system 1 of Guillemin ef al. (1957), the caudal spinal cord extract
showed two main spots between Rf. 0-68 and 0-94. The most potent fraction
for the stimulation of the pituitary-adrenal axis is that one with Rf, 0-94. At
smaller doses maximum stimulation was noted. At higher doses there was
depression (Tables 2 and 3). This material is ninhydrin positive and is pep-
tide. ¥rom the proximal spinal cord the material had some stimulatory
action but not to the extent as observed after caudal neurosecretory extract.
Presence of the pituitary in the assay animals is essential for the mediation of
the response.

The extract from the caudal spinal cord (Rf. 0-94) had no vasopressor
activity (Pl. LVI, fig. 46). This fraction had no activity on the guinea pig’s
isolated terminal ileum and it did not contain any antidiuretic activity. It
had also no oxytocic activity.

As a preliminary report it can be mentioned that a material with Rf. 0-9
can also be prepared from the diencephalon of L. rokita having a stimulatory
action on the pituitary-adrenal axis.

Table 2 shows the activity of the extracts (Rf. 0-9) and control extracts
(from proximal spinal cord) on the pituitary-adrenal axis of the assay dogs.

TaBLE 2
Dose of the extract injected Adrenal venous 17-hydroxycortico-
into the carotid artery steroids output
(ug) (ng/min)
(Average of 5 observations)
Before injection After injection
Control extracts (50) .. .. .. 23 3-2
Control extracts (100) .. .. .. 18 59
Caudal spinal cord extracts (Rf, 0-9) (50 N 13-3
Caudal spinal cord extracts (Rf. 0-9) (100) .o 241 3-8

‘Same extracts injected into hypophysectomized assay dogs (48 h after

hypophysectomy) had no stimulatory action.
The extracts were also injected into ventral hypothalamectomized dogs
and dogs with isolated pituitary preparations (Roy 19606). In both instances

5
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TABLE 3

Plasma 17-hydroxycorticosteroids of L. rohita after injection of the extracts (Rf. 0-9) and cantrol
exiracis ( from proximal spinal cord)

Dose of the extracts Plasma 17-hydroxycorticosteroids in
(1) pg/100 ml (average of 5 animals)
No treatment .. .. .. 17.5,16-2,19-3, 11-0, 13-4 = 15-4
Control extracts (5) .. .. .. 106, 18-2, 22-5, 19-6, 21-8 = 185
Control extracts (10) .. .. 20-2, 18-3, 24-6, 22-5, 17-3 = 20-5
Caudsl spinal cord extracts (Rf, 0- 9) (6) .. 453, 545, 42-3, 38-2, 62-1 = 484
Caudal spinal cord extracts (Rf. 0-9) (10) .. 16-5,12-3, 186, 21-2, 13-3 = 163

rise in adrenal venous blood 17-OHCS output was noted with the caudal
neurosecretory extract (Rf. 0-9) and central (diencephalic) neurosecretory
extract.

The adrenals of the dogs with high 17-OHCS output showed depletion of
the sudanophilic material from the fascicular zone and cytolytic and tubular
changes in the same zone (Pl. LVI, fig. 47) indicating hyperactivity of the
gland. The pituitary gland showed increased number of basophil cells with
vacuolar change (PL. LVI, fig. 48).

(¢) Discussion

In the present investigation, the extract from the caudal spinal cord of
the fish gives rise to two ninhydrin-positive spots between Rf. 0-68 and 0-94
in solvent 1. In the same solvent system, Guillemin et al. (1957) found four
fractions A, B, C, D with mean Rf. values 0-06, 0-4, 0-7, 0-9 respectively from
hypothalamic extracts of pork and beef. The differences may be due to the
type of animals or the type of tissues extracted. The fraction about Rf. 0-9 is
an important stimulus for ACTH release in both the conditions. McCann
(1957) found that the fraction with Rf. 0-8 to 1-0 was ineffective in ACTH
discharge, even when injected at a higher dose and this fraction virtually had no
pressor activity. Both ACTH-releasing activity and pressor activity were
found in the same portion of the chromatogram with Rf. 0-3 to 0-8. Presence
of the pituitary in the assay animals is essential for the response. More
proximal part of the spinal cord did not contain this material. The fraction
about Rf. 0-9 is a peptide and it does not contain histamine or any vasopressor,
antidiuretic or oxytocic activity.

The active fraction after its release from the caudal neurosecretory system
reaches the pituitary through the systemic circulation to act on it. It'is a
surprise why the material is to traverse such a long distance for its action.
But Guillemin ef al. (1957) state: ‘ The ACTH-releasing principle would be a
particular substance or structure with a wide distribution pattern in

5B
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Fio.

Fia,

Fie,

T,

|2

Proc. Nat. Inst. Sei. India, Vol 28, 13, Plate XLV,

Caudal part of the spinal cord of the Jarva (two weeks) of L. rolita showing ventral
herniation of the part. The interval between this and the chorda tissue is occupivd
by a capillary net. Mallory s stain. 215,

Transverse section through the eaudal part of the spinal cord of the larva (two werks)
of L. rohiln showing the deficieney of the meningeal covering hetween the cord and
the chorda tissue.  The space is oceupied by a leash of blood-vessels. Abave this
there is preponderance of small cells,  Mallory's triple stain. - 215,

Groups of pracoptic cells in the larva (two weeks) of L. rolita. Gomori’s chrome-
alum-haematoxylin-phloxin <tain. 3215,

Spimal cord neurons of the larva (two weeks) of €L eatla. Mallory s stain, 30215,



Rovy.

¥ia.

Fia.

Fia.

Fic.

Proc. Nat. Inst. Sci. India, Vol. 28, B, Plate XLVI.

Endo- and pericellular blood-vessels of the eaudal neurasecrctory cails of Mugil tade.
Mallory s stain.  x 213,

Shows expansion of the central canal in the terminal swelling of Waliego atte,  Mal-
tory’s stuin. 213,

Radiogruph showing the exact location of the terminal swelling of L. roliita by a pin.
head,

Radiograph showing the exact location of the terminal waelling of €', wmirigale by a pin.
head,



Rovy. Proc. Nat. Inst. Sci. India, Vol. 23, B, Plate XLVII.

Fra. 9. Radiograph showing the exact location of the terminal swelling of Lates calearifer by a
pin-head.

Fic. 10. Radiograph showing the exact location of the terminal swelling of (', catle by a pin-
head.

Fic. 11. Terminal swelling of H, ilishe,

Fic. 12, Terminal swelling of C, catla,



Rovy. Proec, Nat. Inst, Sci. India, Vol. 28, B, Plate XLVIII,

Frc. 13, Terminal swelling of L. rohita.
¥1, 14.  Terminal swelling of L. kalbasu,
Fie. 15, Terminal swelling of Woallago altu,
Fre. 16. Terminal swelling of O. punciatus.
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Fra, 17,
¥ic. 18,
Fra. 19.
Fic, 20.

Proc. Nat. Inst. Sei. India, Vol. 28, B, Plate XLIX.

Terminal swelling of A nabas testudinens,
Terminal swelling of Opliicephalus striatus,
Terminal swelling of Clarias batrachus,
Terminal swelling of Heteropneustes fossilis.



Rov. Proc. Nat. Inst. Sci. India. Vol. 28, B, Plate L.

F16. 21. Terminal swelling of Macrones vittatus.
Fie, 22, Terminal swelling of Lates calcarifer.
Fic. 23, Terminal swelling of C'. mrigala.

Fi, 24, Terminal swelling of Notopterus chitulu.



Rov. Proc. Nat, Tnst. Sei, India, Vol, 28, B, Plate LI,

Fia. 25. Caudal neurosecretory cells of Ewocaetus mento showing neurosecretory material

and vacuolated appearance. Gomori’s chrome-alum-haematoxylin-phloxin stain,
215.

Fr1e. 26, Caudal ncurosecretory cells of L. rohite. The nucleus of onc ccll appears empty,
Mallory’s stain.  x 215,

Fie. 27. Caudal neurosecretory cells of Anabas festudineus showing neurosecretory material in
the nucleus and the cytoplasm. Mallory s stain. X 450.

Fic. 28, Neurosecretory material is found in the lumen of a blood-vessel in the terminal swelling
of ', mrigala. 'The material is also noted surrounding the vessel, Mallory’s stain.
X 430.



Rovy. Proc. Nat. Inst. Sci. India, Vol. 28, B, Plate L11.

Frc, 29.  Caudal neurosecretory cells of Trygon sephen. Intranuclear neurosecretory material is
noted. Mallory’s stain, X 450.

Fra. 30. Caudal neurosecretory cells of Trygon sephen showing neurosecretory material in the
nucleus and the cytoplasm. The cells also show vacuolated appearance. Mallory’s
stain. X 215.

Fie. 31, Caudal ncuroscerctory cells of Trygon sephen showing intranuclear and cytoplasmic
nenrosceretory material and vacuoles, Mallory’s stain. X 450.

Fie. 32. Normal praeopiic cells of €. mrigale, Gomori’s chrome-alum-hacmatoxylin-phloxin
stain, X 215,



Rov. Proc. Nat. Inst. Sci. India, Vol. 28, B, Plate LIII.

Fic¢. 33. Pracoptic cells of . wirigale in 1'8 per cent saline showing loss of neurosecretory
material and vacuolated appearance. Gomori’s chrome-alum-haematoxylin and
phloxin stains. X 215.

Fic. 34, Caudal neurosecretory cells of (. mrigala in 1-8 per cent saline showing loss of
neurosecretory material and wvacuolated appearance. Gomori's chrome-alum-
hacmatoxylin-phloxin stain. X 213,

Fia. 835, Praeoptic cells of dnabas testudineus in 15 per cent saline showing loss of neuroscere-
tory material and vacuolated appearvance. Gomori’s ehrome-alum-hacmatoxylin-
phloxin stain. X 213,

¥Fra. 36. Pracoptic cells of Rite fish in 15 per cent saline showing loss of neurosecretory material
and wvacuolated appearance. Gomori’s chrome-alum-haematoxylin-phloxin stain.
X 215,
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3. 38,

. 39,

1, 40,

Proc. Nat. Inst. Seci. India. Vol. 28, B, Plate L1V,

Caudal neurosecretory cells of Rita fish in 15 per cent saline showing loss of
neurosecretory material and vacuolated appearance. Gomori's chrome-alum.-
haematoxylin-phloxin stain. X 215. . .

Cells of nucleus tuberis lateralis of Anabas testudineus in 15 per cent saline showing no
change in neurosecretory material. Gomori’s chrome-alum-haematoxylin-phloxin
stain, X 450,

Caudal neurosecretory cells of (', mirigala in the immediate vicinity of the lesion showing
evidences of degeneration. Masson’s stain, X 215,

Caudal neurosecretory cells of €. mrigala from the proximal part of the sectioned
caudal spinal cord. Somo are dead and some living, Magson's stain. X 215,



Rovy. Proe. Nat. Inst. Seci. India, Vol. 28, B, Plate LV

Fic. 41. The terminal swelling of C. mrigaly after section of caudal spinal cord. It is atrophic.
porous and there is loss of neurosecretory material. Masson’s stain. X 30,

Fic. 42.  Accumulation of neurosecretory material is noted in the proximal stump of the =ec-
tioned caudal spinal cord of C. mrigale. Masson’s stain. X 50.

Fie, 43, (Guinea pig's ileum. H = histamine; Cawd. ext, = extract of caudal spinal cord of
L. rohita 3 Hyp. exi, = hypothalamic extract of L. rohitu; 4H = six gamma anti-
histamine.

¥re. 44, Dog before injection of the extract.
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Fic. 45.
Fic. 46,

Fic. 47.

Fic. 48.

Proc. Nat. Tnst. Sci. India, Vol. 28, B, Plate LVI.

Dog after injection of the extract.

Blood pressure and respiration of cat after injection of the caudal neurosecretory
extract showing very little change.

Zona fasciculata of the adrenal of dog after injection of the extract showing eytolytic
changes, Huaematoxylin and eosin stain, X 215,

Anterior pituitary of the dog after injection of the extract showing vacuoclated appear-
ance of the basophil cells. Masson’s stain, X 215,
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the organism ... The ACTH-hypophysiotropic material of extra-hypo-
thalamic origin released from various tissues by a non-specific stress and
delivered through the general circulation would explain the release of cortico-
trophin which can still take place under severe nonspecific stress after sever-
ance of the normal hypothalamo-pituitary relationship or destruction of
median eminence.” Morphological changes in the adrenals and the pituitaries
evidenced hyperactivity.

(@) Summary and conclusion

From the caudal spinal cord including the terminal swelling (caudal
neurosecretory system) of the Indian teleost fish L. rokita, a material (peptide)
has been isolated which stimulates the release of ACTH ¢n vivo. This does not
contain histamine or any vasopressor, antidiuretic or oxytocic activity.

We conclude this study of the caudal neurosecretory system of some of the
Indian fishes by comparing and contrasting this system with the hypothalamo-
neurohypophysial system:

Hypothalamo-neurohypophysial system Caudal neurosecretory system

1. Neurosecretory cell station in the hypotha- 1. Neurosecretory cell station in the caudal

lamus. Neurosecretory pathway known spinal cord with a caudal neurosecretory
as the supraoptico or praeoptico-hypophy- pathway. The terminal swelling func-
sial tract. Neurohypophysis functions as tions as the storage organ. This system
the storage organ. This system develops develops later. .
earlier.

2. The neurosecretory cells and the neuro- 2. The neurosecretory cells and the terminal
hypophysis are highly vascular. swelling of the spinal cord are highly

vascular,

3. Neurosecretory material has been noted in 3, Neurosecretory material has been noted
the vessels of the neurohypophysis. in the vessels of the terminal swelling.

4. Infundibular recess of the third ventricle is 4. Usually such type of dilatation of the
seen near the neurohypophysis. central canal near the terminal swelling is

not found except in Wallago attu.
5. The neurosecretory material is chrome- 5. The neurosecretory material is phloxino-

alum-haematoxylinophilic. philic.

6. Beaded appearance along the axon is noted 6. Beaded appearance along the axon is
(neurosecretory beads). noted (neurosecretory beads).

7. Herring bodies and pituicytes are present in 7. Herring body-like structures and pitui-
the neurohypophysis. cyte-like structures are present in the

terminal swelling.
8. Neurosecretory material comes along the 8. Neurosecretory material comes along the

neurosecretory path and accumulates sur- neurosecretory path and accumulates
rounding the blood-vessels in the neuro- surrounding the blood-vessels in the termi-
hypophysis. nal swelling.

9. Becretion cycle is noted in the neurosecre- 9. Secretion cycle is noted in the neuro-
tory cells. secretory cells.

10. This system responds to osmotic stimuli. 10. This system responds to osmotic stimuli.
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Hypothalamo-neurohypophysial system Caudal neurosecretory system

11. Responds to stress. 11. Responds to stress.

12, The mneurosecretory material is glyco- 12, The neurosecretory material is carbo-
lipoprotein in nature. hydrate-protein in nature.

13, Section experiment of the pituitary stalk 13. Section experiment of the caudel spinal
leads to accumulation of the neurosecre- cord in front of the terminal swelling
tory material in the proximal stump. This leads to accumulation of the neurosecre-
proves proximodistal migration of the tory material in the proximal stump.
neurosecretory material. ' This proves proximodistal migration of

the neurosecretory material.
14. There is neoformation of neurohypophysis- 14, There is neoformation of the terminal

like tissue in the proximal stump after swelling in the proximal stump after cord
hypophysectomy, This tissue responds section. This newly-formed tissue res-
to stress by depletion of neurosecretory ponds to stress by depletion of neuro-
material. secretory material. ’

15. The neurohypophysis atrophies after stalk 15, The original terminal swelling atrophies
section. after cord section.

16. The neurosecretory cells of the hypothala- 16. The neurosecretory cells of the caudal
mus have got great resistant power as they neurosecretory system have got great
survive after stalk section and produce resistant power as they survive after cord
more neurosecretory material due to injury section and produce more neurosecretory
stimulus. material due to injury stimulus.

17. The neurosecretory cells produce vaso- 17. The neurosecretory cells have got the
pressin, antidiuretic and oxytocic hor- following functions:
mones, (a) They take part in sodium exchange,

(b) They have got relation to gas
metabolism, _

(¢) They have got action on gill
morphology.

18, Corticotrophin-releasing factor (CRF) has 18. Corticotrophin-releasing factor (CRF) has
been isolated. been isolated.
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