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ABSTRACT

Anterior interrenals and pituitaries of Cirrhina mrigala, Catlo catla and Labeo rohita have
been described. There is increased activity in the hypothalamo-pituitary-adrenal axis of the
fish, guinea pig and dog after injection of zine. This has been assessed by histological examination
and by noting the level of plasma 17-hydroxycorticosteroid level in the fishes and guinea pigs
and adrenal venous blood 17-OHCS output in dogs. ACTH leads to a rise in the level of plasma
17-OHCS level in fishes with hypertrophy of the anterior interrenal cells. For increased response
of the axis after injection of zinc in guinea pigs and dogs, the pituitary is to be present. Ventral
hypothalamectomy with lesion of the median eminence abolishes the response in the dog after
injection of zinc due to the infarction of the pituitary. Diurnal fluctuation of 17-O0HCS output
disappears in dogs with surgical lesion of the hippocampus. The basal level of 17-OHCS output
is increased in dogs with lesion of the hippocampus or with pituitary-island preparation. In
such experimental preparations zinc leads to further increase in 17-OHCS output.

There is no change in the corpuscles of Stannius after injection of zinc or ACTH in fishes.
The corpuscles may be engaged in osmoregulation or the hormones may act on the reproductive
system.

Control of ACTH secretion in fishes has been discussed and the importance of the neuro-
secretory system (central and caudal) has been stressed.

The importance of the limbic forebrain-midbrain circuit (Nauta) has been discussed. The
ponto-cerebello-medullary complex stimulates the anterior pituitary by discharge of neuro-
secretory substance which activates the anterior pituitary cells through systemic circulation
and there is increased secretion of ACTH in response to neural or humoral stirguli,

Underwood (1956) and Vallee (1959) reviewed the metabolic role of zinc.
Owen (1960) discussed the biochemical function of some of the minor elements.
In the tissues of the animal body zinc is widely distributed.

Zine is found in the seminal fluid and the prostate gland and its deficiency
In rats gives rise to testicular atrophy. Parizek (1957) found that cadmium
injections destroyed the testicular tissue of rats and mice but when zine was
given simultaneously, the destructive effect of cadmium was prevented. The
female genital organs do not contain any high concentration of zinc.

High concentration of zinc is found in liver, bone, choroid and iris. There
is a relationship between zinc and insulin and, when insulin is crystallized from
Pancreas, it contains zinc which is also known to be involved in some enzyme
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systems. It is present in carboxypeptidases and activates aminopeptidases.
According to Vallee alcohol dehydrogenase of bovine liver and lactic dehy-
drogenase of rabbit skeletal muscle contain zine. Owen (1960) states: ‘It
appears therefore that the rate of turnover of zinc may be high in such active
organs as the liver where protein synthesis and hydrolysis are rapid, in the
pancreas where protein synthesis is rapid and in the intestinal mucosa where
both metabolic activity and rate of replacement of the tissue are very high.
Protein synthesis is also rapid in the skin which like the intestinal mucosa is
continually being rubbed off. High concentrations of zinc may indicate
merely a high rate of metabolic activity involving a high rate of protein syn-
thesis such as oceurs also in the male genital tract.’

Whale corticotropin contains zine. Zinc increases the activity of gonado-
tropins. Enami (1958) states that zinc is associated with the secretory
product of the caudal neurosecretory system in the eel. Zinc is also found in
the caudal neurosecretory system of some of the fishes of Bengal and the
diencephalon is rich in zinc and this will be the subject of the next
commuuication.

In the present investigation the importance of zinc as a stimulator of the
hypothalamo-pituitary-adrenal axis has been studied in local freshwater
fish and animals and in different experimental preparations of the animal. In
no case of fish or guinea pigs intraperitoneal injection of zinc led to any in-
flammatory reaction. Sobel ef al. (1960) injected zinc chloride intraperitoneally
in either sexed guinea pigs of 300 to 350 g in weight. Six-hour urine collection
and examination by Silber-Porter reaction were done. Zinc chloride was
administered twice daily at doses of 4 xM/100 g. This dose (one 4 pM/100
g) doubled the six-hour excretion value. Single injection seems to be without
any toxic reaction.

MATERIALS AND METHODS

Fish.—Three types of fish (eight of each type, two serving as controls and
six for experiments) have been used. They are Labeo rohita, Cirrhina mrigala
and Catla catla of about eleven inches in length. Intraperitoneal injection
of zinc sulphate at a dose of 0-1 millimoles has been given. ACTH has been
injected intraperitoneally at a dose of 0-2 1.U./g (at room temperature). Three
hours after the injection the tail has been severed and blood collected in a
heparinized Petri dish. Blood is immediately centrifuged and plasma is
separated. Plasma 17-hydroxycorticosteroids have been estimated after the
method of Silber and Porter (1954). After the animals were sacrificed, the
hypothalamus, pituitary and the interrenal tissues have been examined
histologically. The hypothalamus has been fixed in Bouin’s fluid, paraffin
sections have been cut and stained by Gomori’s chromealum-haematoxylin
and phloxin stain. The pituitaries have been fixed in 10 per cent formaldehyde,
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Bouin’s fluid and Helly’s fluid and paraffin sections have been cut and stained
by haematoxylin and eosin, Gomori’s CAHP stain and Masson’s trichrome
stain. Pituitaries have also been stained by Gomori’s aldehyde fuchsin stain
and PAS stain technique. The anterior interrenal tissues are contained in
the head kidney. The tissue has been fixed in 10 per cent formaldehyde and
paraffin sections stained by Masson’s trichrome stain and haematoxylin and
eosin stain. Frozen sections have been stained by Sudan IV. Tissues have
been prepared for demonstration of ascorbic acid granules by silver nitrate
method in sections.

Guinea pigs—Ten male guinea pigs of 400 to 450 g in weight have been
used, two animals serving as control. Zinc sulphate at dose of 3 xM/100 g body
weight has been injected intraperitoneally. Three hours after the injection of
zine sulphate the animals have been sacrificed by decapitation and blood collect-
ed in heparinized Petri dish. Blood is immediately centrifuged and the plasma
17-hydroxycorticosteroids have been estimated after the method of Silber
and Porter (1954). The hypothalamus has been fixed in Bouin’s fluid and
paraffin sections stained by Gomori’s CAHP stain. The pituitary is fixed
in 10 per cent formaldehyde and stained by haematoxylin and eosin
and Masson’s trichrome stain. The adrenals have been fixed in 10 per cent
formaldehyde. Frozen sections have been stained by Sudan IV stain and
paraffin sections have been stained by haematoxylin and eosin. The adrenal
glands have been prepared for demonstration of ascorbic acid granules by silver
nitrate method in sections. Five hypophysectomized guinea pigs have also
been injected intraperitoneally with zine sulphate solution and the animals
have been sacrificed after three hours and all the examinations have been
carried on as mentioned above excepting the examination of the pituitary
gland.

Dogs.—Male dogs of 10 to 15 kg in weight have been used in this experiment.
Intravenous injection of zinc sulphate at a dose of 0-2 millimoles has been
given very slowly and not in a concentrated form otherwise untoward reactions
oceur and sometimes the animal dies. MecCance and Widdowson (1942) have
studied the absorption and excretion of zine in human subjects. Inorganic
zine salts were dissolved in a convenient volume of 0-9 per cent NaCl. The
intravenous injections have been given very slowly. Zinc sulphate has been
injected intravenously into the following types of animals:

' (@) normal dogs—>5 in number ;

(b) ventral hypothalamectomized dogs with lesion of median eminence—
2 in number ;

(c) dogs with surgical lesion of hippocampus—has been done in two
different stages after the method of Bard and Mountcastle (1948).
A segment of the fornix was also extirpated on each side. The
dogs were used 7 days after operation ;
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(d) dogs with pituitary-island preparation (Roy 1960a¢)—3 in number.
(e) hypophysectomized dogs—3 in number.

In all the preparations, the right adrenal vein has been cannulated for
intermittent collection of adrenal venous blood. Blood is collected in hepa-
rinized graduated centrifuge tubes. It is immediately centrifuged and plasma
separated for estimation of 17-hydroxycorticosteroids after the method of

BrocuEnmicAL REsuLTS :

Fish (average values)

Type of fish Plasma 17-hydroxycorticosteroids
in gamma per 100 cc
L. rohita (control) 16-2
L. rohita (zinc injected) 45-3
L, rohtta (ACTH. injected) 59-2
(!, mrigala {control) 181
C. mrigala (zinc injeeted) 62-7
C. mrigala (ACTH injected) 783
C. catla (control) 22-6
C. catle (zinc injected) 65-3
C. catla (ACTH injected) 81-2

Guirea pigs (average values)

Plasma 17-hydroxycorticosteroids

Type of animal in gamma per 100 cc

Control guinea pigs 31-2
Zine injected guinea pigs 93-2
Hypophysectomized guinea pigs 6-1
Hypophysectomized guinea pigs injected 93

with zine
Dogs (average values)
Adrenal venous blood 17-OHCS
) output—gamma per minute
Type of animal
Before injection After injection
of zine of zine
Normal dogs 3-8 192
Ventral hypothalamectomized dogs 1-6 1-9 (Pituitary
with lesion of median eminence infarcted in both
(within 24 hours) the animals)
Dogs with lesion of hippocampus 12-3 394
Dogs with pituitary-island preparation 8-4 29-2
Hypophysectomized dogs (48 hours) 0 3-6
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Sitber and Porter (1954). The hypothalamus and pituitary (where available)
and the adrenals have been fixed, sectioned and stained as described in the
materials and methods for guinea pigs.

Study of plasma 17-hydroxycorticosteroids has been carried out in fish
(L. rohita, C. mrigala and C. catla) after zinc and ACTH injection. There is
rise in plasma 17-OHCS after injection of zinc or ACTH, the maximum res-
ponse has been noted after ACTH.

In guinea pigs, zinc leads to a rise in plasma 17-OHCS but there is no rise
in the hypophysectomized animal.

In dogs there is a rise in adrenal venous blood 17-OHCS output after
zinc injection. There is no rise in the ventral hypothalamectomized dogs
with lesion of the median eminence and this can be accounted for the infarcted
pituitaries in the animals. There is no rise in 17-OHCS output in hypophy-
sectomized dogs. High basal level of 17-OHCS output is noted in dogs with
lesion of the hippocampus and with pituitary-island preparation. The levels
are further increased after injection of zinc. Diurnal fluctuation of 17-OHCS
output is lost in dogs with lesion of the hippocampus.

HistorogicaL FINDINGS

Fish.—In C. mrigala the anterior interrenal tissue is found within the
head kidney in close association with the cardinal veins. The cells of the
anterior interrenal tissue are distributed as a single or double layer of cuboidal
cells (Fig. 1). The second type of cell as described by Rasquin (1951) is also
found. Sudanophilic substance is noted in the lumen of the blood vessels
and only very faint reaction is noted in the cytoplasm. Demonstration of
ascorbic acid granules was possible only in the blood vessels and not in the
cytoplasm. Three hours after injection of zinc or ACTH, hypertrophy of the
anterior interrenal cells was noted (Figs. 2 and 3). Cells were also found amidst
the head kidney tissue (Fig. 4). Similar adrenal hypertrophy has been noted
in L. rohita and C. catla after zinc or ACTH injection (Fig. 5). In C. catla,
C. mrigala and L. rohita glomeruli are found in the head kidney. In L. rohita
the anterior interrenal tissue is also found in the head kidney scattered among
the renal components. At places such cells are many layered and are arranged
in the fashion of a sheet with fibrous trabeculae surrounding groups of cells
(Fig. 6). In the lumen of the cardinal veins the cells are protruded just like
a pea in a pod (Fig. 7). The cells look vacuolated with haematoxylin stained
nuclei. In C. catla some of the interrenal cells have got vesiculated nuclei
with chromatins. Demonstration of sudanophilic substance and ascorbic
acid granules in the vessels may be due to the release of the same from the
adrenal cells.

The neurosecretory substance from the neurohypophysis is diminished
(Fig. 8) and the basophils of the meso-adenohypophysis showed vacuolated

2



18 BINOD BIHARI ROY: ACTION OF ZINC ON THE

appearance and the pituitary is congested after injection of zine (Figs. 9, 10q,
106). No alteration in basophils is noted at the third hour after ACTH
injection. - '

Depletion of nenrosecretory substance is noted in the cells of the preoptic
uuclei and nueleus lateralis tuberis after injection of zine (Figs. 11, 12, 13),

There was no change in the corpuscles of Stannius after injection of zinc
or ACTH.

(lose contact is present between the neurohypophysis and the adenohy-
pophysis as from the neurohypophysis of fishes many fibre bundles pass into
the adenohypophysis similar to finger-like projections (Fig. 14). Neurosec-
retory substance may reach the pituitary cells either by direct contact or
through the common capillary plexus of the neurohypophysis and adeno-
hvpophysis.

Pickford and Atz (1957) have proposed new set of terms for different
parts of the pituitary gland:

pro-adenohypophysis for the anterior glandular region ;

meso-udenohypophysis for the middle glandular region or iihergangsteil ;

and

melu-udenohypophysis for the pars intermedia or posterior glandular

region.

Pickford (1958) states the nature and physiology of the pituitary hormones
of .fishes. Neurohypophysis produces oxytocic and vasopressor and anti-
diuretic  hormones. Meta-adenohypophysis produces intermedin (MSH).
In the meso-adenohypophysis growth hormone. corticotropin. thyrotropin
and gonadotropins (LH and FSH) are produced. Prolactin. exophthalnos
producing substance and erythropoietic factor (-=ACTH) may also be pro-
duced in this lobe. The melanophore-concentrating hormone may be pro-
duced from the pro-adenohypophysis.

HistoLocicaL Fixpines oy THE PrruITARY oF THE FISHES STUDIED IN THIS
INVESTIGATION

Pro-udenohypophysis.—Acidophilic, basophilic and chromophobic cells are
found in this lobe. Eosinophilic cells are plenty. The basophilic cells are
very few in number. No marked change is noted in this lobe during a change
in the sexual cycle.

MESO-ADENOHYPOPHYSIS OR THE UBERGANGSTEIL

Three cell types are present in this region of the pituitary but acidophilic
and basophilic cells outnumber the non-granular chromophobic type. Large,

deeply staining basophilic and acidophilic cells are found. Some of the
2B
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Proe. Nat. Inst, Sei, India. Vol 28, B. Plate T,

The anterior intervenal cells of Cirvlina mrigala located in the wall of the blood vessel,  (Masson's
trichrome stain. 3 450).

Hypertrophy of the anterior interrenal cells of Cirvkinn mrigaln after injeetion of zine,  Oasson's
trichrome stain. > 430).

Hypertrophy of the anterior intervenal eells of Cirrhina wrigala after injection of ACTH.  (Masson’s
trichrome stain. < 430).

Anterior interrenal cells of Cirrhine wrigala ave seen amidst the head kidney tissue.  {Masson’s tri-
chrome stain. % 430),



HIN

Fiea,

Fic.
Fia.,

Fie.

PProc. Nat. Tnst. Sci. India. Vol. 28, B, Plate IT.

Hypertrophy of the antevior interrenal cells of ('atla catla after injection of zine. (Haematoxylin and
cosin stain. > 215).

Thick layver of anteviov interrenal cells of Labeo rohita. (Haematoxylin and eosin stain. X 213).
Nodular arrangement of the anterior interrenal cells of Labeo rohitn.  (Haematoxylin and eosin stain.
w2150,

The neurohypophyxix and the adenohypophysial cells of Labeo rolita after injection of zinc.  Thern
ix depletion of Glomori-positive substance from the neurohypophysis. On either side of the nearo-
hypophy=it meso-adenohypophysinl cells are seen, (Gomori’s CAHP stain, > 50),



Roy. Proc. Nat. lust. Sei. India. Vol. 28, B. Plate 111

Fre. 9. The basophilic cells of the meso-adenohypophysis of Catln catla show vacuolation after injection of
zine and there is congestion of the blood vessels, (Haematoxylin and cosin stain. % 215),

FiG. 104, The pituitary gland of Labeo rohita showing vacuolation of basophilic cells after injection of zine.
The meso- and meta-adenohypophysis and the branching of the neurchypophy=is arc seen,  (Aldehyde
fuchsin stain. X 50).

F16. 106, The same section as in Fig. 10« but at a higher magnification. It shows numerous vacuolations
of the basophilic cells well. (X 213).

Fre 11 Cells of the preoptic nucleus of Carrliine mrigalu showing Gomori-positive substance. (X 434),



1oy, Proc, Nat. Inst. Sei. India, Vol. 28. B. Plate 1V,

Fra, 1208 cellof the preoptic nucleus of Cirrkéne mrigula showing depletion of Gomori-positive substinee
after injection of zine, (0 43,

Frao 1300 cell of the nueleus lateralis tuberis of Cirrkina mrigald showing depletion of secretory granules

after injection of zine.  Masson’s trichrome stain. 3 450).

Fri. 14 Pituitary gland of Labeo rohitu showing the different parts. (Haematoxyvlin and cosin stain. = a0).

Fia. T4a. Meso-udenohypophysial cells of Cirrhina mrigala showing vacuolation of the basophilic cells after
injection of zine.  (Haematoxylin and cosin stain. % 430),



Roy, Proc. Nat. Inst. Sci. India. Vol. 28, B, Plate V.

Frei, 13, Meso-adenohypophysial basophilic cells of Cirrhing mrigala showing globules—a xeasonal change,
{Gomori s aldebyde fuchsin stain, 450).

Fi6. 16, The same seetion as in Fig. 15, The cells are filled with globules and some globules are noted
amidst the cells. (% 450).

Fi6. 17, The neurohypophysis of (irrhina mrigala showing Gomoriphilic colloid droplets. (Gomori’s CAHP
stain, X 430).

Fre, 18, Meta-adenohypophysis of Cirrfdi mrigalo showing plenty of (fomori-positive substance among cell
groups.  (Gomori’s CAHP stain. 3 430).



loy. Proc. Nat. Inst, Sei. India. Vol, 28. B, Plate V1.

Fia, 19, The corpuscle of Stannius of Cirrhina mrigala. The cell groups are surrounded by
connective tissue trabeeulae.  Cell degencration towards the centre of each group is
noted. (Haematoxylin and eoxin stain. x 213),



Lov. Proc. Nat. Inst. Sei. Tndia, Vol, 23, B, Plate VIT.

Fic. 20.  Caudal neurosecretory cell groups of Catla catla. Below the cell groups empty spaces ( x) are noted which
are devoid of neurosecretory matorial—an effect of zine injection. (Trichrome stain. x 940),



2oy, Proc. Nat. Inst. Sci. India, Vol. 28, B. Plate V1T,

Fia. 21, A caudal neurosecretory cell of Cirrkina mrigala showing peripheral vacuolation and migration of neuro-
seeretory matevial along axon,  (Trichrome stain,  x 1,440).
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basophilic cells contain vacuoles and specially in those fishes subjected to
stress (Fig. 14a).

Seasonal change is markedly noted in this region of the pituitary. The
nuclei of the basophil cells are large and there are nucleoli. There are spheres
or globules in the cytoplasm of the basophils as noted by Scruggs (1951) (Fig.
15). The globules take acid stain. Such acidophilic globules may be dis-
charged from the cells and lie amidst them (Fig. 16). These are transported
to the target endocrine glands through blood vessels and are not the same as
noted in the neurohypophysis and its branches. These are neurosecretory
substances coming from the preoptic nuclei. These globular basophils increase
in size and number and also the globules increase in size during the advent of
the season with increased sexual activity. The rather indistinct outline of
the acidophils becomes more distinct at the same time.

The fish pituitaries have been stained by Masson’s trichrome stain,
Gomori’s aldehyde fuchsin stain and PAS stain technique. Meso-adenohy-.
pophysial cells are stained well by the above methods. The cells of the meta-
adenohypophysis are stained pale pink with PAS stain. Thyrotropic and
gonadotropic basophils could be-differentiated in the pituitaries of the fishes
studied here.

META-ADENOHYPOPHYSIS

The cells in this portion of the pituitary gland may be granular or non-
granular. In the granular variety there are acidophils and basophils. The
basophils may be lightly or deeply stained. In the basophils vacuoles can
be seen. Seasonal variation is not well marked in this lobe.

NEURORYPOPHYSIS

The neurohypophysis (Fig. 17) sends finger-like projections to all parts
of the pituitary gland. Neuroglia cells are found more in the proximal part
than distally. Three types of nuclei are found as observed by Scruggs (1951).
Herring bodies have been also noted. There is seasonal variation in the colloid-
like material. It is increased in the season with increased sexual activity.
This material comes from the preoptic nuclei. Coloured fibres are noted in
the neurohypophysis after Gomori stain. Gomori positive granules are also
found along the fibres and are more numerous in the meta-adenohypophysis
(Fig. 18). They are PAS negative.

Goumwea Pies

After injection of zinc there are changes in the adrenal cortex, pituitary
and the hypothalamus. . The adrenocortical cells show depletion of sudano-
philic substance and loss of ascorbic acid granules. The cells of the zona fas-
ciculata show cytolysis and vacuolation. The pituitary is congested and the
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basophil cells show degranulation and vacuolation. There. is loss of neuro-
secretory substance from the neurohypophysis. The hypothalamus is congest-
ed and the supraoptic and paraventricular nuclei show loss of neurosecretory
substance and vacuolation. In the hypophysectomized animals no marked
change in the adrenal cortex has been noted due to the injection of zinc.

Dogs—Histological changes are the same as noted in guinea pigs after
injection of zinc. Adrenal cortex after ventral hypothalamectomy and lesion
of median eminence has been studied previously (Roy 1960a). After bilateral
lesion of hippocampus, increased adrenocortical activity is noted whose degree
is further increased by injection of zinc. The same is true for dogs with
pituitary-island preparation.

Discussion

Our first knowledge about the anatomy and histology of the teleost adrenal
cortex is from the pioneering work of Giacomini (from Chester Jones 1957).
The adrenals were spoken of as ‘ anterior interrenal ’ and corpuscles of Stannius
as ‘ posterior interrenal . The anterior interrenal is situated in the head kidney.
The head kidney has got lymphoid structure but in the Fundulus there are
numerous glomeruli (Pickford 1953a, b). The interrenal cells are situated
around the cardinal veins and their tributaries. The literature about the
morphology and histology of the adrenals of bony fish has been reviewed in
many articles (Baecker 1928; Callamand 1943; Aboim 1946; Rasquin 1951;
and Olivereau and Fromentin 1954). In the salmonid interrenal (Spalding,
unpublished—from Chester Jones 1957) there were no lipid droplets and the
Sudan stains colour the cytoplasm diffusely and faintly; cholesterol could not
be demonstrated, the plasmal reaction was negative, there was no birefringent
material; phospholipins were not shown after Baker’s haematin method.
Lipid droplets are absent from the interrenal cells and they do not react to
many histochemical tests (Baecker 1928; Rasquin 1951).

In the teleost adrenocortical cells ascorbic acid could not be demonstrated
histologically (Rasquin 1951; Pickford 1953b). In the present investigation
sudanophilic substance or ascorbic acid granules could not be demonstrated
in the fish adrenocortical cells. These were, however, demonstrated in the
lumen of the blood vessels and this may be due to the release of the same from
the adrenocortical cells. Hatey (1952) and Fontaine and Hatey (1954b)
demonstrated the presence of ascorbic acid in the teleost adrenal by chemical
method of Roe and Kuether (1943). In the eel, the ascorbic acid content of
the interrenal is not altered after hypophysectomy (Hatey 1954a, b). Mam-
malian ACTH injection could not change the ascorbic acid content of the
hypophysectomized eel at 6° C. At 16°.C mammalian ACTH leads to a 56
per cent fall in the interrenal ascorbic acid content three hours after injection
and the value returned to normal four hours after.
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After hypophysectomy there was atrophy of the interrenal (Fontaine
and Hatey 1953). Olivereau and Fromentin (1954) found atrophy of the
interrenal of the female eel one month after hypophysectomy. In the Fundulus
heteroclitus L., the killifish, the interrenal of the hypophysectomized male did
not show any degenerative change or any difference histologically from
that of normal animals (Pickford 1953b). After injections of fish pituitary
preparations there was hypertrophy of the Fundulus adrenal cortex.

Hypertrophy of the interrenal and increased vascularization were noted
in Astyanax mexricanus after implantation of carp pituitary, injection of mam-
malian ACTH, shock by cold treatment or to some extent after injection of
Holtfreter’s saline (Rasquin 1951). Hypertrophy of interrenal cells has been
noted in the present investigation in the types of fish as mentioned before
after injection of zine or ACTH.

The corpuscles of Stannius or the ‘ posterior interrenal’ were thought to
be the true interrenal of the teleost in the past. Vincent and Curtis (1927)
thought that the ‘ Organ of Giacomini’ rather than the corpuscles of Stannius
was the teleost interrenal.

The corpuscles are small, irregularly spherical, white bodies situated either
on the dorsal or ventral surfaces of the posterior part of the kidney. Usually
a pair of bodies is found. Connective tissue surrounds the corpuscles and
trabeculae proceed into them so that the cells are grouped into cords or lobules.
Towards the centre of each group there is cell degeneration. The nuclei are
small and basophilic and the cytoplasm is not markedly acidophilic (Fig. 19).

That the corpuscles of Stannius are not identical with the anterior
interrenals can be understood from the following points:

(1) Developmentally.—The corpuscles are developed as bud-like evaginations
from the wall of the pronephric duct (Garrett 1942) and this mode is funda-
mentally different from that noted in the development of adrenocortical tissue
which is developed from the proliferation of coelomic epithelial cells.

(2) Histologically.—The corpuscles are different from the anterior interrenals.
(3) Pharmacologically.—After injection of ACTH or cortisone the corpuscles
of Stannius in Astyanax show no change whereas the interrenals show changes
(Rasquin 1951). In this present investigation there is no change in the cor-
puscles of Stannius after injections of zinc or ACTH whereas the same has
been noted in the adrenocortical cells.

(4) Experimentally.—Pettit (1896) reported hypertrophy of the right corpuscle
after removal of the left one in the eel, but normally there is wide variation in
these corpuscles. Changes in these corpuscles were noted after injection of
pilocarpine, curare and diphtheria toxin.

Vincent (1898) found that extirpation of the corpuscles in three eels had
no effect on the animals,
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The corpuscles of Stannius may be engaged in osmoregulation by produc-
tion of osmoregulatory hormone/s or the hormones may have action on the
reproductive system.

Callamand (1943) found that the extracts of corpuscles of the eel gave
rise to melanophore reactions in Cyrinus carpio scales and contraction of the
Rouget cells of capillaries.

Chester Jones (1957) states: ‘On the grounds of absence of reaction to
A(CTH and to cortisone, and of their embryological origin, I think it unlikely
that the wheel will turn full circle and adrenocortical function again be speci-
fically assigned to these enigmatic bodies.’

(8) Ford (1959) found the corpuscles to be entirely lacking in hydrocortisone.

17, 21-dihydroxy 20-ketosteroids have been found in the plasma of
salmon (Fontaine and Hatey 1954a; Fontaine 1956). The compound is found
in human plasma and its concentration indicates adrenocortical activity.
High plasma 17-hydroxycorticosteroid level is found in the smolt stage (in
process of migrating to the sea) of the salmon in comparison to that noted in
the migrating parr. The increased 17-OHCS level is due to the changing
metabolism of the smolt and its preparation for a marine environment.

In the present investigation plasma 17-hydroxycorticosteroids in C. mrigala,
L, rohita and C. catle have been studied. There is a rise in the levels after zinc
or ACTH injection; the maximum response is noted after ACTH injection.

It can be stated therefore that the pituitary-adrenal axis operates in the
types of fish studied here and it responds well to the stimulus of zinc or ACTH
injection,

Changes noted in the basophil cells of the meso-adenohypophysis after
zinc injection may be due to the liberation of ACTH from such cells. Neuro-
secretory changes observed in the preoptic and lateral tuberal nuclei after
injection of zinc are evidences of increased activity. The types of fish examined
here lack the hypophysioportal vessels but the neurohypophysis ramifies to
a great extent in the pituitary and so thus the neurosecretion of the nuclei
has got a very good chance to come to the adenohypophysial cells to activate
them.- This event occurs after injection of zinc or after any alteration of
internal or external environment of the animal. Moreover meso-adenohypo-
physial secretion migrates to the meta-adenohypophysis.

Zinc may act on the caudal neurosecretory system causing discharge of
the neurosecretion which activates the pituitary-adrenal axis. After injection
of zinc there is loss of neurosecretory substance from the caudal neurosecretory
system in the types of fish examined (Figs. 20, 21).

Control of ACTH secretion (Fig, 22):

(1): Peripheral blood level of corticoids ;
(2) Nervous stimuli ;
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(3) Changes in external and internal environment and stress ;

(4) Posterior pituitary hormones stimulating meso-adenohypophysial basophil
cells ;

(6) Discharge of ACTH which has migrated to the meta-adenohypophysis and
neurohypophysis—in response to nervous stimuli ;

(6) Substance P (Euler and Ostlund 1958) of the brain and spinal cord, his-
tamine, zine, potassium, etc., and changes in pH and chemistry of blood ;

(7) Neurosecretion from preoptic and lateral tuberal nuclei activating the
pituitary ;

(8) Neurosecretory substance from the caudal neurosecretory system.

HYPOTHALAMIC NEUROSECRE TION(PREOPTIC AND TUBERAL) STIMULATING
MESO-ADENOHYPOPHYSIAL CELLS TO SECRETE ACTH THROUGH
HYPOPHYSIO-PORTAL VESSELS (MEAGRE) AND MAINLY THROUGH
AXONAL MIGRATION. THE OTHER WAY OF TRANSIT OF THE
NEUROSECRETION {5 THROUGH THE ML VENTRICLE -

PREOPTIC NUCLEUS

NERVOUS &
HUMQRAL

STIMULL
ACTIVATING ‘"'POT”““”“S
NEUFW"’OP””J“ . NERVOUS AND HUMORAL
_ STIMULI ACTIVATING 7
PRU-ADEND- © ‘ META-ADENOHYPOPHYSIS CAUDAL -NEUROSECRETORY
HYPOPRYSIS o (©YN(Z) (SOME AMOUNT OF ACTM PRESENT) CELLS P
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T DISCHARGE
Fra. 22. Hypotha.lamo-pltmta.ry-adrenal axis of the fish studied in the present
investigation,

When zino was administered intraperitoneally to guinea pigs, there was
increased adrenocortical activity. There were histological changes and a rise
in plasma, 17-OHCS. Sobel ef al. (1960) used zinc chloride and in this investi-
gation zine sulphate has been used. They found increased corticoid excre-
tion in guinea pigs after zinc chloride injeotion, Presence of the hypophysis
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is required for the increased adrenocortical response after injection of zine
a8 hypophysectomy abolishes the response after injection of zinc. The
supraoptic and paraventricular nuclei show evidences of increased activity and
the neurohypophysis shows loss of neurosecretion. After injection of zine,
neurosecretory substance is discharged from the supraoptic nuclei and this
is carried through the hypophysioportal vessels to reach the anterior pituitary
and to activate it to release more ACTH, which in turn stimulates the adrenal
cortex.

There is increase in adrenal blood 17-OHCS output after injection of
zine in dogs. In two dogs with ventral hypothalamectomy and lesion of the
median eminence no increase in 17-OHCS output was noted due to the in-
farction of the pituitaries. Pituitary is essential for the response after zinc
injection as no appreciable effect was detected after zinc injection in hypophy-
gectomized dogs. In dogs with bilateral hippocampal ablation and lesion of
the fornices, high basal secretion of corticosteroids from the adrenals is noted.
This indicates an inhibitory influence of this structure on the pituitary-adrenal
axis. Zinc can augment the activity of the same axis in such lesioned dogs.
Regarding the part played by archicortex, the first data demonstrating the
role of the amygdaloid nuclei and the hippocampus in regulation of pituitary
ACTH secretion have been furnished by Endréezi, Lissik, Szép and Tigyi
(1954) and Endroczi, Martin and Bata (1958). Stimulation of the amygdaloid
nucleus led to the activation of the stress mechanism and that of the hippo-
campus to its inhibition (Endrbczi, Lissik, Bohus and Kovécs 1959; and
Lisssk and Endroczi 1960). The adrenocortical activity was considerably influ-
enced by lesions of the septum affecting the afferent and efferent connections
of the rhinencephalon. The archicortex has got a modifying and inhibitory
influence over the behaviour of the animals and the activity of the pituitary-
adrenocortical system (Endréczi and Lissik 1960). In the present investi-
gation the same conclusion regarding the inhibitory control of the hippocampus
and fornix system over the hypothalamo-pituitary-adrenal axis has been drawn
after experimental surgical lesion of the same system in dogs as opposed to the
stimulation experiments. After desttuction of the hippocampus and fornix
gystem the basal 17-OHCS output from the adrenal gland is increased which
is further augmented after injection of zinc. Another important observation
in such lesioned dogs is the loss of diurnal fluctuation of 17-OHCS output.
Such disruption of the diurnal rhythm was noted in the monkeys with hippo-
campal ablation or fornix section by Mason (1957). Nauta (1960) states that

- ‘the hypothalamus forms part of two neural circuits, one of which connects
with the limbic forebrain structures, the other with a medial zone of the mid-
brain. . .. it seems possible to consider both circuits to be subdivisions
of one and the same major circuit formed by largely multisynaptic neural
conneotions connecting the limbic forebrain structures with a limbic midbrain
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area and vice versa, both limbs of the circuit relaying in large part in the hypo-
thalamus. Viewed in this manner, the hypothalamus appears as a nodal
point in a vast neural mechanism extending from the medial wall of the cere-
bral hemisphere caudalward to the lower boundary of the mesencephalon,
and it seems logical to assume that the functional state of the hypothalamus
is continuously influenced by the prevailing activity patterns in the limbic
forebrain-midbrain circuit as a whole’.
This limbic forebrain-midbrain circuit is important for the—

(@) maintenance of the basal 17-OHCS output;

(b) diurnal fluctuation of 17-OHCS output;

(¢) stress-induced increase in 17-OHCS output where the inhibitory in-
fluence is overcome by the stressing procedure (neural or humoral);

(d) development of the ‘stage of resistance’ (Selye) after stress.

In dogs with pituitary-island preparation there is high basal level of 17-
OHCS output. This is further increased after injection of zine. Bard and
Mountcastle (1948) state that the neurally isolated island of tissue (composed
of ventral diencephalon, olfactory tubercles and hypophysis) thus left with
adequate blood supply served to maintain a normal water and carbohydrate
balance. In the present work with pituitary-island preparation no median
eminence is present but still there is high basal level of 17-OHCS output.
Therefore the ponto-cerebello-medullary complex leads to the discharge of
neurosecretion in response to neural and humoral stimuli and then the neuro-
secretion circulating in the systemic blood stimulates the isolated pituitary
to discharge more ACTH (Fig. 23). In such a preparation the inhibitory
influence of the cortex and the hippocampus is lost and so the basal values
are increased. .

If we accept two centres, one hypothalamic and the other the ponto-
cerebello-medullary complex, for the control of ACTH release then after hypo-
thalamic lesion the stress should lead to rise in 17-OHCS output because such
a stress as severe burn can break through the cerebral and hippocampal in-
hibition on the complex. This is more so as is evidenced by the ventral hypo-
thalamectomy experiment and the influence of stress in such an animal (Roy
1960a) but in this investigation both the dogs with ventral hypothalamectomy
had infarcted pituitaries and so there was no response to the injection of zine.
In decorticated dogs, the inhibitory influence on the hypothalamus and the
ponto-cerebello-medullary complex is not present and this can account for the
high basal 17-OHCS output (Roy 1960b unpublished). Obviously, then, response
to stress should be more in such a preparation than in one animal with isolated
pituitary, but such a situation is not found because of the presence of the
hippocampus which has definitely one inhibitory influence on the hypo-
thalamusg,
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¥1e. 23. Mechanism of adrenal corticosteroid discharge in isolated pituitary experiment
in dogs after injection of zine,

How zinc acts—Zinc is probably engaged in the enzyme systems of the
neurosecretory cells and adenohypophysial cells.

CONCLUSIONS

(1) There is a rise in plasma 17-hydroxycorticosteroids after intraperi-
toneal injection of zinc sulphate at a dose of 0-1 millimoles or after intraperi-
toneal injection of ACTH at a dose of 0-2 1.U./g in the fish L. rohita, . mrigala
and C. catla. _ -

(2) In guinea pigs there is a rise in plasma 17-hydroxycorticosteroids after
intraperitoneal injection of zinc sulphate at a dose of 3 pM/100 g body weight.
There is no rise in plasma 17-OHCS after injection of zinc in hypophysectomized
guinea pigs,

(3) Adrenal venous blood 17-OHCS output is increased in dogs after
intravenous injection of zinc sulphate at a dose of 0-2 millimoles. No rise
is noted in ventral hypothalamectomized dogs with lesion of the median
eminence and in hypophysectomized dogs.
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(4) Dogs with lesion of the hippocampus or with pituitary-island pre-
paration show high basal level of 17-OHCS output. Zinc injection leads to
further increase.

(6) Diurnal fluctuation of 17-OHCS output is lost in dogs with lesion of
hippocampus.

(6) Anterior interrenals and the pituitary are described in C. mrigala,
C. catla and L. rohita. Very faint reaction is noted in the cytoplasm of the
anterior interrenal cells after Sudan stain and demonstration of ascorbic acid
granules was possible only in the blood vessels. Three hours after injection
of zinc or ACTH there is hypertrophy of the anterior interrenal cells. The
hypothalamus and the pituitary show increased activity.

(7) The hypothalamo-pituitary-adrenal axis of the guinea pig and dog
shows increased activity histologically after injection of zinc. For zine to act
on the axis, the pituitary is to be present.

(8) Histologically it can be stated that the corpuscles of Stannius do not
react to the ipjection of zinc or ACTH by increasing plasma 17-OHCS level
as there is no change in the corpuscles. They may be engaged in osmoregula-
tion by production of osmoregulatory hormone’s or the hormones may have
action on the reproductive system.

(9) After injection of zinc in the fish, the neurosecretory substance from
the preoptic and lateral tuberal nuclei is discharged to the adenohypophysial
cells wherefrom ACTH is liberated.

(10) Zinc may act.on the caudal neurosecretory system of the fish and the
neurosecretory substance thus discharged activates the pituitary-adrenal axis.

(11) The limbic forebrain-midbrain circuit (Nauta) is important for the—

(@) maintenance of the basal 17-OHCS output ;

(b) diurnal fluctuation of 17-OHCS output ;

(¢) stress-induced increase in 17-OHCS output where the inhibitory
influence is overcome by the stressing procedure (neural or
humoral) ; )

(d) development of the ‘stage of resistance’ (Selye) after stress.

(12) In pituitary-island preparation of the dog, the ponto-cerebello-
medullary complex leads to the discharge of neurosecretion in response to
neural or humoral stimuli which circulates in the systemic blood and
stimulates the isolated pituitary to discharge more ACTH. In such a prepara-
tion, as the inhibitory influence of the neocortex and the hippocampus is lost,
the basal value of 17-OHCS output is increased.
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