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1. InTRODUCTION

The corpora cardiaca were originally described by various authors as lateral
sympathetic ganglia, pharyngeal ganglia, corporis faringei, ete., regarding them as
parts of the sympathetic system of the insect. Ontogenetically, they may be con-
sidered as ganglia because they develop as invaginations of the stomodaeum in the
neighbourhood of the hypocerebral ganglion and later move to the wall of the aorta
to which they become intimately connected (vide Hanstrom, 1939).

The structure of the corpora cardiaca has been studied in detail only by. a few
authors. Pfliigfelder (1937) has pointed out that the corpora cardiaca consist of
nervous and osmiophil cells and he has attributed a secretory or excretory function
to the latter. Cazal (1948) has made a comprehensive and comparative study of
the retrocerebral organs of insects, and in his monograph he has described briefly
the corpora cardiaca of Pyrrhocoris apterus. A more detailed account of the
structure of the corpus cardiacum of Locusta migratoria has been given by the author
{Nayar, 1954).

While considerable work has been done on the physiology of the corpus allatum,
only a few workers have attempted to study the functional significance of the
corpora cardiaca. Evidences have recently accumulated to suggest an endocrine
function for these structures (vide Scharrer, 1955). Recent researches on the
neurosecretory system of insects by Scharrer (1952) have shown that the corpora
cardlaca‘function as storage organs for the neurosecretory products elaborated by
the special cells of the pars intercerebralis of the brain of Leucophaea maderae. A
similar observation was made by E. Thomsen (1952) in Calliphora and subsequently
by various authors in several groups of insects. B. and B. Scharrer (1944) and
Hanstrém (1953) have drawn a comparison between the hypothalamo-hypophyseal
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system of vertebrates and the intercerebralis-cardiacum-allatum system of insects.
E. Thomsen (1952) has shown that the corpus cardiacum of Calliphora can replace
the neurosecretory cells in inducing the development of the eggs. Bodenstein
(1953) in his work on Periplaneta suggested the existence of a specific interaction
of the corpora cardiaca with the prothoracic gland causing the maintenance and
activity of the latter. He showed that removal of the corpora allata and the reten-
tion of the corpora cardiaca would help to maintain the prothoracic glands in the
adult insect. But Wigglesworth (1955), in his study of the breakdown of the
thoracic glands in adult Rhodnius, showed that transplantation of the corpus cardia-
cum will not help to prevent the breakdown of the glands. Vannucci (1953) has
shown that extracts from corpora cardiaca contain a heart-activating substance
which may be either adrenalin itself or a closely related substance. A myotropic
activity has been recorded in the extracts by Cameron (1953) and Koller (1954).

That the corpora cardiaca of insects have a chromatophorotropic activity on
crustacean pigment cells has been reported by Brown and Meglitsch (1940) and
M. Thomsen (1943).

A detailed investigation on the neurosecretory system of the common plant
bug Iphita limbata St8l. (Pyrrhocoridae: Hemiptera) was started in this laboratory
in 1953. A comprehensive account of the neurosecretory cells of the nerve ring and
some aspects of their enzyme content have been published by the author (Nayar,
1955a, b). Accounts of the structure of the corpus allatum and the neurosecretory
pathways have also been published (Nayar, 1956a, b). The present paper embodies
the results of observations on the structure and some functions of the corpus cardia-
cum of Iphita.

2. MATERIAL AND METHODS

Adults of both sexes of Iphita were collected from the field and kept in insectary
jars or boxes where they thrived on cotton seeds soaked in water or sap of Plumaria.

The pronotum and the dorsum of the head were removed and the insect was
pinned flat in a dish of insect-Ringer. Under the stereoscopic binocular { x40) the
brain with the median trachea supplying the pars intercerebralis could easily be
located. Lying close to it and placed posteriorly is the anferior end of aorta.
Lateral to the aorta could be seen the tiny, opaque, whitish corpora cardiaca, which
could be easily removed together with the corpus allatum when the trachea
is dissected away.

The following methods were used in this investigation:

1. Freshly dissected glands were gently flattened in a drop of insect-Ringer on
a slide for examination under the phase-contrast and dark-ground microscopes.
The spheroids were studied in living cells by staining in 0-0019%, neutral red.

2. For general observations, material fixed in Bouin’s, Helly’s or Orth’s fluid
was sectioned and stained in Heidenhain’s iron haematoxylin.

3. TFor neurosecretory connections, the entire nerve ring together with the
aorta, the anterior end of the gut and the endocrine glands were fixed in Bouin’s or
Smith’s fluid, and sections were stained in Gomori’s chrome alum-haematoxylin-
phloxine (Gomori, 1941),

4. For lipochondria, Aoyama’s, Kolatchew’s and Baker’s sudan black (Baker,
1949) methods.

5. For phospholipids, Baker’s (1946) acid haematein and pyridine extraction
tests,

6. For diphenols, Lison’s chromaffine tests (Lison, 1953), indole reaction
(Pearse, 1953), Gibb’s method for argentaffin granules (Gomori, 1953), Giemsa
method for adrenochrome after Sevki (Pearse, 1953), Vulpian reaction, acid dia-
zonium reaction for aromatic amines and phenols (Pearse, 1953), hexamine-silver
method of Gomori (1953), and Hillarp and Hokfelt (1955) method for noradrenalin
and adrenalin.

1B
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7. Chromatographic methods for diphenols (Block, Durrum and Zweig, 1955)
after Roux (1951) and Barton, Evans and Gardner (1952).

8. TFor experimental investigations on myotropic activity, isolated hindgut
of Iphita (Pyrrhocoridae) and Aspongopus janus (Fabr.) (Pentatomidae) were used.
For studying chromatophorotropic activity, Cariding laevis Heller (Decapoda)
among the Crustacea, Aplocheilus lineatum (Cuv. and Val.), Barbus vittatus (Day),
and Etroplus maculatus (Bloch) among the fishes, and the lizard Hemidactylus brookii
Gray were used as test animals.

3. OBSERVATIONS

(@) The endocrine system of Iphita (Text-fig. 1)

Situated in the pars intercerebralis of the brain of Ipkita limbata Stdl., is a pair
of clusters of neurcsecretory cells. Each cluster is composed of sixteen cells and
the two clusters lie just underneath the membranous investment of the brain
below the level of the longitudinal trachea. Springing from each cluster is a nerve
composed of the axons of the neurosecretory cells, which run forwards and down-

TexT-F16¢. 1. Diagram of the endocrine system of Iphita. AO——aorta; 4X—axonic pathway
from neurosecretory cells; Cd—corpus allatum; CC-—corpus cardiacum;
CN—cardiac nerve; FG—foregut; HY—hypocerebral ganglion; NC—
neurosecretory cells of the brain; RN-—recurrent nerve.

wards, and after forming a chiasma run posteriorly. At the posterior phase of the
brain, each emerges out as the cardiac nerve running to the corpus cardiacum.
The two corpora cardiaca are tiny glands, each measuring about 182 to 1954 in
diameter, lying on the two sides of the anterior end of the aorta and intimately
connected to its walls. They extend to the ventral edges of the aorta where they
meet and fuse forming a bridge-like mass (Plate XIX, C). Lying between the lobes
of the corpora cardiaca and shifted posteriorly is the median hypocerebral ganglion.
A large corpus allatum lies attached to the ventral wall of the aorta, just behind the
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hypocerebral ganglion. In the adult male this gland measures about 390u in
diameter, in the young adult female it is 350p in diameter, while in the gravid
female it is 910y in diameter. The corpus allatum is connected to the corpora
cardiaca by a median allatic nerve.

(b) Neurosecretory connections

A detailed account of the neurosecretory connections to the retrocerebral
endocrine organs of Iphita has been given by the author (Nayar, 19565). When
stained in Gomori’s chrome alum-haematoxylin-phloxine, the pathways along
which the neurosecretory matter from the cells of the pars intercerebralis gets trans-
ported could easily be made out in the form of blue granules and irregular lumps of
colloids on a red phloxinophilic background. The axons from the neurosecretory
cells of the brain serve to transport the colloids, stainable blue, to the corpora
cardiaca, where they aggregate as clumps and granular masses among the cells and
along the edge of the gland. Through the allatic nerve the neurosecretory colloids
pass into the corpus allatum. At the junction of the allatic nerve, the recurrent
nerve of the stomatogastric system also is in contact, and through this region neuro-
secretory materials flow into this sympathetic cord also (Text-fig. 1). Actual flow of
neurosecretory material into the blood by percolation through the aortic wall also
has been observed in Iphita.

(¢) Structure of the corpus cardiacum

Under the stereoscopic binocular, the corpora cardiaca appear as white, opaque
bodies. In this respect they resemble the neurosecretory cells of the brain. Like
the neurosecretory cells, the corpora cardiaca also show up as shiny, bluish-white
structures under dark ground illumination (Plate XIX, 4). When the preparation is
very gently pressed, the extremely thin, membranous envelope of the gland breaks
and colloids and granules flow out which remarkably resemble the shiny bluish-
white products of the neurosecretory cells. The cells of the corpora cardiaca remain
intact and shiny, and it is evident that the shiny matter that flows out of the gland
represents the contents outside these cells, suggesting that they may be the neuro-
secretory matter. This assumption is supported by the finding that the corpora
cardiaca of insects, where the neurosecretory cells have been extirpated three days
earlier, show only faint, bluish-white matter flowing out or remaining inside the
gland. The gland in this case as a whole loses the whitish colour and appears pale
brownish,

Under the phase-contrast microscope the corpus cardiacum is seen to have a
set of large cells which could be easily dislodged by slight pressure. These cells have
rounded nuclei with dark chromonemata and conspicuous chromocenters (Plate
X1X, B). They measure from 13 to 20y in diameter with nuclei of about 10-1p
in diameter. Their cytoplasm shows a granular appearance with the granules often
clumped together to form irregular masses. Inner to this layer of cells could be
seen the fibres of the cardiac nerve as streaks, which show on them spheroids. Close
to these streaks could be seen aggregates of spheroids with clear interior and dark
rims, representing the neurosecretory matter accumulating in them. The rest of
the gland shows a cytoplasm which is granular and which does not present a homo-
geneous nature. Here often the cells appear elongated when the preparation is
well pressed, measuring about 15 to 20u in length with a nucleus of about 8u in
diameter situated in the broader part of the cells. )

When stained in 0-0019, neutral red, the cells show vesicular and transparent
nuclei and among the large cells and along the track of the axonic bundles could be
seen large spheroids which take up the red colour. These spheroids measure from
048 to 1-43p in diameter, the majority being about 0-71 to 1-08u in diameter.
These neutral red spheroids are similar to those of the neurosecretory cells.
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The corpus cardiacum under dark-ground. The shiny whitish mass of the droplets
and cells, released by the rupture of the gland, resemble the neurosecretory cells
and their produets.  Approx. 170,

The cells of the corpus cardiacum under phase-contrast. A few cells are seen in the
centre of the figure which are the marginal cells. Approx. 480,

Section showing the peripheral large cells (MC) of the corpora cardiaca distinetly.
OE-——oesophagus. Fixation Orth. Stained in Heidenhain’s iron-haematoxylin.
Approx. » 120,

Section of the corpus cardiacum, showmg accumulation of neurosecretory colloids
(NC) among cells and along the margin., Fixation Bouin. Stain Gomori’s.
Approx.  1,.200.
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In routine sections stained with iron haematoxylin after fixation in Orth’s or
Bouin’s fluid, the peripheral larger cells could be seen in a well-preserved condition
(Plate XIX, C). They show well-defined nuclei and granular cytoplasm, the latter
taking up a blue stain in Gomori’s chrome alum-haematoxylin. Among these cells
and lying inner to this cellular tier are granular clumps, which generally stain bright
blue in chrome haematoxylin (Text-fig. 2; Plate XIX, D). However, in some

TeXT-FIG. 2. Camera lucida drawing of a section through the corpus cardiacum of Iphita,
showing colloids in intercellular regions and among the nerve fibres. The
peripheral cells with granular matter also shown. AO-—aorta; JC—inner
cells; M C—peripheral cells; NC-—neurosecretory colloids among cells,

preparations these colloids take up a shiny red colour thus appearing phloxinophilic;
the true nature of this coloration is not understood. This is the neurosecretory
matter collected in the gland. The smaller nuclei in the rest of the gland take up
the red component of Gomori’s stain.

The spheroidal bodies seen in the axonic region of the corpus cardiacum
represent the lipochondria as evidenced by staining in sudan black by Baker’s
method. They produce the characteristic blackened pictures in the classical ‘ Golgi
preparations’ like Aoyama’s and Kolatchew’s methods. They are thus sudanophil,
argentophil and osmiophil.

The granular substances of the cytoplasm of the larger cells are to a certain
extent argentophil as they reduce silver in Aoyama’s method (Text-fig. 3). In
osmium methods no satisfactory pictures have been obtained. The black granules
produced by Aoyama’s method form only a part of the granular constituents of
these cells, They are seen as scattered bodies on the outer wall of the nuclear
membrane also. In sudan black-staining such granules are feebly coloured greyish-
black; they are poorly coloured in neutral red also.
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0.01.7mm

TEXT-FI6. 3. Camera lucida drawing of a peripheral cell of Iphéla in an Aoyama preparation,
showing spheroids reducing silver. Such spheroids are seen in the cytoplasm
and along the nuclear membrane,

When the whole gland is treated with 19, osmic acid, the large cells become
brownish and remain like that for about a day. Soon the whole gland becomes
brownish-black and the details are lost. From this it could be inferred that these
larger cells form the osmiophil cells of the gland. It could also be concluded that
the granular-spheroidal contents of these cells constitute a substance different from
the neurosecretory matter though they are coloured blue in chrome alum-
haematoxylin.

The phospholipid content of the corpus cardiacum, as evidenced by Baker’s
acid haematein test and confirmed by pyridine extraction tests, is seen as blue
concretions and granular masses in the region of the neutral red-positive spheroidal
structures of the lipochondria. They are abundant along and near the axonic
tracts and among the large cells. The cellular regions of the gland are only poorly
coloured. The contents of the neurosecretory cells of the brain are rich in phospho-
lipids, and identical matter is seen clumped in the axonic regions and adjacent
portions of the corpora cardiaca.

The chromaffin content of the corpora cardiaca has been studied by various
authors with conflicting results. In Iphite, when tests were made on whole glands
according to Lison’s method, faint yellowish coloration was seen. No granular
material was seen giving positive reactions. A faint violetish colour was developed
in certain cases in indole reaction tests when sections were incubated for sixty
minutes at 60°C. But negative results were obtained when gland sections were
treated with diazotised p-nitroaniline, hexamine-silver and weak ferric chloride.
No special staining effect was noticeable when material fixed in Orth’s fluid was
treated with dilute Giemsa according to Sevki’s method.

Chromatograms run at room temperature with butanol : acetic : water (4 : 1 : 5)
on Whatman No. 1 paper by circular or descending methods, when sprayed with
* ferric chloride/potassium ferricyanide (Block, Durrum and Zweig, 1955), gave no
positive blue coloration at all. Extracts of ten corpora cardiaca in one ml.
of ethanol or distilled water were used for spots, each of 0-02 ml. volume. Carbonic
acid : water at pH 4-2 (Barton ef al., 1952) was also used as a solvent. Spraying
with weak ferric chloride or sucrose-HCl-ethanol (Roux, 1951) also gave no indi-
cation of any phenolic substances on the chromatograms.

{d) Experimental investigations

(i) Myotropic activity—~Cameron (1953), Wigglesworth (1954, citing Cameron)
and Koller (1954) have drawn attention to the myotropic activity of the extracts
of the insectan corpus cardiacum. The hindgut of Iphita when isolated in insect-
Ringer showed no definite peristalsis. Some sporadic contractions were noticed,
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but it was found that these could not be advantageously studied in experiments.
"Examining the hindgut of another bug Aspongopus janus (Fabr.), (Pentatomidae:
Hemiptera) it was seen that when isolated and cleaned from débris, it would
continue to exhibit peristalsis in insect-Ringer for more than ninety minutes. The
rate of peristalsis starts at about 10 per minute, which in a few minutes will fall to
8 per minute. It will continue to show regular contractions at this rate for more
than an hour at room temperature (86° to 88°F.).

Five pairs of corpora cardiaca of Iphita were crushed and added to 1 ml. of
Ringer and mixed well. After centrifugation at 5,000 r.p.m. for ten minutes, the
supernatant was used as the extract.

A preparation of the hindgut of Aspongopus in a dish with 5 ml. of Ringer was
used for the experiments. When 0-2 ml. of the extract was added to the Ringer,
no noticeable effect was seen, but when 0-5 ml. of the extract was added, the rate of
peristalsis increased, becoming 10 per minute in two minutes and rising up to a rate
of 12 per minute in three minutes. After fifteen minutes it fell to 10 per minute at
which rate it continued for more than thirty minutes (Text-fig. 4).

CONTRACTIONS /MINUTE

'3 xtraTct added

TIME INMINUTES

Texr-Fig. 4. The rate of contractions per minute of the isolated hindgut of Aspongopus.
A—when extract of corpus cardiacum of Aspongopus was added; B—when
extract of corpus cardiacum of Iphita was added; C—with isolated hindgut
in Holtfreter solution of pH 66 with extract of corpus cardiacum of Iphiia
added; D—with extract of corpus cardiacum of Iphita deprived of neuro-

secretory cells added.

When the corpora cardiaca of Aspongopus itself were used, it was seen that the
frequency of peristalsis rose from 8 to IS per minute at which rate it continued for
over thirty minutes (Text-fig. 4).
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Tt is worth mentioning here that granular bodies coloured brownish-yellow
were seen in the cytoplasm of the cells of the corpora cardiaca of Asporgopus when
the glands were treated with 109, potassium iodate followed by formalin according
to Hillarp and Hékfelt’s (1955) method. Such a granular structure was not seen
when the glands of Iphita were treated likewise.

The pH of the Ringer, in which the preparation of the hindgut was placed for
experiments, had been seen to have a réle in deciding the frequency of peristalsis,
The pH of stock insect-Ringer used for the study ranged from 35 to 3-7, while fresh
Ringer had a pH of 4-6. Freshly mixed Holtfreter solution giving a pH of 6-6 was
used as a medium, and it was observed that the hindgut of 4spongopus contracted
10 times per minute for a considerable time. When extracts of corpora cardiaca
were added the rate of peristalsis rose to 15 per minute in one minute and reached
up to 24 per minute in three minutes’ time. It continued to contract at this rate
for a long time. The variation of the rate of contractions of the hindgut at different
pH is given in Table 1.

Tasie 1

Table showing the rate of contractions per minute of the isolated hindgut of
Aspongopus janus in physiological solutions of different pH

Average number of
. Average normal contractions/minute
pH of Ringer contractions/minute on addition of
extract
35 8 12
3.7 8 12
4-6 8 12
6-6 10 24
72 8 15 (irregular)
8-0 nil nil

Neurosecretory cells from brain either extracted or directly added to the
medium produced no increase in the rate of peristalsis. Corpora cardiaca from
ingects deprived of their neurosecretory cells three days earlier showed definitely a
rise in the rate of peristalsis bringing it to 9 to 10 per minute.

(ii) Chromatophorotropic activity.—Corpora cardiaca of insects have been stated
to possess a chromatophorotropic activity (Brown and Meglitsch, 1940; M.
Thomsen, 1943). The common freshwater shrimp Caridina laevis was selected as a
test animal. Here the animal has red chromatophores which completely disperse
(reticulate type) converting it into a dark animal in dark surroundings and which
concentrate (punctate type) rendering it pale in clear and sandy background.
Hogben and Slome group the chromatophore changes in animals into five steps
{(chromatophore index 1 to 5), viz. punctate, punctate-stellate, stellate, stellate-
reticulate and reticulate (Parker, 1948), to designate the degrees of dispersal or
concentration of pigments. In Caridina, reticulate measures about 170u in
diameter, stellate-reticulate about 130x, stellate about 104u, punctate-stellate about
52u, and punctate about 13 to 20u. These represent the stages 5, 4, 3, 2 and 1
in Text-fig. 5.

In the shrimps where eyes are removed, the red chromatophores disperse
completely to stage 5 irrespective of the environment and they failed to concentrate
as the regulatory eye-stalk hormones were wanting. In such animals entire corpus
cardiacum or extracts of ten glands in 1 ml. of distilled water made as suggested by
M. Thomsen (1943) were administered. When the corpus cardiacum was injected
wholly by a fine glass needle into the body of an eyeless shrimp, the animal reacted
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in a few minutes by concentrating the red chromatophores. In about 10 minutes’
time they became punctate-stellate and in 20 minutes’ time they concentrated
fully to stage 1. All the red chromatophores did not show the same effect, a few
contracted slowly. 0-5 ml. of extracts injected into the body gave the same results;
0-2 ml. of the extract concentrated the chromatophore comparatively slowly. Add-
ing extracts to bits of branchiostegites removed and kept in insect-Ringer also gave
the same results, the rate of contraction being somewhat slower (Text-fig. 5).
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TexT-FI6. 5. The chromatophore index of Caridina under the influence of the extract of the
corpus cardiacum of Iphita. A—tests on isolated branchiostegites; B—
results of injection of extracts into eyeless shrimps.

The neurosecretory cells showed no effect on the pigment cells of Caridina.

Though the corpus cardiacum can induce concentration of the red chromato-
phores in Crustacea, their effects on vertebrate pigment cells have not been studied
so far. '

Isolated scales of fishes belonging to Aplocheilus lineatum and Barbus vittatus
put in distilled water showed their melanophores somewhat dispersed. The
extracts of corpora cardiaca or crushed corpora cardiaca placed on these scales
produced no effect on the melanophores. In Etroplus, the isolated scale removed
to distilled water shows a few melanophores punctate and a few somewhat dispersed.
The corpus cardiscum has no effect on these melanophores, but the neurosecretory
cells of the pars intercerebralis of the brain when crushed and placed on the scale
were seen to induce a dispersal of some of the punctate melanophores. The change
was slow and extended over 30 minutes.

Hypophysectomized lizard Hemidactylus brookit was also used as a test animal.
After hypophysectomy the animal turns pale, and blanching is completed in about
40 nﬁinutes. Within about a week the animal begins to shed its skin in large
patches.

Three pairs of corpora cardiaca of Iphita were crushed into a paste and put into
the thigh of such hypophysectomized lizard. This produced a local expansion of
the chromatophores. They began to expand in about 20 minutes and the
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dispersal lasted for about 150 minutes. The action was localized in the regions of
the thigh and the pelvis.

In another experiment, freshly dissected corpora cardiaca (a pair) of Iphita
were pushed with a fine glass needle into the thigh of a light-adapted pale animal.
The chromatophores of the region began to disperse in about 15 minutes.

The neurosecretory cells of the insect showed no effect on the lacertilian
chromatophores.

4, DiscussioNn

The general distribution of the endoerine glands in Iphita limbata resembles
that of Pyrrhocoris apterus described by Cazal (1948).

The corpus cardiacum of Iphita is not syncytial and in this respect it differs
from that of Locusta (Nayar, 1954) and the corpus allatum of Iphita itself (Nayar,
1956a). The distinction of chromophobe and chromophil cells could be made out
in Iphita also, as has been noticed in other insects by Cazal (1948). The chromophil
cells are also osmiophil as observed by Pfliigfelder (1937). But a well-defined
osmiophil nature could not be seen in Iphita beyond an initial stage as osmie acid
is reduced by the entire gland.

The neurosecretory connections of the corpora cardiaca of Iphita have been
discussed fully by the author (Nayar, 1956b). The corpus cardiacum receives a
good amount of the neurosecretory material which gets collected as colloids among
the cells and on the axons. This material, stainable blue by chrome alum-
haematoxylin, accumulating in the corpora cardiaca has been observed by other
authors also like Scharrer (1952) in Leucophaer, E. Thomsen (1952) in Calliphora,
Arvy, Bouphiol and Gabe (1953) in Bombyx, Arvy and Gabe (1953) in Odonate and
mayflies, Arvy and Gabe (1954) in Plecoptera and M. Thomsen (1954) in Hymen-
optera. Curiously enough in some preparations it has been seen that these
concretions in the corpora cardiaca of Iphite become phloxinophil. The true nature
of this tintorial reaction could not be made out. Scharrer (1955) cites examples
where neurosecretory matter in insects stains red in Gomori’s chrome alum-
haematoxylin-phloxine; this staining property applies to the melanophore-expand-
ing hormones of the vertebrates also.

The use of dark-field microscopy in the study of living neurosecretory cells and
their products, together with phase-contrast examinations, have become increasingly
popular (E. Thomsen, 1954; Nayar, 1955a). The presence and distribution of the
neurosecretory content which is refractile could be made out clearly by these
methods.

An additional proof of neurosecretory material accumulating in the corpus
cardiacum has been afforded by the acid haematein tests performed in the present
studies. The phospholipid content of the neurosecretory cells and their axons
could be seen in the axonic tracts of the cardiac nerve and the regions around it and
near and among the cells of the cardiacum,

The granular mass of the cytoplasm of the cells of the corpus cardiacum
represents the secretion of the gland itself. Though this also is stainable blue by
chrome alum-haematoxylin, it does not resemble the neurosecretory matter because
it reacts poorly to lipochondrial techniques and it does not show a rich phospholipid
content. In Plecoptera, Arvy and Gabe (1954) have shown that the cellular
contents of the corpora cardiaca stain red in Gomori’s stain.

Koller (1948) observed that extracts from the head of a number of insects
would bring about an acceleration of contractions of the malpighian tubes. Work-
ing from that point, Cameron (1953) pointed out that extracts of the corpora
cardiaca of Periplaneta will increase the activity of the malpighian tubules of
Locusta and will accelerate the rate of contraction of the hindgut of Locusta and
Periplaneta. The same extracts were shown also to increase the rate of heart beat
of Periplaneta by 50 per cent (vide Wigglesworth, 1954).
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Koller (1954) showed that the extracts of the corpus cardiacum of Carausius
would retard the contractions of the gut of beetles, while extracts of the corpus
allatum and intestines would accelerate it.

In the light of these conflicting findings, it is interesting to note that the rate of
contractions of the hindgut of Aspongopus gets accelerated when the extracts of
the corpora cardiaca are added to the medium, thus confirming Cameron’s obser-
vations. Extracts of corpora cardiaca of Iphita exerted a comparatively feeble
acceleration.

The volume of a pair of corpora cardiaca of Iphita is approximately 0-006 mm.2
In an extract of five pairs of glands in 1 ml. the strength may be about 1: 3—40,000.
When 0-2 ml. of the extract was added to the gut preparation in 1 ml. of Ringer, no
noticeable effect was observed, but when 0-5 ml. of the extract was added the rate
of peristalsis showed an acceleration. This shows that a dilution of 1: 200,000 was
ineffective, while 1 in about 80,000 was effective. It suggests that probably the
content of the active principle in the corpus cardiacum of Iyhita is lesser than that
of Periplaneta (Wigglesworth, 1954).

The significance of pH in inducing increased rate of contraction has been noted
by Koller (1954). Here, in Iphita also the maximum contractions have been
observed around pH 6-6.

The facts that the neurosecretory cells and their extracts do not accelerate the
contractions of the gut, and that corpus cardiacum of an insect deprived of its
neurosecretory cells earlier could induce this acceleration, suggest that the
myotropic activity is due to substances in the corpus cardiacum and not essentially
due to neurosecretory matter. This substantiates similar conclusions drawn by
Cameron (1953).

Brown and Meglitsch (1940) and M. Thomsen (1943) have recorded the
chromatophorotropic activity of the insectan corpora cardiaca. Both have used
Decapod Crustacea as their test animals. The chromatophorotropic activity of
the corpora cardiaca of Iphita on the shrimp Caridina is similar to that observed by
the above workers on their experimental animals. The active principle of the
corpus cardiacum brings about a contraction of the expanded red chromatophores
of Caridina. Functionally this prineiple is thus similar to the eye-stalk-hormone
of Decapoda.

The influence of invertebrate hormones on the colour change of vertebrates has
been studied by some authors (vide Hanstrom, 1939). The results obtained by the
various investigators have been conflicting. Abramowitz (1936) states that eye-
stalk extracts of Palemonetes expanded the melanophores of hypophysectomized
Mustelus, Rana, and Anolis and dispersed the chromatophores of the fish Chrosomus
and hypophysectomized Amieurus. The effect of insectan corpus cardiacum,
which physiologically shows a chromatophorotropic activity similar to that of the
eye-stalk-hormone of the crustaceans, has not so far been tested on vertebrates.
In the present investigation it has been shown that generally the piscine melano-
phores do not react to the extracts of corpora cardiaca, but the latter brings about a
dispersal of pigments in the melanophores of light-adapted and hypophysectomized
Hemidactylus.

Hormones have been demonstrated to bring about concentration or dispersal
of chromatophores in vertebrates, The chief element that brings about the dis-
persal is intermedine or the ‘B’ hormone of the pituitary (Parker, 1948). Adrenalin
has been seen to bring about blanching. By hypophysectomy the lizard is denied
the intermedine necessary for the dispersal of pigments and this fact has been
observed in Hemidactylus brookit by Noble and Bradley (1933), who have also
studied the process of moulting in the animal accompanying the removal of the
pituitary. A supply of intermedine artificially will bring about dispersal of the
chromatophores in such animals. The present study shows that a similar but
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localized dispersal of pigment could be induced by supplying the active principles
of the corpus cardiacum also.

Though the melanophores of fish scales do not react to the corpora cardiaca,
some of the concentrated pigment cells of the scales of Etroplus show a dispersal
when crushed neurosecretory cells of the brain are placed on them.

It is interesting to note that the corpus cardiacum of Iphita possesses chroma-
tophorotropic activity which is of no use to the animal. This insect is not capable
of any kind of colour change and this endowment of a chromatophorotropic principle
may be the attribute of the hormone which produces myotropic and other effects
in the animal. In some insects like Corethra, however, the corpus cardiacum in
common with the brain secretes a substance related to adrenalin causing dispersal
of melanophores over the air sacs (DuPont-Radbe, 1949).

The chromatophorotropic activity is not impaired by the remova Jof the neuro-
secretory cells earlier from the insect.

The nature of the active principle or principles of the corpus cardiacum has
been worked out to some extent by Cameron (1953). Workers like DuPont-Raabe
(1949) and Vannucei (1953) have suggested that adrenalin or adrenalin-like
substances are elaborated by these glands.

The chromaffine test as elaborated by Lison (Lison, 1953) has been positive on
the whole glands. Using larvae of Tenebrio, Cameron (vide Wigglesworth, 1954)
showed three spots in chromatograms, of which one lies between Rf 0-3 and 0+4,
which when eluted from the paper revealed the same pharmacological effects as the
gland-extract itself. He concludes that the active principle is neither noradrenaline

nor adrenaline, but an unknown orthodiphenol. Ostlund (1954) has shown that
extracts of insects contain a considerable amount of dopamine also. The present
investigation shows that a feeble chromaffine reaction is discernible in the corpus
cardiacum of Iphita. Histochemical methods for revealing diphenols have, how-
ever, yielded only negative results. Chromatograms have shown no definite spots
and it may be possible that these are due to the very small quantities of the
diphenols that may be present.

Knowles, Carlisle and DuPont-Raabe (1955) in their studies on the chrome-
activating substances in arthropods have shown that in paper electrophoresis of
the corpora cardiaca of Carausius, elute of a band at —1 was strongly active on the
small and large red chromatophores of Leander. In electrophoretic migration and
in its effects it was comparable to their ‘A’ substance obtained from extracts of the
post-commissural organs and sinus glands of Leander. Electrophoresis of brain
extracts of Carausius showed a substance of low mobility (4-0 and —0) which they
call ‘C’ substance, which have no action on chromatophores of Leander. The red
chromatophores of Caridina resemble those of Leander in their reactions to extracts
of the corpora cardiaca.

Holmes (1950) in discussing chromaffine tests has drawn attention to certain
pitfalls in interpretation. He cites Lison’s observations that positive chromaffine
reaction manifests as a uniform, non-granular cytoplasmic coloration. He points
out that prolonged treatment with dichromate and chrome-fixation leads to
coloured granular deposits in the cytoplasm. It should be mentioned, however,
that yellowish-brown granular substances seen in the cytoplasm of the cells of the
corpus cardiacum of Aspongopus, where no treatment with dichromate has been
done, are probably indicative of a granular chromaffin substance. The glands were
here treated with 10 per cent potassium iodate for 48 hours and were then treated
with formalin for 24 hours and mounted (Hillarp and Hokfelt method). Such a
granular substance was not noticed in Iphiia.

Ten Cate has observed (Prosser, 1950) that isolated foregut and intestine of
Dytiscus are excited by acetylcholine and nicotine, while adrenalin has no effect on
them. Lewis (1953) has shown that a rapid synthesis of acetylcholine-like sub-
stances can take place in extracts of heads of Calliphora and Lucilia (6-4 and 6-3
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pgm./gm. tissue freshweight respectively). But Wigglesworth (1954) has pointed
out that acetylcholine has not the stability of the active material from insectan
corpora cardiaca and he presumes that it may be related to adrenalin,

5. SUMMARY

1. The corpora cardiaca of Iphita limbata Stdl. (Pyrrhocoridae: Hemiptera) are paired
glands meaguring from 182 to 195u in diameter.

2. They are connected to the neurosecretory cells of the pars intercerebralis of the brain
by the axons of the latter which comprise the cardiac nerve.

3. Each gland is composed of larger peripheral cells situated laterally, which are osmiophil,
and smaller cells with heterogeneous cytoplasm. The axons of the cardiac nerve bring neuro-
secretory colloids and a good quantity of these remains stored in the gland. Phase-contrast and
dark-field miecroscopy, Gomori’s chrome-alum-haematoxylin-phloxine and Baker’s tests for
phospholipids confirm this point.

4. The cells of the corpus cardiacum also elaborate a secretion which appears to be different
from the neurosecretory matter.

5. Faint indications of the presence of chromaffin material are given by Lison’s tests and
indole reaction. Other tests for phenolic substances, including chromatographic analyses,
yielded no positive results. ;

6. The corpus cardiacum contains active substance or substances having a myotropic
activity, The extracts from the glands can accelerate the rate of peristalsis of the hindgut of
the bug Aspongopus janus (Fabr.) (Pentatomidae). Optimum results are obtained at pH 6-6
and a dilution of 1 in 80,000 can induce this acceleration.

7. The extracts of the corpus cardiacum have chromatophorotropic effects on the red
pigment cells of the Decapod Crustacean Caridina laevis Heller and the melanophores of light-
adapted and hypophysectomized lizard Hemidactylus brookii.

8. The neurosecretory cells seem to have no myotropic or chromatophorotropic activity.
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