Ultrastructural evidence for the presence of secretory cells in the pineal
parenchyma of Heteropneustes fossilis*
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There is an extensive literature dealing with the study of indoles, especially serotonin and melatonin, but with
considerably less emphasis on the cells and cell types involved in the synthetic process. In the present electron
microscopical investigation of the pineal end vesicle of Heteropneustes fossilis, pinealocytes have been revealed
in the pineal parenchyma characterized with extensive synthetic apparatus viz., rough endoplasmic reticulum, free
ribosomes, lipid droplets, mitochondria and Golgi bodies. Two sub-populations of the pinealocytes are easily
distinguishable on the basis of electron opacity and the preponderance of one or other morphological profile:
light cells and dark cells. Light cells represent the active phase of secretion while dark cells represent the storage
and release phase of secretion. A neuroendocrine role for the pineal body in Heteropneustesfossilis is suggested
which may be significant in view of the nocturnal habit of the fish.

1.

Introduction

While the photosensory function of the pineal in the lower
vertebrates has been clearly established by both electron
microscopical observation and neurophysiological investigation, its endocrine or neuroendocrine role is still considered the prime function of the avian or mammalian
pineal. In teleosts, the secretory role of the pineal has
been demonstrated (Hafeez 1971; McNulty 1984; Matty
1985) in some species, but is not fully established. Oguri
et al (1968) first demonstrated in trout the involvement of
pineal in the metabolism of the indoles serotonin and
melatonin. A secretory (endocrine) function of the pineal
was usually demonstrated in association with the sensory
(photosensory) function in most of the cases (Fenwick
1970; McNulty 1984; Matty 1985). It was in the catfish
Coryduras aneus that the pineal was considered nonsensory and possibly only secretory (Hafeez 1971).
McNulty (1984) considered the supporting cells capable
of endocrine secretion. Indole amine metabolism is
important as the products of its metabolism, serotonin and
melatonin, through their rhythmic circulation in blood
may serve as biological clocks (oscillators) as has been
demonstrated in goldfish and pike (Iigo et al 1991). In the
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present investigation, ultrastructural characteristics of the
pineal end vesicle of Heteropneustes fossilis have been
studied.
2.

Materials and methods

Live adult specimens of H. fossilis (av. wt. 25-30 g) were
obtained in the months of April/May from local markets
and maintained under natural conditions in cement tanks.
They were fed with goat liver on alternate days.
The fishes were anaesthetised with MS 222 and then
decapitated. Under a binocular microscope, the pineal
organ was dissected out in a petri dish containing 2.5%
glutaraldehyde in 1% phosphate buffer. The tissue was
then placed in fresh 2-5% glutaraldehyde for 2 h at room
temperature, and later processed by routine EM methods
and examined under Philips CM-10 TEM.

3.

Results

Widely dispersed in the non-lumenal part of pineal
parenchyma are pinealocytes characterized with a
secretory apparatus, namely the Golgi complex, the ER
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Figures 1 and 2.

Secretory cells in the pineal parenchyma of H. fossilis
both smooth and rough types, and vesicular profiles.
These cells are elongated to oval in shape usually with a
tapering end, provided with a large nucleus and cytoplasm
that varies in electron opacities. These cells do not extend
to the lumen and also do not show any microvilli. Two
populations of cells are noticeable at once, varying in
electron opacities: one which appears as dark cells and the
other as light cells (figure 1).

3.1 Light cells
These are electron lucent, large cells provided with a
large nucleus having patches of heterochromatin (figure
2a, c). Light pinealocytes exhibit the features of strong
synthetic activity by the presence of large numbers of
mitochondria, abundant rough ER, lipid droplets, clear
vesicles (80 nm-200 nm in diameter) and dense vesicles
(90 nm-140 nm in diameter).
In some cases, the outer nuclear membrane shows
blebbings and forms pockets containing substances. Long
attenuated cell processes appear to project from the
cytoplasm which interdigitate with those from other cells.
The Golgi apparatus is also discernible and is usually
associated with small clear vesicles. Free ribosomes are
abundantly present in the cytoplasm (figure 2b, c, d). The
presence of small dense granules ( 8 0 n m - l l 0 nm in
diameter) is a common feature of these cells and in some
cells large lipid bodies (approx. 7 0 0 n m - 8 0 0 n m in
diameter) are seen generally in the supranuclear region
(figure 2a).
3.2

Dark cells

They are abundant and variable in size and provided with
a large nucleus with heterochromatin masses. The nucleus
occupies a major part of the cytoplasm (figure 3). The
cytoplasm appears dense, dark in shade and has few
inclusions, the most prominent being the vesicles filled
with dark substances. Numerous round to oval mitochondria are present. The endoplasmic reticulum is sparse
and is usually associated with ribosomes.
Dark cells can be categorized into three sub types on
the basis of presence or proponderance of one or the other
morphological profiles. One type is characterized with a
conspicuous preponderance of mature secretory vesicles
(varying from 280 nm--420 nm in diameter) filling the
cytoplasm (figure 3a). The other type is a dark cell with a
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preponderance of vacuoles (140 nm-370 nm in diameter;
approximately close to that of dense vesicles) in the cell
periphery (figure 3b). Several vacuoles are seen in open
communication with the extracellular space. In this type,
mature dark vesicles are few, though present. The nucleus
and mitochondria are the only other inclusions present. A
few ER of the rough type may be seen at times. The third
type (figure 3c) is the dark cell which shows numerous
myeloid bodies occupying the cytoplasm. The cytoplasm
is almost withered and is peripheral. It is found that dark
cells are abundant in the close vicinity of the blood
capillaries. Mature dark cells laden with secretory
granules close to blood capillaries appear to release their
contents into the perivascular space (figure 4).
3.3

Interstitial cells

These cells form the packing material between the dark
and light cells. They are characterized by very few
organelles with no preponderance of any particular kind.
They make intercellular contacts in a variety of ways.
Desmosomal contacts are very common where cell
populations are dense (figure 5). Deposition of dense
cytoplasmic material is seen at certain points along the
cell membrane.
3.4

Nerve fibres

Numerous myelinated and unmyelinated fibres run as
bundles close to cells in the perivascular spaces (figure 6).
Synaptic contacts could not be demonstrated, but the
proximity of the nerve fibres to cell populations does
point to the existence of synapses.

3.5

Blood capillaries

The end vesicle is richly vascularized. Non fenestrated
(figure 4) endothelial ceils line the endothelium with a
layer of stromal connective tissue encompassing them and
separating them from the basal lamina. Macrophages are
present in the lumen of the capillaries.

4.

Discussion

The present investigation of the pineal end vesicle of H.

fossilis indicates the characteristics of secretory activity in
the pinealocytes of the pineal parenchyma. The various

Figures 1 and 2. (1) Secretory pinealocytes represented by the light cell (lc) and dark cell (dc), present in the pineal parenchyma
(pp) (x 7000), (2) Ultrastructural details of the light cell showing morphological correlates of the synthetic activity. (a) Small dense
granules (g) and 2-3 large lipid bodies (1) in the supranuclear region (× 13000). (b) At higher magnification showing abundant free
ribosomes (r), lipid body (1) mitochondria (m), clear vesicles (cv) and rough ER (rer) (x 35000). (c) Abundant fragmented rER (rer)
and large nucleus with patches of heterochromatin (n) (× 6000). (d) Golgi apparatus (ga) with few clear vesicles and pocketing of
nuclear membrane (p) containing substances (x 16000).
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Figures 3-6.

Secretory cells in the pineal parenchyma of H. fossilis
stages of the secretory cycle have been outlined at the EM
level for the first time in an Indian catfish.
McNulty (1984) has strongly favoured the idea that
some supportive cells may be highly metabolically active,
having several functions; endocrine secretion may be one
of them. An extensive network of endoplasmic reticulum
is a strong indication of a synthetic activity of the various
compounds. While smooth ER is mostly associated with
lipid metabolism, the rough type is indicative of protein
metabolism as seen in pike and blind cave fish (Owman
and Rudeberg 1970; Omura 1975; Herwig 1976).
Light and dark cells have been noted by many workers
in the pineal parenchyma of different vertebrates from fish
to mammals (Vivien Roeis and Meiniel 1981; Sheridan
and Reiter 1968). However, their functional significance
remains elusive. The pinealocytes and their subtypes
described in the present study seem to represent the
morphological correlates of a complete secretory cycle,
three stages of which can be broadly outlined. The light
cells represent the first and initial stage of secretory active
cells (figure 2a, b, c). This is indicated in these cells by a
preponderance of the Golgi complex, endoplasmic
reticulum and free and attached r i b o s o m e s - each one of
which has been implicated in one or more steps of the
secretory mechanism (Collin and Oksche 1981). Nuclear
"blebs" and pocketings may be for the storage of
secretory or intermediate products (figure 2c). Secretory
granules in the form of small dense vesicles are indication
of initiation of secretion. However, the origin of these
dense core vesicles is not clear. It is significant that all the
secretory/synthetic activities are generally localized in the
supranuclear region. The second stage is represented by
dark cells in different phases of storage and release
process of secretory activity (figures 3a, b and 4). Dark
cells rich in mature dense vesicles indicate the storage
stage; the discharge phase is represented by cells with
empty vacuoles having a diameter corresponding to that
of dense vesicles and some cells with vacuoles opening
into the extracellular spaces. Dense core vesicles or
granular vesicles have been reported in mammalian and
sub-mammalian pinealocytes active in the secretory
process and have been considered to represent the
packaged form of some secretory product (Cotlin 1981).
The third and final stage is represented by withered dark
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cells which after the complete discharge of secretory
products appear necrotic (figure 3c). Large myeloid
bodies occupying a major part of the cytoplasm are
suggestive of the necrotic condition of the cell.
Dark cells laden with dense granules present in the
close proximity of blood capillaries release their contents
into the perivascular space (figure 4). The active principles stored in the dense core vesicles may be released by
a diffusion (molecular dispersion) mechanism or by
an exocytotic process (Collin and Oksche 1981).
In the present case, the latter mechanism appears the more
probable one as is evident from the open communication
of the peripheral vaculoes in s o m e cells with the
extracellular space (figure 3b). Mature dark cells are more
often observed close to blood capillaries indicating the
endocrine nature of the stored products. The connective
tissue encompassing the endothelial cells of capillaries are
assumed to be active in exchange mechanisms so that the
secreted molecules may easily enter the circulation
(Collin and Oksche 1981). Close proximity of nerve fibers
to dark cells may point towards a neural involvement. The
ultrastructural indications of a secretory (synthetic) cycle
and close association of nerve fibres to these cell types
are suggestive of a neuroendocrine role. for the pineal in
this catfish.
Autoradiographic and cytochemical investigations
combined with pharmacological experiments at the
electron microscopical level have shown that at least for
lacertilians and avain pineals indoleamines are primarily
localized within the dense core vesicles (Collin and
Meiniel 1972; Juillard and Collin 1978). They may even
represent enzymes involved in indole metabolism or a
specific secretory product (Collin 1981). In the present
investigation the secretory activity confirmed by EM
corroborates physiological studies in H. fossilis of a
photoneuroendocrine role (Agha and Joy 1989) and
intense yellow fluorescence demonstration of serotonin
(Joy and Agha 1993). In the present study no attempt has
been made to identify the nature of secretory products.
However, the possibility that they may be polypeptides/
indoleamine by-products cannot be ruled out. Photosensory cells, a consistent feature of the teleost pineal, are
also present in this fish and further studies are needed to
examine how the sensory and secretory cell types are

Figures 3-6. (3) Three subtypes of dark cells representing three stages in the storage and release phase of secretory cycles. (a)
Mature dark cell (dc) laden with secretory granules (g) present close to blood capillary (bc). A discharged withered cell (wc) with
vacuoles seen in viscinity, and a thick layer of connective tissue (ct) encompassing the capillary. Note the corresponding diameters
of vacuoles and secretory granules (x 7000). (b) Mature dark cell after partial release of secretory granules. Some vacuoles (v)
communicate with the extracellular space (x 13000). (c) Necrotic dark cell after complete discharge of the secretory product with
the cytoplasm occupied by myeloid bodies (mb) (× 17000). (4) Release of secretory granules (g) from dark cell into the perivascular
space (ps). Blood capillary (bc) with endothelium (e) and macrophage (m) are also present (x 5000). (5) Two interstitial cells
making intercellular contact. Desmosomes (d) are clearly seen. Deposition of material (m) along membranes seen, indicating
exchange of substances (x 21000). (6) Myelinated (mr) and unmyelinated (uf) nerve fibres run as bundles in the perivascular space
(ps) close to the light and dark pinealocytes (x 5000).
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correlated with the photoperiod-dependent
functions of the pineal.
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