
Summary. The pineal organs of 14-week-old domestic
geese were investigated with light and electron
microscopy. The pineals consisted of a wide distal part
and a narrow middle-proximal one. The glands were
attached to the intercommissural region via the choroid
plexus. The pineal parenchyma was formed by round or
elongated follicles. The follicular wall was composed
predominantly by cells immunoreactive with antibodies
against hydroxyindolo-O-methyltransferase (HIOMT) or
glial fibrillary acid protein (GFAP). They formed two or
more layers. HIOMT-positive elements were represented
by elongated cells bordering the follicular lumen and
oval cells located in the external layer of the follicular
wall. These cells were identified in ultrastructural studies
as rudimentary-receptor pinealocytes and secretory
pinealocytes, respectively. Among rudimentary-receptor
pinealocytes two types of cells, designed as A and B,
were distinguished due to structural differences. Type A
cells extended through the whole follicular wall and
showed regular stratified distribution of organelles in
well-recognizable zones with rough endoplasmic
reticulum, the Golgi apparatus and mitochondria. Type B
cells, like type A pinealocytes, contacted the pineal
lumen and showed polarity of their internal structure.
However, they were markedly shorter than the cells of
type A and lacked stratified distribution of organelles.
Secretory pinealocytes contained irregularly dispersed
organelles. A prominent feature of all types of goose
pinealocytes was the presence of numerous dense core
vesicles. The population of GFAP-positive cells
consisted of ependymal-like supporting cells and
astrocyte-like cells.
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Introduction

The avian pineal organ shows large interspecies
variability of its anatomical form, histological
organization, innervation and ultrastructure (Quay and
Renzoni, 1967; Oksche et al., 1972; Menaker and
Oksche, 1974; Vollrath, 1981; Ohshima and Matsuo,
1984; Sato et al., 1990; Ohshima and Hiramatsu, 1993;
Haldar and Guchhait, 2000; Fejer et al., 2001; Haldar
and Bischnupuri, 2001). This variability led to a
proposal of some morphological classifications (Quay
and Renzoni, 1967; Menaker and Oksche, 1974;
Vollrath, 1981; Ohshima and Matsuo, 1984; Ohshima
and Hiramatsu, 1993; Haldar and Bishnupuri, 2001).

Considering their anatomy, six types of the pineals
are distinguished in birds, differing one from another in
proportion between the distal and proximal parts of the
organ and attachment to the commissural region (Quay
and Renzoni, 1967). The most frequently observed are
the pineals consisting of a prominent, superficially
localized distal part and a strongly reduced proximal
one, whose attachment to the intercommisural region is
difficult to follow - type I, definitely lacking - type II or
clearly demonstrable - type III. The pineals of type IV
are rod-like in shape and extend from the
intercommisural region to the roof of the skull. The
pineals consisting of separate proximal and distal parts -
type V or with a reduced distal part - type VI are very
rarely found. 

The avian pineal gland is covered by a capsule,
which seems to be analogous to the pial-arachnoid
sheath of the diencephalon (Vollrath, 1981; Fejer et al.,
2001). The connective tissue with blood vessels leaves
the capsule and follows inside the organ. The pineal
parenchyma is composed of pinealocytes belonging to
the photoreceptor cell line, ependymal-like and
astrocyte-like supporting cells, as well as
acetylcholinesterase-positive afferent ganglion neurons,
whose presence shows large interspecies variability
(Ueck, 1973; Boya and Calvo, 1980; Vollrath, 1981;
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Sato and Wake, 1983, 1984; Fejer et al., 2001; Haldar
and Bishnupuri, 2001). Avian pinealocytes display large
differences in their receptive and effector specializations
(Ueck, 1973; Boya and Calvo, 1980; Vollrath, 1981;
Ohshima and Matsuo, 1991a; Fejer et al., 2001; Haldar
and Bishnupuri, 2001) and therefore three cell types are
distinguished: receptor pinealocytes, rudimentary-
receptor pinealocytes and secretory pinealocytes
(Vollrath, 1981; Collin et al., 1986; Fejer et al., 2001).
The best known efferent input to the avian pineal is
formed by the sympathetic nerve fibers (Ueck, 1973;
Calvo and Boya, 1979b; Vollrath, 1981; Sato and Wake
1983; Sato et al., 1990). The bird’s pineal contains also
NADPH-diaphorase-positive nerve fibers and neurons
(Lewczuk et al., 2002) as well as poorly recognized
peptidergic nerve fibers (Wagner et al., 2002). 

Based on the histological structure two
classifications of the avian pineal organ have been
recommended. According to the first one three types of
pineals are distinguished: saccular, tubulo-follicular and
solid (Menaker and Oksche, 1974; Vollrath, 1981). In the
second classification two morphological types are
mentioned: tubulo-follicular and solid-tubular (Ohshima
and Matsuo, 1984; Ohshima and Hiramatsu, 1993;
Haldar and Bishnupuri, 2001). Moreover, numerous
intermediate and mixed forms of the avian pineal glands
have also been described (Haldar and Guchhait, 2000;
Haldar and Bishnupuri, 2001). 

The saccular pineal, being regarded as the most
primitive form, is a long tubular organ with a folded wall
and a single pineal lumen forming crypts. It is
characterized by the presence of receptor pinealocytes
with well-developed outer segments in forms of lamellar
disks or whorls, resembling photoreceptor cells of the
retina (Quay et al., 1968; Ueck, 1973; Vollrath, 1981;
Collin et al., 1986). The saccular pineal organ also
contains numerous afferent ganglion cells. In contrast,
postganglionic sympathetic fibers are scarce (Vollrath,
1981; Sato and Wake, 1983) The pineal organs of
saccular type are typical of parrots and passeriform birds
(Quay et al., 1968; Oksche et al., 1972).

The tubulo-follicular pineal gland consists of
numerous follicles and tubules with cavities.
Rudimentary-receptor pinealocytes predominate among
cells of the photoreceptor line, although receptor
pinealocytes and secretory pinealocytes may also be
present. Rudimentary-receptor pinealocytes (called
follicular cells by Boya and Calvo) are characterized by
the presence of apical protrusions lacking membranous
whorls (Boya and Calvo, 1980; Vollrath, 1981; Collin et
al., 1986, Lewczuk et al., 2000a,b). The sympathetic
innervation originating from the superior cervical
ganglia is far more developed than in the saccular
pineals and the afferent innervation is reduced (Calvo
and Boya, 1979b; Sato and Wake, 1983, 1984; Sato et
al., 1990). The pineals of tubulo-follicular type occur for
example in pigeon, Japanese quail, muscovy duck,
turkey and young chicken (Vollrath, 1981; Ohshima and
Matsuo, 1984; Ohshima and Hiramatsu, 1993; Lewczuk

et al., 2000a,b; Fejer et al., 2001; Przybylska-Gornowicz
et al., 2005). 

The pineal gland with solid lobular parenchyma,
consisting of cell clusters, has been found in adult
domestic fowl (Boya and Calvo, 1980). It is mainly
formed by secretory pinealocytes (called parafollicular
cells by Boya and Calvo). The efferent adrenergic
innervation in the solid pineal gland is the most
developed and seems to play a more important role than
in the other types of the pineals (Wight and McKenzie,
1970; Calvo and Boya, 1979b; Sato and Wake, 1983).

Detailed studies on morphology and physiology of
the pineal organ in domestic birds have been performed
so far mainly on the chicken (Wight and McKenzie,
1970; Boya and Calvo, 1978, 1980; Calvo and Boya,
1979a,b; Ohshima and Matsuo, 1984; Sato et al., 1990).
Our knowledge about the structure of this organ in other
species is still insufficient and therefore we decided to
perform morphological investigations of the pineals of
domestic turkeys (Lewczuk et al., 2000a; Przybylska-
Gornowicz et al., 2005), muscovy ducks (Lewczuk et al.,
2000b) and domestic geese. The histology and
ultrastructure of the pineal gland in adult goose were
initially reported by Mahon and George (1979).
However, the results of our investigations show that the
existing state of knowledge about the goose pineal
requires a large update. The present study describes the
structure of the pineal organ of 14-week-old domestic
geese at the level of light and electron microscope.
Materials and methods

Animal and tissues

The studies were performed on 14-week-old female
domestic geese (n=25) kept under a cycle of 12 hours
light : 12 hours dark (light from 07:00 to 19:00). The
birds were slaughtered at 08:00. The pineal glands with
adjacent parts of the brain were immediately removed
and prepared for histological (n=10), immuno-
histochemical (n=5) and ultrastructural (n=10)
investigations.
Histological studies

The pineal organs (with neighboring parts of the
epithalamus, the cerebrum and the cerebellum) were
fixed in Solcia’s solution (Solcia et al., 1968),
dehydrated and embedded in paraffin. Then, they were
cut in sagittal, frontal or horizontal plane into
consecutive 8-µm-thick sections using a Reichert
microtome (now Leica Microsystems, Germany). The
tissue sections were stained with hematoxylin-eosin or
Mallory’s method (Gabe, 1976).
Immunohistochemical studies

The pineal organs were fixed in 4 % para-
formaldehyde solution in 0.1 M phosphate buffer
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(pH=7.4) for 60 minutes. Then, the tissues were rinsed
several times with phosphate buffer, cryoprotected in
25% sucrose solution, frozen and cut into 15 µm thick
sections using Microm HM 560 cryostat (Microm,
Germany). The sections mounted on glass slides were
subjected to a double immunohistochemical procedure
using the rabbit primary antiserum against chicken
hydroxyindolo-O-methyltransferase (working dilution
1:500, obtained from Dr Pierre Voisin, University in
Poitiers, France; for characterization of the antibody see
Voisin et al., 1988) and the mouse primary monoclonal
antiserum against glial fibrillary acid protein (working
dilution 1:500, SIGMA). The primary antibodies bound
to the antigens present in tissue slides were visualized by
the means of secondary goat anti-rabbit IgG antiserum
coupled to AlexaFluor 596 and goat anti-mouse IgG
antiserum coupled to AlexaFluor 488 (Molecular Probes,
USA). The sections were examined using a Zeiss
fluorescence microscope equipped with a digital camera
(Carl Zeiss Microscopy, Germany). Control procedures
were performed with the omission of the primary
antisera. 
Ultrastructural studies

The pineal organs were cut into several parts,
immersion fixed (2 hrs, 4°C) in a mixture of 1%
paraformaldehyde and 2.5% glutaraldehyde in 0.2 M
phosphate buffer (pH 7.4), washed, postfixed in 2%
osmium tetroxide (2 hrs, room temperature) and
embedded in Epon 812. Ultrathin sections, stained with
uranyl acetate and lead citrate, were examined in TEM
Tesla BS500. 
Results

Histological and immunohistochemical studies

The goose pineal organ consisted of a wide distal
part and a narrow, elongated middle-proximal part (Fig.
1A). The superficially localized distal part was
connected to the dura mater. At its proximal pole the
pineal was attached via the choroid plexus to the
diencephalon. 

The pineal organ was covered by a thin connective
capsule with numerous superficially located blood
vessels. The connective tissue penetrated from the
capsule inside the organ dividing a parenchyma into
small lobes. The pineal parenchyma was formed by
round, oval and elongated follicles with variable size,
surrounded by the connective tissue (Fig. 1B,C). The
follicles contained a lumen showing high variability of
its size and form. The follicular wall was formed by two
or more layers of cells and resembled stratified or
pseudo-stratified epithelium (Fig. 1E,F). The follicular
lumen was limited by slim elongated cells with nuclei
located mainly in their basal parts. The external layer of
the follicular wall was formed by small, round and oval
cells. 

The pineal lumen was recognizable as narrow
tubules running along the caudal surface of the organ,
just below the capsule (Fig. 1D). It is preserved only in
the proximal part of the pineal; however it showed no
connection with the third ventricle. In the middle and
distal parts of the organ, the pineal lumen seems to be
replaced with the row of follicles. 

The pineal follicles were formed by cells showing
reaction with antibodies against hydroxyindolo-O-
methyltransferase (HIOMT) or glial fibrillary acid
protein (GFAP) – Fig. 2A. Two forms of HIOMT-
positive cells were distinguished: 1) more or less
elongated cells bordering the follicular lumen and 2)
oval cells located in the external layer of the follicular
wall (Fig. 2B,C). GFAP-immunoreactivity was
demonstrated in: 1) elongated cells extending through
the whole follicular wall, usually arranged in small
groups, 2) oval or irregular cells located close to the
basement membrane (Fig. 2D,E). Usually, GFAP-
positive cells were a less numerous component of the
follicles than HIOMT-positive ones. 
Ultrastructural studies

Based on the ultrastructural study it was possible to
distinguish rudimentary-receptor pinealocytes and
ependymal-like supporting cells among cells bordering
the follicular lumen as well as secretory pinealocytes and
astrocyte-like supporting cells in the external part of the
follicular wall (Figs. 3-11).

Some distinct differences in the structure of
rudimentary-receptor pinealocytes led us to division of
this cell population into two types, called A and B. 

The rudimentary-receptor pinealocytes type A were
elongated and extended through the whole follicular wall
(Figs. 3-6). These cells were situated directly on the
basement membrane (Fig. 3D) or reached it by one or
more cytoplasmic processes (Fig. 3C). They were
characterized by a regular, stratified distribution of
organelles in the form of zones, located one after another
from the nucleus to the apical surface of the cell (Fig.
3A,B). 

A large, oval and euchromatin-rich nucleus was
located in the basal part of the pinealocyte (Fig. 3A).
The cytoplasm above the nucleus formed a zone with
rough endoplasmic reticulum composed of short cisterns
(Fig. 3A,B,G). Numerous polyribosomes and single lipid
droplets were also observed in this cell part. The next
zone contained a well-developed Golgi apparatus with
wide cisterns and numerous clear vesicles of variable
diameter (Fig. 3A,B,F). Multivesicular bodies, dense
core vesicles and lysosomes were observed in the
vicinity of the Golgi complex. The cytoplasm above the
zone with the Golgi apparatus was abundant in densely
packed round, oval and elongated mitochondria with
well-developed lamellar cristae (Fig. 3A,B,E). This
region also contained polysomes, single vesicles and
tubules of smooth endoplasmic reticulum and numerous
microtubules. Above the zone with mitochondria the
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cytoplasm formed a neck connecting the cell body with
the apical prolongation, which extended into the
follicular lumen (Fig. 4A). The neck contained
numerous parallel-running microtubules. The
plasmalemma covering the neck formed tight junctional
complexes with adjacent cells.

The apical prolongations varied in form and size
(Fig. 4). The most frequently noticed form was a
bulbous protrusion containing microtubules, clear
vesicles of various diameter and mitochondria (Fig. 4A).
The apical prolongations generally lacked photoreceptor
membranes, but lamellar structures arising from
pinealocytes were sporadically found (Fig. 4C).
Sometimes multivesicular and multilamellar bodies,
variable in size and shape, were observed in the
cytoplasm of the apical part of pinealocytes (Fig. 4D).
Some of the rudimentary-receptor pinealocytes formed
no apical prolongations and these cells were covered by

numerous thin microvilli projecting into the follicular
lumen (Fig. 4E). A typical feature of the apical part of
rudimentary-receptor pinealocytes was the sensory
cilium containing a system of 9 pairs of peripheral
microtubules and lacking the central pair (Fig. 4E).
Rootlet fibres were usually found in the vicinity of the
cilium (Fig. 4B).

The cytoplasm located beside and underneath the
nucleus contained well-developed endoplasmic
reticulum and a moderate amount of polysomes (Figs.
3A, 5). A prominent feature of this cell part was the
presence of numerous dense core vesicles (DCV). The
basal cytoplasmic processes contained microtubules
running parallel and a large amount of DCV (Fig. 5). 

Pinealocyte processes terminated adjacent to the
basement membrane limiting the pineal follicle (Fig. 6).
These endings were filled with numerous DCV, clear
vesicles and mitochondria. DCV fusing with the cell
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Fig. 1. Histological structure of the goose pineal organ. A. Sagittal section through the pineal region; P: pineal organ, CP: choroid plexus, PC: posterior
commissure, CB: cerebrum. B, C. Pineal parenchyma composed of follicles of different shape and size. D. The pineal lumen (arrows). E, F. Pineal
follicles formed by elongated and oval cells. A, x 10; B-D, x 190; E, F, x 600
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Fig. 2. Immunohistochemical localization of HIOMT- and GFAP-positive structures in the goose pineal organ. A. Pineal follicles composed of HIOMT-
positive pinealocytes (red) and GFAP-positive supporting cells (green). B. Presence of HIOMT in elongated cells bordering the follicular lumen (L) and
in oval cells (arrows) located in the external part of the follicular wall. Notice the positive apical protrusions extending into the follicular lumen. 
C. Elongated HIOMT-positive cells. Notice the presence of basal processes. D. Elongated GFAP-positive cells forming a group in the follicular wall. 
E. Two types of GFAP-positive cells in the follicular wall: ependymal-like cells (arrow heads) and astrocyte-like cells (arrows). A, x 800; B-E, x 950
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Fig. 3. Ultrastructure of rudimentary-receptor pinealocytes type A. A, B. Sections showing regular stratified distribution of organelles: a zone with the
rough endoplasmic reticulum (RER), a zone with the Golgi apparatus (GA), a zone with mitochondria (MIT). Notice the well-developed basal part of
pinealocyte shown in fig 1A. C. Processes projecting from pinealocytes towards the basement membrane. D. Basal part of pinealocyte situated on the
basement membrane. E. Part of the pinealocyte cytoplasm with numerous mitochondria. F. Part of the pinealocyte cytoplasm containing the Golgi
apparatus. G. Part of the pinealocyte cytoplasm with the well-developed rough endoplasmic reticulum and numerous polysomes. A, C, D, x 8,000; 
B, x 6,500; E, G, x 21,000; F, x 13,800
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Fig. 4. Ultrastructure of apical parts of rudimentary-receptor pinealocytes type A. A. Bulbous protrusion containing numerous microtubules, sensory
cilium and rootlet fibres. B. Rootlet fibres in the apical part of a pinealocyte. C. Lamellar structure arising from a pinealocyte. D. Apical prolongation
filled with multilamellar bodies. E. Microvilli covering the apical surface. Arrow: sensory cilium. A, C, x 15,000; B, x 27,000; D, x 12,000; E, x 13,400



membrane and releasing their content into the
extracellular space were noticed here. 

Rudimentary-receptor pinealocytes type B also
contacted the pineal lumen, although they were much

shorter than type A cells (Fig. 7). Therefore, they could
reach the basement membrane only via cell processes.
This connection was difficult to follow in ultrathin
sections. Type B cells showed polarity of their internal
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Fig. 5. Ultrastructure of basal processes arising from rudimentary-receptor pinealocytes type A. Notice the presence of numerous DCV. x 16,000.
Inserts: fragments of the cytoplasm (marked by rectangles). x 23,000



structure, but did not form regular zones of cell
organelles (Fig. 7). The Golgi apparatus, very similar in
appearance to that occurring in pinealocytes of type A,
was located above the nucleus. Mitochondria were
usually accumulated close to the Golgi apparatus.
Cisterns and tubules of both rough and smooth
endoplasmic reticulum were randomly distributed. Type
B pinealocytes formed small bulbous protrusions
extending into the follicular lumen. They also contained
a sensory cilium with the pattern of microtubules 9+0
and rootlet fibres (Fig. 7). 

Secretory pinealocytes were small, round or oval
cells usually located in the vicinity of the basement
membrane and lacking any contact with the follicular
lumen (Fig. 8). The euchromatin-rich nucleus was
located centrally or peripherally in the cell. The
secretory pinealocytes were not polarized with regard to
cytoplasmic contents. Common cell organelles:
mitochondria of varying sizes and shapes, the Golgi
apparatus, cisterns and tubules of rough and smooth
endoplasmic reticulum, polysomes, lysosomes and
microtubules were dispersed irregularly (Fig. 9). The
cells also contained numerous DCV.

Ependymal-like supporting cells (Fig. 10 A-E),
together with rudimentary-receptor pinealocytes A and
B, limited the follicular lumen. Their apical surface was
slightly folded and covered with microvilli. The basal
parts of ependymal-like supporting cells lay on the

basement membrane (Fig. 10E). Two morphological
forms of ependymal-like supporting cells could be
distinguished: 1) more frequently observed cells with a
thick basal part containing the nucleus and a slim, long
upper part (Fig. 10A), 2) less frequently noted cells
consisting of a wide upper part with the nucleus and a
narrow, elongated basal part (Fig. 10B). The internal
organization of both cell forms was similar. The nucleus
was ellipsoidal, rich in euchromatin and possessed a
single nucleolus. The cytoplasm around the nucleus and
below it was filled with numerous parallel running
filaments and microtubules (Fig. 10A,B,E). In some
cells accumulation of mitochondria was noticed close to
the basement membrane (Fig. 10E). Rough and smooth
endoplasmic reticulum, the Golgi apparatus,
mitochondria, and lysosomes usually occurred in the
apical part of the cell (Fig. 10A-C). Ependymal-like
supporting cells distinguished from pinealocytes by the
specific appearance of the Golgi apparatus, which
consisted of very narrow and short cisterns and
numerous clear vesicles varied in size (Fig. 10D). Single
granular vesicles were present in ependymal-like
supporting cells (Fig. 10A,B). 

Astrocyte-like supporting cells, round or oval in
shape, were localized in the external layer of the
follicular wall, close to the basement membrane (Fig.
10F). Their cytoplasm was abundant in intermediate
filaments and possessed relatively few organelles:
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Fig. 6. A, B. Ultrastructure of pinealocyte processes endings localized close to the basement membrane covering the pineal follicles. Notice the
presence of numerous DCV. x 23,000



mitochondria, endoplasmic reticulum, the Golgi
apparatus and clear vesicles. 
Discussion

According to our studies the goose pineal organ is
connected to the diencephalon exclusively via the
choroid plexus and therefore it can be categorized as
type II in the classification proposed by Quay and
Renzoni (1967). This is in agreement with the studies
carried out by Mahon and George (1979) on mature,
one- or two-year-old geese. The connection of the pineal
gland to the diencephalon via the choroid plexus was
also reported in many other domestic birds (Quay and
Renzoni, 1967; Vollrath, 1981; Lewczuk et al., 2000b).
The developmental studies on the turkey pineal have
shown that the parenchymal stalk connecting the organ
with the diencephalon is reduced during post-hatching
development (Przybylska-Gornowicz et al., 2005),

which leads to the formation of anatomical relationships
characteristic for type II of Quay and Renzoni’s
classification. 

From a histological point of view, the pineal organ
of 14-week-old geese is characterized by a tubulo-
follicular organization. It is composed of round or oval
follicles markedly varied in size as well as in the relation
between the follicular lumen size and the follicular wall
thickness. The cavities of follicles are frequently
irregular due to the formation of small recesses
penetrating into the follicular wall. Based on the data
presented by Mahon and George (1979), who described
follicles as well as intra- and interlobular ducts in the
pineal organ of geese at an average age of two years, the
follicular structure is still preserved also in mature
individuals. As regards other domestic birds similar in
age (10-16 weeks), the tubulo-follicular organization of
the pineal organ is present in the Japanese quail, the
duck, the muscovy duck and the turkey, whereas the
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Fig. 7. Ultrastructure of rudimentary-receptor pinealocytes type B. Notice the polarized internal organization without stratified distribution of organelles.
L: lumen of the follicle. x 12,800. Insert: sensory cilium and rootlet fibres. x 23,000



follicles in 14-week-old chicken possess only residual
cavities and a very thick wall (Boya and Calvo, 1980;
Vollrath, 1981; Ohshima and Matsuo, 1984; Ohshima
and Hiramatsu, 1993; Lewczuk et al., 2000b;
Przybylska-Gornowicz et al., 2005). The pineal
parenchyma in the domestic goose closely resembles
those in ducks and quails. Compared to the turkey, the
pineal follicles in the goose are smaller and possess less
prominent cavities. 

The pineal lumen in 14-week-old geese is present in

a form of separated, narrow longitudinal tubules,
frequently transforming into follicles. In contrast, a more
prominent pineal lumen was noticed in immature turkeys
(Przybylska-Gornowicz et al., 2005). The narrow pineal
lumen was described in chicken (Ohshima and Matsuo,
1984; Sato and Wake, 1986). 

The accessory pineal tissue, a peculiar attribute of
the pineal in some avian species, was not found in our
material, confirming previous reports that the occurrence
of this structure shows large species and individual
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Fig. 8. Ultrastructure of a secretory pinealocyte localized close to the basement membrane (BM) and a capillary vessel (CV). Arrow: sensory cilium,
asterisks: fragments of supporting cells. x 11,800



differences (Quay and Renzoni, 1967; Vollrath, 1981). 
An interesting feature of the avian pineal gland is the

presence of lymphoid tissue, even though it also shows
large species- and age-dependent variability (Boya and
Calvo, 1978; Vollrath, 1981; Olah and Glick, 1984;
Lewczuk et al., 2000b; Przybylska-Gornowicz et al.,
2005). Accumulations of lymphocytes in the pineal
stroma are common in the chicken, starting from the first
or the second week of post-embryonic life (Boya and
Calvo, 1978; Olah and Glick, 1984). The presence of
lymphoid tissue is also a typical feature of the pineal in
the muscovy duck (Lewczuk et al., 2000b). In contrast,
we have not found any foci of lymphocyte
accumulations in the goose pineal organ. The presence
of lymphatic tissue is also very scarce in the turkey
pineal (Przybylska-Gornowicz et al., 2005). 

The immunohistochemical studies performed on the
goose pineal have shown that the follicles are mainly
composed of HIOMT- and GFAP-positive cells. The
population of HIOMT-positive cells consists of
elongated rudimentary-receptor pinealocytes and round

or oval secretory pinealocytes. Among GFAP-positive
cells, ependymal-like and astrocyte-like supporting cells
are clearly recognisable. 

Based on the electron microscopic studies we
distinguished two types of rudimentary-receptor
pinealocytes called A and B. The cells of type A may be
characterized as well-developed rudimentary-receptor
pinealocytes, commonly observed in the follicular
pineals of many avian species (Vollrath, 1981; Collin et
al., 1986; Lewczuk, 2000a). They are elongated, with the
regular, stratified distribution of organelles in the
cytoplasm and the specific organization of their apical
pools. There are slight inter-species differences in the
substructure of these cells. For example, the zone with
rough endoplasmic reticulum is markedly less developed
in rudimentary-receptor pinealocytes of the goose than
the turkey (Lewczuk et al., 2000a). An interesting
feature of goose rudimentary-receptor pinealocytes type
A is a large amount of cytoplasm underneath the
nucleus, which has not been reported in other species.
Rudimentary-receptor pinealocytes type B, like the type
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Fig 9. Ultrastructure of the secretory pinealocyte cytoplasm. Notice the irregular distribution of organelles - dictiosomes of the Golgi apparatus,
mitochondria and the rough endoplasmic reticulum as well as the presence of DCV (arrows). x 19,300
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Fig. 10. Ultrastructure of supporting cells. A. Ependymal-like supporting cells with nuclei localized in their basal parts. B. An ependymal-like supporting
cell with a wide upper part containing the nucleus and a narrow basal part filled with filaments. C. Apical part of the cytoplasm of ependymal-like
supporting cells. Notice in figures A, B, C the presence of the endoplasmic reticulum, the Golgi apparatus, mitochondria, lysosomes in the apical parts
of cells. Single DCV are visible (arrows). D. the Golgi apparatus in an ependymal-like supporting cell. E. Basal part of an ependymal-like supporting cell
filled with numerous parallel running filaments and microtubules. Notice the accumulation of mitochondria close to the basement membrane. F. An
astrocyte-like supporting cell localized close to the basement membrane. A, B, E, x 7,500; C, x 14,200; D, x 10,000; F, x 9,200



A cells, contact the follicular lumen, show polarity of
their internal organization and form apical protrusions,
but they are markedly shorter and lack regular

distribution of organelles. The presence of a population
similar to our type B cells was not reported in other
avian species. In the goose pineal organ, rudimentary-
receptor pinealocytes type A and B are localized in
different parts of the follicle or even in different
follicles, forming foci of cells of the same type. An
unanswered question is whether these two types of
pinealocytes represent different forms derived from a
common precursor cell or if they represent two different
developmental stages of the same cell type. 

Secretory pinealocytes in the domestic goose, as in
other avian species, lack contact with the pineal lumen
and they do not show a polarized distribution of cell
organelles. These cells are strongly similar to
mammalian pinealocytes.

It should be noted that Mahon and George (1979)
described only one type of pinealocyte in the goose,
called “elongated epithelial cells”. These cells were
distinguished from others by the presence of numerous
mitochondria in their apical parts.

The prominent feature of goose pinealocytes is the
presence of numerous DCV, most abundantly observed
in rudimentary-receptor pinealocytes type A. This
electron microscopic study has clearly shown that these
vesicles are formed by the Golgi apparatus and then
transported around the nucleus towards the endings of
basal processes, where their content is released into the
extracellular space. It should be noted that the endings of
pinealocyte processes are located close to the basement
membrane that separates the follicle from the network of
capillary blood vessels surrounding it. 

Presence of DCV was reported in cells of the
photoreceptor line in the pineals of all vertebrate classes
(Vollrath, 1981). The number of granular vesicles varies
markedly between species. In avian pinealocytes DCV
are usually sparse or moderate in number (Ueck, 1973:
Boya and Calvo 1980; Vollrath, 1981; Lewczuk et al.,
2000a,b). According to our best information goose
pinealocytes belong to those with the most numerous
DCV among all pinealocytes investigated until now. The
significance and chemical composition of DCV in
pinealocytes remain unknown, although it is generally
accepted that these vesicles are involved in some kind of
neurosecretory-like process. It is unlikely that DCV play
any role in the melatonin secretion, because this
indoleamine is strongly lipophilic, what enables passive
diffusion through the cell membrane (Costa et al., 1995).
Moreover, in pinealocytes of many species DCV are too
sparse to be considered as a place of melatonin storage.
The hypothesis that these vesicles are involved in
secretion of serotonin, 5-methoxytryptamine, amino
acids or neuropeptides, whose presence was
demonstrated in the avian pineals, is more reasonable
(Ohshima and Matsuo, 1991b; Vigh et al., 1995a,b). It
should be pointed out that very strong immunoreactivity
with antibodies against serotonin was observed in
processes of goose pinealocytes kept in a monolayer
culture (our unpublished results). Goose pinealocytes
seem to be very useful in studies on chemical
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Fig. 11. Diagram illustrating architecture of the follicular wall. 
1: rudimentary-receptor pinealocytes type A, 2: rudimentary-receptor
pinealocytes type B, 3: secretory pinealocytes, 4: ependymal-like
supporting cells, 5: astrocyte-like supporting cell, 6: capillary vessel, 
7: nerve fiber ending, L: lumen, BM: the basement membrane.



composition as well as mechanisms regulating formation
and exocytosis of DCV. Our observations are contrary to
the results of Mahon and George (1979) who described
the presence of granular vesicles in the goose pineal
gland, but attributed their occurrence exclusively to
intramural supportive cells. 

Ependymal-like supporting cells are rather
infrequent in the goose pineal and located in small
groups. Their morphology is generally similar to that of
ependymal-like supporting cells described in the pineals
of other avian species (Vollrath, 1981; Lewczuk et al.,
2000b; Fejer et al., 2001). The upper (located over the
nucleus) part of these cells contains the usual organelles
with a very specific Golgi apparatus. In contrast, the
basal part is filled with filaments. It should be noted that
ependymal-like supporting cells contain single granular
vesicles, very similar in shape and appearance to DCV
present in pinealocytes. These vesicles are usually found
in the apical part of cells. An interesting feature of
ependymal-like supporting cells is the presence of
mitochondria close to the basement membrane.
Astrocyte-like supporting cells, located in the peripheral
parts of the follicular wall, are poorly described in other
avian pineal organs (Vollrath, 1981; Fejer et al., 2001).

Our study has revealed some unique features of
histology and ultrastructure of the goose pineal organ.
We hope that the information obtained in our work will
help to revise the data concerning the structure of the
goose pineal gland already existing in literature. The
description of the goose pineal organ presented in this
paper differs significantly from the first report given by
Mahon and George (1979).
Acknowledgements. The authors wish to express their deep thanks to
Dr Pierre Voisin (University in Poitiers, France) for a gift of antiserum
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