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The pineal organ of vertebrates underwent essen-
tial transformation from photosensory to secretory 
organ during phylogeny. The result of this process 
is a significant diversity in the pineal morphology 
and physiology. However, the function of this organ 
remains unchanged. In all vertebrates, the pineal organ 
is responsible for the synthesis and secretion of mela-
tonin in a diurnal rhythm.

Fundamental differences exist in morphology 
between the photosensory pineal organ of fish and 
amphibians and the endocrine pineal gland of mammals 
(5, 14, 31). The avian pineal organ is considered as 
a transitional type between the photosensory organ of 
lower vertebrates and the endocrine gland of mammals 
(7, 31). From this follows a remarkable variability of 
forms of the avian pineal organ. Anatomy, histology 
and ultrastructure of the pineal organ in birds show 
important interspecies differences. However, up till 
now the pineal organ is a directly photosensory organ 
in all avian species studied. The pineal hormone, 
melatonin, controls daily and seasonal rhythms of 
many physiological processes and behavioral activi-
ties of birds including reproduction and adaptation to 
environmental conditions (9).

Anatomically, taking into account the proportion 
between the distal and proximal parts of the organ 
and the attachment to the intercommissural region six 
types of the pineal organ have been distinguished (25, 
31). Types I, II and III include the organs composed 
of a conspicuous distal part and a tapering, strongly 
reduced proximal part, whose connection to the 
intercommisural region is difficult to track (type I), 
apparently missing (type II) or clearly visible (type 
III). The pineal organs of type IV are rod shaped and 
extend from the intercommisural region to the roof of 
the skull. Type V involves the pineal organs consisting 
of two separate – the proximal and distal parts, and 
type VI – organs limited to the proximal part. Two 
classifications of the avian pineal organ based on the 
histological structure are in use. The first classification 
distinguishes three basic types of construction of the 
pineal organ – saccular, tubulo-follicular and solid 
(25, 31). The second classification differentiates two 
structural forms: tubulo-follicular and solid-tubular 
(10, 18). However, intermediate and mixed forms have 
also been described (10, 11). The pineal organ also 
shows structural changes related to the post-hatching 
development of birds (2, 23).
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Summary
The avian pineal is a photosensory organ taking part in the organization of circadian and seasonal 

rhythms and playing an important role in the regulation of many behavior and physiological phenomena. 
The morphology of the pineal organ shows an enormous diversity. The aim of study was to investigate the 
histology and ultrastructure of the pineal organ in the Muscovy duck (Cairina moschata). The study was 
performed on 14-week-old females kept under natural lighting. The investigated pineals consisted of a wide 
distal part and narrow middle and proximal parts. The proximal part was attached to the diencephalon via 
the choroid plexus. The light microscopy showed a mixed structural form of the organ, which comprised both 
tubulo-follicular and solid parts. The stroma contained the lymphatic tissue, which occurred in a diffused form 
and as lymphoid nodules. Electron microscopy revealed the huge complexity of the parenchyma architecture, 
caused by the presence of several lumen-containing structures. According to their size and shape, they were 
classified into classical follicles, canals (diameter > 1 µm) and canaliculi (diameter < 1 µm). Pinealocytes were 
characterized by high variability of their shapes and sizes, frequently occurring partial or total reduction of 
the apical protrusions and presence of extremely numerous microtubules. The supporting cells constituted 
a prominent part of the pineal parenchyma and were represented by ependymal-like cells and astrocyte-like 
cells. Ependymal-like cells limited the lumen of follicles, canals and canaliculi.

Keywords: pineal organ, Muscovy duck, histology, ultrastructure



Med. Weter. 2017, 73 (9), 549-555550

Morphologically, the avian pineal gland comprises 
three types of cells: pinealocytes, supporting cells and 
nerve cells. Among pinealocytes, there are receptor 
cells, rudimentary-receptor cells and secretory cells. 
The first type is characteristic for saccular, the second 
one is predominant in the tubulo-follicular and the third 
one protrudes in tubulo-follicular and solid forms of 
the pineal organ (3, 5, 22-24, 29, 31). The second clas-
sification of the pinealocytes based on their location 
and communication with the lumen of follicle or sack 
distinguishes follicular and parafollicular cells (3). The 
population of supporting cells comprises ependymal-
like and astrocyte-like cells (22, 31). The avian pineal 
organ is innervated primarily by sympathetic nerve 
fibers (28). Furthermore, NADPH-diaphorase-positive 
nerve fibers and neurons (15) and some peptidergic 
nerve fibers (32) are also present.

The histology and ultrastructure of the pineal gland 
has been investigated mostly in the domestic avian spe-
cies such as the chicken (1, 3, 13, 19), Japanese quail 
(18, 20), domestic goose (22) and domestic turkey (24). 
The obtained results demonstrated great differences, 
especially in histology and ultrastructure of rudimen-
tary-receptor cells. Light and electron microscopic 
studies of the pineal organs in free-living birds were 
rarely performed. The pineal organs of birds living in 
the same habitat, tropical climate zone, demonstrated 
common features in their morphology (10, 11). The 
studies on the pineal organ of the common gull, a bird 
living in the natural conditions of the Baltic Sea coast, 
showed several unusual features, which have not been 
previously described in avian pinealocytes (24).

The Muscovy duck (Cairina moschata) is one 
of the domesticated ducks with the shortest period 
of domestication (8, 30). Wild ancestor of the duck 
lived in the tropical climate of Central America and 
Northern South America (33). It was domesticated in 
the pre-Columbian era by the inhabitants of rainfor-
est. In the sixteenth century the birds were brought 
to Europe. Domesticated ducks can be kept in vari-
ous environmental conditions; however, due to their 
origin, they endure better in hot and wet climates (27). 
The Muscovy duck has seasonal breeding and among 
all domesticated ducks is the one that still holds an 
extraordinary brooding capacity (12). The existence 
of nychthemeral rhythms in the sexual behavior of 
the Muscowy duck was also demonstrated. For the 
authors, researchers studying the pineal gland, the fact 
that despite domestication the Muscovy duck exhibits 
so many characteristics of wild birds is interesting. So 
far investigation of the above-mentioned phenomena 
did not include the pineal gland. Therefore, the present 
study was performed to describe the structure of the 
pineal organ of the Muscovy duck at the level of light 
and electron microscopy.

Material and methods
Animals and tissues. The studies were performed on 

14-week-old females of the Muscovy duck (n = 12) pur-
chased from a local farm, where they were reared under 
natural lighting conditions. The birds were anesthetized 
with isoflurane and killed by decapitation between 08:00 
and 09:00 in July (in North-East Poland). The pineal glands 
with adjacent parts of the brain were immediately removed 
and prepared for histological (n = 6) and ultrastructural  
(n = 6) investigations.

Histological studies. The pineal organs (with neigh-
bouring parts of the epithalamus, the cerebrum and the 
cerebellum) were fixed in 4% paraformaldehyde solution, 
dehydrated in ethanol and embedded in paraffin. Next, 
they were cut in the sagittal or frontal plane into consecu-
tive 5-µm-thick sections using a a HM 340E microtome 
(Microm, Spain). The tissue sections were stained by the 
hematoxylin-eosin method using an automated multistainer 
ST 5020 (Leica, Germany). The slides were scanned using 
a MiraxDesk scanner (Carl Zeiss, Germany) and analyzed 
using Pannoramic Viewer 1.15.4 software (3D-Histech, 
Hungary).

Ultrastructural studies. Pineal organs were divided 
into three parts: proximal, middle and distal. Each of them 
was cut into several pieces, 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. Semithin sections were cut from each of the 
blocks of tissue, stained with toluidine blue and examined 
in a light microscope in order to choose the places for the 
cutting of ultrathin sections. Ultrathin sections, stained with 
uranyl acetate and lead citrate, were examined in a Tecnai 
12 BioTwin transmission electron microscope operated at 
80 kV (FEI USA) equipped with two digital cameras Veleta 
(Olympus, Japan) and Eage 4k (FEI USA).

All experimental procedures involving animals were 
carried out in compliance with Polish legal regulations 
determining the terms and methods for performing experi-
ments on animals.

Results and discussion
Histological studies. The pineal organ of the 

Muscovy duck, located between the cerebrum and 
the cerebellum, consisted of a wide distal part and 
narrow middle and proximal parts. These parts were 
separated from each other by distinct narrowing. The 
superficially localized distal part was closely attached 
to the dura mater. The proximal part of the pineal was 
attached via the choroid plexus to the diencephalon. 
The organ length was 4 to 5 mm and the diameter 
ranged from 1 to 1.5 mm in the distal part and from 
0.5 to 0.6 in the middle and proximal parts (Fig. 1).

The pineal organ was covered by a connective 
tissue capsule with numerous blood vessels, which 
was thicker on the rostral than on the caudal surface. 
The thin septa originating from the capsule penetrated 
inside the organ and created a delicate stroma. The 
differences in the pineal structure were visible in the 
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proximo-distal direction of the organ. The parenchyma 
of the proximal and middle parts was formed by two or 
three elongated follicular structures with a slit lumen, 
arranged according to the long axis of the organ. The 
parenchyma of the distal part was more diverse. It was 
created by oval or round follicles with a lumen of dif-

ferent diameter in the peripheral area, and it was solid 
in the central area. The solid parenchyma contained 
canal-like structures (Fig. 2). The cellular debris or 
clusters of cells were observed in the lumen of follicles 
(Fig. 4). Numerous small cellular prolongations were 
noted in the follicular lumen (Fig. 5).

The pineal parenchyma con-
sisted of columnar cells, oval 
cells and cuboidal cells. The 
follicular wall was formed by 
one layer of columnar cells 
limiting the lumen and closely 
adjacent to each other, as well 
as usually several layers of 
loosely arranged oval cells 
located peripherally. The 
area of the solid parenchyma 
was composed by oval cells. 
Sometimes the cells created 
rosettes without a visible cen-
tral lumen. The wall of the 
canal-like structures was cre-
ated by cuboidal cells (Fig. 2 
inset).

The lymphatic tissue was 
visible in the stroma of the 
pineal organ. The lymphatic 
cells infiltrated the connective 
tissue or created a lymphoid 
nodule. One to three nodules 
were noted on the longitudinal 
section of the pineal organ. 
Usually, they were located in 
the capsule and in the sub-
capsular area. In some cases, 
lymphoid nodules were found 
inside of the distal part (Fig. 3).

Ultrastructural studies. 
The pineal parenchyma com-
prised pinealocytes, support-
ing cells and sporadically 
found neurons (Figs. 6, 7, 8, 
9). Pinealocytes were highly 
variable in shape, ranging 
from strongly elongated to oval 
cells. The common features 
of pinealocytes included the 
conspicuous network of micro-
tubules, the Golgi apparatus 
composed by short cisterns 
with wide lumen, mitochondria 
with electron dense matrix, 
and moderate in number, clear 
and dense core vesicles. The 
euchromatin-rich nucleus was 
situated in the basal part of 
the cell. The majority of pine-
alocytes showed no stratified 

Fig. 1. Diagram illustrating the pineal organ of the Muscovy duck. Numbers 2 to 5  
correspond with appropriate microphotographs
Fig. 2. Morphology of the distal part of the pineal organ. Note the follicular wall  
created by cylindrical cells limiting the lumen (arrow head) and oval cells (arrow) located 
peripherally. The lumen of the canal created by cuboidal cells (asterisk – see also inset)
Fig. 3. Lymphatic cells diffusely distributed in the pineal stroma and forming lymphatic 
nodules
Fig. 4. Part of the elongated follicle with cluster of cells in the lumen (arrow)
Fig. 5. The distal part of the pineal organ close to the dura mater. Note the thick capsule 
(arrow head) as well as a solid part (asterisk) and a follicle (F) of the pineal parenchyma
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Fig. 10. Follicle with cell debris inside. 
Note the well-developed, bulbous apical 
protrusion of pinealocyte (asterisk)
Fig. 11. Canal limited by short epend-
ymal-like supporting cells. L – lumen
Fig. 12. Canaliculus limited by epend-
ymal-like supporting cells (S) and pin-
ealocyte (P). Note the lumen (arrows) 
and the apical protrusion of pinealocyte 
(asterisk)
Fig. 13. A lymphatic nodule in the 
pineal stroma

Fig. 6. Pinealocyte (P) with well-de-
veloped, bulbous apical protrusion, 
corresponding to the rudimentary 
outer segment (asterisk). Note basal 
localization of nucleus, mitochondria 
with electron dense matrix, the Golgi 
apparatus composed by short cisterns 
with wide lumen. ES – ependymal-like 
supporting cell
Fig. 7. Pinealocyte (P) with small apical 
protrusion (arrow) and astrocyte-like 
supporting cell (AS) close to the base-
ment membrane. Note arrangement of 
mitochondria and microtubules in the 
apical part of pinealocyte
Fig. 8. Pinealocyte without apical pro-
trusion. Note numerous microtubules 
in cytoplasm
Fig. 9. Ependymal-like supporting cell. 
Note microvilli on the apical surface 
and numerous vacuoles with flocculent 
material in cytoplasm (arrows)
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distribution of organelles, except for the presence of 
accumulation of mitochondria in the apical part of the 
cell. Microtubules run parallel in the apical and basal 
parts of cell and created a random network around 
the nucleus. Among pinealocytes having the appar-
ent contact with the follicular lumen, there were cells 
with well-developed bulbous apical protrusions (cor-
responding to the rudimentary external segments), with 
very small apical protrusions and without the apical 
protrusions (Fig. 6, 7, 8). Pinealocytes formed one or 
more basal processes with endings located close to the 
basement membrane. The endings contained numerous 
clear and dense core vesicles.

The supporting cells were represented by epen-
dymal-like cells and astrocyte-like cells (Fig. 6, 8). 
The ependymal-like cells limited the lumen of pineal 
follicles, canals and canaliculi (Fig. 10, 11, 12). They 
were cubic or cylindrical in shape, with euchromatin-
rich nucleus located in middle or apical part of cell. 
The characteristic patters of ependymal-like cells were: 
i) numerous intermediate filaments, ii) the Golgi appa-
ratus with elongated, very flat cisterns, usually located 
in the apical part of the cell, iii) numerous vacuoles 
with flocculent material, and iv) glycogen particles. 
The intermediate filaments frequently created bundles 
in the basal part of the cell. These cells also contained 
electron dense core vesicles. The ependymal-like cells 
formed microvilli on their apical surface. The astro-
cyte-like cells were filled with numerous filaments and 
were poor in organelle. They were usually observed 
close to the basement membrane. Infrequently 
observed neurons had large euchromatin-rich nucleus 
and electron-lucent cytoplasm with well-developed 
rough endoplasmic reticulum.

The architecture of pineal parenchyma was highly 
complex due to the presence of several lumen-contain-
ing structures (Fig. 10, 11, 12). According to the size 
and shape, they were classified into classical follicles, 
canals (diameter > 1 µm) and canaliculi (diameter 
< 1 µm). The later were not noticeable using light 
microscopy. The cells bordering the canals and cana-
liculi formed the tight and adherens junctions in their 
apical parts. The canals and the canaliculi were limited 
by ependymal-like supporting cells and pinealocytes. 
The cell debris was frequently observed inside the 
follicles. Frequently, cells and cell processes located 
close to the basement membrane were separated each 
other by large, empty spaces.

The pineal stroma contained a dense network of 
blood vessels, bundles of myelinated and unmyelin-
ated nerve fibers and accumulation of lymphocytes 
and lymphoblasts (Fig. 13). The capillary vessels sur-
rounding the basement membrane had a continuous 
endothelium without fenestration.

The results of the present study have clearly indi-
cated that the shape and location of the pineal organ in 
the Muscovy duck is coherent with those attributed to 
the fourth anatomical type of the avian pineals accord-

ing to classification proposed by Quay and Renzoni 
(25). This type includes rod-shaped organs, extend-
ing from the intercommissural region to the roof of 
the skull. A characteristic feature of the pineal organ 
in the Muscovy duck is the presence of three, easily 
distinguishable parts: the distal part, the intermediate 
part and the proximal part.

The light microscopy showed the mixed type of 
the pineal parenchyma organization in the Muscovy 
duck. The central region of the distal part of organ has 
a solid structure, while the other parts have the tubulo-
follicular organization. The histological structure of 
this pineal is different from the tubulo-follicular form 
of the pineal organ described in the domestic turkey 
(24) and the domestic goose (22), and also from the 
solid form occurring in adult chicken (1). A similar 
structure of the distal part to this in the Muscovy duck 
was observed in the pineal organ of the common gull 
(23).

The follicular wall in the pineal organ of the 
Muscowy duck usually shows multilayer organiza-
tion formed by a layer of elongated cells bordering 
the lumen, and several layers of oval cells, located 
peripherally. The elongated follicles with a narrow 
lumen located in the middle and proximal parts of the 
organ have a pseudostratified organization of their 
wall. A specific feature of the investigated organ was 
the presence of large “empty” spaces between cells 
in the peripheral parts of the follicles. Such a loose 
arrangement of the peripheral part of follicles has not 
been observed before. In previously studied species 
the peripheral part of follicle had a compact structure; 
for example, in the chicken (2), domestic turkey (24), 
domestic goose (22), and common gull (23). Another 
unusual aspect of the histological structure of the 
Muscowy duck pineal organ is the presence of the 
canal-like structures surrounded by cuboidal cells. 
Similar structures were described in the Antarctic 
penguin (21).

The presence of lymphoid tissue seems to be 
a common feature of the avian pineal organ, neverthe-
less with prominent interspecies variability. The accu-
mulation of lymphocytes in the form of a lymphatic 
nodule was noted in the domestic chicken (1, 2) and 
the common sandpiper (31), but not in the domestic 
goose (22) and the common gull (24). In the domestic 
turkey, a moderate number of lymphatic cells within 
the connective tissue septa and sporadically lymphatic 
nodules were found (24). The term pineal associated 
lymphatic tissue (PALT) has been proposed based 
on similarities in cellular composition with mucosa-
associated lymphatic tissue in the chicken (17). In 
the present study, both diffused and accumulated 
lymphatic cells were observed in the pineal stroma. 
The degree of lymphocyte infiltration in the examined 
organs suggests the physiological importance of this 
phenomenon. The existing research showed that pineal 
immune cells can play an important compensatory role 
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in age-related atrophy of the thymus (4, 16). Day-night 
variations described in the organization of PALT in the 
chicken point to specific neuro-immune interactions in 
this part of the brain (17).

The ultrastructural study confirmed the results of 
histological investigations concerning the complicated 
structure of the pineal parenchyma. There are three 
types of structures possessing lumen: (i) the follicular 
structures, (ii) canals surrounded by cuboidal cells and 
(iii) canaliculi with a very small diameter. The first 
structures are typical for most of the pineal organs in 
birds (22-24, 31). In contrast, canals and canaliculi 
were infrequently reported in the pineal organs of 
birds investigated so far. Canaliculi with a diameter 
less than one µm were noted in the Antarctic penguin 
(21). Getting to know the relationships between these 
structures is very difficult. The authors assumed that 
the observed structures represented the consecutive 
branches of the pineal lumen. However, the explana-
tion of detailed interrelations between these structures 
requires further studies including 3D reconstructions 
based on serial ultrathin sections.

The parenchymal cells of the avian pineal organ 
belong to pinealocytes, supporting and nerve cells. 
Pinealocytes have been classified into three main 
types according to Vollrath (31). The first one includes 
pinealocytes of the receptor type possessing an outer 
segment with lamellar whorls. The second one is rep-
resented by rudimentary-receptor pinealocytes with 
a reduced outer segment without lamellar whorls. 
These two types of pinealocytes border the pineal 
lumen. Pinealocytes of the third type, called secretory, 
apparently do not have any connections with the lumen 
of the pineal organ. The last two types of pinealocytes 
exist in most of the examined birds having the pineal 
organ of tubule-follicular or solid-tubular form. The 
rudimentary-receptor type of pinealocytes with an 
outer segment in the form of an apical prolongation of 
different shapes and sizes was characterized in details 
in the common gull (23), the domestic goose (22) and 
the domestic turkey (24). These cells usually showed 
a stratified distribution of organelles and a nucleus situ-
ated basally. The sensory cilium containing a system 
of nine pairs of peripheral microtubules and devoid 
of a central one was usually noted in the apical part 
of rudimentary-receptor pinealocytes. The secretory 
pinealocytes in the pineal organs of these species 
formed a population of cells with centrally localized 
nuclei and randomly arranged organelles. Usually, they 
possessed several small processes penetrating between 
adjacent cells.

The findings of the present study showed that pine-
alocytes in the Muscovy duck are characterized by 
a high variability of their shapes and sizes, frequently 
almost total reduction of their outer segments and 
extremely numerous microtubules. The population 
of rudimentary-receptor pinealocytes in this species 
comprises both prominently elongated cells and very 

short cells. A majority of these cells lack the apical 
protrusion or possess a very small apical protrusion. 
The microtubules are spread out around the nucleus 
and form parallel arrangement in the apical part of 
the cell and in the basal processes. The pinealocytes 
do not show the stratified distribution of organelles, 
except for the accumulation of mitochondria in the 
apical part of the cell. The complicated organization 
of the pineal organ in the Muscovy duck, particularly 
the presence of canals and canaliculi, does not make it 
clear if there are pinealocytes which are not in contact 
with the pineal lumen. As a result, we cannot unam-
biguously state the presence of secretory pinealocytes 
in the Muscovy duck pineal organ.

Ultrastructural analysis of the Muscovy duck pineal 
organ exhibited the presence of numerous both clear 
and dense-core vesicles. They were observed in pine-
alocytes and occasionally in ependymal-like cells. 
The vesicles of both types are the common feature 
of rudimentary-receptor and secretory pinealocytes 
in the avian pineal organ (10, 22, 23). It is believed 
that they are secretory in nature (7, 10). The number 
of these structures differs considerably between the 
pineal organs of individual species of birds. A large 
number of dense-core and clear vesicles was noted 
in Athene brama and Euroloncha punchulata (10). 
Numerous dense core vesicles and few clear vesicles 
were observed in the domestic goose (22), while in the 
chicken and the common gull the presence of numer-
ous clear vesicles and few dense core vesicles was 
reported (3, 23).

The supporting cells constituted an important 
part of the pineal parenchyma in the Muscovy duck 
and were represented by ependymal-like cells and 
astrocyte-like cells. Ependymal-like cells limited the 
lumen of tubulo-follicular structures, canals and cana-
liculi. These cells had a significantly greater share in 
the pineal organ architecture compared to the other 
examined bird species. In the domestic goose, common 
gull and Antarctic penguin (21-23), they were found 
in moderate numbers and together with rudimentary-
receptor pinealocytes limited the follicular lumen. The 
morphology of ependymal-like cells in the Muscovy 
duck suggests their intensive metabolic and secretory 
activity. These cells contain vacuoles with flocculent 
material and dense core vesicles. The morphology and 
arrangement of astrocyte-like supporting cells in the 
Muscovy duck do not show differences compared to 
the pineal organs of other birds (7, 22).

Summing up, the findings of our study showed 
exceptional morphological features of the pineal 
organ in the Muscovy duck. The most intriguing is 
the presence of canals and canaliculi as well as a large 
participation of ependymal-like supporting cells in the 
formation of the pineal parenchyma. The exact expla-
nation of the pineal structure in this species requires 
further research based on 3D techniques.
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