
30 

@ 1990 The Japanese Society of Pathology 

Ultrastructural Study of the Human Pineal Gland in 
Aged Patients Including a Centenarian 

Akio Hasegawa1s2, Kohichiro Ohtsubo2, Naotaka lzumiyama2, 
and Hiroyuki Shimada3 

An ultrastructural study of human pineal glands obtained 
at autopsy from 7 patients older than 70years was con- 
ducted in order to clarify the functional anatomy of the 
pineal in the aged. By light microscopy, the pineal glands 
from aged patients were parenchymatous and almost indis- 
tinguishable from those of younger controls. Electron 
microscopy of the pineal parenchymal cells revealed deep 
nuclear indentations, synaptic ribbons and ribbon fields, 
Golgi apparatus, lipofuscin granules and microtubular 
sheaves in all subjects, cilia with a 9+0 pattern in a few, 
and lamellated structures suggestive of the outer segment 
of photoreceptor cells very rarely. Microtubules were 
numerous in the cytoplasmic processes and bulbous end- 
ings. Fibrous astrocytes located between the pinealocytes 
showed long and thin cytoplasmic processes containing 
numerous glial filaments. Two types of nerve bouton were 
present in the pineal parenchyma, one of which contained 
clear vesicles forming synapse-like contacts with 
pinealocytes. There were no significant age-related 
changes in these features in a qualitative comparison with 
pineal glands from 5 adult patients younger than 70  years. 
These findings indicate that even in advanced age, the 
human pineal gland maintains some functions, such as 
intercellular communication and photoreception, in com- 
mon with the pineal in lower vertebrates. Acta Pathol Jpn 
40: 30-40, 1990. 
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INTRODUCTION 

The human pineal gland is widely regarded as a 
phylogenetically rudimentary organ and has not been 
studied in detail in the neuroendocrinological field in 
comparison with its counterpart in other mammals. As 
many workers have better characterized the functional 
and morphological aspects of the pineal gland in many 
vertebrates through comprehensive investigations (l), a 
basic and clearer understanding of the human pineal is 
now required in order to evaluate the clinical importance 
of various biological substances secreted by this organ, 
especially melatonin, which could be a possible diagnos- 
tic marker of neoplasms and biological rhythms and a 
future therapeutic tool for certain diseases. 

Our recent study on age-related changes in the human 
pineal gland (Z), based on gravimetry and quantitative 
morphology, showed that in individuals older than 49 
years, the weight of the pineal does not necessarily 
decrease progressively in proportion to age and that the 
pineal parenchymal cells in patients with senility do not 
show remarkable atrophy or degeneration as observed 
by light microscopy. As a further step forward, it 
remains to be elucidated from an ultrastructural view- 
point whether human pinealocytes lose the basic 
cytologica I architecture necessary for neuroendocrine 
function with aging. Although there seem to be no 
serious technical limitations in determining this aspect, 
such studies have been exceedingly rare to our knowl- 
edge. The objective of this study was therefore to 
clarify the detailed electron microscopic features of the 
human pineal gland in aged individuals, about which very 
little is still known, and to discuss the possible function of 
this enigmatic organ in humans. 

MATERIALS AND METHODS 

Pineal glands were obtained at autopsy from 7 aged 
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patients (aged 71-100 years, mean 79  years) and 5 
younger adult patients as a control group (aged 36-68 
years, mean 49 years). Specimens from the aged indi- 
viduals were taken within 3 h of death (mean 1.5 h) at 
the Department of Pathology, Tokyo Metropolitan Geri- 
atric Hospital, and those from the controt group were 
removed within 5 h of death (mean 4 h) at the Depart- 
ments of Pathology of Tokyo University and Odawara 
Municipal Hospital. 

The pineal glands were resected from the brain during 
autopsy and the arachnoid tissue covering the gland was 
removed carefully. Each gland was immediately fixed 
by immersion in ice-cold 2.0% paraformaldehyde-2.5% 
glutaraldehyde in 0.1 M Na-cacodylate buffer (pH 7.3). 
About 15 min later, the gland was weighed on a direct 
reading balance (Mettler H 20, sensitivity 0.01 mg), and 
the length, width and thickness were also measured 
using a slide caliper (accuracy 0.1 mm). Each gland 
was then divided longitudinally into two halves with a 
clean blade, one half for light microscopy and the other 
for transmission electron microscopy. The half used for 
light microscopy was re-fixed in 10% formalin solution 
for routine processing including paraffin embedding, 
sectioning and conventional staining (hematoxylin and 
eosin, Watanabe’s silver impregnation and Azan-Mal- 
lory). The other half of the gland was minced into 1- 
mm3 cubes and placed in a container filled with above- 

mentioned pa raformaldehyde-gluta ra ldehyde fixative. 
The tissue was washed with 0.1 M Na-cacodylate-buffer 
(pH 7.3) and post-fixed in 2.0% osmium tetroxide for 
1.5 h. After embedding in a single Poly/Bed 81 2 block, 
thick sections, cut into 1-pm slices, were prepared and 
stained with toluidine blue and examined to exclude 
severely calcified areas. Ultrathin sections 50-70 nm 
thick were cut with a diamond knife, stained with uranyl 
acetate and lead citrate, and then examined and photo- 
graphed with a H-600 transmission electron microscope 
(Hitachi Ltd.) or a JEM-1200EX (JEOL Ltd.) operated at 
80 kV. 

RESULTS 

General structure 

There were areas of mild to severe calcification and 
glial cyst formation in the pineal glands, but in all the 
specimens from aged patients the pineal parenchyma 
was retained with preserved cellularity in some parts, 
making electron microscopic observation feasible. 

One-micronmeter-thick sections of the pineal gland 
from aged individuals showed a parenchymatous archi- 
tecture divided into lobular structures by connective 
tissue septa composed of capillaries and perivascular 
spaces. Electron microscopy revealed that each peri- 

Figure l .  Typical nuclear profiles of pineal parenchymal cells 
with deep indentations of the nuclear membrane (‘Kernkugeln’), 
filled with granular endoplasmic reticulum (a. x 8,000), Golgi 
apparatus (b. ~9 ,400)  and lysosome (c. ~ 1 2 , 0 0 0 ) .  100- 
year-old female. 
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vascular space had two boundaries, an inner one consist- 
ing of the capillary basal lamina and an outer one formed 
from the basal lamina of the pineal parenchyma. 

Pineal parenchymal cells 

By light microscopy, pinealocytes showed round to 
oval nuclei each with a prominent nucleolus, and an ill- 
defined cytoplasm. It was rather difficult to differentiate 
these cells from interstitial cells or astrocytes on the 
basis of photomicroscopic findings alone. The extent of 
the intercellular space formation, probably due to a 
fixation artefact and/or post-mortem change rather than 
aging, varied from case to case. In some specimens, 
the pineal parenchymal cells tended to possess a rich 
perikaryon, showing a close cell-to-cell interface, where- 
as in others they showed a rather slender cytoplasm with 
electron-lucent open intercellular spaces. 

In electron micrographs, the nuclei of the pineal paren- 
chymal cells were round to oval-shaped, 7 - 1 0 p m  in 
diameter, sometimes accompanied by deep indentations 
of the nuclear membrane, so-called ‘Kernkugeln’. These 
invaginations were filled with organelles such as granular 
endoplasmic reticulum (Fig. l a )  and, at times, Golgi 
apparatus (Fig. 1 b) and lysosomes (Fig. l c ) .  The 

Figure 2. Nuclear envelope of a pineal parenchymal cell with 
nuclear pores and an accompanying diaphragm ( x  100,000). 
Bar= 100 nm. 76-year-old male. 

nuclear envelope consisted of two nuclear membranes 
enclosing a narrow perinuclear space, measuring 10-30 
nm in thickness. The nuclear pores were 60-70 nm in 
diameter, each with an accompanying diaphragm (Fig. 
2). The nucleoli were prominent and heterochromatin 

Figure 3. Cytoplasm of pinealocyte containing mitochondria, polysomes and synaptic 
ribbons (arrow) (~29,000).  Bar=0.5 pm. 73-year-old male. 
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Figure 4. Electron microscopy of pineal parenchymal cells containing two synaptic fields 
(F) on opposite sides of the nucleus (~11,000). B a r = l  pm. 80-year-old female. 
Inset : High-power view of synaptic ribbons consisting of electron-dense plates surrounded 
by numerous vesicles ( ~ 5 6 , 0 0 0 ) .  72-year-old male. 

was poor in well preserved materials. 
The perikaryon of the pinealocytes contained mostly 

round and occasionally elongated mitochondria, 0.7-1.2 
p m  in diameter (Fig. 3), and a Golgi apparatus about 1 
p m  in size, although there was no distinct sign of  dense- 
core vesicle formation resembling secretory granules in 
this series or in the control group. Rough endoplasmic 
reticulum was present in moderate amount and poly- 
ribosomes were abundant. Occasionally, lysosomes and 
lipid droplets, up to 2.5 p m  in greatest dimension, were 
observed. 

A distinctive feature of the pinealocyte cytoplasm was 
the presence of synaptic ribbons and/or ribbon fields in 
all the subjects studied (Figs. 3-5), lying freely in the 
perikaryon, in the vicinity of the plasma membrane 
arranged perpendicular to the above-mentioned intercel- 

lular gap, and also in the cytoplasmic processes and 
endings. Each ribbon appeared as an electron-dense 
rod or plate, measuring 100 nm in average diameter or 
width and up to 600nm in length, comprising three 
electron-dense lines, and surrounded by numerous elec- 
tron-lucent vesicles, about 50 nm in diameter (Fig. 4). 
The ribbon fields consisted of as many as 30 synaptic 
ribbons in this series (Fig. 5). Pineal synaptic ribbons 
with their vesicles, compared with other organelles such 
as mitochondria, appeared to endure post-mortem 
autolytic changes rather well and were almost always 
found in electron micrographs of human autopsy mate. 
rials. 

Centrioles of human pinealocytes, as well as those in 
pinealocytes of other mammals, showed several unusual 
characteristics suggesting some implications regarding 
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Figure 5. Synaptic field in the vicinity of the plasma membrane Figure 6. Ciliary derivative (CD) with a cilium of the 9+0 
consisting of many synaptic ribbons (~25,000).  100-year-old pattern (~20,000) and a centriole (arrow). 100-year-old 
female. female. 

Figure 7. Microtubular sheaves (arrow) in pinealocyte cyto. 
plasm (~8,000). 71-year-old female. 

pineal phylogenesis. In some Golgi areas and perikarya, 
a field with modified centrioles and microtubular sheaves 
comprising as many as 10 centrioles were seen. Rarely, 
one of a pair of centrioles extended distally to the inter- 
cellular space to form a ciliary derivative, i.e. cilia with a 
9+0 pattern, measuring 400 nm in diameter (Fig. 6). 
An elongated and modified centriole (microtubular sheaf) 
was also observed in the cytoplasm, measuring as much 
as 10pm in length (Fig. 7). Very rarely, lamellar disc 
structures suggestive of the outer segments of photo- 
receptor cells were found, each measuring 6 x 5 p m  in 
external dimension (Fig. 8). Microtubules with a diame- 
ter of about 25 nm were distributed in the processes in a 
parallel manner and in the perikarya randomly (Fig. 9). 
The quantity of microtubules in the cytoplasm varied 

Figure 8. A lamellar disc structure (LD) suggestive of the outer 
segment of photoreceptor cells (~10,000). P :  process of a 
fibrous astrocyte. Bar= 1 pm. 100-year-old female. 

from one pinealocyte to another and among sites within 
the cytoplasm. 

Interstitial cells 

The second cell type in the pineal parenchyma was 
interstitial cells occurring between the pinealocytes. In 
electron micrographs, these cells had long and thin 
cytoplasmic processes containing bundles of numerous 
parallel glial microfilaments, less than 10 nm in diameter 
(Fig. lo), coursing through the intercellular spaces 
between the pinealocytes, and forming a dense network 
in the vicinity of the outer basal lamina of the perivas- 
cular space. Each bundle of glial filaments measured 
0.4-0.8pm in diameter. The main cell bodies (perikar- 
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Figure 9. Microtubules with a diameter of about 25 nm in pinealocytic processes. 
a. Proximal part of a process (~40,000).  76-year-old male. b. Bulbous ending 
( ~ 3 0 , 0 0 0 ) .  68-year-old female. 

Figure 10. Electron microscopy of an interstitial cell (IC) with electron-dense cytoplasm 
projecting long processes (P). Bundles of numerous glial microfilaments are evident in 
them. L: lipofuscin granules ( x  12,000). Bar=l pm. 71-year-old female. 
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yon) projecting these processes, which are designated as 
'dark cells' by some authors, did not seem to be so 
numerous judging from the electron micrographs, 
although it may be nearly impossible to differentiate all 
of the interstitial cells f rom pinealocytes only by the 
electron density of the cytoplasm and questionable pres- 
ence of glial filaments within the perikaryon. 

Blood supply 

As mentioned above, the vascular network consisted of 
capillaries accompanying the perivascular spaces. The 
endothelial cells possessed cytoplasmic processes on the 
luminal surface and showed common organelles such as 
mitochondria, rough endoplasmic reticulum and ribo- 
somes. Pinocytotic vesicles were numerous, measuring 
between 50 and 80 nm in diameter (Fig. 11). 

An interesting feature of the perivascular space was 
that it contained a small number of notched elongated 
structures made of numerous delicate protofibrils, fibrous 

Figure 11. Pinocytotic vesicles of an endothelial cell long-spacing collagen (FLSC), showing a transverse 
( ~ 6 0 , 0 0 0 ) .  L: lumen of capillary. 6 :  basal lamina. 73- periodicity of 120-140 nm instead of the classic 64-nm 
year-old male. banding (Fig. 12). 

Figure 12. Fibrous long-spacing collagen (FLSC, arrow) in the perivascular space (PV) of 
the pineal ( x  19,000). E :  endothelial cell, Bar=0.5 pm. 72-year-old male. Inset: 
High-power view of FLSC with a periodicity of 120 -140  nm (~40,000).  80-year old 
female. 












