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Several reports have been published on electron microscopic study of the 
parathyroid glands. Trier 1l described the fine structure of the parathyroid 
gland of the macaque monkey, Lever 2l 3l and Davis and Enders 'l made electron 
microscopic studies of the rat parathyroid under both normal and experi
mentally stimulated conditions, while Lange 5l and Holzmann and Lange 61 

examined human parathyroid adenomas and Munger and Roth 7l investigated 
the normal parathyroid glands of man and deer by light and electron micro
scopes. 

In the present paper are reported some observations on the fine structure 
of the parathyroid gland of the mouse employing the electron microscope. 

MATERIALS AND METHODS 

Parathyroids were removed from mice under ether anaesthesia. A small 
piece of tissue containing the parathyroid gland was removed, and the sur
rounding thyroid gland and connective tissues were removed as much as pos
sible. To isolate the parathyroid, the osmiophilic character of the gland was 
utilized as follows. The tissue sample was immersed in a drop of the osmic 
fixative, when within a few minutes the parathyroid became more intensely 
blackened than the thyroid gland and could readily be identified for dissection 
under a binocular microscope. 

Parathyroids of the mice were fixed in 1 per cent osmium tetraoxide 
solution adjusted to pH 7.4 with Palade's verona! acetate buffer 8l containing 
sucrose 9), for 30 minutes at 4 °C. After brief washing and dehydration in 
ethanol the parathyroid glands were embedded in epoxy resin according to 
the method of Luft 10'. Thin sections were cut with glass knives on a JUM-5 
type ultramicrotome and stained with uranyl acetate for 2 to 27 hours as 
described by Watson 11' . Electron micrographs were taken at initial magnifica
tions of 3 700 to 6 600 times with a JEM-5 G type electron microscope and 
further enlarged photographically. 

OBSERVATIONS 

A perivascular space is observed between the opposed parenchymal cell 
and capillary endothelium plasma membranes (Fig. 1 ). The space contains 
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loosely arranged fine collagen fibers and pericytes. In the extremely thin 
areas of the capillary endothelial cells numerous pores are seen as ruptures 
of the cytoplasm. The perivascular space is lined on each side by the basement 
membrane which does not extend to the intercelluar space. 

The plasma membranes of adjacent parenchymal cells vary considerably 
in complexity. They may interdigitate intricately or run parallel in almost 
straight lines when they are closely applied to each other. An irregular and 
wide intercellular space is occasionally found between several adjacent cells. 
The intercellular space is not lined by the basement membrane like the 
perivascular space. In the areas of the interdigitation of plasma membranes 
electron density of the cytoplasm is seen to be higher than in other areas 
(Fig~ 2). Adjacent plasma membranes are occasionally connected by desmo
somes (Fig. 2). 

The nuclei of the parenchymal cells are located almost at the center of 
the cytoplasm and contain one or more nucleoli. The nuclei are generally 
irregular in outline and deep indentations are often observed. The nucleus is 
surrounded by a typical double-membraned envelope. The outer lamina of the 
nuclear membrane is at some points continuous with the rough-surfaced 
endoplasmic reticulum (Fig. 3). Nuclear pores are seen in the nuclear mem
brane. 

The centriole is often observed at indefinite places in the parenchymal 
cell. The centriole is cylindrical, and the longitudinal, cross or diagonal sec
tions of the cylinder are randomly seen in the cytoplasm. As described in 
the granulocytes by Bessis12 1, around the centriole are found little masses of 
globular-shape and radially arranged filaments which connect them to the 
cylinder of the centriole (Fig. 4 ). 

As described in the deer and human parathyroids by Munger and Roth 71 

and in human parathyroid adenomas by Holzmann and Lange 61 , cilia are rarely 
observed in the cytoplasm of the parenchymal cells (Fig. 5). 

The Golgi apparatuses are randomly and widely distributed throughout 
the cytoplasm (Fig. 6). A Golgi apparatus is usually composed of flattened 
membraneous sacs associated with small vesicles of varying electron density 
which may be interpreted as secretory granules in the process of formation. 
The slightly larger granules with a density comparable to that of the small 
dark vesicle are often found in the vicinity of the Golgi apparatus. 

In some parenchymal cells the rough·surfaced endoplasmic reticula are 
well developed and randomly distributed throughout the cytoplasm arranged 
lamellarly (Fig. 7) or spirally (Fig. 8). They are often seen surrounding the 
mitochondria. As described previously, The continuous structure from the 
outer lamina of the nuclear membrane to the rough-surfaced endoplasmic 
reticulum is sometimes observed (Fig. 3). Many of vesicles like the smooth
surfaced endoplasmic reticulum are randomly found in the cytoplasm and some 
of them contain an electron-dense material which is presumed to be a secretory 
granule (Figs. 6 and 7). 

The dish ibution of mitochondria in the parenchymal cell is not uniform. 
Trier 11 described the presence of a cell, which is .characterized by the presence 
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of large numbers of mitochondria, in the monkey parathyroid gland. However, 
such special cells are not observed in the parathyroid gland of the mouse. 
In sections the mitochondria show spherical, ellipsoidal, rod or comma-shaped 
profiles. 

Not so many secretory granules are seen in the normal parathyroid glands 
of the mouse. However, the number of secretory granules varies with indi
vidual cells; some cells contain relatively numerous secretory granules, while 
others contain few or none. The secretory granules are round or oval, and 
their diameter is generally 150 m,u at the largest. They exhibit frequently a 
single limiting membrane enclosing an homogeneous electron-dense material 
(Fig. 6 ). In occasional parenchymal cells much larger ellipsoidal droplets 
(270- 410 mtt in diameter) are observed (Fig. 9). They possess a single smooth 
limiting membrane enclosing an electron·dense material. Sometimes, large 
droplets packed with minute vesicles, in which an electron-dense material is 
contained, are observed in the parenchymal cells (Fig. 10 ). In addition, mul
tivesicular bodies of varying electron density, which are similar in shape and 
size to these large droplets, are often found in the cytoplsm (Figs. 11 and 12 J. 

DISCUSSION 

The parathyroid glands secrete a proteinaceous hormone. In such endocrine 
organs which secrete a protein or polypeptide hormone as the pancreatic islets 
and anterior pituitary, easily demonstrable secretory granules or droplets are 
generally formed . Although various intracellular materials have been described 
in light microscopic studies of the parathyroid glands by numerous investiga
tors--Schaper 13), Rosof !4), Pappenheimer and Wilens 15l, Cowdry and Scott 16), 

Graffiin17P 8l, Bensleyl9 ', Weymouth and Baker20l-as a secretion or its precursor 
substance, they have not recieved general acceptance. However, in electron 
microscopic studies of the parathyroid glands, the presence of secretory gra
nules or droplets in the parathyroid glands has recently been reported as in 
other protein-secreting endocrine organs. Davis and Enders 'l described small 
secretory granules derived from smaller granules and vesicles in the Golgi 
region and much larger secretory droplets, which appear to be formed by the 
coalescence of minute vesicles of the Golgi complex, in the parathyroid gland 
of the rat. Munger and Roth 7) , in a study of human and deer parathyroid 

glands, found electron-dense, membrane-limited granules presumed to be secre
tions in the parenchymal cells, but they were unable to confirm such larger 
secretory droplets as described in the rat parathyroid glands by Davis and 
Enders'l. 

In the parathyroid gland of the mouse the small secretory granules, similar 
in structure to the secretory granules found in the rat parathyroid glands by 
Davis and Enders 'l and in human and deer parathyroid glands by Munger 
and Roth7l, are observed (Fig. 6 ). Large ellipsoidal droplets (270-410 m,u in 
diameter), which possess a single smooth limiting membrane enclosing an 
electron-dense material, are occasionally found in the parenchymal cells (Fig. 
9). Sometimes the large droplets packed with minute vesicles, in which an 
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electron-dense material is contained, are observed in the c ytoplasm (Fig. 10). 
In addition, multivesicular bodies of varying electron density, similar in shape 
and size to these large droplets, are often found in the cytoplasm (Figs. 11 
and 12 ). These findings suggest that these large droplets are presumably 
derived from multi vesicular bodies. Davis and Enders'' considered that these 
large secretory droplets might be formed by the coalescence of minute vesicles 
of the Golgi complex. But the relation between multivesicular bodies and 
Golgi vesicles could not be confirmed in the present investigation. 

Munger and Roth 7' have described that the secretory granules in the pa
renchymal cells of the deer and human parathyroid glands appear to be 
extruded from capillary endothelial cells into the blood stream, because gra
nules similar to the secretory granules within the parenchymal cells are seen 
also in the perivascular space and in the capillary endothelial cells. But the 
authors could not confirm such findings in the mouse parathyroids. 

The perivascular space, which is similar in structure to that in the monkey 
and rat parathyroid glands described by Trier 1' and Lever 2 ' respectively, is 
also found in the mouse parathyroid glands (Fig. 1 ). 

Fenestration of capillary endothelial cells, which has been described by 
Trier 1l in the macaque monkey parathyroid glands, is also seen in the mouse 
parathyroid glands (Fig. 1). 

Cilia, which have been described in deer and human parathyroid parenchy
mal cells by Munger and Roth 7l and in the cells of human parathyroid ade
nomas by Holzmann and Lange 6', are rarely found in the mouse parathyroid 
glands (Fig. 5 l, but its significance is unknown. 

Some desmosomes are found in the parathyroid gland of the mouse, al
though Lever 2> 3' did not describe their presence in the rat parathyroid gland. 

SUMMARY 

Based upon the electron microscopic study of the parathyroid gland of 
the mouse the following results were obtained: 

1. The small and large types of secretory granules are observed ; the small 
one may grow from a smaller Golgi vesicle and the large one may be derived 
from a multivesicular body. 

2. Fenestration of the capillary endothelial cells are observed. 
3. Perivascular space, similar in structure to that of the macaque monkey 

and rat parathyroid g lands, is observed. 
4. Cilia are rarely seen in the parenchymal cell cytoplasm. 
5. Adjacent parenchymal cells are connected with desmosomes. 
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EXPLANATION OF FIGURES 

All figures are electron micrographs of the mouse parathyroid. All sections were 

stained with uranyl acetate. 

Bm: Basement membrane 
Ca: Capillary lumen 
Cf: Collagen fibers 
D: Desmosome 

Ec: Endothelial cell 
Er: Rough·surfaced endoplasmic reticulum 
G: Secretory granule 

Go!: Golgi apparatus 
Is: Intercellular space 
M: Mitochondrion 
N: Nucleus 

Nl: Nucleolus 
P: Endothelial pore 

Pc: Pericyte 
Pm: Plasma membrane 
Ps: Perivascular space 
Rb: Erythrocyte 

FIG. 1. A parathyroid capillary and a portion of surrounding parenchymal cells. The 

peri vascular space between parenchymal and endothelial plasma membranes is 

lined on each side by basement membrane, and contains a pericyte and numerous 

fine collagen fibers. In extremely thin areas of the endothelial cell are seen 

pores as ruptures of the cytoplasm. x 22 000 
FIG. 2. Interdigitation of the plasma membranes of adjacent parenchymal cells. In the 

areas of interdigitation electron density of the cytoplasm appears to be higher 

than in other areas. A desmosome is seen between adjacent cells. x 22 000 

FIG. 3. The outer lamina of the nuclear membrane is at a point (arrow) continuous 

with the rough-surfaced endoplasmic reticulum. In the upper left corner a por

tion of the perivascular space can be recognized. x 18 500 
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FIG. 4. An oblique section of a centriole. Three radially arranged filaments and little 
masses attached to the tip of each filament are seen. x 33 000 

FIG. 5. An oblique section of a cilium is found in a parenchymal cell. x 44 000 
FIG. 6. Golgi apparatus consists of flattened sacs associated with numerous small 

vesicles of varying electron density. Numerous secretory granules consisting 
of a single limiting membrane enclosing homogeneous electron-dense material 
are seen in the cytoplasm. x 22 000 

FIG. 7. Lamellar arrangement of the rough-surfaced endoplasmic reticulum and numerous 
vesicles of varying electron density are seen. x 22 000 

FIG. 8. Spiral arrangement of the rough-surfaced endoplasmic reticulum surrounding 
mitochondria. x 44 000 

FIG. 9. A large secretory droplet consisting of a single limiting membrane enclosing 
an homogeneous electron dense material. x 44 000 

FIG. 10. A large secretory droplet packed with small vesicles containing electron-dense 
material. x 44 000 

FIG. 11. An electron-dense multivesicular body .considered to represent an intermediate 
form in the formation of a large secretory droplet. x 44 000 

FIG. 12. A multi vesicular body. x 44 000 










