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I. INTRODUCTION

Reports have appeared in literature for some considerable time on the subject of
the possibilities of the endocrine activity of the salivary glands (Budges, 1928)

During the period from 1929—1944 Japanese research workers (Ogata, 1953:
I1to et al., 1955; 1956) published a large number of studies based on physiological,
biochemical and histochemical methods, in which they stated that the salivary glands,
in addition to their secretory activity (digestive), are also endocrine glands. In
addition, in 1944 they obtained from salivary glands a biologically active substance
of a proteinous nature, affecting the calcification of hard tissues and capable of
reducing the level of calcium in the blood. This substance, considered to be the
specific hormone of the salivary glands, was termed by them parotin.

As is well known, the parathyroid glands are the ductless glands specially
responsible for the phosphorus and calcium supply to the organism. I have not,
however, encountered in literature, studies of the interdependence of these two
glands (salivary glands and parathyroid glands), the activity of which is connected
with the level of calcium in the blood serum.

II. REVIEW OF LITERATURE

In 1909 Parhon and Goldstein devoted considerable space in their hand-
book on endocrinology to the group described by Mikulicz (1892), characterised
by the symmetrical hypertrophy of the salivary and lachrymal glands. They stated
that this disease is conneéted with the thyroid gland (Parhon et al, 1957).

Parhon & Kagan (1923), in their investigations of the parotid salivary glands,
showed that the nuclei of the cells lining the lumen of the discharging ducts are
situated in the apical part of the cell, while they found accumulating secretion in
the basic parts of the cells (Parhon et al, 1957). These observations made it poss-
ible to reach the conclusion that the secretion of these salivary glands is discharged
not, as is usually the case, into the lumen of the duct, but into the surrounding
connective tissue or to the vessels.

Since that time numerous studies have been published by the Rumanian school of
Parhon on the salivary glands and their connection with other ductless glands
(Parhon et al., 1955—1957).

Since 1928 the problem of the salivary glands has occupied the attention of a large
number of Japanese research workers. O gata endeavoured to find the answer to
the question as to whether ductless activity of the salivary glands exists. In the first
place he suspected that the salivary glands play a certain part in diabetes and
connected their secretion with carbohydrate metabolism.

In connection with the above observations, experiments were initiated on animals
and since that time numerous reports have appeared in world literature on the
subject of the interdependence between the salivary glands and the endocrine glands
(Grandos, 1951; Harvey, 1952; Raynaud, 1954 a, b; Abouharb, 1955,
Bixter et al, 1957, 1959; Atkinson, 1959; Shafer et al, 1960; Soszka &
Krawczuk, 1960 a, b; Kawad a, 1962).

Lacassagne (1940) was the first to find sex dimorphism of submaxillary
salivary glands in mice. The salivary gland of the male characterised by the pre-
dominating number of granular tubes, while the salivary gland of the female has
a more vesicular structure. (The submandibular salivary gland in rodents consists of
serous vesicles and tubes, in which the presence of granular matter has been coun-
firmed and which were formerly terrned miucous vesicles. As histochemical methods
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have not demonstrated the presence in these elements of mucus, they are now termed
granular tubes). This author injected female mice with male sex hormones (testo-
sterone) and male mice — with female sex hormones (folliculine). Under the influ-
ence of testosterone the salivary gland of the females takes on the type of the
male structure, while the salivary gland of the males changes to the female type
under the influence of folliculine. The result obtained by the experiment made it
possible for the author to conclude that different factors which depend on the sex
of the animal, exist in the saliva.

Takizawa observed that there is an interdependence between the function of
the salivary glands and the bony system (Takizawa, 1954; G abe, 1950).

In 1940 Fukushima found considerable changes in the teeth of mice and rats
with induced saliva deficiency (Ogata, 1955). Ishii (1944) described these changes
by means of histological methods (O gata, 1955). The same year Ogata isolated
a fraction of active substance from the salivary glands of a bull, and injected young
rats with this substance. In this experiment he observed an increase in hard tissues
and a reduction in the level of calcium in the blood serum. Ito and Mizutani
called this substance, which was in the nature of a protein soluble in water, parctin
(Ito, 1954).

In 1949 Ito obtained crystalline formations from parotin, and in 1952 together
with Ogata gave a description of this substance, which was acknowledged tu be
specific hormone of the parotid salivary gland (Ogata, 1955).

G abe (1950) observed atrophy of the salivary glands in white rats where the
pituitary gland had previously been removed by operation. Besides and Aha-
zali showed that after excision of the salivary glands the number of acidophilous
cells in the pituitary gland increases. These cells disappear after parotin is admi-
nistered.

Raynaud (1954 b) found that excision of the suprarenal gland in rats causes
atrophy of the parotis.

Valeri (1954 a, b) gave rats testosteron and then examined its effect on thc
salivary glands. He found that the cellular nuclei enlarged in the secreting sectinns.
As is well known, enlargement of the cellular nuclei is both a test and an index of
the increased activity of the cell. He observed distinctly smaller cellular nuclei in
castrated animals compared to the control animals.

Parhon et al. (1956) gave rabbits, an extract prepared from the parotis of a bull
and found that the extract was capable of raising the sugar conten in the blood.

Parhon et al. (1955 a) removed the parotid salivary glands of rats, then exam-
ined the effect of the absence of these glands on the testicles. They found that uni-
lateral removal of the parotis caused compensatory a hypertrophy of the remaining
part of the gland, but did not cause any changes in the testicles. On the other hand,
after bilateral removal of the parotis, a distinct reduction in the processes of
spermatogenesis were observed.

Godet (1956) found an interdependence in the mole between the development
of parotis and the sexual glands. He reached the conclusion that the height of the
epithelium of the secretory vesicles in the salivary glands depends to a certain ex-
tent on the hormone secreted by the testicles.

In recent years histological studies have been published in which use was made
of histochemical technique or radio-active isotopes.

Dewey (1958) investigated, by means of histochemical methods, the parotis of
the white rat after the pituitary gland had been removed. He found changes not enly
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in the vesicular cells, which become smaller, but also changes in the contents of
glycogen, RNA, PAS, specific esterase and the sulphydryl groups.

Ogata (1955), Takizawa (1954) found an increase in the epithelium of the
thyroid vesicles after excision of the salivary glands in the white rat.

Sawicki (1961), using J'8 on rats, observed increased accumulation of iodine in
the thyroid gland of the animals as a result of the removal of the salivary glands.
The author found less deposition of J'¥ in the thyroid glands of animals which had
been given parotin.

Sasaki et al, 1953; Dzierzykray - Rogalska & Gutsze (1963) using
phosphorus P32, examined the bones of white mice after the salivary glands had been
removed and parotin administered.

No cells which could be responsible for the ductless secretory activity have, as
vet, been found in the salivary glands. Golianitzky (1924) considered that the
hormonally active cells are the basket cells. During the last 30 years numerous histo-
logical, physiological and biochemical studies of the salivary glands have been
published by the Japanese school (Ito, 1954, 1960, Rauch, 1959; English, 1960;
Fleming, 1960; Fujki et al, 1960; Godlowski et al, 1960; LLevi - Mon-
talcini et al, 1960; Myant, 1960; Schneider et al, 1960; Sreebny, 1960;
Asano, 1961a, b; Babaeva et al, 1961; Innes et al, 1961; Quintarelli
et al., 1961). As shown by these studies, the salivary glands must be included in the
ductless glands group, but the majority of the authors do not give their opinion as
to the place in the salivary glands in which the hormone is formed. According to
Ogata, the secretion of the salivary glands formed in the vesicles, flows through
the intercalar ducts to the striated ducts and is there partly absorbed together
with the hormone by the epitheloid cells lining the lumen of the tubes. Next
the secretion reaches, though these cells, the lymphatic areas surrounding the
striated duct. In the cells lining the lumen of the striated ducts there is a specific
system of mitochondria, and canals lying parallel to them, which is indicative of the
absorptive capacity of these cells. The absorptive activity of the cells described
(Ogata, 1955) was also demonstrated by injecting protein solution into the muin
ducts of the parotis. At the same time, that same protein solution was injected sub-
cutaneously, and the rapidity of the appearance of the protein administered in the
blood was compared. It was found that absorption of the protein injected into the
ducts, takes place six times more rapidly in comparison with the absorption of this
solution given subcutaneously.

Kracht (1960), who gave the experimental animals parotin, found changes
within the parotid salivary glands which led to the conclusion that the vesicular
cells are connected with ductless secretory activity.

Ito (1960) in analysing the activity of different salivary glands found that duct-
lees secretory activity is exhibited only by the rarotid and submaxillary salivary
glands. It seemed, in that author’s opinion, that the sublingual salivary glands do
not participate in secretory endocrine activity. Parotin is a hormone produced chief-
ly in the parotis. .

It is clear from the literature on salivary glands referred to above —- that these
glands secrete a hormonally active substance capablae of calcifying hard tissues and
of altering the level of calcium in the blood serum.

As we know the parathyroid glands play a dominant part in-phosphorus-calcium
regulaticn.

It is assumed that the parathyroid glands belong to the group of ductless glands
with a function mainly metabolic, that is, glands, the activity of which would appcar
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to depend on the level of certain substances in the body fluids. (A stimulus to these
glands is the reduced level of the substances regulated by them e.g. hyperfunction
of the supra-renal cortex is caused by too low a level of natrium).

The slightest qualitative or quantitative fluctuations of ionized calcium are cap-
able of causing serious disturbances in the system therefore, an expression of these
processes should be morphological changes taking place in the parathyroid glands
(Morgan, 1936; Forster, 1943a, b, 1946; Abderhalden, 1952; Harvat,
1954; Eger, 1954; Bargmann, 1939; Elkinton, et al, 1955; Lichwitz et al,
1955; Talmage et al, 1955; Krook, 1957, Weymouth, 1957, Grau, 1958;
Lange, 1961; Fujii, 1960 a, b; Hartwig, 1962).

It is however, generally known that evaluation of parathyroid gland function by
morphological methods is very difficult.

The chief classification of the cells of the parathyroid glands is based on the study
made by Sandstrom (1880), who while describing the parathyroid glands was
the first to, observe two types of cells — cells rich in cytoplasm and cells with
a small amount of cytoplasm. The next was Welsh (1889) who in describing the
cells rich in cytoplasm termed them main cells, and the second kind, poor in cyto-
plasm, oxyphil cells. Getzowa (1907), divides the chief cells of the parathyroid
glands into light (Wasserhelle Zellen) and dark (Rosarote Zellen) according to the
affinity of the cytoplasm to dyes. In addition she distinguishes acidiphilous cells
and syncytial cells.

Bobeau (1914) found in the horse a considerable variety of cell types, such as
basic cells, normal cells. light and dark cells, large granular or colloidal ceils,
syncytial bodies, protoplasmatic and spongiocytes.

In 1935, Castleman and Mallory distinguished between parathyrocid cells,
dividing them into dark and light cells, which unite into a common group of chief
cells (normal). They also distinguish oxyphil cells, dividing them into light and dark
cells. According to these authors the parenchyma of the gland consist mainly of dark
chief cells. The light chief cells found in the periphery of the gland occur in very
small amounts.

Correia Madeira (1942) took the comparative histology of man and mammals
as a basis for classification of the cells. His classification is similar to that of
Castleman and Mallory (Correia Madeira, 1942—1946).

While there is still certain agreement in the views of authors as to the morpho-
logical classification of the glandular cells of the parathyroid glands, the question
of the origin and function of each cellular type still remains unexplained.

Since the appearance of the first description of the parathyroid glands discussion
has continued on the problem of which of the cells, chief or oxyphil, are the sccretling
elements.

Pepere (1906) described the cycle of transformation of the parathyroid cells,
which leads from the chief cell to the oxyphil secretory cell and back. He considered
the oxyphil cell the most active, and held that it is a changed chief cell charactericed
by high secretory activity (Rucart, 1949).

In 1919 Bergstrand, and later Hoffheinz (1925) came to opposite con-
clusions: they considered the oxyphil cell to be degenerate cells deprived of
a secretory function. This concept was fo find an increasingly large number of
adherents among histologists, and in particular among histopathologists (Rucart,
1949),

Bergmann (1939) considers that the light chief cells and dark chiefs cells are
secretory elements, while the oxyphil cells formed from them are degenerating
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inactive forms, which in the continued process of degeneration may undergo faity
degeneration.

A large number of authors (Rosof, 1934; de Robertis, 1940—41; Ignatie-
va, 1948; Rucart, 1949; Hansler, 1953; Czerski, 1952; Dzierzykray-
Rogalska, 1954; 1958, WiSniewski, 1960; Hara et al, 1957; 1959; 1962),
consider that all the cells occurring in the parathyroid glands are the same type of
cell at different functional stages.

Rosof (1934) in his investigations of the structure of the parathyroid glands in
rats depending on age, pregnancy and diet, stated that histological changes in the
glands of different groups of animals are slight. The differences consist rather in
the arrangement of the cells than in their kind. He distinguishes in the rat, chief
cells, light cells and chromophilous cells, and considers that the chief cells are
formed from light cells. The latter are, he considers, inactive cells. In the control
animals the author found that only 5% — 25% of the cells were in ihe secretory
stage. He is of the opinion that the cellular organelle such as the Golgi apparatus
and chondriom, which are subject to changes in structure during the secretory cycle,
play an active part in cellular secretion.

Correia Madeira (1942—1946) has made a large number of detailed cyto-
logical studies based on investigation of the Golgi apparatus and distribution of the
chondriom, discussing the effect of the fixing fluid used on the picture obtained. He
considers that only the dark chief cells (which he terms chief cells) and the light
chief cells are of functional significance. The number of light cells encountered in
the gland served him as a criterion of the functional state of the gland. Ile gives
an detailed description of the Golgi apparatus and chondriom, but does not give his
opinion on the participation of these organelle in cellular secretion. The author did
not find a constant polar position of the Golgi apparatus, either in relation to
connective tissue or in relation to the blood vessels. The variable structure of the
Golgi apparatus in the secretory cycle of the cells of the parathyroid glands has,
also been dealt with by a large number of research workers (Courvier et al,
1922; Dias-Amado et al, 1944; de Robertis et al, 1940—1941; Rucart,
1949). .

Bensly (1947) investigated the parathyroid glands of dogs, from which she
removed part of the glands, causing hypertrophy of the remaining part. The author
endeavoured to find pre-secretory granular matter within the cells. In her opinion
they occur in three forms: a) vacuoles staining very faintly, b) granules stained
intensively and c) colloidal globules. She did not, however, find any connection
between secretory function and the cytoplasmatic formations examined.

Ignatieva (1948) who investigated the parathyroid glands of mammals (dogs,
cats, rabbits, guinea pigs and white rats) found that homogeneous cells occur. She
is of the opinion that the process of the endocellular production of the secretioa is
manifested morphologically by the presence, in the cytoplasm, of small vacuoles,
which gradually fuse and form light fields. After complete dilution of the cytoplasm,
the secretion flows into the blood vessels. The cell, which is in the final stage of
accumulating the secretion, appears as a completely light formation, greatiy
enlarged. Ignatieva considers that the whole cytoplasm is responsible for the
production of the secretion, and not different organoids such as, for example,
chondriom or the Golgi apparatus.

Fortina (1948) induced rickets in rats and found that oxyphil cells appeared,
which are known to occur rarely in rats. The appearance of oxyphil cells, was in
the author’s opinion, evidence of increased activity of the gland,
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Rucart (1949), taking comparative histology as his basis, introduced his own
classification of types of cells in the parathyroid glands. From the embryonic cell,
from which the basic cell is formed, the author distinguished two series of cells
differing from each other morphologically and functionally:

A) Light series: a) basic cell, b) non-staining cell with a small number of vacuoles,
¢) non-staining cell with a large number of vacuoles, d) light cell.

B) Dark series: a) basic cell, b) chromophilous cell, ¢) oxyphil cell, from which
the granular oxyphil cell or the oxyphil cell with vacuoles may be formed.

Rucart on the basis of his own research reached the conclusion that the
parathyroid glands secrete at least two hormones. One of them would be formed
in the vacuoles (light series), and the precursor of the second would be fuchsinophil
granules (dark series). According to this author both series of cells occur in the
normally functioning glands of higher mammals. In the lower mammals the
parathyroid glands are formed chiefly of basic cells, and it is only under special
conditions (pregnancy, experiment) that cells appear which can be allocated to the
light or dark series. In addition, he found that the oxyphil cells can possess secretory
activity.

Hansler (1953) using caryometric methods, investigated the parathyroid glands
of white rats subjected to different experiments, consisting in the stimulation and
inhibition of the gland function. The author notices that inhibition of the gland
function was manifested by a reduction in the size of the nuclei. The nuclei became
enlarged in the stimulated gland. Similar methods of research were used by other
authors, who are of the opinion that caryometric methods give more reliable results
in investigations on gland function than morphological methods (Eder et al., 1955);
Hadler et al, 1962).

Eder & Hartl (1955) give an exact classification of parathyroid cells and their
evolutionary capabilities. By stimulating the parathyroid glands they increased the
size of the nuclei, after which they defined the nuclear-cytoplasmatic ratio. On the
basis of their experiments they endeavoured to determine the connection between
the type of cell and its function, using morphological and statistical methods. The
morphological observations of the authors were concerned with the appearance of
the nuclei. On the basis of studies made by Altm an (1955) who found that protein
(globulin) metabolism in the cell is connected with the changes taking place in the
nuclei, the authors divided the nuclei occurring in the cells of the parathyroid
glands into four types:

1) nuclei, which contain nucleoli situated centrally (resting nuclei),

2) nuclei, which contain nucleoli situated next to the nuclear membrane (usuaily
these are larger nuclei preparing to secrete nucleolar substance to the cytoplasm),

3) nuclei visually almost empty, without distinct chromatine substance,

4) nuclei in which nucleoli and chromocentres can be seen situated under the
nuclear membrane (type 3 and 4, are nuclei exhausted by intensive secretory
activity).

At the same time, they made a statistical analysis of the 4 types of cellular nuclei
described above, using the Chalkley method, counting about 1000 cellular nuclei
in one group. On the basis of statistical analysis they reached the conclusion that
enlargement of the nucleus is a sign of its activity, while its reduction in size
indicates a decrease in cellular function. These authors, taking variations in the
size of the nuclei as a basis, consider oxyphil cells to be inactive cells, dividing them
into two groups; dark cells and light cells. They are of the opinion that the light
oxyphil cell is formed from the dark oxyphil cell.
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In recent years many studies have appeared concerning the fistochemical
investigation of the parathyroid glands (Pearse et al, 1958, Samnazzari et
al, 1959; Walthard, 1960; Fuji, 1960; Yang, 1960; Zawistowski, 1962).

Tremblay et al, showed in 1959, using the histochemical technique, that
oxyphil cells in the parathyroid glands of humans and monkeys are distiguished by
intensive activity of oxygenating enzymes (DPND, TPND, succinic acid dehydro-
genase). The results obtained suggest that the oxyphil cells are intensively function-
ing cells. This does not mean that their secretory activity is greater, it is possible
that the oxyphil cells have simply accumulated enormous energy. Their function and
significance, however, have not as yet been thoroughly investigated.

Literature on this problem shows that there are many experimental studies on
the submandibular salivary glands and their connection with other endocrine
glands. As yet, however, little attention has been paid to the parotid salivary glands
and the changes taking place in them under the influence of the functioning in other
ductless glands. Not many authors have dealt with the changes in the endocrine
glands caused by experimental hypofunction or hyperfunction of the parotid salivary
glands (Hypofunction of the salivary glands — asialadenism, is caused by their
partial or total removal, hyperfunction — hyperasialadenism, by the transplantation
of the glands or by injecting parotin).

Although there is an enormous amount of literature on the parathyroid glands,
and the morphological and histochemical changes within these glands under the
influence of different factors have been thoroughly investigated, yet I have not
encountered studies dealing with the changes taking place in them under the
Influence of hyperfunction or hypofunction of the salivary glands, apart from the
short reference made to them in the work by O gata (1955).

III. MATERIAL, METHODS AND TECHNIQUE

The material used in the present study consisted of 185 yvoung white rats (sexually
mature males) weighing from 130—160 g., which were kept on a standard granulated
diet.t)

The animals were divided into IV groups. Each group was subjected to differert
experiments:

In group I, an investigation was made into the effect of removal of the parathyroid
glands on the morphological picture of the salivary glands of the white rat.

In group II, an investigation was made into the effect of the removal of the
parotid salivary glands on the morphological picture of the parathyroid glands.

In the animals in group III the morphological picture of the parathyroid glands
and parotid salivary glands was investigated after the administration of parotin.?)

In group IV, P? was used to investigate the effect of removal of the salivary glands
and doses of parotin on the bones of the rats.

In each of the above groups some of the animals were used as controls.

The animals were anaesthetized with ether and then dissected, the parotid
salivary glands and parathyroid glands being taken for examination. One salivary
gland and one parathyroid gland were always fixed in Lison-Vokaer fluid, the other,

') Granulated fodder for rats (Institute of Medicine, Warsaw): Wheat mash 19%,
barley mash 19%, oat mash 19%, wheat bran 20%, fish meal 8%, skimmed powdered
milk 8%, fodder yeast 5%, casein 1%, vitamin mixture 1.

2) The author is extremely grateful to the firm of Teikoku Mfg. Co, Tokio, for
supplying the parotin used in the present study, free of charge.
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depending on the later procedure, was fixed in one of the following fluids: Bouin,
Helly, Aoyamo, sublimate, Carnoy neutral formol. The prepared glands were soaked
in paraffin, and sections 5 microns thick were next stained by the following
methods:

a) haematoxylin-eosine — to obtain normal specimens for examination,

b) the Azan and Mallory method,

¢) Best’s method — to reveal the presence of glycogen,

d) PAS method — to discover the presence of mucopolysaccharides (Mc Manus,
1948),

e) Miiller’s method, as modified by Graumann and Clauss — using colloidal

iron — to discover the presence of acid mucopolysaccharides (Pearse, 1957,
Graumann et al., 1958),

f) Feulgen’s method wusing Schiff’s reagent — to estimate the degree of poly-
merisation of desoxyrybonuclein acid (DNA) — (Caspersson, 1950; Krygier,
1940),

g) Brachet’s method (mixture of pyronin B and methyl green) as modified by
Godlewski & Vorbrodt (1954), using perchloric acid to discover the presence
of RNA (Brachet, 1957),

h) Laguess’s method — to discover the presence of argentophilous fibres (R o-
meis, 1953),

i) Regaud’s method (ferrous haem.) — to discover the presence of cellular
chondriom,

j) sections obtained after fixing material in Aoyamo fluid were used to discover
the presence of the Golgi apparatus.

IV. EFFECT OF THE REMOVAL OF THE PARATHYROID GLANDS ON THZ=
MORPHOLOGICAL PICTURE OF THE SALIVARY GLANDS OF THE WHITE RAT

Fifty sexually mature male white rats were used for the experiment,
in forty of which the parathyroid glands were removed by operation. The
remaining 10 rats were used for control purposes, control group A
consisting of 5 rats left intact, and group B, 5 rats on which a blank
operation was performed. The rats deprived of their parathyroid glands
were killed at different intervals after:the operation.

1. Operation technique

The rats were anaesthetized with ether and placed on their backs oin a special
operating table (Faris et al, 1949). An incision was made into the skin along the
0s hyoideum to the manubrium sterni. The salivary glands were prepared upwards,
musculi sterno-cleido-mastoidei prepared sideways and the short muscles of the
neck were cut in front of the trachea. After the cut muscles had been drawn apart
by hooks the trachea and thyroid gland could be seen. The parathyroid glands could
be seen in the upper poles of the thyroid, more to the back, in the place where the
upper thyroid artery penetrates into the parenchyma of the gland. During the first
period of the experiments the parathyroid glands were removed from the animals
together with the surrounding tissue of the gland, which caused frequent haemor-
rhages from the upper thyroid artery (Goudal, 1955; Snell, 1956). On this account
in later operations, after the parathyroid glands had been revealed, they were
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grasped with small forceps and the peduncle of the gland ligated, next excising the
parenchyma of the gland, as far as possible in its entirety. Clinical symptoms of
insufficiency of the parathyroid glands occured with uniform intensity after the
operation had been performed in the above way. After sprinkling penicillin info
the wound, the skin was sewn up with continuous catgut suture.

Before the animals were killed their blood samples were taken by cardiac
puncture in order to define the calcium content in the serum. The calcium level
was calculated by means of the flame photometer (Model III made by the firm cf
Carl-Zeiss), previously drawing the curve of calibration for calcium.

During dissection cuttings were taken from the parotid salivary glands in five
permanent places. At the same time the thyroid gland was removed, after which
it was cut in series in order to check that the parathyroid glands had been complete-
ly excised.

2. Description of material

The animals in this group were divided as follows:

Control A — intact animals 5 animals
Control B — animals after blank operation 5 animals
Group I -— animals killed during the first week after operation 15 animals
Group II — animals killed from 2—4 weeks after operation 15 animals
Group III — animals killed in the 6th or 7th week after aperation 10 animals
Total 50 animals

Control animals — (Controls A and B) calcium level in the

blood serum was on an average 10 mg¥%.

The parotid salivary gland of control animals is a vesicular-serous
gland.

The histochemical tests made reveal the presence of a fairly considerable
amount of RNA in the basic parts of the vesicular cells (Fig. 1, Plate X).
No glycogen was discovered. Staining with colloidal iron revealed the
presence within the vesicular cells of parotis of a large amount of acid
mucopolysaccharides. Within the cells of the intercalar ducts slight PAS--
granular matter was observed. The striated ducts formed of ecylindrical
cells arranged very regularly side by side, did not give any of histo-
chemical reactions applied. When staining by the Regaud method was
used, parallel lines of striation became visible within the striated saliva
ducts in the basic part of the cells, which according to cerlain authors is
cellular chondriom (Fig. 2, Plate X).

Group I — animals killed during the first week after operation.
Calcium level in the blood serum was on an average 7.1 mg%.

The structure of the secretory sections of the gland is similar to that
of the glands of the control animals. Within the interlobular ducts an
apparently double-layered epithelium, the internal layer of which flakes
off into the lumen of the duct in the form of a ribbon is observed (Fig. 3,
Plate X). Distinct differences in comparison with the control occur after
applying histochemical tests. A marked decrease is observed in the RNA
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contents at the base of the glandular cells. When colloidal iron is used the
vesicles of the salivary gland also stain, but very delicately, scarcely
perceptibly.

The animals in this group ceased eating, became restless and exhibited
excessive excitability as early as the day following the operation. In the
following days the occurrence of fibrotic twitches of the muscles lasting
for several minutes was observed. Attacks of convulsions recurred in the
operated animals with different degrees of intensity.

Groupll — animals killed in the second, third or fourth week after
operation. The average figure for the calcium level in the serum was
7.5 mg%.

The changes are the most distinct in this group of animals. In animals
which were killed during one of the recurring attacks of convulsions, in
addition to the normally formed lobes of the parotid glands there are
lobes of very greatly altered structure (Fig. 4, Plate X). The change in
structure consists in the glandular cells being greatly reduced. In this
way vesicles with a fairly large lumen are formed, which makes them
somewhat similar to the vesicles of the thyroid gland (Fig. 5, Plate XI).
In addition the cytoplasm of the cells is very strongly vacuolised, and
their nuclei become pycnotic and are thrust towards the base (Fig. 6).
The lumen of such a new-formed vesicle is filled with the granular
secretion. The striated ducts have a similar appearance (on account of the
large lumen and flattened epithelium), and can be recognised by means
of the irregular shapes and greater amount of connective tissue which
surrounds them.

In the later weeks after the operation (3rd and 4th) connective tissue
with a large amount of fatty cells can be observed to penetrate between
the changed visicles (Fig. 7, 8, Plate XI). Vacuolisation of the vesicular
cells disappears during this period, the cells become flatter and their
nuclei pycnotic. A similar process takes place in the striated ducts. The
secretion observed in the lumen of the vesicles also slowly disappears. In
the gland changed in the above way all the histochemical tests gave
negative results (RNA, PAS, Miiller’s method, Best’s method).

Group III — animals killed in the 6th or 7th week after the operat-
ion. The calcium level in the serum was on an average 8.1 mg%.

The parotis in the animals of this group is built normally of lobes,
differing in that the vesicular cells and their nuclei are smaller and that
numerous mitoses, which are not observed in the other groups of animals,
occur within the striated ducts. In addition to the normally built lobes of
the salivary gland, aglomeration of fatty tissue is observed to have (Fig. 9,
Plate XI), formed in place of the glandular lobes which have disappeared,
the striated ducts however remaining.
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3. Results

1. The parotid salivary glands of rats after excision of the parathyroid
gland exhibit distinct morphological and histochemical changes.

2. As early as the first week after the operation flaking of the epitheiial
ribbons is observed into the lumen of the interlobular ducts. The amount
of RNA and acid mucopolysaccharides within the glandular -cells
decreases.

3. From the second to the fourth week after the operation great
changes are observed within certain lobes. The glandular cells are reduced,
and their protoplasm undergoes intense vacuolisation. The lumen of
the vesicles increases, making them similar to the vesicles of the thyroid
gland. The nuclei of these vesicular cells become pycnotic. Secretion
appears in the lumen of the vesicles and striated ducts and disappears in
the fourth week.

4. In the sixth and seventh week the glandular lobes are built of
vesicles, the cells and nuclei of which appear to be smaller. The parotis
of animals from this period give very faint histochemical reactions (RNA
and colloidal iron). Numerous mitoses appear within the epithelium of
the striated ducts. Lobes of fatty tissue, with remaining striated ducts
running through them, are encountered in addition to the glandular lobes.

5. The results of the investigations made justify the statement that
after removal of the parathyroid glands, morphological changes occur in
the parotid salivary glands of the rat indicating the disappearance of
glandular tissue in favour of fatty tissue.

V. EFFECT OF THE REMOVAL OF THE PAROTID SALIVARY GLANDS
ON THE MORPHOLOGICAL PICTURE OF THE PARATHYROID GLANDS3

Seventy sexually mature male white rats were used for the experiment,
of which the parotid salivary glands were removed in 60 animals, and 10
animals were used as controls. The animals deprived of the parctid
salivary glands were killed at different periods of time after the opera-
tion, and the parathyroid glands were then taken, fixed and stained
according to the methods already discribed.

1. Operation technique

The rats were anaesthetized and operated on in a position similar to that
described in the case of the removal of the parathyroid glands. A lengthwise incis-
ion made into the neck revealed the salivary glands. Preparation of the parotid
salivary glands presented great technical difficulties, since in the rat they are
situated in close connection with the deep vessels of the neck, which can easily be
damaged during the operation. In addition their recesses reach the angles of the
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mandibule and partly surround the external ear ducts. The .oeventhal glands,
which had to be left, intact, were often closely connected with the salivary glands
(Walker, 1958; Minami et al, 1959; Dzierzykray-Rogalska et al,
1960; Leeson, 1960). Removal of the parotid salivary glands was therefore begun
by separating the blood vessels of the neck, then the Loeventhal gland was
released, the recesses of the parotis separated and the parotis removed in one block.
After removal of the salivary glands the small bleeding vessels were ligated, the
wound sprinkled with penicillin, and the skin firmly sewn up with continuous
catgut suture.

2. Description of material

The animals in this group were divided as follows:

Control A — animals left intact 5 animals
Control B — animals on which a blank operation was performed 5 animals
Group I — animals killed during the first week after the operation 15 animals
Group II — animals killed in the second week after the operation 15 animals
Group III — animals killed in the thired week after the operation 15 animals
Group IV — animals killed in the 4th or 5th week after the operation 15 animals

Total 70 animals

Controls A and B.

The parathyroid glands of rats are built of two kinds of cells: a) dark
cells, b) light cells, (a third kind of cells — the oxyphil cells — appear, as
already stated only under special conditions).

The dark cels [corresponding to the dark cells of Rosof (1934) and
Bensley (1947), chief cells of Rucart (1949) and the second type of
cells given by Czerski (1952)]. These cells are most numerously
represented and it is they which form the parathyroid gland. Their size
varies from 8—10 microns. The limits of these cells are not distinct snd
their shape may vary from multilateral to pyramidal and irregular. The
cellular cytoplasm is filled with small densely arranged granular matter.
The nuclei of the cells exhibit considerabe polymorphism. They can be
variform nuclei, spherical or even elongated, and large. These nuclei are
surrounded by a distinct nuclear membrane, and certain of them stain
hyperchromatically (Fig. 10, Plate XII).

The Golgi apparatus in these cells is fairly abundant, most often lying
on the apical pole of the cell (we take that part of the cell supported by
blood vessels (to be the base).

In addition to the dark cells described, there are light cells in each
gland forming the peripheral part of the parathyroid gland. The light
cells are larger than the dark, their limits are more clearly visible and the
cellular nuclei, usually large, have a distinct chromatin stroma and tautly
stretched thin nuclear membrane. The cytoplasm of these cells is filled
with small less densely distributed granular matter and vacuoles of diff-
erent size, which together give the impression of light cytoplasm. It
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must be emphasised that this picture depends to a great degree on the
fixing medium used. The cytoplasm of cells fixed in Lison-Vokaer fluid
retains the small, loosely scattered, granular matter and as a result is
slightly darker. After fixing in Bouin fluid the granular matter referred
to disappears completely and the cells then give the impression of light,
empty, and vacuolised formations. These cells are often arranged in
clumps. The histochemical methods used did not permit of discovering
significant differences between the two types of cells.

The pictures of the parathyroid glands of control groups A and B do
not differ from each other.

Group I — parathyroid glands of rats killed during the week follow-
ing removal of the parotid salivary glands.

No perceptible morphological changes are found in the parathyroid
glands of this group of animals. Only the presence of a dual kind of nuclei
in the dark cells is distinct, particularly after using the Feulgen reaction
to DNA. Some of them are larger, sometimes vesicular with delicately
scattered chromatin, others smaller, irregular in shape and more hyper-
chromatic.

Group II — parathyroid glands of rats killed two weeks after removal
of the parotid salivary glands.

The parathyroid glands were still built of two kinds of cells: dark and
light cells. As in the case of the glands in the control animals, the dark
cells lie chiefly in the central parts of the gland but occupy a far smaller
part of it. On the other hand the periphery of the gland, formed of light
cells, undergoes considerable growth.

The cells (light) situated peripherally are very often arranged in cluraps
or pseudo-vesicles with a very small lumen in the middle (Fig. 11, Plate
XII). The cytoplasm of these cells is lighter in comparison with analogical
cells observed in the control glands. The chromatin stroma is clearly
visible in the majority of the irregularly oval-shaped nuclei.

A characteristic feature is the occurrrence in the cells of the parathyrcid
glands of this group of animals of both mitoses (Fig. 12, Plate XII) and
amitoses (Fig. 16, Plate XIII). The phenomenon is almost totally
unencountered in the control animals. In addition, both in the ceniral
parts and in the peripheral glands, “restlessness” of the nucleus is
observed, many of the nuclei possessing a thickened, and sometimes
folded nuclear membrane.

A frequent phenomenon here is also the occurrence of large nucleoli
situated in the immediate vicinity of the nuclear membrane, which gives
the impression of the nucleolar material being secreted into the cytoplasm.

The above pictures are repeated in all the glands of this group of
animals.
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The Brachet method made it possible to discover the scanty RNA
granular matter scattered over the whole cytoplasm. This granular matter
is often grouped in the apical part of the cell, above the nucleus, in the
cells situated peripherally, and in addition the presence of PAS positive
granules was detected in these cells (Fig. 13, Plate XII).

The Golgi apparatus in the cells is situated in the apical part (the basic
part of the cells is supported by the connective tissue or blood vessels)
and is composed of thick trabeculae (Fig. 14, Plate XIII).

Group III — parathyroid glands of rats killed in the third week afte:
removal of the parotid salivary glands.

The parathyroid glands of this group of animals are very similar in
appearance to those described in group II. It would, however, seem that
more cells with PAS+ granular matter are encountered in the periphery.
By using Best’s method it proved possible to discover single granules of
glycogen in this group of animals also.

Group IV — the parathyroid glands of rats killed in the fourth and
fifth week after removal of the parotid salivary glands.

The parathyroid glands of the animals in this group are also composed
in the central part of dark cells with somewhat elongated nuclei. The
light cells lying peripherally, as in the control animals, are arranged in
clumps. These cells now have a slightly different appearance: they are
high, almost cylindrical, large, and mainly supported at their base by
blood vessels. The nucleus is situated in the basic part of the cell (Fig. 15.
Plate XIII). As was the case in group II, nuclei in course of preparation
for division are abserved.

During this period a third kind of parathyroid element appears — the
oxyphil cells. These are cells with intensively acidiphilous cytoplasm and
hyperchromatic nuclei, situated in bands or clumps (Fig. 16, Plate 3III).

The Golgi apparatus in these cells is situated, similarly to that in the
control animals, on the apical pole. It is formed of single delicate
trabeculae and small fragments arranged round the nucleus (Fig. 17,
Plate XIII). .

It would seem that this gland as a whole is enlarged compared to that
in control animals. At the same time penetration is observed from the
periphery of bands of connective tissue, which separate it from the
smaller and larger lobes.

3. Results

1. The parathyroid glands of rats from which the salivary glands have
been removed exhibit morphological and histochemical changes,
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2. The changes begin to occur in the second week after removal by
operation of the salivary glands and affect the cellular nuclei in the first
place. The following are found:

a) presence of nuclei preparing for amitosis

b) a large number of caryokinetic figures

¢) increase in the number of large nuclei

d) characteristically large nucleoli situated in the immediate vicinity

of the nuclear membrane.

3. The peripheral part of the gland formed of light cells undergoes
considerable growth.

4. The light cells increase in size.

5. Oxyphil cells arranged in clumps appear.

6. It would seem that the changes described above, and in particular
the presence of numerous cell divisions the increase in size of the nuclei
and cells, constant arrangement of the nucleoli near the nuclear membrane
and the increase in the number of light cells, makes it possible to reach
the conclusion that the parathyroid glands, after removal of the salivary
glands, exhibit features which are evidence of the stimulation of these
glands.

VI. EFFECT OF ADMINISTERING PAROTIN ON THE MORPHOLOGICAL
PICTURE OF THE PARATHYROID GLANDS AND PAROTID SALIVARY GLANDS

The animals in this group were given intramuscular injections of 0.1 mg.
or 0.2 mg. of parotin per 100 g. body weight during the course of 7—1i4
days. All the rats were fed on a standard diet. Dissection of the animals
was performed 24 hours after the final injection, and 12 hours after the
last feed.

During dissection specimens were taken from the parotid salivary
glands and the parathyroid glands. The material was fixed and stained by
the methods described in Section III.

The animals which received parotin were divided as follows:

Group I consisted of 5 control animals, which were given 0.2 mg.
saline solution per 100 g. body weight, daily for 14 days.

Group II was composed of 10 animals which were given 0.1 mg. of
parotin per 100 g. of body weight, daily for 7 days.

Group III consisted of 10 rats which were given 0.2 mg. of parctin
per 100 g. of body weight, daily for 7 days.

The fourth group was formed by ten animals which were given
0.2 mg. of parotin per 100 g. body daily for 14 days. A total of 35 animais
were used for the experiment.
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A. PARATHYROID GLANDS

1. Description of material

The picture of the parathyroid glands of rats which were given parotin,
in groups II, IIT and also IV, is similar. The whole of the gland appears
to be formed of cells of one kind only, that is, from dark cells with dense
and fine-grained cytoplasm, and as a result it is impossible to dis-
tinguish the peripheral part from the central part of the gland. The
cellular nuclei give the impression of being more hyperchromatic. They
differ in shape but are not large, and the nuclear membrane is thick and
often folded (Fig. 18, Plate XIV). Morphologically these cells are similar
to the dark cells described above in the parathyroid glands of control
animals, but they appear to be smaller. The whole gland also appears to
be smaller. Histochemical investigations, to discover the presence of RNA
acid, acid mucopolysaccharides or PAS reaction did not give positive
results,

The Golgi apparatus in the cells of the parathyroid glands is also situat-
ed in the apical part of the cells and has the appearance of a scattered
formation (Fig. 19, Plate XIV),

2. Results

1. The parathyroid glands of rats which were given parotin exhibit
morphological changes consisting in the reduction in size of the nuclei, an
increase in density of the cytoplasmatic granulations and reduction in the
number of light cells.

2. The changes described do not vary with the dose and period of tinie
during the parotin is given.

3. Changes occur in the structure of the gland as early as on the seventh
day after the injection of parotin.

B. PAROTID SALIVARY GLANDS

1. Description of material

The morphological pictures of the parotid salivary glands of rats given
par2tin are identical in groups II, III and IV, but differ from the salivary
glands of the control animals. In comparison with the control salivary
glands, the nuclei of the cells forming vesicles alter their appearance in
the animals in this group, and appear to be smaller. They also change in
shape, become variform and not infrequently a folded and tickened
nuclear membrane can be observed. The sporadically encountered round
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nuclei also have a thick and slackly stretched nuclear membrane. After
parotin is administered enlargement of the blood and lymphatic vessels
situated near the striated ducts is observed to occur (Figs. 20, 21, Plate
XV).

In comparison with the salivary glands of the control animals, the
argentophilous fibres within the gland, which surround both the striated
ducts and the blood and lymphatic vessels lying near them with numercus
coils, 1ncrease in number,

After applying the Brachet reaction distinct reduction is observed of the
amount of ribonuclein acid in the basic parts of the glandular cells (Fig.
22). The presence of PAS+ granules is observed in the apical parts of the
cells and also in the cells of the intercalar ducts (Fig. 23, Plate XV),

When histochemical methods were used the striated ducts gave no
reaction.

2. Results

1. The parotid salivary glands of rats which were given parotin, exhibit
both morphological and histochemical changes occurring with uniform
intensity, irrespective of the dose or period during which parotin is
administered.

2. The changes observed occur in the gland as early as seven days after
the first dose of parotin.

3. The above changes, reduction in size of the cellular nuclei, reduced
pyronin absorption, increase in the amount of connective tissue) are evid-
ence of the weakened activity of the salivary glands of rats which have
bcen given parotin.

VII. THE EFFECT OF REMOVAL OF THE SALIVARY GLANDS
AND ADMINISTERING PAROTIN ON THE AUTORADIOGRAPHIC PICTURES
OF THE BONE OF WHITE RATS

The experiments described above show that the parathyroid glands
intensify their activity as a result of the absence of parotid salivary glands.
Parotin administration causes morphological signs of functional inhibiticn
both of the parathyroid glands and the parotid salivary glands. We were
of the opinion that the morphological changes of the glands investigated
should be reflected in the changes taking place in the skeletal system. On
this account, several experiments were made using radioactive P52. 3}

%) The work was carried out in collaboration with L. Gutsze, M. Sc,, in the Me-
dical Physics Department of the Medical School, Biatystok.
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4

1. Description of material

A total of 30 young white rats kept on a standard diet were used for the
investigations, and were divided into the following 6 groups:

‘Group I — control animals.

Group IT — animals from which the parotid salivary glands had been
removed, and dissection made a week after the operation.

Group III — animals which were dessected 2 weeks after the removal
of the salivary glands.

Group IV — animals which were dissected 3 weeks after removal of the
salivary glands.

Group V — animals which were given 0.1 mg. of parotin per 100 g.
body weight, daily for 7 days.

Group VI — animals which were given 0.2 mg. of parotin per 100 g. of
body weight daily for 7 days.
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Fig. 24. Diagram of the activity of bone ash calculated by means of a Geiger-Miller
counter.

1 — Control. 2 — 7 days after removing of salivary glands. 3 — 14 days after

removing of salivary glands. 4 — 21 days after removing of salivary glands. 5 — After
injections 0.1 mg. of parotin. 6 — After injections 0.2 mg. of parotin.

In order to trace the behaviour of phosphorus in the bones, radio-active
phosphorus was used in the experiment, injecting 0.08 micro-Curies P32
(Na,H3?PO, — alkaline sodium phosphate) per 1 g. of body weight. The
tibiae of each animal were prepared, one of which (the right) was burnt
in a muffle stove at a temperature of 900°C., and the number of impulses
calculated from the ash obtained by means of a Geiger-Miller counter.
The results obtained are shown on Fig. 24,

Micro-sections were made from the epiphysis of the second bone (left
tibia) in order to obtain autoradiograms, which were made by the Pelc
method using AR-10 Kodak emulsion. After developing the picture on the
emulsion photographs was made by the contact method. The results
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obtained from the above expeliment are shown on Figs. 25—30 (Plate
XVI).

The largest number of impulses in the bone ash were obtained in Group
VI of the animals (which were given 0.2 mg. of parotin for 7 days). The
autoradiographic picture of the base of the bones in this group of animals
exhibits the greatest degree of blackening of the film.

The smallest number of impulszs from bone ash were obtained in group
II, i.e. of the animals from whica the parotid glands had been removed.
These results were confirmed by the autoradiographic picture, which ex-
hibits very faint blackening of the film in the bases of the bones in this
group of animals.

2. Results

1. The greatest activity in bone ash was obtained in the animals from
group VI (which were given 0.2 mg. of parotin), and the autoradiographic
picture corresponds to this.

2. The smallest number of impulses were obtained in bone dust in
group II of the animals (animals killed one week after removal of the
salivary glands), and the autoradiographic picture corresponds to this.

VIII. STATISTICAL ANALYSIS OF MATERIAL

Evaluation of the activity of the parythyroid glands based on morpho-
logical methods is difficult, and therefore statistical methods were used
in the expectation of obtaining more far-reaching results, which might
confirm or extend the morphological observaticns described above.%)

As shown in the descriptions contained in the preceding sections, the
parathyroid glands of animals from which the parotid salivary glands had
been removed, are in a stimulated condition. The administering of parotin
caused changes in the parathyroid glands constituting evidence of the
inhibition of their activity. As is well known, one of the phenomena
occurring with increased activity of the ductless glands is the observed
enlargement of the nuclei. Reduction of activity, on the other hand, is
characterised by the distinet reduction in the size of the nuclei.

We were interested in whether a statistical analysis based on data ob-
tained from counting the nuclei occurring in a permanent field of vision
would confirm the changes in size of the nuclei in the parathyroid glands
of animals in different experimental groups.

%) The statistical analysis of the material was made in the Institute of Statistical
Mathematics of the Maria Curie-Skiodowska University in Lublin, under the direct-
ion of Prof. Dr. Mikotaj Olekiewicz.
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Material was collected consisting of 18 rats, 6 in each of the groups examined, as
follows:

Group I — control (K),

Group II — animals from which the parotid glands had been removed (U),

Group III — animals which were given injections of parotin (2.

Three different micro-sections were taken from each parathyroid gland of ob-
servation. Calculation was made of the number of cellular nuclei in three fields of
vision on each section, measurements always being made of two fields lying opposite
each other on the periphery of the section and of one field in the centre of the sect-
ion. In this way measurements of the number of nuclei in nine fields of vision were
obtained from one parathyroid gland. In order to count the number of nuclei in
a constant field of vision a micrometric objective mesh was placed in 15X magnify-
ing ocular, thus obtaining a squared field with 11 horizontal and 11 vertical lines.
The preparations were observed with an immersion objective obtaining 1560 <
magnification.

The number of cellular nuclei occurring on 11 horizontal and 11 vertical lines
were counted in each field of vision. In addition the nuclei occurring on the points
at which the two lines crossed, were counted, the total number of nuclei occurring
on the crossing were deducted from the sum of all the nuclei present in the given
field of vision, obtaining in this way the true sum total of nuclei occurring in one
field of vision. ’

The first task was to calculate the mean numbers of the nuclei for each animal
-of the three groups.

Since it would seem from morphological observations that the cells lying in the
periphery of the gland react far more quickly to the stimuli by a change in their size
and appearance than the cells lying in the central parts of the gland, the mean
numbers of nuclei for each of the animals were calculated separately for the central
and peripheral fields of vision, using in the first case 6 fields of vision, and in the
second, 3 fields of vision. These mean numbers of nuclei for each rat are given in
table 1. In addition, in the bottom line of table 1 the mean numbers of nuclei in the
periphery and centre of the sections are given for each of the three groups of ani-
mals (Table 1).

The relations shown in table 1 are illustrated by diagram (Fig. 31) representing
the distributons of the series of the mean numbers of nuclei. Each point represents
a seperate animal, and the position of this point higher or lower, the place of the
animal in its group.

Parotin acts on the parathyroid gland, primarily in the peripheral parts
of the gland (Fig. 31). In the group of animals given parotin the mean
of nuclei of the parathyroid cells exhibit hardly any variation, concentrat-
ing strictly around one figure — 78, while in the control group the dispers-
ion of the mean numbers of nuclei is very considerable in relation to the
concentration described. This means that the doses of parotin act in two
directions — in the animals with mean numbers of nuclei greater than 78
this factor reduces their averages to the figure of 78. In animals with
mean numbers of nuclei smaller than 78, this factor increases their aver-
ages to the figure 78. This conclusion is further borne out by the varia-
tions found in the mean numbers of nuclei in the control group (in this

group half the animals had mean values far above 78, and half far below
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78). It may therefore be taken that the group of animals injected with
parotin would have exhibited a dispersion of averages similar to the
control group, if they had not been given parotin.

In the central parts of the sections (Fig. 31) a similar effect of parotin
is found, but not to the same degree as in the periphery. Analogical
concentration round the number 78 occurs in four animals, the two
remaining animals concentrating round 82. It may be assumed here that
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Fig. 31. Mean number of cellular nuclei in the parathyroid glands of rats.
1 — Control. 2 — Rats with salivary glands removed. 3 — Rats with injections of
parotin.

the effect of parotin on the central parts of the gland is weaker than on
the peripheral parts, particularly where one of the two directions of act-
ion is concerned, the reduction of the number of nuclei in animals with
high mean values.

Assuming that the greater the number of nuclei observed in the field
of vision, the smaller their dimensions, and vice versa (with a constant
ratio of nuclei-cytoplasm) it may be stated that in the parathyroid glands
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with, on an average, large nuclei, that parotin acts in the direction of
reducing their dimensions. In parathyroid glands with on an average
small nuclei parotin induces their enlargement. It must therefore be
presumed that the first action (reducing) is stronger than the second
(enlarging). What is very striking is that the effect of parotin on the peri-
phery tends to equalise the mean dimensions of cellular nuclei in the
parathyroid glands of different animals to a certain dimension corres-
ponding to the number of 78 nuclei in a field of vision.

The effect of excising the salivary glands is also interesting. This effect,
as can be seen from diagram (Fig. 31), is exerted, it is true, in one direct-
ion, but it is exerted selectively. This influence consists in the enlarge-
ment of the mean sizes of the nuclei, but rather in those animals only in
which these mean values are small (i.e. mean number of nuclei is large).
This influence is apparent both in the periphery and in the central parts
of the gland.

The question arises as to whether the two-direction action, or selectiv-
ity, of the influences of experimental factors on the mean dimensions of
the nuclei exists within the peripheral or central parts of each gland as
well as between glands. Within the scope of action of one factor total
variability (either in the periphery or in the centre of the glands) consists
of variability between animals and of the mean variability within the
animals, and the latter in the mean variability between sections and the
mean variability within the sections. The mean squares” in the hierarchic
variance analysis (Federer, 1955) are the comparative measures of
these different variabilities. In the terminology used in this analysis the
guestions put would read: do the experimental factors reducing the mean
squares between animals also reduce the mean squares within the animals,
i.e. the mean squares between the sections and the mean squares within
the sections? The answer to this question is given by table 2, which con-
tains the results of three hierarchic variance analyses made separately
for the control group and experimental groups. Table 2 shows the follow-
ing facts:

10 The dominating component of total variability in control group (Kj
and in the group of rats with their salivary glands removed (U) is formed
by the differences between rats, particularly in the peripheral parts of the
gland, e.g.: in group (K) the mean square between rats (1378) is nearly 13
times greater than the mean square within the rats (110).

20 In the peripheral parts of the glands in group (K) and in group (U)
the differences between sections do not create an additional variation
which could not have resulted from the variation within the secticons,
since, for example, in group (K) the mean square between sections (124)
is only slightly greater than the mean square within the sections (101}, It



Table 2.

Hierarchic analysis of variance.

Number Control /K/ Removal of salivary gland U/ Parotyna /2Z/
Source of variation of degree Sum of Mean Sum of Mean Sum of Mean
of freedom squares square squares square squares square
Ah. Peripheral part of gland ; 6 3nimals x 3 micro-sections x 2 field of vision
between rats ] S €.889.50 1.377.90 1.659.58 331.92 8.56 1.7
within rats 3o 3.294.83 109.83 1.865.17 62.17 2.879.C0 95.97
between
12 1.483.13 123. 61 737.67 61,47 624,00 52.C0
micro-sections
In particular
withis
. 18 1.611.50 1C0. 64 1.127.50 62.64 2.255.60 125.28
micro-sections
Tctal 35 10.184.33 - 3.524.75 - 2.887.56 -
B. Central part of gland ; 6 animals x 3 micro-sections x 1 field of vision
between rats 5 1.951. 11 390,22 589.8J 117.97 108. 00 21.00
#1thin rats /between
12 1.884.00 157.00 382.47 Ji.89 848.00 70.67
micro-sections/
Total 17 3.835.11 - 472,50 - 956. 00 -

6€C
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may therefore be said that there are no significant differences between
the sections.

39 In the group given parotin (Z) differences in the mean number of
nuclei between the rats disappear, falling far below their random variab-
ility which would have resulted from the variability within the glands.
This phenomenon occurs particularly distinctly in the periphery of the
gland, where the mean square between the rats falls to the figure 2,
while the mean square within the rats is 96. The difference between
micro-sections also falls below random variation which would have
resulted from variations within the sections, but to a far lesser and non-
-significant degree than the differences between animals. These facts give
evidence of the intensive equalising action of parotin.

Table 3.

Comparison of mean squares in the experimental groups and in the control group.

Comparison of the control grup /F/ Humber of,
Comparison or mean squares with the group with the group Fo.05 | degree of
with salivary given injections freedom
glands removed /U/ of parotin /2/
h. Peripheral part of gland
between rats 4,15 804.85 9.0% 53 95
within rats 1.77 1.14 1.83 30 ; 30
between 0 J8 2 12 12
2.01 2. . .
micro-sections b ¢ 69 '
In particulal
within 1.6 1.24 2.22 | 18 ; 18
micro-sections
B. Central part of gland
between rats 3.1 18.07 5.05 S5 5
within rats
4,92 2.22 2.69 12 ;12
/eetween micro-csectionsy

Table 3 gives the results of comparison of the experimental groups with
the control group from the aspect of:

1) variations between animals and 2) variations within the animals.

In the peripheral parts of the glands variation within the animals was
divided into variations:

a) between micro-sections, and b) within the micro-sections.

In the central part of the glands the variations between micro-sections
correspond to the variations within the animals.

In each case comparison was made of the mean squares in groups U and
Z with the mean squares in group K (Fisher, 1957).

Generally speaking, the mean square within the rats was reduced
significantly only in group U, being reduced to a far greater extent in the
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central parts of the glands than in the peripheral parts. In group Z this
reduction, despite the fact that it is not significant, is also greater in the
central part of the glands.

The equalising action of parotin was most distinctly marked, particu-
larly in the peripheral parts of the glands. Removal of the salivary glands
had a far lesser influence, and this influence manifested its equalising act-
ion in a different way.

The maximum equalising action of parotin was evident in the differ-
ences between animals. These differences were in fact eliminated, and
also the differences between micro-sections were reduced, even if to
a considerably smaller, still to highly significant degree. The differences
within the micro-sections were rather increased by parotin (although not-
significantly) so that the differences as a whole within the animals
remained unchanged in comparison with the control group.

The equalising effect of removal of the salivary glands on the differ-
ences between the animals was slightly greater in the periphery in com-
parison with the central part of the glands. Although this difference cannot
be considered significant (4.15 and 3.31 — from table 3), it is a phenom-
enon analogous to the stronger effect of parotin on the periphery than on
the central parts of the glands.

If on the other hand we put a question of the equalising effect of the
experimental factor on the differences between micro-sections, it is
particularly here that this effect proved to be most marked, but only in
the central parts of the glands, where it is even more marked than on the
differences between animals, which is a converse phenomenon to that in
the case of parotin.

Thus while the equalising action of parotin primarily affects the differ-
ences between animals and is far stronger in the periphery than in the
central part of the glands, the effect, generally far weaker, of removal of
the salivary glands primarily equalises the differences between micro-
-sections and rather in the central parts of the glands.

One important fact remains to be emphasised, that is the absence of
significant differences between micro-sections in all three groups (Tab. 2).
This fact gives evidence of the great similarity of structure of micro-sect-
ions from different places in the same gland, although the micro-sections
have different properties in the periphery and in the centre of the gland.
This is of great importance to the research worker, since it gives risc to
the assumption that regardless of the part of the gland from which the
micro-section is taken, this micro-section is fully representative of the
structure of the whole gland in the given animal.

This assumption should of course be additionally checked by taking
sections from different defined places in the gland.
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On the other hand differences between animals, i.e. differences between
the structures of different glands, are very large.

If the absence of significant differences between the micro-sections
were confirmed by special experimentation, it would then appear that the
most correct procedure in research on the parathyroid gland is to take the
greatest number of animals and limit the number of micro-sections taken
to two only, or even to one micro-section from each animal — of course
taking into consideration separately the peripheral and central parts of
the micro-sections.

IX. CONSIDERATION OF RESULTS AND DISCUSSION

This study was intended to supply an answer to the question as to
whether there is a connection between the parathyroid glands and the
parotid salivary glands — which are connected with the calcium-phos-

Table 4.

Plan showing results of investigations.

Activity of bone ash and
Parotold sali- Parathyroid autoradiographic picture
vary glands glands of the bases of bones

after administering PJZ

femoved of
parathyroid glands

Hemoval of parotid
salivary glands

Injection of — — -+
paratin

phorus metabolism of the organism. With this aim in view a series of
experiments were made.

The results of the investigations have been set out in plan form in
table 4.

As shown by the experiments made, the absence of the parathyroid
glands causes considerable morphological changes in the parotid salivary
glands of white rats. These changes occur in the secretory vesicles, the
lumen of which at first enlarges considerably, and later becomes filled
with finegrained secretion (Fig. 4). Vacuoles appear in the vesicular cells,
then the cells flatten. At the same time the connective tissue, with a large
amount of fatty cells, penetrates between the changed vesicles of the
gland. As the process continues, only fatty tissue is observed in the place
of the lobes with altered structure, and numerous striated ducts can be
seen in the fatty tissue as the residue of the glandular lobes (Figs. 8, 9).
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The morphological pictures described above lead to liquidation of part
of the glandular lobes, and in consequence to partial withdrawal of the
salivary glands from their function.

The views held by different authors on the structure of the parathyroid
glands do not agree. It is true that there is a certain coincidence of views
on the morphological classification of the glandular cells, but the fuct
that in different mammals slightly different types of cells occur, compli-
cates the situation.

The majority of authors sonsider that no oxyphil cells are observed in
the parathyroid glands of lower mammals in their normal state. These
cells are only found in certain pathological conditions induced by exper-
iment. Fortina (1948), for instance, noticed the appearance of cells
with acidophilous cytoplasm in the parathyroid glands of rats after ra-
chitis had been induced in these animals. Castleman & Mallory
(1935), Bargmann (1939), Correia Madeira (1942) hold the view
that oxyphil cells are degenerative elements formed from the chief cells.
This view is supported by Ham perl (1950), who stated that oxyphil
cells are formed by a special kind of degeneration to which the cells of
other glands are also subject. Analogical cells filled with eosinophilous
granulations (oncocytes) are found in the thyroid, pituitary and suprarenal
glands.

A description has been given in the present investigations of the
presence of two kinds of cells (dark and light) in the parathyroid glands
of the control rats, and the additional appearance of cells with acidiphil-
ous cytoplasm in the glands of animals from which the parotid salivary
glands had been removed (similar cells were observed by Eder, 1961).
We cannot give an opinion as to the origin of the cellular forms described,
since this still remains a debatable question, despite the application to
research on this problem of both electronic microscopes and sensitive
histochemical and enzymatic investigations. It would, however, seem that
all these cells develop from one type of cell, and the differences in appear-
ance depend on a different functional state. The histochemical methods
we used did not assist in the solution of this problem, but it would appear
that the increase observed in the number of light cells — considered as
active cells (in the peripheral parts of the glands) and of oxyphil cells, the
presence of a large number of nuclei preparing for amitosis and frequent
mitoses (Fig. 12), and also the position of the nucleolus near the nuclear
membrane, form sufficient grounds for concluding that the parathyroid
gland goes through a period of intensified activity after the removal by
operation of the parotid salivary glands.

A statistical analysis made it possible in addition to establish dispersicn
of the mean numbers of nuclei in the parathyroid glands of rats with their
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salivary glands removed, and at the same time indicated the significance
of the deflection reducing the mean number of the nuclei referred to. This
leads to the conclusion that larger nuclei occur in the parathyroid glands
of this group of animals in comparison with the control group (Fig. 31).

The morphological pictures of the parathyroid glands of animals given
parotin differ only slightly between themselves, but reduction of the
part of the cellular nuclei observed, and also the reduction of the cells
permits the assumption that these glands were subject to reduction as
compared with the glands of the control rats. The morphological pictures
described would therefore seem to show that the parathyroid glands, after
parotin is administered, exhibit a distinct withdrawal from activity.

A statistical analysis showed that the effect of parotin is to render uni-
form the mean dimensions of the nuclei, causing as a result reduction in
size of the large nuclei, but at the same time causing the enlargement of
the smallest nuclei (Fig. 31).

The morphological pictures of the parotid salivary glands after inject-
ions of parotin also exhibit morphological features consisting in the
reduction of the terminal sections and their nuclei. At the same time the
disappearance of RNA from the basic parts of the vesicular cells can be
observed, which gives grounds for concluding that the secretory activity
of the gland is reduced.

A decrease in the activity of P32 was observed in the bone ash from rats
from which the parotid salivary glands had been removed.

An increase in radioactive phosphorus was found in the animals which
were given parotin. The autoradiographic pictures correspond in both
groups to the numerical results.

As shown by the experiments made (Sections V and VI) supported by
the results obtained from the statistical analysis, after removal of the
parotid salivary glands stimulation of the activity of the parathyroid
glands is observed. The injection of parotin, on the other hand, causes
inhibition of the activity of the parathyroid gland.

The reply to the question why removal of the salivary glands causes
hyperfunction of the parathyroid glands must be based on the process of
reciprocal action of both glands. It must be accepted that the parathyreid
gland is the master gland (producer) in relation to the parotid salivary
gland. After removing the parotid salivary glands that is, the effector,
the intensified activity of the parathyroid gland observed becomes
understandable, and conversely, injection of parotin, that is, the induction
by experimental means of a state of hyperfunction of the parotid salivary
glands (the effector) caused blocking of the function of the parathyrcid
glands (the producer).

Assuming that the parathyroid glands are the master glands both in tne
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calcium-phosphorus metabolism of the bones (tissue effectors) and in
relation to the parotid glands, the results described in Section IV become
understandable. After removing the parathyroid glands (the producers)
it was found that morphological changes take place in the parotid salivary
glands indicating the atrophy of the glandular tissue, which may be
evidence of the withdrawal of a certain part of the glandular parenchyma
from functioning.

An attempt can be made to explain the functional connection of these
two glands by referring to the pituitary gland. The majority of the authors
dealing with the dependence of the parathyroid gland on the pituitary
gland reach the conclusion, however, that the parathyroid glands possess
far-reaching functional independence, based more on variations in the
mineral metabolism than on connection with the pituitary gland. In
analysing the role of the parathyroid glands in the hormonal system in
respect to variations in mineral economy the conclusion must be reached
that there is no direct connection between the parathyroid glands and
other endocrine glands.

Connection of the endocrine function of the glands examined is
more difficult since the existence of the parathyrotropic hormone remains
a debatable question up to the present time. Parotin is also a hormone
with multi-lateral action and there is no adequate proof that the endocrine
function of the salivary glands is subject to the direct influence of the
pituitary gland. Connection of the changes observed to take place in both
the glands described through the pituitary gland is therefore somewhat
doubtful.

As a result of removal of the parotid salivary glands a reduced level
of P32 is observed in the bone tissue. Injection of parotin, on the other
hand, causes considerable increase of radioactive phosphorus, as was
established both by means of a Geiger-Miiller counter and autoradic-
graphically.

A very interesting problem is to find whether the parotid salivary
glands act directly on the bone tissue or through the medium of the para-
thyroid glands.

Removal of the salivary glands causes on the one hand hyperfunction
of the parathyroid glands (Section V) and on the other reduction of the
level of P32 in the bone (Section VII). Injection of parotin inhibits the
function of the parathyroid gland and at the same time influences the
increased P32 content.

The question therefore arises as to what is the mechanism causing the
changes described above.

The facts observed and described above allow me to offer two hypo-
theses, The first of these would indicate the direct influence of the
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parotid salivary glands on bone tissue, while the second possibility would
refer to the inclusion in this mechanism, additionally, of the parathvreid
glands.

The direct influence of the parotid glands on the bone tissue is shown
in the studies by Japanese authors (Sasaki et al., 1953; O gata, 1955;
Ito et al, 1956). By injecting parotin — the hormone of the parotid
salivary glands, distinct stimulation was obtained of the tissues of mesen-
chymatous origin and calcification of the hard tissues.

If, however, the parotid salivary glands are removed, a very characte-
ristic reduction in the level of P32 is observed in the bone.

parathyroid
gland
(producer)

bone
(hssue effector)

salivary glond
(organ effector)

Fig. 32. Functional connections between the parathyroid glands, parotid salivary
glands and bone tissue.

These facts emphasise the direct connection of the process of calci-
fication of the bones with the parotid salivary glands.

At the present time there are no indisputable proofs of the direct action
of the parotid salivary glands on the process of calcification of the bones,
but the finding of changes in the functioning of the parathyroid glands
both after removal of the parotid salivary glands and after giving parctin
argues, on the basis of the function of the parathyroid glands known in
physiology, in favour of the possibility of stimulation of the processes ¢r
calcification of the bones by the parotid salivary glands.
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The results obtained by the experiments concerning the changes in the
parathyroid glands and parotid salivary glands indicate a functional
interdependence between these two glands.

It is difficult on the basis of the facts given to form an opinion as to the
role and hierarchic dependence of the parotid salivary glands and para-
thyroid glands in the calcium-phosphorus metabolism. The existence of
the superiority of the parathyroid glands in the function discussed may
however be suggested, the role of the salivary glands being then limited
to that of a link in the chain of essential connections in mineral meta-
bolism. At the same time this would be the role of organic effector of the
parathyroid glands, the hypofunction or absence of which would lead to
very significant damage to the calcium-phosphorus metabolism.

The functional connections between the parathyroid glands, the parotid
salivary glands and bone tissue are illustrated by Fig. 32.

X. SUMMARY

The author studied the connection between the parathyroid glands and the
parotid salivary glands — glands connected with the calcium-phosphorus metabolism
of the organism. For this purpose she investigated:

1. The effect of removal of the parathyroid glands on the morphological picture
of the parotid salivary glands.

2. The effect of removal of the parotid salivary glands on the morphological
picture of the parathyroid glands.

3. The effect of injecting parotin on the morphological picture of the parathyroid
glands and parotid salivary glands.

4. The effect of removal of the salivary glands and injection of parotin on the
bones of rats. The investigations were made using P32,

5. In addition a statistical analysis was made of the material examined.

After remcval of the parathyroid glands atrophy of the glandular tissue occurs
in favour of fatty tissue, which may be evidence of the withdrawal of certain parts
of the glandular parenchyma from function.

As a result of excising the salivary glands, the following changes were caused
in the parathyroid glands: enlargement of the dimensions of the glandular cells and
the nuclei, the presence of numerous cell divisions, permanent position of the
nucleolus near the nuclear membrane and increase in the number of light cells —- the
active cells. The above data indicate that the parathyroid glands exhibit symptoms
of stimulation after the salivary glands have been removed.

After carrying out experiments consisting in administering parotin the following
results were obtained: reduction of the nuclei, reduction of the pyronin absorption of
the protoplasm, increase in the amount of connective tissue in the parathyroid glands
and decrease of the cells and nuclei in the vesicles of the salivary glands. These
observations are proof of the enfeebled activity both of the parathyroid glands and
of the salivary glands in rats given parotin.

Rats from which the salivary glands had been excised and rats which had bLeen
given parotin were used for the autoradiographic investigations. Using radioactive
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P32 examination was made of the influence of the above factors on the phosphorus
level in the bones of the rats. The greatest activity in the bone ash was obtained in
animals which were given 0.2 mg. of parotin per 100 g. body weight over the course
of one week. The autoradiographic picture agrees with these results. The smallest
number of impulses was found in the bone ash of animals which were dissected one
week after removal of the salivary glands, which corresponds to the autoradiographic
picture.

The statistical analysis made of the material enabled the following to he
established:

a) larger nuclei occur in the parathyroid glands of animals from which the
salivary glands have been removed in comparison with the control animals.

b) neither very large nor very small nuclei are encountered in the parathyroid
glands of animals as the result of the parotin injections given. It would seem that
the parotin exerts an equalising effect, rendering the mean dimensions of the nuclei
uniform.

As can be seen from the above data, removal of the parathyroid glands caused
morphological changes in the parotid salivary glands which provided evidence cf
the withdrawal of these glands from the functioning.

On the other hand removal of the salivary glands caused hyperfunction of the
parathyroid glands, and injections of parotin caused blocking of the function of the
parathyroid glands.

The above results would appear to indicate the existence of reciprocal action of
both glands, the parathyroid gland being the master gland (producer) in relation
to the salivary gland (effector).

It is also clear from the experiments made that the salivary glands exert their
influence not only on the parathyroid glands, but also on the bone tissue. Removal
of the parotid salivary glands causes characteristic reduction of the P** level in
the bone, while injections of parotin causes an increase in P?*? content. On the basis
of the results obtained the author puts forward two hypotheses as to the influence
of the salivary giands on bones. According to the first of these the parotid salivary
gland directly affects the bone tissue, according to the second — it does so through
the parathyroid glands, which, as is already known, then exert a decisive influence
on phosphorus-calcium metabolism.
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STRESZCZENIE

Autorka zajmuje sie zaleznoscig miedzy przytarczycami a $liniankami przyuszny-
mi — gruczolami zwigzanymi z gospodarka fosforowo-wapniowg organizmu. W tym
celu przebadata:

1. Wplyw usuniecia przytarczyc na obraz morfologiczny $linianek przyusziiych.

2. Wplyw usuniecia $linianek przyusznych na obraz morfologiczny przytarczyec.

3. Wptyw podawania parotyny na obraz morfologiczny przytarczyc i $linianek przy-
usznych.

4. Wplyw usuniecia $linianek oraz podawania parotyny na kosci szczuréow. Badania
przeprowadzono przy uzyciu P32,

5. Dodatkowo przeprowadzono analize statystyczng opracowanego materialu.

Po usunieciu przytarczyc w §liniance przyusznej szczura wystepuje zanik tkauki
gruczolowej na rzecz tkanki tluszczowej, co moze $§wiadczyé o wycofywaniu sie pew-
nych partii migzszu gruczolowego z czynnosSci.

W wyniku usuniecia $linianek otrzymano w przytarczycach nastepujgce zmiany:
powiekszenie sie wymiaréw komorek gruczotowych i ich jader, obecnos¢ licznych po-
dzialéw komoérkowych, stale ulozenie jaderka w poblizu blony jadrowej oraz zwiek-
szanie sie¢ ilosci komdrek jasnych — czynnych. Powyzsze dane pozwalaja na wycigg-
niecie wniosku, ze przytarczyce po usunieciu §linianek wykazuja cechy pobudzenia.

Po przeprowadzeniu do$wiadczen polegajacych na podawaniu parotyny uzyskano:
zmniejszenie sie jader komoérkowych, zmniejszenie sie pironino-chtonnosci proto-
plazmy, powiekszenie sie ilo$ci tkanki lgcznej w przytarczycach oraz zmniejszenie si¢
komoérek i jgder komérkowych w pecherzykach $liniankowych.

Obserwacje te Swiadczg o ostabionej czynno$ci zaréwno przytarczyc jak i $§linia-
nek u szczuréw traktowanych parotyna.

Do badan autoradiograficznych uzyto szczury z wycietymi $liniankamy oraz szczu-
ry, ktébrym podawano parotyne. Przy uzyciu radioaktywnego P?* badano wplyw po-
wyzszych czynnikéw na poziom fosforu w kosciach szczuréw. Najwiekszg aktywacsé
w popiele kostnym uzyskano u zwierzgt, ktére otrzymywaty 0,2 mg parotyny na 100 g
wagi ciala w ciggu tygodnia. Wynikom tym odpowiada obraz autoradiograficzny.
Najmniejszg ilo§¢ impulséw stwierdzono w popiele kostnym zwierzat, ktore zostaty
sekcjonowane w tydzien po usunieciu $linianek, czemu odpowiada obraz autoradio-
graficzny.

Przeprowadzona analiza statystyczna opracowanego materialu umozliwila stwier-
dzenie, ze: a) w przytarczycach zwierzat z usunietymi $liniankami wystepujg wigk-
sze jadra komoérkowe w poréwnaniu ze zwierzetami kontrolnymi, b) pod wplywem
parotyny w przytarczycach zwierzgt nie spotyka sie jader zaréwno bardzo duzych
jak i bardzo matych. Wydaje sie, ze parotyna dziala na ujednolicenie przecietnych
rozmiarow jader.

Jak wynika z powyzszych danych, usuniecie przytarczyc spowodowalo zmiany
morfologiczne w §liniankach przyusznych $wiadczace o wycofaniu sie tych gruczo-
16w z czynnosci.

Z drugiej strony usuniecie $linianek, wywotlalo nadczynno$¢ przytarczyc, a poda-
wanie parotyny spowodowalo zablokowanie czynno$ci przytarczyc.

Wydaje sie, ze powyzsze wyniki wskazujg na istnienie dziatania zwrotnego cbu
gruczoléw z tym, ze przytarczyczki sa gruczotem nadrzednym (produktorem) w sto-
sunku do $linianki przyusznej (efektora).

Z przeprowadzonych doswiadczen wynika roéwniez, ze $linianki wywierajg swoj
wplyw nie tylko na przytarczyce, ale rowniez na tkanke kostng. Usuniecie $linianek
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przyusznych powoduje bowiem charakterystyczne obniZenie sie poziomu P32 w kosci,
podczas gdy podawanie parotyny wplywa na wzrost zawarto$ci P*. W oparciu
o otrzymane wyniki autorka wysuwa dwie hipotezy, dotyczace wplywu slinianek na
ko$é. Wedlug pierwszej z nich §linianka przyuszna wplywa bezposrednio na tkankg
kostng, wedlug drugiej — poprzez gruczoly przytarczycowe, ktére jak wiadomo do-
tychczas wptywajg decydujaco na przemiane fosforowo-wapniows.
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! EXPLANATION OF PLATES

Plate X.

. Parotid salivary gland. Control. Large amount of RNA in the basic parts of

the vesicular cells. Magnified 450<.

. Striated duct. Control. Striation in the basic parts of the cells. Magn. 1160 <.
. Parotid salivary gland (after removal of parathyroid gland). Interlobuler

duct. The inner layer of the epithelium flakes of into the lumen of the duct.
Magn. 150 X.

. Parotid salivary gland (after removal of parathyroid gland). In addition to

normally formed lobes, there are lobes of altered structure. Magn. 150X,

Plate XI.

. Parotid gland (after removal of the parathyroid gland). The vesicles have

a large lumen slightly similar to the vescles iof the thyroid gland. Lumen of
vesicles filled with secretion. Magn. 450 X.

6. Parotid salivary gland (after removal of the parathyroid gland). In the altered

10.

11.

12.

13.

lobe (right) the cytoplasm of the cells exhibits intensive vacuolisation.
Magn. 300X,

. Parotid salivary gland (after removal of the parathyroid gland). Connective

tissue with a large number of fatty cells penetrates between the altered
vesicles. Magn. 150 X.

. Parotid salivary gland (after removal of the parathyroid gland). Continued

process of penetration by the connective tissue with simultaneous atrophy
of the glandular vesicles. Magn. 150 X.

. Parotid salivary gland (after removal of the parathyroid gland). Lobes of

connective tissue have been formed in place of the glandular lobes, in them
are the remaining striated ducts. Magn. 150X,

Plate XII.

Parathyroid glands of a control rat. The nuclei exhibit considerable poly-
morphism. Magn. 1160 X.

Parathyroid gland after removal of the salivary glands. Light cells arranged
in pseudo-vesicles with a small lumen in the centre. Cytoplasm filled with
fine granular matter. Fixed by Lison-Voaker. Magn. 1160X.

Parathyroid gland (after removal of the salivary glands). Mitoses. Magn.
1160X.

Parathyroid gland (after removal of the salivary glands), PAS+ granular
matter in the cells lying in the periphery. Magn. 1160 X,
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Plate XIII.

Parathyroid gland (after removal of the salivary glands). Large Golgi appar-
atus, formed of thick trabeculae, lying in the apical part of the cell. Magnp.
2200 X,

. Parathyroid gland (after removal of the salivary glands). High cylindrical

cells, situated with their base on blood vessels. Magn. 1160 X.

Parathyroid gland (after removal of the salivary glands). Cells have acidi-
philous cytoplasm and hyperchromatic nulei. Nuclei becoming narrcwer
(bottom left). Magn. 1160 X.

Parathyroid gland (after removal of the salivary glands). The Golgi
apparatus, situated on the apical pole of the cell, is formed of delicate single
trabeculae and small fragments. Magn. 2200 X.

Plate XIV.

Parathyroid gland (after parotin injections). One kind of cell with dark
cytoplasm and variform nuclei. Distinct reduction in dimensions of nuclei.
(Peripheral part of gland). Magn. 1160 X,

Parathyroid gland (after parotin injections). The Golgi apparaus lying in
the apical parts of the cells is small and scattered. Magn. 2200X.

Plate XV.

Parotid salivary gland (after parotin injections). Enlarged blood vessels and
lymphatic vessels near the striated ducts. Magn. 450 X.

Parotid salivary gland (after parotin injections). Enlarged blood vessels
near the striated ducts. Magn. 450X,

Parotid salivary gland (after parotin injections). Reduction of RNA in the
basic parts of the vesicles. Magn. 450X.

Parotid salivary gland (after parotin injections). PAS+ granules visible in
the intercalar ducts. Magn. 450 X.

Plate XVI.

. Autoradiogram of the base of a bone in a control rat.
. Autoradiogram of the base of a bone from a rat killed 7 days after excision

of the salivary glands.

. Autoradiogram of the base of a bone from a rat killed 14 days after excision

of the salivary glands.

Autoradiogram of the base of a bone from a rat killed 21 days after excision
of the salivary glands.

Autoradiogram of the base of a bone from a rat which had been given
0.1 mg. parotin.

Autoradiogram of the base of a bone from a rat which had been given
0.2 mg. parotin,
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