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ABSTRACT

Calcium removal from bone of the amphibian, R.
catesbiana. was studied utilizing the technique of peri¬
toneal lavage.

Calcium changes in the lavage fluid were

compared in parathyroidectomized and control frogs at two
temperatures (4°C. and 22°C.).

A histological comparison

between parathyroid glands of lavaged animals and nonlavaged controls was made.

In addition, the distribution

and frequency of osteoclasts in the various bones of this
frog were examined to relate their occurrence with the state
of activity of the parathyroid glands.
The results of these studies suggest that parathyroid
function as related to its influence on bone follows the
same pattern in the frog as has been reported previously for
the rat.

Both control and parathyroidectomized frogs were

capable of supplying calcium from bone to peritoneal fluid
as demonstrated by the lavage procedures.

The frog could

not, however, maintain this process indefinitely, for in all
cases extremely erratic removal was noted after six hours
of continuous lavage.

Whether this was due to a change in

parathyroid function or to the adverse results of prolonged

lavage procedures could not be determined.
The effect of the reduction of body temperature on
these processes was not as clear cut.

There was no dif¬

ference in the amount of calcium removed in control or
parathyroidectomized frogs maintained and lavaged at 4°C.
However, this amount was significantly lower than the para¬
thyroidectomized value at 22°C,

The data for the removal

of total calcium could best be interpreted as the reduction
of an enzymatic process by parathyroidectomy and a further
reduction to a base level by placing the animal in the cold.
The osteoclast studies indicated that a relationship
between osteoclasts and parathyroid function similar to that
in mammals exists in these amphibians.

The apparent ex¬

haustion produced in the parathyroid tissue of lavaged frogs
indicated that the lavage procedures produced a marked,
though probably temporary, increase in endogenous parathy¬
roid hormone production.
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INTRODUCTION
The Parathyroid Glands

Unlike some other endocrine glands, the parathyroid
gland of mammals does not manifest a particular secretory
cycle, therefore ordinary histological examination cannot
be used as a useful tool for investigation of the different
functional states of the parathyroid gland.

However, sub-

microscopic studies of the parathyroid gland have provided
evidence for the presence of secretory droplets in nephrectomized rats.

The nature of the substance in the droplets

has been discussed, but lack of a reliable means of identi¬
fication of the secretory material by light microscope
methods is a handicap in the evaluation of its distribution
and changes in association with different levels of secre¬
tory activity (Davis and Enders, 1960).
Studies of the parathyroid gland in amphibians have
not been well developed, although literature covering the
origin, anatomy, and histology of the glands, including
some discussions of the physiological aspects, has been
published (Maurer, 1888; Romeis, 1926; Waggener, 1929).
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The Amphibian Parathyroid Glands;

General

Maurer (1888) described the parathyroid glands of the
amphibian as two pairs of small ovoid compactly-packed
structures, one on each side of the esophagus.

They arise

as a solid epithelial anlage at the ventral terminal ends
of the second and third gill arches.

In Rana they are situ¬

ated laterally and somewhat dorsally to the ventral Kiemen¬
rest, and in Bufo they are found ventral and medial to the
Kiemenrest.

The parathyroid gland in anurans develops at

the late larval stage, but in urodeles it appears after
metamorphosis.

Zimmerman (1898) considered the parathyroid

gland simply as an enlargement of the walls of the blood
vessels in anurans, and Boas (1883) suggested this was the
case in salamandra.

Baldwin (1918) in his studies on

pharyngeal derivatives of amblystoma described the develop¬
ment of the parathyroid gland during metamorphosis.

Krause

(1923) briefly described the parathyroid glands of the frog
as small bodies found near the ventral Kiemenrest.
Gross microscopic examination of the gland demon¬
strated the existence of a rather thick connective tissue
capsule with the parenchymal cells arranged in cords.
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Romeis (1926) presented a comprehensive study of the anuran
parathyroid gland including the gross anatomy, histology,
and cytology, and described a seasonal cyclic variation in
the glands of Rana escalenta. Rana temporaria. and Bufo
vurgaris.

Waggener (1929a) reported studies similar to

those of Romeis on the parathyroid gland of Rana catesbiana.
In frogs and toads, the parathyroid glands consist of
four minute round or. ovoid bodies, two of these being found
on each side of the midline in the thoracic region (Romeis,
1926).

The parathyroid glands of Rana catesbiana are com-

monly situated on each side of the external jugular vein
close to the junction of the sternohyoideus muscle and
omohyoideus muscle.

One is in close proximity to the hypo-

glossus nerve and the other is a short cfcL stance caudad to
the posterior border of the "Ventral Kiemenrest" (Waggener,
1929a).

The glands are surrounded by a connective tissue

capsule of 1.5 to 3.0 p. in thickness, which consists of
collagenous fibers and a fine network of elastic fibers
(Romeis, 1926; Waggener, 1929a).

A secondary connective

tissue capsule may be present on the outer margin of the
true capsule in Rana catesbiana (Waggener, 1929a).

The

;
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secondary connective tissue capsule is not always a complete
one, but this connective tissue extends to the external jug¬
ular vein to form a close attachment.

The connective tis¬

sue capsule often extends inwardly to form connective tis¬
sue trabeculae in glands of Rana catesbiana (Waggener> 1929a).
The blood vessel enters the connective tissue capsule
and breaks into many branches just beneath the capsule to
form subcapillary networks which surround the internal par¬
enchymal cell mass (Romeis, 1926; Waggener, 1929a).

The

parathyroid gland in Rana catesbiana is supplied with blood
by way of a branch from the external carotid artery, and
efferent vessels return it via the external jugular vein.
Waggener (1929a) described the penetration of the subcapsular capillaries in the larger gland of Rana catesbiana. and
noted that they may form sinusoids in the glandular area.

Histological Studies of Amphibian Parathyroid Tissue
The parenchymal cells of the parathyroid gland con¬
sist of epithelioid cells arranged characteristically;in a
histological preparation the cords of the parenchymal cells
form spirals and coils closely crowded together.

The shape

of the parenchymal cells ranges from smooth elongated cells
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through rough polygons to cells with prominent processes.
The polygonal cells are arranged at the peripheral area of
the glandular mass, and spindle-shaped cells are arranged at
the inner area (Romeis, 1926),

The nucleus of the parenchy¬

mal cell is large in comparison with the whole cell, and
the nucleolus is quite large and distinct.

The nuclear

membrane is filled with clear material, and fine networks
penetrate throughout the nuclear material.

The chromatin

is distributed unevenly along the network in the form of
granules and small clumps.
Two nuclear types can be distinguished: one with
clear nuclei and the other with darker stained nuclei.

They

are considered to reflect different stages in the seasonal
changes.

Romeis (1926) described the concentration of the

darker stained nuclei at central areas of the gland where
few blood vessels penetrated, and noted that they became
more numerous during the degenerative stage.

Waggener (1929a)

reported, however, that the occurrence of these two kinds of
nuclear types was not confined to any given area of the
gland in Rana catesbiana.

The parenchymal cells which con¬

tained less cytoplasm were especially prominent in the central
area of the gland.

In hematoxylin and eosin staining after
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acid fixation fine eosinophilic protoplasmic strands beaded
with faintly stained granules could be seen.
The cytoplasm is rich in chondriosomes of a lipoid
nature (Romeis, 1926? Waggener, 1929a).

Romeis (1926) de¬

scribed small clear refractive droplets in the cytoplasm
which could be clearly defined with osmic acid or Sudan II
in a dark field.

According to Romeis (1926) these droplets

were found only in the parenchymal cells of the marginal
zone of the gland.

Waggener (1929a), however, could not

find them in parenchymal cells but stated that they may repre¬
sent some stages in the cycle not personally examined, al¬
though he was certain that fat droplets were not commonly
present in the parathyroid of Rana catesbiana.

The presence

of mucus in the parenchymal cells was studied, and negative
results of a mucicarmine test were reported (Waggener, 1929a).
In addition to these cytoplasmic materials, small, but sharp¬
ly defined, vacuoles were observed in a dark field prepara¬
tion,

They appeared filled with humor-like material when

the tissue was treated with osmic acid.

The vacuoles appeared

in association with the degenerative stage during the cyclic
changes of the gland (Romeis, 1926).
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Seasonal Changes in Frog Parathyroid Tissue
Romeis (1926) described first the peculiar cyclic
changes which occurred in the parenchymal cells of the frog
parathyroid gland, and Waggener (1929) later observed the
cycle in Rana catesbiana.

The cyclic degeneration of the

parathyroid gland in toads and frogs occurred during Febru¬
ary and March,

This was followed by a regeneration of a

compact gland which prevailed for the rest of the year,
Waggener (1929a) reported that tissues removed during fall
and early winter demonstrated normal glandular tissue in
Rana catesbiana, while those removed about the middle of
February appeared to be in a degenerative stage.
Studies on histological preparations suggested that
the cytoplasm first underwent a process of liquifaction,
and that this dissolved material was lost during histological
preparation and resulted in the appearance of vacuolation
(Waggener, 1929a).

Although with haemalm-eosin preparations

the vacuoles suggested fatty degeneration, osmic acid, Flem¬
mings', or Champy's method of preparation proved that they
contained no fatty substances.

They were protein-poor sub¬

stances as they could not be preserved with an acid fixative

8
(Romeis, 1926; Waggener, 1929a).

Romeis (1926) reported

one case in which crystalline clumps consisting of small
eosinophilic needles were found in the vacuole, but they dis¬
appeared one day after the preparation v/as covered with
Canada balsam.

Observation of the crystals under polarized

light showed a double refractive character.
In Rana catesbiana. degeneration advanced further in¬
cluding most of the parenchymal cells which were replaced
by large open spaces which eventually occupied the whole
glandular area except for a layer of cells lining the cap¬
sule (Waggener, 1929a).

In tissue which was at an advanced

stage of cytolysis, a colloid-like substance was found in
the degenerative areas of the gland.

It could be demonstrated

in preparation fixed for a brief period with Helly's, pre¬
treated with dilute potassium dichromate, and stained with
acid fuchsin and methyl green; the colloid was a dense and
deeply stained material.

The colloid could be stained with

Brazilin and Mallory's connective tissue stain and with iron
hematoxylin and orange G.

Eosin and methylene blue staining

without special chromatin gave only faint evidence of the
presence of colloid.

When the gland was fixed in Benda's
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fluid and stained with acid fuchsin and methyl green after
short chromation, the end product of the cytolysis appeared
as a floculent precipitate of fine and coarse granules.
Waggener (192Sa) stated that the nature of the colloid which
was formed as the end product of liquefaction was probably
quite different from the substance formed during the early
stages of vacuolization.

He also noted that the colloid

was not originally homogeneous in its consistency, and stated
that the first step in liquefaction of the parenchymal cells
was probably concerned with the liberation of certain lipoid¬
like substances.
The nuclei of the parenchymal cells also underwent
degeneration during cytolysis.

In the early stages of de¬

generation the number of nuclei, especially "clear nuclei"
decreased.

In Rana catesbiana. large clear nuclei generally

became smaller or wrinkled and lost the ability to take
basic stain.

Presence of small clumps of chromatin could

be demonstrated with iron hematoxylin in later stages of
degenerating nuclei.

At this stage, the nuclear materials

might be fuchsinophilic, which suggested that, along with
the liquefaction of the nucleus, the basic chromatin might
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have been converted into oxychromatin.

The nuclear membrane

finally dissolved, and the nuclei disappeared.

When the

nuclei shrank during the process of preparation, the nuclei
stained darkly and displayed irregular contours.

The nu¬

cleoli remained intact until the final stages of degeneration.
The connective tissue capsule remained intact, and the capil¬
laries beneath the capsule were also preserved (Romeis, 19267
Waggener, 1929a).

Effects of Parathyroidectomy in the Frog
The physiological significance of the parathyroid
gland in frogs was first described by Waggener (1929b),
Waggener developed the operative technique for complete para¬
thyroidectomy in Rana catesbiana and observed a decrease in
the plasma calcium level from 11.9 mg to 7.7 mg per 100 ml
after parathyroidectomy.
Kuffler (1945) produced tetany in frogs by complete
parathyroidectomy accompanied by injection of small quanti¬
ties of sodium citrate.

This type of tetany could be pro¬

duced in unoperated frogs if a large dosage of sodium citrate
was given.

The unoperated animals recovered from the tetany

within one to two days, whereas parathyroidectomized frogs

11

with injections of small amounts of sodium citrate continued
this symptom for as long as twenty days.
Recently Cortelyou et al,

(1960) reported the effect

of parathyroidectomy in Rana pipiens on blood calcium and
urinary calcium excretion changes.

The total plasma calcium

dropped from 10.3 mg per 100 ml to the lowest value, 3.3 mg
per 100 ml, within four to seven days.

The level of the

plasma calcium then gradually returned to 8.3 mg per 100 ml
and was maintained at this level for twenty-nine weeks.
Hypercalciuria was reported to occur by the second post¬
operative day, and this condition lasted for a week.

Studies

concerning urinary calcium excretion in mammals were also
reported in the literature (Buchanan, Kraintz, and Talmage,
1959).

Parathyroid Hormone and Bone
The resorption of bone and simultaneous increase in
numbers of osteoclasts in relation to parathyroid function
in mammals has been of interest to many authors (McLean, 1957;
Toft and Talmage, 1960).

Use of continuous peritoneal lavage

with a calcium-free, isotonic rinse in the nephrectomized
rat permitted a study of the ability of the parathyroid
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hormone to regulate and maintain the calcium level of the
body fluids in the absence of a functional kidney.

In such

a "calcium stressed" rat the number of osteoclasts in the
epiphysis of the femur increased when the parathyroid gland
of the animal was intact (Talmage, Elliott and Enders, 1957).
Another study which emphasized the direct action of the
parathyroid hormone on bone was that of Gaillard (1955) who
showed that implantation of rat parathyroid glands in direct
contact with the parietal bone in vitro caused localized
resorption of bone and the appearance of actively motile
multinucleated giant cells at the site of bone resorption.
Several authors have explained the action of parathy¬
roid hormone on bone resorption on the basis of a hormonallyenhanced production of citric acid,

bocal variations in pH

due to the accumulation of citric acid in bone tissue the¬
oretically lead to changes in bone salt solubility (Neuman
and Neuman, 1958).

On the other hand, Engel (1950) and

Gcrsh (1960) stressed that disorganization of bone matrix
may be affected by parathyroid hormone, and Scott and Pease
(1956) and Gonzales and Karnovsky (1961) reported the dis¬
appearance of collagenous fibers prior to resorption of in¬
organic debris in electron microscope studies of bone re¬
sorption .
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Characteristics of Frog Bone
Cytological and physiological studies concerning bone
in the lower vertebrates have not yet been presented.

Krause

(1923), nevertheless, described the long bones of the frog.
In the frog the skeleton consisted of hyaline cartilage,
calcified cartilage, and bone.

The diaphysis was a cylindri¬

cal mantle of calcified bone within which was a hollow space.
It connected to the cartilaginous epiphysis in the manner of
a cork screw immersed in a cork: that is, the outer rim of
the diaphysis end was overlayed with epiphysial cartilage,
and the inside of the diaphysis was filled with epiphysial
cartilage.

The inner surface of the hollow space was lined

with a thin layer of endosteum along the inner surface of
the shaft and epiphysis.

The matrix of the bone medulla

formed rather thick wickerworks of collagen fibers derived
from endosteum and which penetrated a system of anastomosed
blood vessels in the medulla.

The rest of the area was

filled with fat cells and a few pigment cells.

The fat cells

were rich during winter, and these may be replaced by blood
forming elements to a certain extent during the stammer
season.

The epiphysis consisted of hyaline cartilage.

Col¬

lagen fibers were present in the cartilage ground substance,
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but at the central area this was usually masked in stained
preparations by a basophilic chondromucoid substance.

The

cartilage ground substance contained a large amount of de¬
posited lime salt which could be demonstrated by the Bielschowsky method.

A continuous outer covering of the entire

femur head was hyaline cartilage, thick at thel lateral and
thin at the rostal areas with an infiltration of calcified
cartilage between.

The cartilage was covered entirely With

perichondrium.

Osteoclasts in Frog Bone
Jordan (1925) reported that osteoclasts were generally
absent or very rare in normal marrow of the adult frog, but
that they occurred in the primary red marrow in association
with the earlier stages of bone development.

Also the

femoral marrow of the young frog whose metamorphosis was
accelerated by thyroid administration was very rich in polynucleated giant cells,

Jordan (1925) described the experi¬

mental production of osteoclasts by splenectomy in the red
marrow of the adult frog femoral cavity.

They were found

chiefly at the periphery of the marrow and arose by fusion
of hemoblasts.

Secondarily, they also may have arisen from
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the fusion of stromal cells as in the case of the origin of
osteoclasts in the post larval marrow where mesenchyme was
still abundant.

There was no evidence for either mitotic

or amitotic nuclear division.

In the splenectomized frog

many osteoclasts occurred on the extreme margin of the red
marrow.

In specimens treated with Kelly‘s fluid and stained

with modified Giemsa, the nuclei of the osteoclasts appeared
clear and were almost or quite devoid of reticulum.

These

osteoclasts had densely chromatic sharply contrasting
spheroidal nucleoli and their cytoplasm was typically acido¬
philic in the later stages.
In the femur of the thyroid-metamorphosed frog, the
nuclear morphology of the osteoclast was similar to that
found in the splenectomized frog, but the cytoplasm of the
osteoclasts was generally more or less basophilic.

These

osteoclasts were reported to be formed by fusion of young
connective tissue cells.

They were closely applied both

to the primary bone and to the disintegrating cartilage;
therefore, as discussed by Jordan (1925), this provides evi¬
dence for the osteolytic function of the osteoclast in the
frog.

Other evidence presented by Jordan (1925) of the

16

osteolytic activity of these cells was their appearance in
the marrow cavity of the splenectomized frog, as the cavity
was enlarged to accommodate the marrow which had undergone
compensatory hypertrophy.
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STATEMENT OF THE PROBLEM

Current discussions on the physiology of the parathy¬
roid gland have placed emphasis upon its dual action on hone
and kidney (Talmage et al,. 1953, 1957, 1960; Neuman and
Neuman, 1958),

The control and maintenance of the serum

calcium within narrow limits at the physiological level have
heen ascribed to the "calcium replacement mechanism" of
parathyroid action, and ablation of the parathyroid gland
results in a reduction of the serum Calcium to the "basic
equilibration level" {Talmage et al., 1960).

As a result

of parathyroid action a quantitative relationship between
parathyroid function and the osteoclast has been demon¬
strated in the rat indicating a relationship between osteo¬
clast and bone mineral mobilization (Toft and Talmage, I960).
The development, anatomy, and histology of the para¬
thyroid gland in lower vertebrates have been studied (Maurer,
1888? Baldwin, 1918; Romeis, 1926; and Waggener, 1929a).
The physiological importance of the gland in amphibians was
reported by Waggener (1929b) who found that removal of the
parathyroid gland lowered the plasma calcium level in Rana
catesbiana,

Cortelyou (1960) has reported recent studies
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of calcium excretion and plasma calcium levels in parathyroidectomized Rana pipiens.
There were no studies, however, of the relationship
of the parathyroid of amphibians to bone in the literature
which the writer surveyed.

The following report, therefore,

describes studies which attempted to establish such a re¬
lationship between parathyroid function and bone changes
in some amphibians using the osteoclast as an indicator
of bone resorption.
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MATERIALS AND METHODS

American bull frogs, Rana catesbiana. averaging 350
grams, but ranging from 150 to 500 grams were used for the
experiments.

Progs were supplied from biological supply

companies* and some were collected from local swamps.**
They were maintained after arrival at the laboratory at 1822°C. in a large water tank until they were used.

The ex¬

perimental period began in the middle of March and continued
through early August.

For a survey of the osteoclast dis¬

tribution in bone, some specimens were collected in early
February and late August.
Parathyroidectomy was performed under tricain methane
sulfonate anesthesia from 48 to 72 hours before the beginning
of the experiment.

Two skin incisions were made on both sides

of the throat from the distal end of the clavicle to the dis¬
tal end of the episternum.

The underlying muscles were

separated and two minute parathyroid glands from each side

*

Lumber Animal Supply Conpany, Oshkosh, Wisconsin; Carolina
Biological Supply Company, Elon College, North Carolina

**

Lake Houston, Harris County, Texas; Lake Providence,
Louisiana
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were removed using jeweler's fine forceps.

The tissues were

preserved in Bouin's, Zenker's, or Helly's fixative for hist¬
ological studies.

After ablation of the glands, the in¬

cisions were closed, and the frogs were returned to the
aquarium for recovery.
Stainless steel plugs designed by Kolff and Page (1954)
were sewn into the wall of the ventral abdomen slightly lat¬
eral to the midline, and care was taken to avoid injury to
the abdominal vein.

Progs were divided into two groups,

each containing both control and parathyroidectomized ani¬
mals.

One group was placed in the refrigerator at 4°C. at

least 18 hours before the onset of the lavage procedure.
The lavage fluid consisted of 0.7% NaCl, 0.104 g/liter KC1,
and 5% dextrose, and the pH was adjusted to 7.2.

The dura¬

tion of the continuous peritoneal lavage carried out during
March and April was six hours.

Since the bone histology of

the frogs lavaged for six hours showed no significant change
in osteoclast number* the lavage period was then extended
to ten hours,

Therefore the duration of the lavage carried

out during May through August was ten hours.

For the frogs

maintained in the cold, both the animals and the fluid were
kept throughout the experiment at the lower temperature.
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The warm group was maintained at 22°C.

(laboratory room

temperature).
The osteoclast distribution in several endochondral
bones, long bones, sternum, coracoid, urostyle, and pelvic
girdle, and one membranous bone, the mandible, was studied.
Tissues were fixed in Helly’s fluid for 18 to 24 hours and
washed with water for about the same period.

Tissues were

decalcified in 5% formic acid for two days using several
changes of the acid each day.

The completion of this pro¬

cedure was checked by adding a few drops of 4% ammonium
oxalate.

Bones were washed with water overnight, dehy¬

drated in alcohol, and embedded in celloidin for two days.
They were then hardened in cloroform and embedded in par¬
affin (m,p.60-63°C.).

Longitudinal or transverse sections

of 7 ix thickness were mounted on the slides.

For the hist¬

ology of experimental animals transverse sections of the
proximal end of the coracoid bone were cut serially at 7 jl,
and three groups of sections approximately 140 |x apart were
chosen between the area where the marrow penetrated the
cartilage plate and the regions 700 |x further into the mar¬
row cavity.

Topographical distribution of osteoclasts in

22

the epiphysis of the coracoid was not always uniform.

There¬

fore three sections 140 [i apart were selected, and the mean
value of these three slide readings was taken to represent
each animal.

Sections were de-paraffinized in xylene and

stained in hematoxylin, Biebrich Scarlet and Orange II and
Fast Green FCF, according to the method of Toft and Talmage
(1960).

For the counting of the osteoclasts an ocular grid

was used in a binocular microscope at a magnification of
430 X.

2
An area of bone 0,26mm was contained within the

field of the grid.

Each entire cross section was scanned,

and the osteoclasts were counted.

Results were expressed

as nurriber of osteoclasts/field X 100.

The parathyroid

glands of the experimental animals were removed at the end
of the lavage and prepared for histological examination.
These were compared to the glands of control animals.

The

glands were fixed in Bouin's, Zenker's, or Helly's, embedded
in paraffin (m.p. 60-63°C.), sectioned at 7 JJL, and stained
with hematoxylin and eosin.
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HISTOLOGICAL STUDIES

Histology of Frog Parathyroid
Good descriptions of the histology of the frog para¬
thyroid have been published by Romeis (1926) and Waggener
(1929).

However, the writer wished to have first hand in¬

formation concerning the structure of these glands, and
therefore a histological survey of the gland was undertaken.
The parathyroid glands of Rana catesbiana comprise four
small spherical or ovoid yellowish white bodies.

Pairs of

glands are located on each side of the midline and usually
lateral to the external jugular vein.

In microscopic exam¬

ination the parathyroid gland appeared to be enclosed by a
thick connective tissue capsule.

Many subcapsular capil¬

laries were found between the glandular cells and the cap¬
sule.

Sometimes connective tissue trabeculae were seen ex¬

tending through the glandular cells (Pig. 13).

In larger

glands, capillaries penetrated through the glandular area
and sinusoids were sometimes observed.

The parenchymal

cells, compact in appearance, were arranged in tortuous
cords (Pig. 9).

The nuclei of the parenchymal cells were

ovoid when their long axes appeared parallel to the plane of
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section, and spheroidal when their axes were transverse to
the place of section.

The volumes of the nuclei were large

in comparison to that of the cytoplasm and this gave a
packed appearance to the gland.

The nuclei of the parenchymal

cells were clear with evenly distributed fine chromatin and
contained one or more small nucleoli.

The cytoplasm was

moderately acidophilic, and fine protoplasmic strands were
observed.

Some glands obtained during February showed typi¬

cal histological indications of degeneration previously de¬
scribed by Romeis (1926) and Waggener (1929).

In degener¬

ating parathyroid glands some nuclei of the parenchym ap¬
peared acidophilic, and often the cytoplasm of many parenchymal
cells appeared attenuated.

Also some parenchymal cells dis¬

appeared within the gland and thick connective tissue tra¬
beculae which contained blood vessels remained,

Sometimes

large spaces were present in the center of the gland.

Such

spaces, when still small, contained fine granular eosinophil¬
ic grains which probably were derived from degenerating cells*
Branched processes of parenchymal cell cytoplasm could also
be observed extending toward the space.

Larger spaces some¬

times occupied over one-half of the volume of the gland and
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and did not contain any material detectable after section-,
ing and staining.

The remaining parenchymal cells were

arranged along the border of the space suggesting that
some material might have existed within this space at the
time of fixation.

Some other glands, however, contained

a colloid-like substance within such a large space which
appeared eosinophilic and non-homogeneous (Fig. 13).

Some

spaces showed the presence of fine eosinophilic reticular
strands oriented parallel to one another, or fine eosin¬
ophilic granules (Fig, 11).
well in Bouin's fixative.

These specimens were preserved
Histological examination of para¬

thyroid glands in the process of degeneration showed that
the nuclei also were involved.

The contour of the nuclear

membrane was diffuse, and the cytoplasm did not stain well.
In addition, the whole glandular area was filled with a
seemingly firm material which prevented the making of thin
sections after fixation.

In successful preparations of such

a gland the whole body of the parathyroid gland within the
connective tissue capsule was filled with a firm eosinophilic
material, and only the embedded subcapsular capillaries and
ghosts of nuclei arranged in whorl-like patterns gave evi¬
dence that this was a parathyroid gland.

In glands at the
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stage of parenchymal regeneration, three to five mitotic
figures per section were commonly found (Fig. 14).

Newly

developing strands or cords of parenchymal cells had budded
off from underneath the connective tissue capsule, while
the rest of the area of the gland was still filled with an
amorphous colloid-like material.

Histology of Frog Bone
Satisfactory descriptions of the histology of frog
bone could not be found by the writer, therefore it was
necessary to study the normal condition of the bone before
any experimental work was undertaken,

A number of long

bones were studied, but most of these studies were made on
the coracoid.

The proximal and distal ends of the femur

and tibia-fibula of Rana catesbiana contained rather thick
cartilage plates with generally smooth endochondral sur¬
faces, occasionally penetrated by narrow extensions of mar¬
row in which blood vessels were found situated between the
cartilage and marrow proper.
tion were observed.

Very few regions of ossifica¬

Hemopoietic reticular tissue formed a

continuous layer on the surface of the endosteum of the
shaft, and also on the endochondral surface as well as on
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the surface of any bone spicules which might be present.
residual area contained adipose tissue.

The

The distal end of

the radio-ulna, urostyle, and proximal end of the humerus
were found to be similar to the femur and tibia-fibula, but
they showed a few more bone spicules and more capillary pene¬
tration into the cartilage (Pig. 2).

Some of the spicules

contained a cartilaginous core which appeared to be in the
process of replacement xtfith blood elements.

The distal

articular surface of the humerus, the proximal surfaces of
the radio-ulna and urostyle, and the junctions of both the
acetabulum and ishium to the cartilage of the pelvis were
curved.

The terminal cartilages were consequently curved.

Below that area of the cartilage which was penetrated by
marrow, bone spicules were well developed.

This spongy

bone filled the relatively smaller compartment of the marrow
cavity and connected to the solid compact bone of the shaft.
The distal and proximal portions of the coracoid and the
proximal portion of the sternum had fairly uniformly straight
cartilage plates remarkably interdigitated with red marrow,
and primary and secondary spongiosa.
continued to the compact shaft.

The latter areas were

The marrow space within the

cartilage contained blood capillaries and red bone marrow
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which was continuous within the primary spongiosa (Fig. 3).
Osteoclasts of Rana pipiens were described by Jordan
(1925) in the femoral marrow of frogs subjected to experi¬
mental splenectomy.

They generally were not found in the

bones of the adult frog.

Osteoclasts were found only in

the red marrow in close relation to the bone or calcified
cartilage (Jordan, 1925).

Osteoclast distribution in vari¬

ous bones of Rana catesbiana showed the highest frequency
in the proximal end of the coracoid.

They were found in the

distal end of the urostyle, both ends of the femur, and the
tibia-fibula, but were sparse.

They occurred mostly on

the outer margin of cartilage where it was in contact with
the bone shaft, and occasionally they were present on
spicules.

The radio-ulna and humerus showed slightly great¬

er numbers of osteoclasts than the femur.

In several normal

animals hilled in early September, a large number of ap¬
parently degenerated osteoclasts were observed in the area
of calcified cartilage and spongy bone of the coracoid.
The osteoclasts of the frogs were large multi-nucleated
cells with a purplish tint after staining with Ehrlich's
hematoxylin, Biebrich Scarlet and Orange II mixture and Fast
Green FCF.

Osteoclasts with as many as ten nuclei were seen,
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but four to six nuclei was the average number.

They were

spherical or ovoid, containing transparent karyoplasm with
little reticular chromatin, but with one large or several
smaller prominent nucleoli of magenta color.

The nuclei

were usually clumped in one area of the large branching
cell (Pig. 6).
acidophilic.

The cytoplasm varied from basophilic to
The central area of the cytoplasm was frothy

in appearance, while at the periphery it formed branched
filamentous fringes which were chromophobic.

These highly

retractile thin fringes often spread extensively toward the
green stained calcified cartilage surface and showed a very
faint tint of green (Fig. 7),

others, however, possessed a

smooth ovoid contour from the periphery of which short
fringes could be observed under higher magnification (Pig.
8).

Another type of osteoclast was seen.

These cells were

relatively large with acidophilic cytoplasm and contained
several disintegrating spindle-shaped nuclei, or the shadows
of such nuclear remnants.

Many of these cells were found at

the surface of calcified cartilage or adjacent to bone spic¬
ules.

The tinctorial character of the cytoplasm was similar

to that of bone and there were varying degrees of opacity.
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EXPERIMENTALLY PRODUCED CHANGES IN BONE AND BODY FLUIDS

The parathyroid glands of mammals are able to maintain
the serum calcium at the physiological level by continually
supplying calcium to the blood from bone (Talmage, Wimer,
and Toft f 1960) ,

It has been shown in the rat that when

the peritoneal cavity is filled with calcium-free isotonic
saline the calcium appears in the saline and builds up to
a certain value {Talmage, Elliott and Enders, 1957),
Normal frogs and parathyroidectomized frogs were
lavaged at 22°C, and the calcium content of lavage fluid
removed was determined at one hour intervals.

It was found

that the amount of calcium in the wash fluid of parathy¬
roidectomized frogs was reduced fifty per cent below normal.
Additional experiments were made with normal and parathy¬
roidectomized frogs, but these animals were maintained at
4°C,

At this temperature there was no appreciable differ¬

ence between the calcium values in the normal and parathy¬
roidectomized animals, and these values were in the same
range as those found in parathyroidectomized frogs lavaged
at 22°C,

The results of these experiments carried out

during April and May are summarized in Fig. 1 and Table I.
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Similar experiments were repeated during June through early
August,

In the latter experiments the calcium content of

the fluid from normal frogs lavaged at 22°C, was not differ¬
ent from that of the parathyroidectomized frogs lavaged at
22°C,

These results are in contrast to those obtained in

experiments carried out during April and May,. The results
are shown in Table II.
Histological studies were made on bones from frogs
which had been lavaged for six hours and ten hours.

At the

end of six hours, examination of osteoclast frequency in
the coracoid bone of both normal and parathyroidectomized
frogs maintained either at 22°C, or 4°G. showed no signifi¬
cant increase.

At the end of ten hours of continuous peri¬

toneal lavage the number of osteoclasts in normal frogs
maintained at 22°C. was eight times greater than that of
bone from unlavaged frogs.

The number of osteoclasts in

parathyroidectomized animals, lavaged at 22°C. was only two
times greater than that of the unlavaged controls.

In para¬

thyroidectomized frogs there was a tendency for acidophilic
degenerative type cells to increase, and sometimes many
small red stained round bodies surrounded the relatively
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smaller osteoclasts (Fig. 5).

Normal frogs as well as para-

thyroidectomized frogs lavaged at 4°C. showed no signifi¬
cant increase in osteoclast number at the end of ten hours;
however, some increase in the acidophilic degenerative type
of osteoclast was observed in these animals.

A few long

bones taken from normal frogs which had been lavaged were
examined histologically.

No increase in osteoclast fre¬

quency was observed in these bones.
The parathyroid glands of each normal animal subject¬
ed to peritoneal lavage at 22°C. and 4°C. were removed, and
histological examination of these glands was carried out.
The histology of these glands was compared with normal para¬
thyroid glands.

The parathyroid glands of frogs subjected

to six hours lavage at 22°C. appeared to be enlarged.

The

connective tissue capsule which surrounded the parenchyma
generally was found to be thinner.

Nuclei of the parenchyma

were relatively uniformly larger, and pale in staining.

Some¬

times, in one gland or more out of four, parenchyma cells
were seen to contain dark nuclei.

The parathyroid glands

of control frogs lavaged at 4°C. showed larger pale nuclei
and thin connective tissue capsules.

At the end of ten
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hours lavage, at least one parathyroid gland out of four
from each individual was either of the degenerative type or
appeared locally pycnotic (Fig. 10).

The extent of such

degeneration was more prominent during late July and August,
and cytolysis was commonly observed (Fig. 11).

In some

glands, the stainability of the parenchyma cells was not
uniform throughout the section, i.e,, some stained darker
and others were pale.

Frequently, prominent sinusoids were

seen at the central area of such a gland and had the ap¬
pearance of wide open spaces packed with blood elements.
In some other instances, the whole glandular area appeared
empty, and only the connective capsule and a few strands
of unidentified material (Fig. 12) remained.

Generally, the

parathyroid glands of frogs lavaged at 4°C. showed some de¬
generation, but usually this was not as striking as ob¬
served in the control frogs lavaged for ten hours at 22°C.
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DISCUSSION AND CONCLUSIONS

In the experiments utilizing the technique of peri¬
toneal lavage, the amount of calcium removed in the wash
from the control frogs at 22 °C. was higher than the amount
removed from the controls at 4°C, and the parathyroidectomized
frogs at both temperatures.
After surveying the various bones of the male frog,
Rana catesbiana. it was found that the coracoid contained
numerous osteoclasts as well as a relative abundance of red
marrow and spongy bone.
In comparing the lavaged animals to the non-lavaged
controls, histological examination of the osteoclasts in
the proximal end of the coracoid showed that there were no
significant differences in osteoclast frequency at the end
of six hours of lavage, although in the control frogs at
22°C. the osteoclast frequency was several times greater at
the end of ten hours of lavage.

After ten hours of lavage,

although there was a slightly higher osteoclast frequency
in the parathyroidectomized frogs at both temperatures and
the control frogs at 4°C., when this was compared to the
"non-stimulated" groups, the difference was not significant.
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Degenerating osteoclasts are rare or absent in most
mammalian classes which have been studied, but Jordan (1925)
described acidophilic cytoplasm as a characteristic of the
late stage of osteoclasts and also a type of osteoclast in
Rana pipiens which was in an early stage of disintegration
as indicated by peripheral fragmentation and chromophobic
cytoplasm.

These were located within the peripheral layer

of hemoblasts not on the margin next to bone (Jordan, 1925).
After ten hours of lavage, the coracoid bone of the parathyroidectomized frogs at both temperatures and control
frogs at 4°C. contained numerous acidophilic large cell
masses which might have been degenerating osteoclasts.
The parathyroid glands of control animals lavaged for
ten hours at 22°C. appeared in a state of exhaustion.

This

is based upon the appearance of the parenchymal cells with
pycnotic spindle-shaped nuclei and faintly and unevenly
stained cytoplasm.

The glands also showed local cytolysis

which resembled descriptions of the degenerative stages of
the gland of the winter frog given by Waggener (1929a) and
Romeis (1926).

These changes were observed in the experi¬

mental frogs supplied during June to early August.

These

prominent changes which seem to indicate glandular exhaustion
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in frogs lavaged for ten hours during July and early August
were not as striking in frogs lavaged for six hours during
early April and May, although a thinning of the connective
capsule and parenchymal cells with larger pale nuclei and
pale cytoplasm were observed.

Examination of the parathyroid

glands of non-lavaged controls killed during June through
August showed varying degrees of degeneration.

Although de¬

generation of the parathyroid gland in frogs during this
time of year has not been described, the fact that less cal¬
cium was removed in the wash fluid from both normal and
parathyroidertomized frogs subjected to peritoneal lavage
at 22°C. may indicate that the parathyroids of these frogs
were hypofunctional.

In addition, there were fewer osteo¬

clasts observed in these frogs after ten hours continuous
lavage than in those frogs lavaged during April and May.
An incidental observation *?as made regarding osteo¬
clast frequency in frogs which were suffering from diffi¬
culties in breathing.

In these frogs which were continu¬

ously inhaling air a high osteoclast number in the coracoid
bone was observed
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Colloid-like substances which were found in late
stages of degenerating parathyroid glands of Rana catesbiana
have been reported,

It was suggested that these substances

were protein-poor and might be lipoidal in nature owing to
their behavior in known fixatives (Waggener, 1929a).

Sev¬

eral glands were observed to contain colloid-like materials
after fixing in Bouin's fluid and processing by general
histological procedures,
Using the technique of peritoneal lavage, it was shown
that the parathyroids of Rana catesbiana mobilize calcium
from bone.

The results also suggest that osteoclast fre¬

quency in thecoracoid bone of the frog may be used as an
index of parathyroid function.

However, until the cyclic

nature of the parathyroid glands in these animals is more
fully understood, careful consideration should be given to
the season during which studies of this gland are under¬
taken.

38

SUMMARY

1. The osteoclast distribution in various bones of the male
frog, Rana catesbiana. was studied.

The osteoclasts

were generally sparse in all bones of the frog, but they
were found more frequent in number at the terminal cart¬
ilage area of the coracoid bone.

2. Using the technique of peritoneal lavage, it was shown
that the parathyroids of the frog mobilize calcium from
bone.

3. The number of osteoclasts in the coracoid bone of the
frog increased when the amount of calcium released into
the lavage fluid increased,

4. Included in the discussion is a description of degenera¬
tive stages of the parathyroid glands from those frogs
which were studied during the summer.
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TABLE I
Effect of Parathyroidectomy, Temperature and
Lavage on the Osteoclast County in the Coracoid of the Prog

Group

No. of
Animals

Osteoclast
Field X 100

Increase
over Controls

Control Animals

4

11.2

———

Controls ■
6 Hr. Lavage - 22°

2

6.5

———

Controls 6 Hr. Lavage - 4°

3

9 il

———

PTX 6 Hr. Lavage - 22°

1

14.4

——

10

10.0

XI

Controls 10 Hr. Lavage - 22°

3

83.3

X 8

Controls 10 Hr. Lavage - 4°

3

29.1

X 3

PTX 10 Hr. Lavage - 22°

3

22.4

X 2

PTX 10 Hr. Lavage - 4°

3

26.3

X 3

PTX - one week Lavaged 6 Hrs.

1

2.4

0.25

Average

Hoars of Lavage

EFFECT OF PARATHYROIDECTOMY ON
REMOVAL OF CALCIUM BY PERITONEAL LAVAGE
IN THE FROG

FIGURE 1

© <T
O
°

T

•|U1 001 /% Uj ujnj3|83
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TABLE II
Effect of Parathyroidectomy, Temperature on Calcium Removal
by Peritoneal Lavage and Osteoclast Count
(Experiments - June through August)

No, of
Animals

Group

Calcium Removed
by Peritoneal Osteoclast/
Lavage at 6hr/mg% Field X 100
2.6

17.3

4°

1.5

4.8

PTX—
10 hr. Lavage 22°

3.1

7.9

Controls10 hr. Lavage 22°
Controls10 hr. Lavage

PTX—
10 hr. Lavage

10

4°

Control Animals

6

-

-

-

2.8
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Fig. 2 - Photomicrograph - Proximal end of radio-ulna
of the frog.

Sagital Section.

The cartilage

plate is thick and the endochondral surface
is smooth.

Absence of spongy bone.

A marrow

penetration to the cartilage is seen.
distribution of the hemopoietic tissue.
Fixation.

Trichrome staining,

Note
Helly's

X87.

Fig. 3 - Photomicrograph - Proximal end of the coracoid
of the frog.

Remarkable marrow penetration

to the cartilage plate and presence of spongy
bone.
X87

Helly's Fixation.

Trichrome staining.
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Pig. 4 - Photomicrograph - Cross section of coracoid
bone of the frog after 10 hours lavage at
22°C.

Note increased osteoclasts in this

area.

Helly's Fixation.

Trichrome staining.

X350.

Fig. 5 - Photomicrograph - Cross section of coracoid
bone of the parathyroidectomized frog, after
10 hours lavage at 22°C.

One osteoclast is

surrounded by small spherules.
ation.

Trichrome staining.

Helly's Fix¬

X350.
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Pig. 6 - Photomicrograph - Osteoclasts of the frog after
10 hours lavage at 22°C.
appearance.

Cytoplasm has frothy

Cytoplasm is stretched to a near¬

by bone spicule.

Oil immersion.

X340.

Pig. 7 - Photomicrograph - Three osteoclasts are seen.
The filamentous fringes of the cytoplasm can
be seen at the periphery of the cell,

Some

of the fringes seem in close relation to the
cartilage surface.

Oil immersion,

X840,

Fig. 8 - Photomicrograph - The osteoclasts - One shows
a smooth ovoid contour, and the other is
fringed or branched.

Oil immersion,

X840.
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Pig, 9 - Photomicrograph - Frog parathyroid.
animal.

Central area of the gland.

Normal
At the

upper right corner, a capillary is seen.
Bouin's Fixation.

Et & E staining.

X350.

Fig. 10 - Photomicrograph - The parathyroid gland of
the frog after 10 hours lavage at 22°C (during
July).

Note darker spindle-shaped nuclei of

the parenchymal cells.

The thick connective

tissue capsule and a blood vessel at the stabcapsular area are seen,
H £e E staining,

X350

Bouin's Fixation,
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Pig. 11 - Photomicrograph - One of the degenerating
glands of the frog.

At the center of the

gland, the parenchymal cells are replaced
by a space in which eosinophilic granular
material is observed.
H & E staining.

Bouin's Fixation.

X350.

Fig. 12 - Photomicrograph - The frog parathyroid.

A

discreet space is present within the gland.
No materials were observed in the prepared
section, except for some strands of faintly
eosin-stained material which is shown in the
picture.
X350

Bouin's Fixation,

H & E staining.
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Pig, 13 - Photomicrograph - A colloid-like material is
found in the space of the frog parathyroid.
At the upper left, the connective tissue cap¬
sule and connective tissue trabeculae are
seen extending toward the glandular area.
dilated capillary is seen,
H & E staining.

A

Bouin's Fixation.

X350.

Fig. 14 - Photomicrograph - The frog parathyroid.
mitotic figures are shown.

Two

Some parenchymal

cells appear to be in the process of degener¬
ation,

Oil immersion.

X840
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