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CHAPTER 1
» ,£» * « g ; '' ■ ' ' ' '

French physiologist Claude Bernard (1813-1878) was the first in

vestigator to recognize that the composition of the fluids bathing 

the cell3 of the multicellular organisms must be controlled. He pro- 

posed that the stability of this internal environment, which he termed 

the milieu organique interieur. gave the body a degree of functional 

freedom from the variability of the external one, the milieu cosmique 

,y-biant. The internal environment must be both stable and capable

of dynamic change in response to fluctuating concentrations of ions.

It is the ability of an organism to respond to changes in its environ-
. A} A,, ’ : < ‘ ; i- ' r. ■: ■■ h £

ment that, is the concern of modern biology. Response is brought 

about by the coordinated activities of two major systems: the endo- 

crine system and the autonomic nervous system.

The first chapter of this paper is concerned with presenting a 

brief understanding of the mechanisms of endocrine control both 

intracellularly and systemically. The discussion will center around 

the particular endocrine systems that regulate the concentrations of 

the divalent cation Ca++.

In order to describe how endocrine systems are organized, it is 

necessary first to introduce certain concepts which have been borrowed 

from the field of systems analysis. The first concept is that of

^Robert Williams, (ed.), Textbook of Endocrinology. Saunders 
Book Company. (1968).
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negative feedback

Figure 1.

When X Increases A increases 
leading to an increase in B, 
but as B increases it leads 
to a decrease in A. Thus the 
feedback from B will negate 
the Increase in A.

- -' • •

The most important feature of a feedback system is that the input to 

the system is usually a concentration and the output is a rate of 

change of concentration. Input would be a hormone secreted by one of 

the endocrine glands and output would be a rate of change in the 

internal environment. As will be discussed in Chapter 2 of this paper, 

the ability to discern this rate of change constitutes in the researcher 

the ability to suggest the presence of endocrine control.

Endocrine control is manifested through the actions of hormones 

on target tissues. Mammalian hormones are of three classes: steroid,

'polypeptide and amines. Essentially these hormones are chemical 

messengers released from endocrine glands to the blood stream and 

carried to tissues which show a specific chemical response. Tissue 

response to a hormone can be considered in three ways: its function, 

its effect and its action. Function is the interpretation one gives

2
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■ to the purpose of a hormone. Thus the function of insulin is either 

to regulate the level of blood glucose or to store energy-yi aldi ng

■substrate in the form of fat or glycogen in times of carbohydrate 

excess. Hormonal effects describe specific measurable and repro

ducible phenomena which are observed when the hormone is administered. 

The effects represent the body of facts that must be accounted for 

in any formulation of the precise mechanism of action of a particular 

hormone. Action is the mechanism by which a hormone interacts with 

a specific subcellular receptor. These subcellular receptors are 

considered the sites of action and they include: plasma membranes, 

mitochondrial membranes, lysozome membranes, genes, enzymes and 

ions.

In particular this paper is concerned with the mechanism of 

action of hormones on subcellular receptor sites of bone cells. It 

is expedient to consider the morphology and physiology of bone.

On a dry-weight basis bone consists of 65-70 per cent inorganic 

crystals of hydroxyapatite. _

HYDROXYAPATITE J

The remaining 30 per cent organic matrix is chiefly collagen.

Throughout the life of the hydroxyapatite crystals all of its 

chemical reactions involve the transfer of ions across the crystal 

solution interface. It seems likely that certain ions, such as Na+, 

can replace Ca*4 on the surface of the crystal but not in its interior. 

In the living organism the crystals are exposed to a solution of many 

different ions. Some of these can penetrate to the ion layer on the

^Ibi'd. . p. "864.
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crystal surface, others can replace ions in the interior of the 
cyrstal. These ion exchange reactions Jccount for the observed varia

bility in the composition of bone mineral and explain the fact that 

changes in the concentration! of the hydrogen ions, bicarbonate ions 

or sodium ions in the extracellular fluid are buffered by exchanges 

with the bone crystals.

Collagen matrix is a protein made up of chiefly glycine, proline 

and hydroxyproline. The matrix is in the form of fibrils that are 

composed of three helical polypeptide strands.

Figure 2.

Collagen macromolecule 
of length 2900 A.
”D” is period of native 
collagen fibril 
Overlap is .4 D and 
Gap is ,6 D

Tetruska-Hodge subunit model of collagen. 
Black rectangles represent the holes 
between separate collagen molecules and 
are presumed sites of mineralization. The 
model Implies that the mechanical properties 
of bone are determined by location of mineral 
in the matrix. Bone shhpe and size are 
determihed by the three dimensional con- 
-figuration of the matrix which is fixed by 
strong chemical bonds tying the fibrils 
together.5

R.A. Robinson, ” Bone Matrix and Some Remarks on a 
Method of Investigation", Tumors of Bone and Soft Tissue 
Year Book Medical Publishers , Houston (1965)



Bone is always laid down in an area previously occupied by some 

less highly specialized member of the connective-tissue family.^ New 

bone is initiated by a surface layer of osteoblast cell3. These are 

the cells that synthesize and extrude molecules of fibrous protein 

Collagen. As the osteoblasts complete their function of producing 

collagen they are entrapped in the fibrils of the matrix and are 

continually overlaid by new osteoblasts. The fibrous material form

ed is a framework in which calcium salts are deposited. This calcium 

arrives at the site of osteoblast activity in the blood stream where 

it is carried in soluble form. Vitamins facilitate the extraction

by the osteoblasts of the calcium from the blood stream, and their 

deposition in insoluble form*as part of the bone matrix.5 Absence 

of Vitamin D results in calcium deficient bone matrix.

Extensive ossification of a fibril results in the formation of

trabecula. Continued activity of osteoblasts serves to thicken the 

trabecula and eventually envelope the osteoblast cell. An osteoblast 

cell buried under layers of ossifying fibrils becomes an osteocyte 

cell. These cells occupy open spaces (lacuna) and send out cytoplasmic 

processes which connect with other osteocytes. Fully formed bone 

matrix is covered by a film of fluid topped by a layer of osteoblast 

cells. These cells, together with the underlying osteocytes regulate 

the flow of ions between the blood plasma and fluids bathing the bone.

The physiology of bone can be most clearly expressed through di

agrammatic representations of autoradiographic and microradiographic

studies.

^•Bradley M. Patten, Foundations of Embryology. (McGraw-Hill, Inc.), 
1964, p. 340.

5Ibid.. p. 343.
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Figure 3.

A schematic representation of a mature 
haversion system following Ca45 injection. 
Initially a resorption cavity forms a tunnel 
through a section of primary endochondrial 
or membranous bone. This is a response to 
parathyroid hormone and results in removal 
of minerals from the matrix. This resorption 
ceases after several months and new collagen 
is produced at the outer periphery of the 
resorption cavity. This process proceeds 
toward the middle of the cavity making the 
haversion canal progressively smaller.

The initial mineral crystals appear 
at specific sites in the elaborates collagen 
matrix. As the graph shows, 75$ of the collagen 
has become mineralized within a few dayB.g

Robert Williams, (ed.), Textbook of Endocrinology 
'Book Company. (1968) p. 961

Saunders
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Once the bone matrix has accumulated sufficient amounts of minerals 

to display form and rigidity, active resorption occurs. Ion concentra

tion in the circulating fliud remains in chemical equilibrium with ions 

in bone. This equilibrium is maintained by the buffering activity of 

the ions in bone. High concentrations of plasma calcium are decreased 

when Ca++ enters the bone matrix, conversely plasma low in calcium 

ions will receive additional ions from the bone. This ion exchange 

in response to fluxuations in concentration is under hormonal control.

It was noted above that the extraction of soluble calcium from;
I,’-'i. ■■ ■ *'•

the blood by osteoblast cells is dependent on the presence of Vitamin 

D. Two other hormones act in conjunction with this vitamin to maintain 

calcium homeostasis in an Organism. These hormones are parathyroid 

hormone and thyrocalcitonin (calcitonin). To integrate the roles of 

these three hormones it is beneficial to consider calcium itself.

In the adult there is 9.5 - .03mg/l00ml (referred to as mg per

cent) of calcium in blood plasma. This calcium exists chiefly in the
7

ionized form. It is this form that regulates biological processes 

and increased or decreased amounts of the ion in plasma result in 

systemic disorders. Dynamic exchange of bone calcium with blood plasma 

calcium occurs throughout life, however this exchange does not elevate 

nor does it decrease plasma levels of calcium. Levels above llmg per 

cent and below 9.0mg per cent are manifestations of abnormal hormonal 

control and a prelude to fundamental systemic disorder.

Calcium control occurs in the intestine, kidney tubules, sweat 

glands, mammary glands and bone. Hormones monitor calcium uptake and

7
Robert Williams, (ed.), Textbook of Endocrinology. Saunders 

Book Company. (1968) p. 964.
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absorption by interacting with receptor sites in cells of these tis

sues. For example vitamin D is now generally considered to act 

directly with the membranes of intestine cells.It is also known 

that animals on calcium deficient diets can exhibit hypercalcemia 

when injected with large doses of vitamin D. 9 This suggests that the 

site of action of the vitamin is on bone, the only source of calcium

, remaining in low calcium diets. The hypercalcemia in these experi

ments with low calcium diets is completely blocked when actinomycin 

D is administered with the large doses of vitamin D. ^Deductive 

reasoning indicates that vitamin D may interact directly with chroma-

,tin material to synthesize proteins needed in a calcium transport 

system. The actinomycin D wpuld block this protein biosynthesis.

This line of reasoning possibly could be extrapolated to include 

osteoblast cell dependence on vitamin D for uptake of soluble plasma 

calcium in formation of bone matrix. This line of reasoning remains 

sound until a second hormone is considered. Parathyroid hormone and 

vitamin D have a mutual dependence. Bone matrix cannot be resorbed 

by vitamin D injection (if indeed this is the effect of vitamin D) 

in the absence of parathyroid hormone. Therefore the inhibiting 

action of actinomycin D could be directed against protein biosynthesis 

stimulated by the action of parathyroid hormone on chromatin material.

g
■A. ,W. Norman, "Actinomycin D and the Response to Vitamin D" 

Science. July, 1965. 149: 184.
Q

■ J. Elwood Zull, et al. "Actinomycin D Inhibition of Vitamin D 
Action," Science. July, 1965. 149: 182.

10 Ibid., p. 183.

8
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Bone resorption is brought about by specialized cells, osteoclasts. 

Available histological evidence indicates that these cells have arisen 

from other types of bone cells (osteocytes) and that the action of 

parathyroid hormone upon bone cells may be that of initiating differen-
IP

tiation of osteocytes to become osteoclasts.

Three hormones interact to control calcium homeostasis, vitamin 

D, parathyroid hormone and calcitonin. Calcitonin is a newly discover- 

ed hormone (1961) that induces hypocalcemia when injected in large 

doses. A consideration of the site and mechanism of action of this 

hormone, contrasted to those of vitamin D and parathyroid hormone, 

may be beneficial in resolving the above conflicting reports.

ftl

V' '

11 P.J. Gaillord, in The Parathyroids. R.O. Greep and R.V. Talmage 
(ed3.) (Thomas, Springfield, Ill.,) 1961, p. 20.

12.
Howard Rasmussen, et al. ’’Actinomycin D and the Response to 

Parathyroid Hormone,” Science. May, 1964, 144: 1020.
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CHAPTER 2

....

The discovery o£ the hormone calcitonin grew out of questions 

!<. regarding the constant regulation of calcium levels in the blood, 

h The role and possible mode of action of parathyroid hormone and
:1 ' ''' ‘ ' ■/ : h ' ■

Vitamin D in this homeostasis have been considered in the first 

chapter. However it is interesting to note that researchers could 

not fully attribute the control of calcium homeostasis to the nega

tive feedback action of parathyroid hormone. The fact that the 

plasma calcium levels decreased slowly following removal of the

< v parathyroid glands and increased rapidly upon administration of
Oil

parathyroid extract led Dr. D, H. Copp of the University of British 

Columbia to conduct a series of experiments in 1961.-L

Originally the dog thyroid gland was perfused with high calcium 

blood followed by analysis of plasma calcium levels. Calcium levels

f T fell |mg per cent every half-hour for a one hour time interval. Ana-
s®iv tomically the dog parathyroid glands are located on or in the thyroid 

glands, thus using the dog in an attempt to arrive at a definitive

■ statement about the glandular origin of the hypocalcemic factor. ... .. .
i— •' • j. ‘

■ was impossible.

The Columbian breed of sheep provided a more suitable experimental 

animal because the superior parathyroid gland is located near the upper 

end of the thymus, about 2-3 cm from the upper pole of the thyroid.

•4). H. Copp, A.G.F. Davidson, and B. A. Cheney, Proceedings of 
the Canadian Federal Biological Society, 4:17, 1961.

10
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Since it has an independent blood supply directly from the carotid 

artery, it is possible to perfuse it without simultaneous perfusion 

of the thyroid. In 1963 Dr. Copp began a series of experiments with

, this animal that would reveal the glandular origin of the hypocalcemic 

factor. The in situ experiments began with the simultaneous injec

tion of calcium and EDTA, (disodium ethylenediaminetetra-acetate, a 

chelating agent). After one hour the calcium levels remained the 

same in the plasma indicating stable plasma calcium. This control 

period was followed by perfusion of the isolated superior parathryroid 

gland with successive streams of high and low calcium blood. One

superior parathyroid gland was isolated, (right) and the left superior
• • ' ' — . ' ■

parathyroid gland was intact. The results of this experiment are re-
'O'1'ported below.c-

EFFECT OF PERFUSING SUPERIOR PARATHYROID OF ADULT SHEEP

4.,

£ .
■ at

:>-\/A
d"-

I

t \
i z

if ,

CONTROL HIGH Ca

4- —

LOW Ca

—---------tr-

HIGH Ca

TIME IN HOURS
Graph 1.

Changes in systemic plasma calcium in adult 
during perfusion of the superior parathyroid.

Ill

" r-
D. Harold Copp and K. G. Henze, ’’Parathyroid Origin of Calcitonin— 

Evidence from Perfusions of Sheep Glands.” Endocrinology, 75: A9. 196A.
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It is noted that high calcium perfusate caused systemic levels

of calcium to fall, a decrease that was much swifter than was experi- 
..1 v -.'4 ..

enced following parathyroidectomy. The rate of decrease was the clue
a • «, • •. ■ -A-* •

■mLf * 'j'-.i i’. ’ . >■ .1 . ’

that indicated the possibility that the parathyroid gland was the site 

■of production of a hypocalcemic factor, one that may be stimulated by

ihypercalceraia. Analyzing effects of parathyroidectomy also indicated 

that the tendency to ”over-componsate” following a challenge by a 

chelating agent, (EDTA), was not seen in dogs with intact parathyroid 

glands. The rationale for this experiment was based on the knowledge 

that EDTA, when infused, would render plasma hypocalcemic. When the 

infusion was ceased the hormonal response would be directed at achiev-
/■;

ing homeostasis or normal calcium levels. Parathyroidectomised animals 

would achieve calcium levels that were 1-2.5mg per cent above normal 

values. Animals with parathyroid glands intact would not "over-com-

pensate” by more than O.$mg per cent.
; 1

At the time Dr. Copp was determining that the parathyroids were

the source of the hypocalcemic factor, and naming the hormone "calci- 
A

tonin”; two researchers (Drs. Munson and Hirsch) at the University
*' ». ■ \ ■ .. -■ .

of Worth Carolina School of Medicine were investigating the possibility 

of the thyroid gland as being the true source of the hypocalcemic 

factor. Using two techniques in performing parathyroidectomies on 

rats, surgical excision and cautery, the researchers noticed that the

cautery method would invariably lead to a drop in serum calcium levels
; . . ■ r . ■' ■

much more quickly than the excision method. Here again the rate of 

change served a3 the clue indicating the presence of a hypocalcemic

^D. Harold Copp, ”A Second Hormone From the Parathyroid and Its 
Function in Regulating Blood Calcium." Yearbook of Endocrinology, 1961-62 
Series 17.

S’. F. Hirsch and Munson, P.L. Endocrinology, 73, 244 (1963)*

12



factor. However the parathyroid glands were, in this case destroyed 

by the cautery tip.

The only remaining source of hormone production wa3 the thyroid 

gland itself and it was reasoned that this was the producer of the 

hypocalcemic factor. Furthermore it must have been stimulated to 

produce such a factor by local trauma caused by the cautery tip. To 

: prove this hypothesis Dr. Hirsch and Dr. Munson applied the cautery 

tip to the thyroids of parathyroidectomized rats and observed a rapid 

onset of hypocalcemia.In addition these men demonstrated the hypo

calcemic inducing ability of thyroid gland extract in the presence and 

absence of the parathyroid glands.This thyroid gland extract was

named "thyrocalcitonin.” Its action upon blood plasma calcium levels
•' * *
was demonstrated by various methods of calcium level determination: 

flame photometry, atomic absorption spectrometry and colorimetry.

Indeed all subfractions of plasma calcium: ionized, protein bound 

and complexed calcium fell proportionately after an injection of 

thyrocalcitonin.? It thus appeared that the glandular source of 

the hypocalcemic factor was "proven” to be from two different glands 

by two laboratories. Prior to explaining these contradictory findings 

it would be helpful to outline, from the viewpoint of comparative endo

crinology, the phylogeny of the "(thyro) calcitonin" producing glands.

Until recently very little was known of the endocrine control of

Ibid., p, 244»

&P.L. Munson, P.F. Hirsch, A.H. Tashjian Jr., and M.A. Aliaoulios, 
"Methods in Drug Evaluation." P. Mantegazza and F. Piccinini, eds., 
(Amsterdam: North-Holland Publishing Co.), pp. 467-480.

?H. Gitelman, S. Kukolj, and L.G. Welt, Clinical Research. (1965) 
13, 323.

13
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calcium metabolism in fish. In 1954 Rasquin and Rosenbloom0 suggested 

that the ultimobranchial body in fish may be the parathyroid. They 

maintained the Mexican characin, Astynax mexicanus, a bony fish, in 

complete darkness for two years. This experiment resulted in a 

demineralization and bending of the vertebral column and hypertrophy 

of the ultimobranchial body. Some changes were thought to be caused 

by the hyperactivity of a parathyroid gland, i.e., the ultimobranchial 

body. ■ , *;.■

The term ultimobranchial is used in reference to the embryonic 

origin of the gland in vertebrates.

Figure 4»

Pharyngeal pouch derivatives in Elasmobranch Fish , 

Calcitonin activity (inducing hypocalcemia) was accomplished in rat 

blood plasma with dogfish shark ultimobranchial gland extract. No
9hypocalcemia could be induced in shark blood plasma with this extract. 

The cartilagenous sharks would have no need for calcium metabolism, 

therefore the presence of calcitonin suggests that this hormone was

®P. Raaquin and. L. Rosenbloom, ’’Endocrine Imbalance and Tissue 
Hyperplasia in Teleost Maintained in Darkness.” Bulletin of American 
Museum of Natural History. (1954), 104: 363-425.

’’Parathyroid Hormone and Thyrocalcitonin”, Proceedings of the 
Third Parathyroid Conference. Roy Talmage and Leon Belanger, (eds.), 
Exerpta Medica Foundation. Oct. 16-20, 1967* P« 240.

^D. H. Copp, D. W. Cockcroft, and Y. Kueh, "Calcitonin From Ul
timobranchial Glands of Dogfish and Chicken” Journal of Experimental 

Zoology. 178: 90.

14



retained from the bony ancestors of cartilagenous fish

of the origin of calcitonin producing glands, it has not yet been

demonstrated that calcitonin regulates calcium metabolism in fish

Current concepts indicate that calcitonin acts antagonistically with

parathyroid hormone. The parathyroid gland is not found in fish

It is during the time of amphibian metamorphosis and the 3hift

from an aquatic to a terrestrial environment that the first parathy-

ymus

/ \ | xUltimob ranchlal Body
re g GarcXid Par^thyroidXAortic 

Pharyngeal Pouch derivatives in Amphibians

In addition the antagonistic action between calcitonin and parathyroid 

hormone occurs in anurans. Removal of their ultimobranchial glands 

is followed by a depletion of calcium in the '’lime-sacs” of these 

animals. These sacs are modified caudal outgrowths of endolymphatic 

sacs which extend into the vertebral canal and emerge between the

vertebrae.

During the larval phase these lime sacs develop and begin to store 

calcium as a carbonate salt which will be utilized during metamorphosis

and ossification of the skeleton. These sacs are retained in adult

anurans and serve as the prime calcium source since bone is poorly

■^Peter K. T. Pang, ’’Calcitonin and Ultimobranchial Glands in 
Fishes,” Journal of Experimental Zoology. 178: 90.

■^Douglas R. Robertson, ’’Endocrinology of Amphibian Ultimobranchial 
Glands,” Journal of Experimental Zoology. 178: 101-114.

^Ibid.. p. 101-114.
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' ■ ’ • '' . .. , ’ . ’ ' ... ' .... .: •
ossified and lacks osseous trabeculae. Loss of calcium from lime-

• '■ -sacs indicates the dependence of calcium on the ultimobranchial gland 

for retention. . '

Calcium Stores 
lime sacs

Gut

;• .Figure 6.
Diagram illustrating the sites of influence of 

the ultimobranchial gland in the adult.

Curiously enough the function of the ultimobranchial gland and 

the action of injected calcitonin in reptiles is not known at this 

time. What is known is that reptilian ultimobranchial extract causes 

hypocalcemia when it is injected into rats. Mammalian calcitonin 

cannot elicit a hypocalcemic response in blood plasma of adult rep

tiles. ’ ■

Histological studies of birds in 1970 show that during embryonic 

life of the bird the parafollicular cells, (cells found in the thyroid 

gland, cells specifically associated with the production of calcitonin) 

migrate from the neural crest of the bulbar and cervical regions.

These cells end up in the ultimobranchial body, but they are also
14found to invade the thyroid, the parathyroid and the thymus glands.

13Ibid., p. 101-114.

^Leonard F. Belanger, ’’The Ultimobranchial Gland of Bird3 and the 
Effects of Nutritional Variations,” Journal of Experimental Zoology. 178: 126



; It is in birds, phylogenetically that calcitonin shows a direct 

action on bone. Low calcium diets result in a lowering of plasma 

calcium levels which activates the parathyroid gland to produce excessive 

amounts of parathyroid hormone. This diet, when followed for three 

weeks can stimulate sufficient amounts of parathyroid hormone to 

effect morphological changes on the tibia bone. Specifically the mi

croscopic study of tibia revealed a maze of enlarged lacunae.^-’

Birds fed on high calcium diets for the same time interval showed 

enlarged trabeculae on microscopic examination. Concomitantly these 

animals"showed hypertrophy of the ultimobranchial body.^ In these 

birds the action of calcitonin is thought to be the inhibition of 

osteolysis.

The origin of calcitonin was thought to be from the parathyroid 

gland by D. H. Copp. Paul Munson and Philip Hirsch showed a hypo

calcemic factor in the thyroid gland in rats. The bird neural crest 

cell migration indicates a possibility that both glands possess 

calcitonin secreting cells. Research subsequent to these early studies 

reveal species differences, with the parathyroid gland more important

17in sheep and the thyroid gland more important in the rat, goat and pig. ' 

However at this time there is general agreement that the contribution 

from the parathyroid gland is relatively minor in comparison with the 

mammalian thyroid gland.

l5Ibid., p. 133. 

l6Ibid., p. 134.

17p. L. Munson, and P. F. Hirsch, Clinical Orthopaedics and Related 
Research. 49: 211. (1966).

•^Paul L. Munson, et al. ’’Recent Progress in Hormone Research,” 
Yearbook, 1968. (Chicago, Illinois: Medical Publishers, 1968), p. 6Q3.



Histological studies on rat thyroid gland and parathyroid gland 

further support this opinion. Rat thyroid gland cells (parafollicu

lar cells) are conspicuous microscopically due to an accumulation of 

secretory granules in their cytoplasm. Endoplasmic reticulum and the 

golgi show an active synthesizing phase in response to hypocalcemia, 

i.e., marked distention of parafollicular cells with tightly packed 

secretory granules. Hypercalcemia causes these granules to discharge 

their contents from these cells.Parathyroid gland cells do not 

show an accumulation of secretory granules. However, hypercalcemia 

will induce the appearance of many smooth vesicles in the golgi 

region.* 20 It appears that the parathyroid glands can synthesize 

small amounts of calcitonin for immediate response, while the thy-
'I . . ' '

roid glands remain the major*producer and storage site for the

hormone.

19nparathyroid Hormone and Thyrocalcitonin,” Proceedings of the 
Third Parathyroid Conference. Roy Talmage and Leon Belanger, (eds.) 
Excerpta Medica Foundation. 1967. p. 339.

20Ibid.. p. 339.
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CHAPTER 3
. "t. ; , • ' \ < •

In February of 1965 Dr. Howard Rasmussen of the University of 

Wisconsin successfully isolated and characterized a hypocalcemic 

■factor from pig thyroid extract. His method for isolation of the

. hormone paralleled an earlier procedure for preliminary purifica- 

• tion of parathyroid hormone that he had developed in 1964. The

method involves extraction of desiccated and defatted pig thyroid 

tissue with urea-cysteine-HCl and fractionation of the extract with 

organic solvents, salt and trichloroacetic acid. The biologically 

active material is precipitated from a solution by the trichloro

acetic acid. This precipitate can be freeze dried (lyophilized) 

with acetone in a vacuum. This constitutes the commercial prepara

tion of the hormone. Further purification by gel filtration, absorp

tion chromatography and starch gel electrophoresis yields a product
2

suitable for amino acid analysis.
’ -1 I;

This analysis was accomplished using ion-exchange chromatography. 

In this procedure the amino acids to be analyzed are positively charg

ed, they replace Na+ ions of a column and are held in place by electro

static forces. As the ionic strength of the resins in the column is 

increased the charged amino acids are gradually neutralized. In this 

manner acidic amino acids are removed from the resins as ionic strength

^A. Tenenhouse, C. Arnaud, and H. Rasmussen, ’’The Isolation and 
Characterization of Thyrocalcitonin,” Proceedings of the National 
Academy of Science, U.S. 53, 818, (1965).

2Ibid.. p. 819.
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increases, eventually neutrally charged and basic amino acids -will be

removed. Collection analysis of the fractions removed will determine

relative amounts of each amino acid present.

Amino acid sequence of calcitonin was determined in 1968 by Dr.
3

of the National Health Institute. In his analysis Dr. 

used the Edman reagent (phenylisothiocyonate) for deter- 

the N-terminus of the polypeptide (amino acid terminus).

This reagent reacts with the free «(-amino group to yield phenylthio- 

carbomyl peptide.

M ~ C-

J. T. Potts

Potts first

mination of

£ t t

Adding acid to this product results in cyclization producing phehylthio- 

hydantoin of the N-terminus and a new N-terminal Amino acid.

oZ/
Following determination of N-terminal amino acids, the hydrolytic

.enzymes trypsin and chymotrypsin were used to cleave bonds between 

strong basic groups or aromatic groups. By analyzing the polypeptide 

subfragments using this method the amino acid sequence could be deter

mined. Dr. Potts identified thyrocalcitonin as a single chain poly

peptide compound of thirty-two amino acids.

3
J. T. Potts, et al., ’’The Amino Acid Sequence of Porcine Thyro- 

calcitonin,” Proceedings of the National Academy of Science. April, 1968 
59: 1321.
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CHAPTER 4

A possible mode of action of parathyroid hormone has been outlined 

in Chapter 1 of this paper. In considering the action of calcitonin 

it is necessary to describe conditions which stimulate the secretion . 

of the Jiormone and the specific site of action. In addition some 

suggestions will be made concerning interactions of parathyroid

hormone and calcitonin at the site of action.

Roy Talmage of Rice University examined possible mechanisms that 

would stimulate the secretion of calcitonin.'1' Realizing that assay 

methods were not sensitive enough to detect levels of calcitonin in 

animals with normal calcium concentrations in their blood, Talmage 

relied on detectable differences in calcium parameters in rats with 

and without thyroid and parathyroid glands. In addition rats were 

given radioactive strontium-85 seven to nine days prior to a gastric 

lavage technique. The rationale for this experiment is based on the 

fact that strontium would become located in bone matrix. Gastric

lavage could allow the experimenter to control the transfer of 

calcium into the animal. Precise control of calcium from 0.3 mg per 

hour to 3.0 mg per hour was obtained. The results of these experiments 

are represented in the graph below.

&

^Roy V. Talmage, ’’Parathyroid Hormone and Thyrocalcitonin,” P£fi.- 
needings of the Third Parathyroid Conference. (Montreal, Canada) Oct., 19o7 
p. 203•
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Fluids containing 12 mg of calcium per 100 milliliters of water

were used. This allowed Talmage to increase the plasma calcium con

centrations of the animals 0.2-0.3 mg per hour. The starting concentra

tion of the animals was 7.0 mg per 100 ml. of blood, these test animals 

had 10 mg per 100 ml. at the termination of the experiment. Calcium 

levels showed no difference in rate of rise indicating that the in

coming calcium was met at the beginning and the end of the experiment 

by a constant supply of calcitonin. It was suggested by Talmage that 

calcitonin ia always present to a degree in the blood regardless of 

the plasma calcium levels. A most important discovery in this experi

ment was the removal of tagged strontium from bone matrix in thyroid- 

ectomized animals. This strontium was retained in thyroparathyroidecto- 

mized animals and in control animals with intact thyroids. It appears

2Ibid.. p. 206.
i ‘ ,;V :!

T~~'
22



V strontium
lit'/;
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I Listed in
i, i" I
i mone. It

'■ that the action of thyrocalcitonin is to suppress the removal of

from bone matrix,

experiment indicated the antagonistic effect of calcitonin. 

Chapter 1 are the many possible sites of action of a hor- 

occured to me that the direct antagonistic effect of cal

citonin may be working at the proposed site of action of parathyroid 
3hormone, i.e,, chromatin material of osteocyte cells. If calcitonin 

activity is ongoing in an organism as Roy Talmage suggests, then any 

agent that would interfere with its action on chromatin material 

would be seen as an interference in calcitonins ability to induce 

hypocalcemia. With this thought as a working hypothesis the experi

mental work of my thesis wa3 planned.

r -v > " i’r'

•^Howard Rasmussen and Maurice Pechet, ’’Calcitonin,” Scientific 
American. 223: 46, (1970).

R f 'V: r
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; Design for Test I

•; The experimental design was based on similar methods used by Dr.

Rasmussen in his analysis of the effects of actinomycin D on the action 

of parathyroid hormone.^ Male rats from the Sasco Rat Company (Omaha, 

Nebraska) were obtained when they were three weeks old. The age of 

these rats during the test period was specified in research reports
■ * Q

of Dr. Hirsch. Maximum response to calcitonin injection occurs 

between the seventh and twelfth weeks of life. Average weight of the 

animals was 220 grams at the time of the first test and 260 grams at 

the conclusion of the experiments. The animals were fed on Purina 

Rat Chow for the duration of the experiment.

The first experiment was intended to test the activity of por-

' cine calcitonin obtained from the Armour Pharmaceutical Company. (Kan- 

; kakee, Ill.). The calcitonin was lyophilized and was reconstituted

for injection by a gelatin diluent. Calcitonin is measured in arbitrary
1• f'.- x -7'?’■ .J:'.' ; *

”MRG” units and each vial supplied by the Armour Company contained
: 7

160 MRC units. Reconstitution required 10 cubic centimeters (cc.) of 

diluent, the strength was then 16 MRC units per cc.

■^•Howard Rasmussen, et al., ’’Actinomycin D and the Response to 
Parathyroid Hormone,” Science. May, 1964. 144: 1019.

2P. F. Hirsch, G. F. Gauthier, and P. L. Munson, Endocrinology. 
J (1963). 73, 244.

■ R •' ' ' ' , ■ ;■ '
t ■ , ' It
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Test 1

Date; 16 March 1972

Procedure: Withdraw 1 cc. of blood from each of 10 rats us
ing cardiac puncture technique with a J” 26 guage 
needle. Inject intraperitoneally 0.50 cc.ts of 
porcine calcitonin to 8 rats, (8 MRC units). In
ject 0.5 cc.fs of gelatin diluent into two rats 
as a control. After a one hour time interval one 
cc. of blood was again withdrawn from the heart. 
All blood was centrifuged at 3000 R.P.M. for 
five minutes and serum was drawn from the cen
trifuge tube and placed in a 12x75mm test tube. 
Calcium level determination was done on a Tech- 
nicon Auto Analyzer, (Technicon Inc., Chauncey, 
N.Y.).

Results;

Mg per cent Calcium
BEFORE 8 MRC units of Calcitonin

Rat # 1 10.2
2 10.1
3 9.2
A 10.8
5 10.6
6 10.1
7 8.7
8 8.6

Mg per cent Calcium
AFTER 8 MRC units of Calcitonin

..X : '-'••’-J'?'--yJr..:
Not readable •
6.9 . '• t ■
5.6 ■ f. »
Not readable
Not readable
7.1
8.1
9.1 i • ‘

Controls:

Before 0.5cc 
of Gelatin

Rat # 1 10.1 mg per cent
2 10.2 mg per cent

After 1 hour

10.1 mg per cent
10.2 mg per cent

Discussion of the First Test—— . * , .

Of the eight animals tested only five could be analyzed for before 

and after calcium level determinations. Rats in this first test that 

could not be studied showed extensive hemolysis in the blood sample 

indicating the need for a smaller guage needle.
3

The Wilcoxan Nonparametric Test for comparing two samples was used.

■^C. I. Bliss, Statistics in Biology. McGraw-Hill Book Company'^ (1967) 
p. 225.
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In this test the N observations in the two groups are arranged in a ^4,

single ordered series and numbered from one to N in the order either 

of increasing or decreasing size. If the two samples are equal in size

and, in respect to the variate, have been drawn from the same popula

tion, the sum of the ranks for each sample will have the same expecta

tions.

The number of observations in the smaller sample is designated

as N]_ and in the second sample N£. Their rank totals are Tj_ and T2

respectively.
*

For test 1 N]_ would be 5, as five tests were successful. Test 

one ranked would be:

Sg ■' -

mg per cent

6.9
5.6
7.1
8.1 
9.1

;'.7

.‘.T-W

Rank

2
1
3
4

JL
15 = TX

Tj_ is compared with the critical totals of the Wilcoxan Tables. ' If 

the observed Tj_ value is smaller than the tabular critical value at the 

five per cent or one per cent level then the null hypothesis can be 

rejected. This means that with a five per cent or a one per cent chance 

of error it can be stated that the two samples are not from the same 

population.

Test 1 Tx = 15

5 per cent level - 21.8> 15 
1 per cent level = 17.8>15

Test 1 results, according to the Wilcoxan Nonparametric Test, show with 

both a 95 per cent and a 99 per cent degree of accuracy that the levels 

of calcium in the plasma could not have come from animals randomly

mid.. p. 521.
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chosen from a population. This indicates that calcitonin -was effective 

in lowering plasma calcium levels because there was a treated and an 

untreated population.

Design for Tests II and III

The second and third tests were run on 30 March 1972 and 5 April 

1972 respectively. These tests were designed to determine if actino-

mycin D would inhibit the hypocalcemic activity of calcitonin.

Procedure: Nine rats were used in determining the inhibiting ef
fect of actinomycin D. Blood was drawn prior to in
jection of actinomycin D intraperitoneally at a 
dosage of 1 jugram per gram of body weight. This
dosage was recommended in similar experiments by
Dn RnarrmQGon 2 Ton MT7P zx-P ««T 4- tDr. Rasmussen.2-' Ten MRC units of calcitonin were
injected intraperitoneally two hours after the 
actinomycin D administration. Blood was drawn 
one hour after the calcitonin injection according 
to similar experiments.6 In addition to this pro
cedure eleven rats were given only calcitonin as 
in Test I. Two control rats were bled before 
administration of actinomycin D. These were bled 
three hours later.

Results of Actinomycin and Calcitonin

Mg per cent Ca Before 

Rat # 1
2
3
4
5
6
7
8 
9

11.0
10.3
10.3
10.7
9.4
9.2
9.4
9.2
8.8

Mg per cent Ca After 

-Rat # 1
2
3
4
5
6
7
8 
9

9.7 
8.1 
8.2 
7.9
7.8 
9.3 
8.0
7.2
8.3

Wilcoxan
Rank

9
5
6
3 
2 
8
4 
1 
7

Controls:
45 = TX

Before Actinomycin D After Actinomycin D Critical Value

Rat # 1 10.2 
2 9.8

10.1
9.8

5$ level:63745 
1% level:56.8>45

?H. Rasmussen, ’’Actinomycin D and the Response to Parathyroid Hormone,” 
Science. 144: 1019. May, 1964.

3Ibid.. p. 1020.

Rat #

i
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The Wilcoxan test shows that calcitonin was effective in the

presence of actinomycin D just as it was effective with calcitonin 

solely.

Results of Calcitonin alone in Test II and III

Eg per cent Calcium Mg per cent Calcium Wilcoxan
Before

* .
Injection After Calcitonin Injection Rank

Sat # 1 9.8 Rat # 1 9.1 10
2 10.4 2 9.6 11
3 10.3 3 8.1 5

i 4 9.7 4 5.5 1
5 10.5 5 8.8 9

..6 10.4 6 7.8 2
7 8.9 7 7.9 3
8 9.1 8 8.4 8
9 9.5 9 8.2 6

10 8.9 10 8.3 7
11 9.1 11 8.0 . 4 .

66 =
st'Wlst,

After 0.5cc. Gelatin

9.6

Before 0.5cc. Gelatin

, 9*7 

Wilcoxan Critical Value

5 per cent level 
1 per cent level

96.3 66 
87.8^ 66

The results of tests II and III using calcitonin only again show 

the activity of the hormone. There is little likelihood that the blood 

samples analyzed could have all come from the same randomly chosen 

population.

As a final test in discerning the effects of actinomycin D on 

the hypocalcemic activity of calcitonin the blood samples taken after 

actinomycin D treatment were compared with blood drawn after calctionin 

injection. To test for significant differences in these two samples 

the Student t-distribution, small sample method was used.7

7
Henry Q. Adler and Edward 

and Statistics. (San Francisco:
B. Roessler, Introduction to Probability 

W. H. Freeman and Company, 1968), p. 1
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The two variables were X and Y standing for results of the

calcitonin and the calcitonin plus actinomycin D tests respectively.

The formula used was: _
D - md

t = S3

■'Which satisfies the Students t-distribution with n-1 degrees of free

dom, where

■ The subscript d in Sd indicates that a population of differences 
<•

is being dealt with and D ~ x - y. Of the eleven samples in the

calcitonin test, (x), nine were randomly selected andpaired with the

nine samples from the calcitonin plus actonomycin D test (y). To

determine whether two sample means from paired populations differ

significantly the hypothesis was established that the two populations

have identical means in which case:

md = ^_D - - y) = £x = - 0
N M NN

and calculate the probability of obtaining from two such populations 

; a pair of samples for which the value of D exceeds (in absolute value) 

• that obtained in the experiment.

' < Results;

_ Pair X Y D = x - y D-D (D - D)2
I

1 9.1 9.7 -0.6 - .77 .5929i 2 9.6 8.1 +1.5 +1.33 1.7689
| 3 • 8.1 8.2 -0.1 -0.27 .0729
4 8.8 7.9 +0.9 +0.73 .5329

5 7.8 7.8 +0.0 -0.1? .0289
6 7.9 9.3 -1.5 -1.67 2.7889

K;;,+ 7 8.4 8.0 +0.4 +0.23 .0529
8 8.2 7.2 +1.0 +0.83 .6889

. 9 8.3 8.3 +0.0 -0.17 .0289
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f'-; F;
Sd

t

. *»<

8195

= .3017

BP -

— 9(D - D)2 - 6.5561

■sT

.90527 and Sd = Sd\rr

.17 - o = .5647
.3017

•t

•90527
~Sl9~

AC. •'

tilS

7? for eight degrees of freedom (n - l) the t.gc -- 2.306 . 2.306} .5647
’ • — — - — tf'.X V — X_ T _ X -I amM am a m aX a 4 /•.vx•? -Pn z% a v»X ”1 -rr /4*$ PP£*y*ov»4*

It

i? meaning^the two populations are not significantly different

Discussion:

f! ;•< -<

A "From the results of the Student t-distribution, considering the size 

of the sample, it is evident that actinomycin D had no effect on the

hypocalcemic effect of calcitonin after one hour. Certainly larger

sample size and a more accurate measurement of the activity of actino-
. ■’F'i

mycin D would lead to more definite results and a more definitive

• ; statement. The only test conducted to determine the activity of
* -If .*
actinomycin D was that the inhibitory influence of the drug on pro- 

’ tein synthesis would probably be lethal. The control animals and

test animals who received the drug died within 15 hours. They were

the only animals who died during the experiment.
V' ■
i$'; 
11'
'■■■' ..

?-i *

F' ’At I: ,
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CHAPTER 6

In making some concluding remarks I would like to review a defini

tion presented in the first chapter of this paper. Hormonal effects 

describe specific measurable and reproducible phenomena which are 

observed when the hormone is administered. In this paper I have 

presented a discussion of the effects of calcitonin on calcium levels 

in blood plasma. Contrasting the effects of parathyroid hormone to 

calcitonin I hypothesized that an inhibitor of parathyroid hormone 

action may also inhibit calcitonin action.

Hormones can effect many different subcellular sites. The experi

ments. were to determine if calcitonin may have its site of action on 

chromatin material of the bone cells, (osteocytes). The possibility 

that hormones can and do act directly on chromatin material has re

cently been clarified by a group of researchers at Vanderbilt Univer

sity.^ Bert O’Malley, Thomas Spelsberg, William Schrader, Frank 

Chiytil and Alan Steggles of that University found evidence that in 

the cell of the chick’s oviduct the hormone progesterone is bound 

to a receptor molecule of protein in the cytoplasm of the target 

cell. The hormone-receptor complex then moves into the nucleus of 

the cell, where it becomes associated with chromatin.

■'"’’Science and the Citizen,” Scientific American. 226: 42,
March, 1972.

' ' ■ ■ i ' ■ ■ * * • - ' •
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The failure of actinomycin D to prevent a drop in the blood calcium 

levels of rats suggests that calcitonin has another site of action 

other than chromatin material. Again the variables of the experiment 

as mentioned in the discussion are to be considered.
JKx,7.' V-

Hormones act on many other subcellular sites and subsequently 

other theories of the mode of action of parathyroid hormone and cal- 

citonin have been suggested. I would, in conclusion, like to present 

ope such theory based on evidence recently gathered from new experi- 

ments. The theory belongs to Howard Rasmussen.

Dr. Rasmussen believes that the primary site of action ofpara-
■ 1 ; 1 ■ ■ .. ■ ■

thyroid hormone is on the cell membrane. This action alters membrane 'f '*

permeability and increases the calcium uptake by the cell from the 

extra cellular space. At the same time the hormone activates adenyl 

cyclase, an enzyme in the membrane. Adenyl cyclase acts on adenosine 

triphosphate (ATP) to produce cyclic AMP (3’5T adenosine monophosphate). 

It has been shown that the hormone noradrenoline alters K+ efflux and 

stimulates synthesis of cyclic AMP in liver cells.' In addition Q. R. 

Chase and G. P. Aurbach of the National Institutes of Health noted 

an increased content of cyclic AMP in the urine of rats given parathyroid 

hormone/1' Increased amounts of cyclic AMP are known to increase the 

amount of calcium mobilization.This mobilized calcium remains in

2
H. Rasmussen, and Maurice M. Pechet, ’'Calcitonin,” Scientific 

American. 223: 42. October 1970.

'Robert Williams, (ed.), Textbook of Endocrinology. Saunders Book 
Company, (1968), p. 15.

St. Rasmussen and Maurice M. Pechet, ’’Calcitonin,” Scientific 
American. 223: 48. October 1970.

^H. Wells, and W. Lloyd, "Possible Involvement of Cyclic AMP in 
the Actions of thyrocalcitonin and parathyroid Hormone,” Proceedings 
of the Third Parathyroid Conference. (Roy Talmage, ed.) p. 332,
October 1967.
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the cytoplasm and moves into the mitochondria and other organelles. At 

the same time calcium continues to flow from the organelles to the 

cytoplasm. The changes in concentration of the calcium in the cyto

plasm activates the cell to begin resorbing the surrounding bone 

matrix. Calcitonin activity is simply to act as a ’’calcium pump” to 

maintain the intracellular level of calcium preventing the activation

of the cell to osteolytic activity.<r«
1 believe this theory accounts for many new variables such as 

the fact that increased amounts of AMP are found in urine after para

thyroid injection. It could also account for the fact that actinomycin 

D appeared to have no effect on calcitonin activity. Actinomycin D 

would not affect the activity of parathyroid hormone in this scheme 

either. Rasmussen, unfortunately for this paper, makes no attempt to 

integrate the role of vitamin D in this hypothesis.
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