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ABSTRACT
v 4

'
- \

Radloautography was employed to visualize the in \)»Lvo b1nd1ng of rcalt
c1ton1n to rece?tors in rat tlssueé Two minutes following 1ntravenous inj ec~

1251 salmon ca1c1tonm free horméne was Sepa-

tion of blologlcally active
rated from bound hormone by 1ntracard1ac perfusmn w1th lactated Ringer's
followed by fixation with 2.5% glutaraldehyde. Various tlssues were Temo-
ved and processed for light and electron microscope radioautography. ‘These
were compared to tlssues removed from animals which received 1dent1ca}a amounts
of ].ab’e/Qd hormone w1th a large excess of unlabeled calcitonin. Among the
tissues 1nvest1gated "kidney, bone and brain demonstrated -labellng

In kidney, most silver grains were hocated over ve51c1es below the
‘ brush border of cells of the prex1ma1 convoluted tubules. These grains were
‘st111 present after smultaneous injection of ‘excess unlabeled hormone and
most likely represented low affinity nonspecific -binding to sites 1nv01ved

with ingestion and degradation of hormone from the urinary filtrate. In e

contrgst,‘;'grains localized to the basal surfdces of the ascending thick limb

of the' loop of Henle and the distal convoluted tubule cells mere significan-
tly sreduced in number in coiftrol iniinals and ‘represented high affinity, spe-
cific binding sites for the hor;none. In bone, specific binding sites were
found all over the cytoplasmic” membrane’ of the osteoclasts but not on the
ruffled bo;‘der These labeled cells were docated at resorption sited exami-
ned in calvaria, in alveolar bone, and at the metaphyseal surfaces of the
epiphyseal plate of the humerus and tibia. Spec1f1c binding sites for the -
lhormone wére also found in t'he silbforni,cal organ of the brain; a site of
binding not previously reported in the literature. This demonstration of
the locallzatlon of I calcitonin (n s4{u provides a. new and sen51t1ve
approach forstudying the interaction of -calgium regulatlhg hormones with
their target cells. ' - ~ . .
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“1'animal de contrdle auquél on avait injeeté une quantité identique d'hor-

N ' TIRE A PART

i S .
‘Nous avons utilisé. la logique de 1'essai ;;our sites de 1iaisgr; de
haute spécificité et les techniques radioautographiques afin.-de visua-
\1i’ser 1§s récepteurs de calcitonine dans les tissus du rat. Deux minu-
tes aprés 1'injection intraveineuse de 1'hormone marquée & 1'iode 12%,
¢ 'hormone non-liée a 6té séparéde de 1'hormone lide aux tissus par une
Iii rfusion intracardiaque amorc&e avec une solution de Ringer suivie par “
1a solution fixative. Les tissus d'int&r@t ont &t€ disséqués et prepa-
r@is pour la radloautographle au mlcroscope optique et &lectronique. Les

\

radiocautographies obtenues de ces tissus ont &té comparées 3 celles de

mone marquée, mélangée 4 un excé&s d'hormone non-marquée, de telle fagon

que dans cet animal il y ait compétition entre 1'hormone mayquée et 1Mhor- -
x;\one non-marquée pour la liaison d?s récepteurs de haute affinité,

Dans.le rein, la ‘plupq:rt des grains' radioautographiques sont situés .
au-dessus des vacuoles juste sous la bordure en brosse des cellules des
t'ubeqs contournés proximaux Puisque ces grains n'ont pas &té I:éduits en
nombre par l1'injection 51mu1tanee d'un excds de 1'hormone non-marquée dans
* 1'animal' de contrble, ils representent probablemeng‘é‘des sites de liaison
“de basse affinité d'ingestion et dé dégradation de l'horrgone provenant du
filtrat glomérulaire. Au contraire, les grains que 1'on a,observés sur la .
surface basale des tubes contournés distaux ont E&té réduits en nombre de
maniére significative dans 1'animal de contrfle” et représentent donc des
sites de liaison-de haute affinités Dans les tissus bsseux les sites
de liaison de haute affinité et spécificité ont &té 1ocallses sur la mem-
brane cytoplasmique de 1'ostéoclaste. Les grains radioautpgraphiques ne o
se trouvent pas associfs 3 la membrane cytoplasmlque de 1l'ostéoclaste’ ‘for— .
mant la bordure strige. %‘malement, des sites de haute affinité ont &té

‘ ' f
démontré¢ dans 1'organe subfornical du cerveaw. i .
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INTRODUCTION

4

o

The body, througli itg endocrine system, communicates information .

- between cells. The endocrine cells release their messages into the bload

stream, which delivers them indiscriminately to target and non-target tis-

T

sues. The target cells contain specialized molecules,called receptors, that

bind the hormone and subsequently mediate its cellular action. The Técep-
’ /

tors vary in their cellular localization, in the post-binding transfer of

-

. ¥ . .
information, and in the particular hormone they recognize. There are three

They may also contain carbohydrates.

types of hormone receptors: 1. for polypeptide hormones, catech‘ofanfﬁ%es‘,

°

and releasing factors, the specific receptors are on the external,surface

of the plasma membrane of the target cells, 2. for steroid hormones the re-
‘ceptors are found initially in the soluble intracellular compartment ;>f the
cells, 3. for thyroid hormone.;; the intracedlular bindin}g sites are found in

the chromatin of the target cells,

- °e 9

POLYPEPTIDE HORMONE RECEPTOR
R ; . .
The type of receptor of concern in this investigation is the fjec%ptor
fJ

hLe on

for pelypeptide hormones. As previously mentioned, these recepto
the cell membrane (Cuatrecasas and Hollenbery, 1976 ), and the binding
site is located on the outside aspect of the cell membrane. The receptoxs,

have also been found in a number of subcellular fractions such as Golgi

fraction (Bergeronet al,1978), and nucleus (Goldfine et al., 1976). They
L]

are predominantly proteins and are intimately associated with membrane libids._

b
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o
°

( ' ' It has been demonstrated that, in certain cases, the interaction of

peptidide hormone with the xeceptor results in activation of adenylate

)

&

!

o cyclase, a membrane bound enzyme which stimulates \the conversion of ATP

. - to adenosine - 3',5' .- monophosphate. The latter serves as a second mes-

[N o

senger 1n a sequence of events, still to be clarified, which ultimatel®
1

4

culmiriates in the appropriate celalular response. In that sequence of

1
~ o f -

events, the role of the receptor is to distinguish a signal given by a
particular compound from a variety of circulating molecules and to relay

,this information 1n such a way that the appropriate cellular'fesponse fol-. i
lows. To gecognize the signal, the rec‘e&:tor must show specificity, have

an affinity for the hormone and an appropriately lower affiﬁity for poten-

tially similar and misleading signals.

. 2

o RATIONALE OF THE IN VIVQ SPECIFIC BINDING DETERMINATION ©

I
3 v

Y ( . .

Affinity is a function of noh-covalent~binding which 1involves electro-
' . static interactions including hydrogen binding, hydrophobic interactions

and Van der Waals forces. ‘A simple way of considering affinity is to take

. a familiar system from basic chemistry, namely, the formation,of a product

from two reactants.

<

As a consequence, the binding of hormone(H)} with ré,ggp-

tor(R) can be simply represented as H+R k!; HR. The rate at which this

reaction proceeds is a function of the concentration of hormone [H] and ,

Teceptor [Rl, and therefore, the inHerent rTate at which the hormone combines

v

<

with its Teceptor is mathematically equal to ki [H] [R] in which case k1 is- -
. - Pz
this can be

the rate constant. The hormone binding is usually reversible;
i . . {

represented as HR “3 H+R and the rate at which this re#ction’proceeds is .

( . mathematically equal to k2[HR]. At equilibrium, the rates are egual’ aid =

I
.

P et i
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( . therefore kZEHR] is equal to kl[H][R]. The equilibrium dissociation con-
) [
stant (Kd), ¥2/k1 is equal to [H][R] / [H]. .The reciprocal is the equili-
1\ briun association constant (Ka), kl/k2 and it is equal to [ﬁRj/[HI[?I. The
Ka is also commonly refemred to as the affinity constant, and the greater
/ k\\\ this value, the higher the affinity. Another way to express the affinity

. .;'r_sﬂ'l'fising the relation Kd equals [H]B(]/[HR]. lWhen half of. the receptors avxe

occupied by the hormone, the Kd is then equal to [ﬁ] and in this case the

) -
affinity is described as the free concentration of hormone necessary to
half saturate the receptors of a given receptor preparation (Posner, 1975).

v

Therefpre, the lower the Kd value, the higher 1s the affinity.

Ve

The development of methods for separation and characterization of cellu-
lgﬁ!components, the preparation .of highly purified polypeptide hormone, and
the avaiiability of a simple procedure for iedination of hormone with high
specific activity, enabled the direct study of polypeptide hormone-receptor
interacéions. Above afﬁ, the technical' innovation developed in 1§6O by
Berson and Yallow in the radioimmunoassay field had a powerful impact on the
direct sguAy of these interactions. Alghough they never worked directly on
receptors, investigators now working with peptide hormone receptors have di-

'réctly applied the methods and technical approaches devised by them for

J radioimmunoassay (Yallo&; 1978).

B

The studies indirectly associated with the present work involve the

4_~§ZH‘EX<&0 fadioreceptor assay developed by Roth (1973). In this assay, a

~

similar amount of membrane preparation, ideally containing an equal concen-
, .

tratiop of receptors, is added to a series of tubes, together with an

o

appropriate amount of labeled hormone capablé_of binding all of the }ecep—
- ; . .

1
.

( tors present iw, the prébaratioﬂ” An excess of the unlabeled hormone which
-3 ( ‘ ‘

.

-
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competes for the limited number of receptor sites is added to half of these
. . N

tubes’ estabiishing the affinity of the hormone for tbe receptor. -In
another series of tubes containing the same membrane preparation-and the

same labeled Hormone,’structurally dissimilar cold hormones are added.

Even when present inegreat excess, these unrelated hormones cannot com-

pete with the labeled species, thus establfshing*the specificity of the

|

binding. After incubation, unbound hormone is separated from bound hormo-

ne by centrifugation or filtration of the preparation on a miilipore filter.

Quantitation of labeled hormone bound to réceptor is achieved with a liquid
0

scintillation counter and expressed in disintegrations;perlnirute (dpm). ,

In this assay, total binding is defiped as the radioactivity retained in . ~

-

the absence of excess cold hormone, and nonspecific binding as that radio- . ]'

activity retained in the presence of excess unlabeled hormone., Specific

-

binding 1s wultimately obtained by subtraction of nonspecific binding from
total binding. The rationale of the <n vitro receptor assay is the founda- Q
tion for the 4n vivo specific binding determination acheived in the present

experiments. However, instead of using two series of test tubes, containing

equal amounts of receptors, two animals of similar weight, sex and strain

‘ J .
are used.' Ideally, these rats contain the same number of receptors. The,

oy
first animal, referred to as the experimental, is injected intravenously
\ .

with an appropriafe amount of the labeled hormone; the second animal, refer-
. < .
red to as the contrqg, is injected with the same amount of radiocactive ma-

terial mixed'wi}h’ﬁgfégzggk of the cold hormone which competes with the la-

beled species for the limited number of receptor sites. The “specificity of

|

the -binding can also be demonstrated in the in vive system, where the bin-

ding “of labeled hormone will be competitively inhibited only by unlabeled

< Is
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biologically related hormone and not by unrelated molecules. In the
Ain vivo localization study, u_nbound hormone is separated by an appropriate
techmqué involving the removal of circulating m\aterial by intracardiac

perfusion initiated with a solution of lactated Ringer's. Histology and -
s N

_radioautography are used to determine the docalization of the labeled ma-

~terial. Quantitation of the labeled material is expressed as the ,ngmber of
radi(;autographic silver grains counted <;Ver histological sections of equall
thicknelss. in equal areas delimited By an ocular grid with a light ’ai;igos—

cope. In the 4in vivo specific binding determination, t}/le total binding is

defined . as the grain counf over histological sections of the tissue <\>f the
Lo ™~
+ experimental animal and the nonspecific binding is the coun% over histologi-

‘ ; »

‘“Yayll sections of the control animal. Quantitatively, the specific binding

' isNascribed to structures which show a significant degree of competition,

I3

as, oyidenced by a significantly higher experimental Vvalue than the control.

Qualitatively, specific binding occurs when silver grains are present .over .

- B ~

- . . Il

tures of the control animal. '
With the 4in vatro system the nonspecific binding rgflects either phy-
. si‘cal :adherence of labeled hormorne, or absorption to filters or test tubes
emp’loyed in the assa‘y.. ‘ In the 4n vavo system, it reflegts physiological
adherance of the labeled horm\orre at its degra&ation site and y&rp&iom

torcells’gnd intercellular spaces anywhere in the body where 7’cheycirc:ula-

o ]
H

ting labeled ,hlormone' has agcess.
) ! i

i

tissue of the experimental animal but not over identical sections and struc-

bt s




CALCITONIN |

Historical Survey

] -

In 1955, McLean .and Hasting observed that, in a normal mammalian
organism, the consténcy of the plasma calcium concentration was maiq}ai—

©

ned in spite of wide fluctuation in the intéke and excretion of this ion,
J ,

and they reéported that the level of calcium was one of nature's physiolo-

§ica1 conséants. Subsequently, 1t was shown that in the absence of the pa-

rathyroid glands the calcium level fell significantly and, as a consequence,

major attention wés diipcted towards defining the ‘relationship between this

gland and the plasma ceX¥cium concentration (Rasmusgen and Pechet, 1970).

In 1960, Sanderson, Marshall and Wilson ob§erved that, in thffoparathyréi-

dectomized dogs, there was an inability to hanJﬁé either 1ow,or high\levels

of calcium | The results obtained by Copp and his colleagues in 1961,

after they perfused the parathyr01d and the thyrd1d glands together with

blood highlin calcium, lead them to propose that a second calcium regulating

hormone existed and that it was found in the®phrathyroid, In 1963,'and 1964,

i

Hirsh and his collehgues demonstrated the presence of a hypocalcemic factor
in the thyroid gland and subsequently named it thyrocalcitonin to distin-
|
guish it from calcitonin of possible parathyr%id origin. One year latter,
¥

Foster (19L4) demonstrated the presence of calcitonin secretlng cells in

the thyroid glands. Perhaps the most conclusive experiment was made by

Care in 1965, where perfusion of the pig thyroid gland with blood containing‘

high levels of calcium produced systemic hypocalcemia. Since there was no

parathyroid tissue in the pig thyroid gland, this experiment clearly de-

b oA

S

monstrated that the factor responsible for the hypocalcemia resided in the

T R e o Ak SRR R 4 BES A MRS MY




P T L g e s ST gamar ce,

-

thyroid. Finally, it was shown that extracts of this gland produced a

v o

fal?&}n plasma calcium. ~

\ N

It was probably Baber, in 1876, who first reported the existence of

a different secreting cell in the thyroid and the extensive work of Nonide:z
. )

. ® (1932), which lead to@i;s identification, should be mentioned. In the sixties,

the calcitonin cells were identified and their secretory function well esta-

blished as the result of work involving enzymatic and immunofluorescent

rechniques(Foster et al., 1964; Bussolati et al., 1967 and 1968). The cal- ;
/ .

citonin secreting cells were named the "C" cells by Pearse (1966) to indi- .

<

cate the association of this cell with the secretion of calcitonin. They
hav% also been called the clear cells by Stux et alj (1961), because they
stain pooly with the periodic acid Schiff reaction, parafollicular cell,
mitochondrial rich cel{, protoplasmic rich cell,_ogdid cell,’basal granular
cell, basal follicblar cell and interféllicular'cell. In 1937, Godwin had
sugéested that the '"C'" cells were derivgd from the ultimoﬁranchial body'dg-

veloping from the last pair of pharangeal pouches in the developihg embryo.

During the developing process, the wultimobranchial ‘body containing the '"C"

" cells migrates to the descending thyroid. Calcitonin has also been extrac-

ted from the parathyroid gland, and the thymus (Copp and Parkes,1968), as
a consequence, it has been suggested that.not all of the "C'" cells migrate

to the thyroid. |

Structyre of Calcifonin

~

In 1968, pofcine calcitonin was isolated and the amino .acide sequence was-
determined independently by Potts et al.; Neher et al.; and Bell et ai..

This has-been subsequently acgomplished for ovine, hovine, human and salmon
2
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calcitonin. It is now possible to obtain the synthetic, biologiﬂcally ac-

tive calcitonin hormone. The molecule of salmon calcitonin used in our

.

experiment is a sfraight_ch/ain peptide of 32 residues with a proliamide

in place of a free carboxyl group at the C terminal and a disulfide bond

linking residues 1 to 7. 'It has few charged side chains, a relatively

-
'

large number of hydrophilic side chains and the overall molecule has a

R
-

1ipophi\1ic character. .Salmon calcitonin has beenreported to be 25 to
50 fold more potent in every mammalian species tested than any other

mammalian calcitonin - ‘
»
) L

e . 7

1 ‘

Action

The principale'stimulus for the secretion of calcitonin is calcium

but it can also be affected by factors such as “other hormones, antibodies,

and possibly magnesmm\ (Bell, 1970). Evidence in-

s |

dicated that the hormone may funection primarily as an emergency mechanism

to control dangerous hypercalcemid. This is suggested by the results of

experiments by Hirsh et al. (1964) where a prompt fall in both plasma cal-

cium and plasma phosphate level was registered, following the injection
or infusion of calcitonin into normal rats,

Since the lowering in serum calcium concentration could be the re-
. ' . N .
)
sult of a decreasecl!entry or an increased removal of these ions in the
»
blood,  therefore, the tissues of the body which have receiv\edthe most

attention as targets for calcitonin are bone, because it is the site of

\

function. ' o~ "

'

entrance of exogenous calcium, ane the kidney because' of its excretory

Hard tissue Mazzuoli et al. (1966), Aer (1968), and Johnston et al.

(1966), showed that calcitonin reduces the urinary excretion of radio-
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active bone tracer elements, such as 855r and Ca, previously incor-

'pérated into bone. They also reported an inhibitory effect of thyr:

il

calcitonin on calcium rel®ase in vivo and bone metabolism in vitro. y//

. - s
In 1967, MacIntyre et al. perfused a cat limb with the hypocalcemic

v

hormone and reported an arteriovenous -difference in plasma calcium
\ f T

concentration. Thé actidn of calcitonin ¢n fesorption of bone has been
-

1

further substantiiated by histologic studies carried out 'in rat and mou-
se bones by Foster et al. (1966 and 1967). I]:l their experiment, the
examination of boné tissue from animals who had received calcitonin *
AR V4v0 indicated that the hormone i\nduced morphological changes in
osteoclasts: Furthermore, the number of osté;)ciasts was greatly redu-
ced when compared with the amount found in non-injected animals.

Marx et al. (1972) and Goltzman (1980) using cell membrane prepa-

>

rations derived from fetal rat or rabbit calvaria and tibia, report§i~

&i\ .
gnificant raises in cAMP after addition of calcitonin to the preparation.

© —~

Their results suggested the presence of receptors for the polypeptide

¢

hormone. Moreover, Marx and Goltzman's studies were confirmed by kn vitho
specific binding assay using radioiodinated salmon calcitonin which ve-

.- . ‘ . oo .
rified the presence of saturable sites for the hormone in their cell mem-

°

brane preparation. All of the above provide enough evidence to support

the general opi‘n'ion that calcitonin acts by decreasing the rate of bone

v
v

resorption. \

The possibility that calcitonin might affect bone formation has been

investigated, but the results are often conflicting.

= '

< .

Soft tissue The studies done on the };astro:’mtestinal tract suggested
1 ~ .

R

that the calcium lowering action is not achieved through 'this syétem. This

-1

g 2




A

. §
wd serum calciuni in the rat, even after removal of the intestina
> . |
The additlonal study by Krawitt (196}7], showed that calcitonin di

)i

S \ \ i
. ‘ )

was shown by Munson‘ét al. (196%), who demonstrated that calcitonin

v

tract .
] a

The literature on the role of the kidney in the hypocalcemic

.

. response of calcitonin ishcontroversial. Calcitonin has been reported
VE/ ingi v ) \ ;
as=bringing about phosphaturia, (Robinson et al., 1967) and also as a
hormone capable of decreasing the urinary-excretion of phosphate (Hirsch
et al., 1964). 1In 1969, Pak et .al. demonstrated that da_lcitonin
*increased Tenal cledrsnce of calcium in thyroparathyroidectomized dogs.

More recent data from experiments carried out by Marx et al.

1973), and Goltzman (1980), involving ac?vation of adenylate cyclase .
» ) j” "
and in vitro specific biading assay using radiolabeled calcitom‘{x}, \,’\/

.

(1972 and

‘ T ’ . - . .
strongly suggested th(e presence of specifit receptors for calcitonin
‘ K F %
oo ‘ £
e ! |

'

in kidneys.
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@ MATERIAL~AND METHODS ~
‘ S \

ty

4 , v . ‘

8

-

Several experiments have been carried out in order to determine

the_4n vavo specific binding for the synthetic polypeptidé hormone

4

salmon calcitonin (sCT) '«and to establish the exact identity of its

target cells.

The present thesis will describe the results obtained from three

experimentsl referred to as caleitonin 1, caleifonin 2 and caleatonin 3.
. {

These experimentsﬁfclgnsist of straightforward in vivo specific binding
- ~ v ‘
determination. with a slight modification ih w@u\dﬁomn 3 experiment, in

" -~

which the animals were injgcted with e9u31 doses of tritiated thymidine'

CSH-tdr) one hour Jprior to the actual injection of the salmon calcitonin.
\ | [
In caleatonin-bPTH experiment, instead of cold sCT, a different peptide,

AN

cold bovine parathyroid hormone (bPTH (1-34)), was used to verify the:

P2

specificity of the binding. A fifth experiment, ref;srred to as caleitonin-

Ca Lowering actiwty, was designed to test the biological integrity of the
. i : L

iodinated sCT molecule, as.compared to the unlabeled synthetic molecule,

by measuring their effect on plasma calcium levels after intravenous injection
!
" .

in cats. ’ .

/

IODINATION OF SYNTHETIC SALMON CALCITONIN : |

.

Synthetic salmon calcitonin (sCT); approximately ZSOOmU/,ug, a gene-
rous gift of $andoz Co. LTD., B;isel", Switzerland,/ was iodinated with iso~
topic sodium iodide (Na 12515\; specifi/c activity 17 uCi/mg, New England
Nuclear, Boston, Mass., by the Ch}oramine T m?thod described by Hunter'!

and Gg'eenwooﬂ, 1962. .

z S - ’ »




® 1

. . s . s . 3 . 34,
The stepwise iodination process involves the following: tfie isotopic 4

o~

sodium ‘i/odide (Na 1251) is first diluted with 0.05M phosphate buffer at
] N | ‘

pH 7.5 to a final solution containing 1 mCi of 1251 per 10 ul of 0.02M

‘phosphate buffer at pH 7.5. An appropriate amount of chloramine T (sodium :

' |
~salt of N-monochloro-p-toluene sulfonamide) is added to an equimolar solu-

la A

/ tion of Na 125‘1 and sCT. T

. The chloramine T is a mild oxidizing agent '.which slowMeﬁ hy-

' a

8 \
pochlorous acid in aqueous.solution. The exact mechanism of the iodination

\ reaction is not known"but presumably, a complex of iodide with the sulfona-

1

mide isﬂ fOI‘IT/led in which the iodide carries a positive charge. It is thought

that by means of a‘n electrophilic substitution, the iodide-sulfonamide '

complex reacts with the six carbons ring of the tyrosyl residue in position
: - twenty"two qf the salmon, calcitonin molecule.- The iodina%ion is carefully

timed for a duration of 30 seconds to avoid potential radioactive damage

&

) v L . . A
and to prevent sur-iodination. The reaction is terminated with the addi-

tion of sodium metabisul fite which'quenches the i1onization effect of the |

i

s chloramine T, therefore preventing further iodination.
A sample of the preparation is used to determine the percent incorpo-
. P ration of the isotopit iodide. Trichloroacetic acid (TCA) is added to

L \ Jprecipitate the iodinated sCT, and a gamma scintillation counter (Packard

o

b model 3002), is used to\ determine the total cpm and cpm contained in the
' pellet. If the percent incorporation is judged satisfactory, the iodina- ‘
. ted hogmone is precipitated by the addition’ of QUSO G-32 (microfine preci-
. sd )

oy pitéged silica, Quartz. Co.) in a SEMP”solution (0.2M phosphate buffer
t ~ )‘ N
s ph 7.0, 1.2M NaCI', 0.03M EDTA, 0.01% merthiolate). The mixture is spun
\ .

", at 6000 rpm for approximately two minutes (table-top centrifuge 6). After
§ ol - N \ .
( N this step, the superatant, containing free iodide, protein fragments and

. | ' P
Yoe . - G ’
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Addition of Anion Exchange Resin (AG 1-X10, 200-400 mesh chloride

unlabeled sCT, ‘is discarded.

form, Bio Rad laboratonies, Rich;nond, California) removes a\ny iodide.
This is followed by the a¥dition of a mixture lo‘f 20% (v/v) acetone and \1%
(v/v) acetic acid in order, to separate the iodiRated sCT from the QUSO. This ﬂ »:
mixture is centrifuged at 6000 rpm for two n}inutes. The supernatant cqn-'

taining the lzsI-sCT is subsequently eva?orated to dryness under a stream

of nitrogen and redissolye:d in 2.5% (w/v) bovine .serum albumin “in 25mM - o,

.TRIS—HiCI buffer at pH 7.4. Todination was accomplished immediately before

-

each experiment described. After iodination each batch was subsequently
divided into 2 portions, one por'giorIl was injected ainéo the ‘experimental
animal and the s;acon'd was used to prepare ‘the material injected into the
control anir\nal. In this wa\y, the exacf amount of radioactive }\wrmone,awith

3
the same specific activity was injected into both animals’

2

_ ASSES SMENTOF THE BIOLOGICAL ACTIVITY OF THE JODINATED SALMON CALCITONIN
]

The biological activity of identically labeled hormone has been con-

-

firmed by three separate procedures. The stimulation of adenylate cyclase = r
. ' . i S
and the 4n vitro binding assay, have been-previously reported. As part

E

of this work, the in vivo plasma cal¢ium determination was used to assess

the biologiocal hypbcalcemic activity of the iodinated salmon calcitonin.

f ~

/

Adenylate Cyclase Stimulation Study. Although not a part of the experiments

" done far this thesis, the methodology is given for the sake of com-
14
pletion. It is currently accepted that polypeptide hormones bind to‘'recep-

i

tors situated on the plasmalemma of their targec'célls.‘ The binding of '

\

the hormone with its receptor causes the formation of an intracellular
~ e

~

vawr..
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messenger molecule that stimulates some characteristic bioche’m'ﬁl
]

activity gf the target cells which bring about the specific biological

z

response. [t has been reported that binding chalcitonin' Yo receptors

.activates the membrane bound adenylate eyclase‘which is respensible for

the conversion of ATP into cAMP. "As a consequence, if the hormone is’
‘ 9

added to a membrane preparation in the presence of ATP, an inerease in

cAMP is intérpreted 'as indirect evidénée of bi\ologicél activity.

Sglmon ;gléi(tonin—gdenylate cyciase studies involve the preparation
of highly purified]plzzlsmulemimJ preparation from homogenates of renal
tissru‘e and getal ;*at calvaria. The homogenateg can be fractionated byf

centri fugation on sucxrose gradients to obtain a fraction relatively free

of other cell components. \,Thisﬁw indicated ‘}'Jy a decr&}’s"é in specific

S

activity of marker enzyme for the contaminants and ar increase of marker

enzyme the plasmalemna . Electron microscopy‘”of kidney plasma~

Temmna cation has shown that the purified membrane fractions contain

mitochondria and fragments of brush border (Mark, Fedak and Aurbach, 1973)

indicating a low degree of contamination. Based on the dbove work, the

biological activity of t}‘le; synthetic salmon cglcitonin &6CT)and that of

o

the 10dinated sCT has been assessed through gomparative studies. The

concentration of cAMP has been determine

amounts of sCT and of 125I-sCT. Resu¥ts

proportional to the amount of calcitonin added to the preparation.

Moreover,, the overlapping of the graphs obtained from both the unlabeled

¥
}

and the labeled molecule indicated that the iodinated specie? is indis-\x\

'

! N . . p -} . s * .
tinguishable from the non-lodlnlatted calcitonin in actiVating the rat renal

~

. ~and skeletal adenylate cyclase enzyme (Mark et al., 1972).

N f
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(‘ In Voo Competitive Binding Assay. In this type of experiment, a

Ml iR R

series of salmon calcitonin and salmon calcitonin analogs are tested

( 2

against the iodinated salmon calcitonin for uptake by highly purified

skeletal and renal plasmalemmd preparations. After a proper time of

3

22 SN B B el D

incubation, bound hormone is sq)harated from unbound hormone and the uptake,

-0

of radioactivity is determined with a liquid scintillation counter. The

i

results of these competitive experimentsare expressed as Dose Response
_curves, IResults indicated that only“the cold salmon-calcitonin could com-ﬂ
- pete with the labeled molecule to bind the receptors in the membrane pre-
paration (Mark et al., 1972; Goltzman, 1980).

In this type of assay, the binding capacity of the‘;odinated speci;es

\ N -
is expressed as a percent of the total radioactivity added to the prepara-
| [}
tion. The fact that the sCT, but not the analogs, can compete-with the
(, , 125I-sCT is another way to verify the similarity between the iodinated

., and’«the non-iodinated species and an indirect way of assessing the’'biolo-
- 0

gical activity.
&

= In Vivo Plasma Calcium Determnation after Injection of 125I—sCT and sCT

| .
It has already been demonstrated, (Parsons and Reynolds, 1968), that the

iodinated salmon calcitonin when injected intravenously caused a decrease

in plasma calcium concentration. . In order to verify the 4n vivo biologi-

cal activity of the labeled species used in our experiments, duplicate A

male Sherman rats anaesthetized with .1% (v/w) of Nembutal were injected ’/ )
125 | ‘

i
. intravenously with either iodinated 1-sCT- (specific activity 710 uCi/ug;

® 50x106' dpm or 500)(1()6 cpm) or unlabeled «sCT (.03 Jg or .3ug) or buffer 1

* ——

: . alone (2.5% (w/v) bovine serum albumin in 25mM Tris-HCL, pH 7.4). One hour
afteruinjection, the animals were exsanguinated through-the dorsal aorta.

(. ‘

- The cqllected blood samples were centrifuged and the calcium concentration
0 «

k | | | X i

AT Te by o B s e w e

- e e




§ ! ‘
‘
1
.

in the Iilasma fraction was analysed, using a_sequential Multipte Analyser S
with Computer (Technicon Inc.) following the method of Gitelman (1967).
The animdls.injected with buffer alone, served.as control and showed
AN

a plasma calcium concentration of 9.5 mg/dl. The injection of a dose of
125I-s()’h containing (50x106 dpm) showed a, significant fall in plasma caf—

cium from 9.5 mg/dl to 8.2 mg/dl and was paralleled by the fall obtained

125 st

when .03 ug of sCT was injected. When a ten fold larger dose of
was injected (500)(106 dpm), a greater fall in plasma calcium frém 9.5 mg /dl [~ ' f :
to 7.5 mg/dl was recorded and was also p\arallieled bysa similar decrease 5

produced after the injection of ,3 ug of the cold sCT. These results .

- clearly demonstrated that-the synthetic salmon calcitonin is biologically

| active and that the iodinated form is indistinguishable from the non-iodi-

!
, ‘ . nated molecule in its biological activity.

' . ANIMAL PROCEDURES f

For the experiments performed, all animals and tissues have been |
l .
treated similarly with few exceptions. In Calcifonan 3 one hour prior to -
the injection of the radioactive hormonal preparation, both. the experimen-

- §
tal and the control animals were injected intraperitoneally with .25 ml of

tritiated thymidine in aqueous solution (SH—tdr; }.0mCi/ml; New England

- Nuclear, Boston, Mass.). Ir Calcitonin-bPTH, a second control animal‘was

0
-

-

injected with the normal radiolabeled preparation mixed this time which an
excess of 125 ug of bovine parathyroid hox:mone (bPTH; ‘GOOOmU/p.g; Beckman,
Palo Alto, California). ’

’ N
Five minutes i)rior to the beginning of the expeI iment, male Sherman

e et ot it s won E 3w s, Mot o

s s e i < ot a1 Ve AN O o

rats weighing 100%10 g received an intraperitoneal injection of .1% (v/w)

h . )
C Neftbutal. Under mild anaesthesia, the animals were injected through the '

»

7/
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. same fixative at 40C. !

.tions of 4 um thick starting anteriorly at the level of the optic chiazgm,

: . 19.-
external jugular vein with the appropriate radioiodinated preparation

(Table I). Once injected, the iodinated preparation was allowed to cir-

‘ L

culate 2.5t.5 minutes. Animals were sacrificed by gta¥ity perfusion

1222 m1/10 sec) through the left ventricle, initiated with a lactated

3 AV [ 4
Ringer's solution (Abbot Laboratories) for 25:5 seconds in order to wash M

out the unbound and circulafing hormone. This was immediately followed

by 2.5% glutaraldehyde in (0.05M Sorensen's phosphate buffer containing

2o v aFaa @ el

0.1% (w/v) sucrose at pH 7.3 for 20+10 minutes. At the end of the perfu-

sion, the tissues of interest were dissected and left over night in the

TISSUE PREPARATION , ‘ .

Paraffin Embedding ‘

After glutaraldehyde perfusion-fixation, the entire brain was dissec-
ted and further trimmed by removing the tissue just anterior 'to the optic

chiasm anfl the tissue just posterior to the median eminence by coronal cuts

b
-with a razor blade. The dlsse(:ted brains were Post—fixed\ixr} Bouin's Fluid

for a period of 24 hoqus, washed in several changes of 50% (v¥/v) and 70%

(v/v) alcohol to remove the Bouin's Fluid and stored in 70% (v/v) alcohol

B et s

solution. Dehydration was achieved in four changes of 100% dioxdne spread

\

over a period of 24 hours, followed by another 24 hours of infiltration in

e ki o

four changes of 100% paraffin at 56°C. The infiltrated brains were embed-

ded in blocks of paraffin in such a way as to obtain s}eriai Cross sec-

T et G e\ enasi
s

Sections were cut with a spencer A/0 microtome, put on glass slides, and '

.,1eft on a hot plate at 4700 -to allow then to stretchand dry. After deparaf-

finization in xylene and rehydration in baths ﬂf decreasing alcohol concen-

.
N .
.
.
2 .
. .
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v
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tratiofi until distilled water, the slides were immergzd for ten minutes

in hematoxylin, washed in tap water, stained with Eosin for three minu-

/ {
tes, rinsed in tap and distilled watér and finally dried before proces-

r ~

sing for radicautography.
’ ! ' £

Epon Embedding .

Prior to and after post-fixation, tﬂe fissues were washed in 6. chan-
ges of 10 minute% each with 0.5M phosphate’ ;Duffer, pH 7.3. For pos(t—fixa—
tion of the soft tissues, including liver, kidney and brain, a solution of
3% potassium ferrocyanide - ‘2% osmium tetroxide (Karﬁowsky, 1971) was used
for a'period of 1.5 hour at 4-0C. Alcoholic dehydration was achieved by

increasing concentrations ranging from 70% (v/v) up to 100% (v/v) ethanol.
Infiltration was initiated by 3 washes of 10 minutes each wiﬁh propylene
oxide followed by consecutive periods of 12 hours in solutions of increa- |
sing concentrations of\Epon 812 in propylene,oxide. After a final i2 hours

L 1
in pure Epon, the tissues were encapsulated and polymerized in an oven for

48 hours' at 600C. ' . ,

After polymerizatlén, the blocks were trimmed and 0.5 pm or 1.0 pm .
thick sections were cut wi_th glass knivies on a Huxley ultra-microtome for
ligbt microscope radioautography. The sections were placed on glass slides
and dried on a hot' plate at SOOC. )

For pre-staining with iron hematoxylin, the slides were placed’ on a
hot plate prewarmed to 800C, flooded wit£ a mordant solution of 5% (W/V).
ammonium sulfate for an appropriate amount of time, rinsed in distilled

water and replaced on the hotzﬁlate. In a second step, they were flooded

with Regaud's hematoxylin (1% (w/v) hematoxylin;

, l

i»
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(v/v) ethyl alcohol, 10% (v/v) glycerine) for a period equal to that

used for the mordant, rinsed again in distilled water, replacedon the hot

plate, differentiated with tap water for three minutes followed by a last
rinse in distilled water and dried"on the same hot plate.

+ For electron microscope radioautography, the blocks were trimmed to
N

the area of interest and silver-gold interference colour sections were cut
H

_on the same microtome with a diamond knife. The sections were positioned

'

on glass slides previously coated 'wi‘lch a.solution of 1% (v/v)celloidin gn
isopentyl acetate. Prior to the radioautographic process, the sections
were -carbon coated, a step,which fatilitates the emulsion coating.

The mneralized tissues, including upper and loWe;' incisors, hur}erus,
and tibiaWere decalcified ih 4.13% (w/v) disodium EDTA for 25£10 days at
4°C, a technique described by W;rshawsky and Moore (1967). Once decalci-
fied, the teeth were sectioned transvers®? into four segments, then each

'

segment was cut into two pieces along the longitudinal axis. The humerus
and tibia were first cut in the longitudinal axis and retrimmed to demons-
trate_the entire epiphyseal plate and surrounding tissue. The trimmed

tissues were left overnight in the buffer washing solution

(0.15M phosphate buffer, pH 7.3) at 4°C to remove any EDTA from the tissues.

The tissues were then post-fixed, dehydrated, and infiltrated exactly as

.in the case ©f the soft tissues.

Radioautography Both the 4 um thick paraffin sections and the 0.5 um

thick Epon sections were’ c[oated with Kodak NTB2 emulsmn and exposed for

various intervals Koprlwé Lnd Leblond, 1962). For electron microscope .

radicautography, sections were prepared according to Kopriwa (1973).
After exi)osure, theyele\étron microscope radioautographs of the soft

and hard tissues were transferred to Athene electron microscope’ grids.

\

21.

ROk S

T e e

BT 20 W st E ot 3T D s

= AR f oy




22,
; The sections on the grids were stained for 10 \\\inutes with Reynold's

( lead citrate stain (Reynolds, 1963) ‘after trea{l:ment with either acetic

- v
|

acid for qualitative phajcomicfographs or isopentyl acetate for electron

KN
micrographs to be used for quantitation,

s

QUANTITATIVE ANALYSIS OF RADIOAUTOGRAPHS

" ‘ \ _ !

Kidney con

Silver grains were counted with the 1ight microscope over proximal
convoluted tubules (TableII) and over distal convoluted tubules (Table VI)
in the cortex of the kidneys. Simiairly, but in the outer medulla of the
. kidneys, the counts were made over ™ the descending limb of the loop
of Henle (Table III), fhin limb of the loop of Henle (Table .IV), and
) , ascending limb of the loop of Henle (Table V). ’Cognts‘ u;ere obtained
( fro;n similarly exposed radioautographs from the experimental aﬁd from the
control animals. The diameter of each tubule was measured in two axis at
right angies to\each other. The average diameters were calculateAd and
compared among several rats in experimental and control kidneys. Sirce

- no st%tically significant size differences were found, the counts were

expressed as grains per cross sectioned tubules (Table II - TableVI),

\ > Bove

For quantitation with the liéht miéréscope, two analyses were perfor-
med over similarly exposed radioautographs from the experimental and control
animals. First, grains were counted over the tissué at the epiphyseal
surface of the growth plate of tibia in areas of 3,000 ;(mz delineated by
an oc wlar micrometer grid (Table XI). Second, the grains weré counted over

| , .
( ' clearly defined multinucleated cells of an approximately equal size of

1 - 1
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1200£200 ym? as determined with an ocanlar micrometer grid. The counts

were made ‘over osteoclasts from the calvaria (Table VII), from the
« .
alveolar bone around the.rat upper incisors (Tgble VIII), from the metaphy-

seal surface of the proximal growth plate of the hum\erus (Table IX)F and the

¢

tibia (Table X). The silver ‘grains related to oiteoclzfsTtS'-lnﬁéreQ{f‘on

microscope radioautographs were estimated from miC\tographs at a magn\i\f\ica—

-

outside the osteoclasts, or directly on the plasma membrane (or within a

tion of 30,000 X. Grains were scored as either within"the osteoclasts or\ /V‘
i
\/,

L]

radius of 230 nm from the grain center).
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( . b, RESULTS

v
@

RADTOAUTOGRAPHIC LOCALIZATION OF IODINATED SALMON CALCITONIN (IZSI-SCT)

Kidm/ay .

. / .
An intense radioautographic reactipn was observed over the proximal

convoluted ;ubuxes in the cortex from both the experimental (Fig. 1) and
contgo‘l (Fi_g.'s 2)‘ rats. Within thé tubules, the silver grains appeared to
be located predominantly at the base of-the brush border \(Figs."l and ‘2),
‘ that is, at the luminalraspect of the wproximal convoluted tubules. With
v .

electron microscopy ‘(Figs. 3 and 4), the filamentous radioaut%graphic silver
‘ grains‘ were locallized at the base of adjacent microvilli, mainl?r over small
coated vesicles or at the periphery of larger vacuoles in the area between
the brush border and the supranuclear cytoplésm. When the grains were,
found in the supranuclear region, they were associated with dense bodies‘
presumably of lysosomal origin. Since the dlstribultion of grains over the
proximal convoluted tubules was identical in experimental and control ani-

¢ mals and no quantitative decrease could b& shown. i‘nt1\1e number of silver

grains per &tross sectioned.tubule in the control animal of caleitomn 1,

. |
caleditonin 2 and calelitonin 3):)periments (Table II), it was concluded that

the reaction represented bindjfig of labeled hormone to low affinity, high

capacity nonspecific binding' sites. These sites are probably related to

S/

‘resorption and subsequent degradation of labeled hormone from urinary fil-
trate. This intei'pretation has been substantiated by the results obtained

_ " after injection with other labeled polypeptides such as 125I-insulin,

e
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t ' l%sl-prolactilg apd 1251-parathyroi¢ hormone. In'all cases the results
showed the exact ‘same reaction distribution. When Na 1257 was injected,"
no silver grains wei't? found in relation to the vacuoleés of the apical por-

4 Yy . |

tdon of the proximal k‘qonvoluted tubule cells, thus demonstrating that

radioautographic silver grains oyer the proximal convoluted tubules were

not the results of resorptiorf0f free labeled 1odide.

A modehrate number of silv}r grains was present‘ over the Qasal aspect
of the distal convoluted tubules in the cortex of the kidney from experi-
mental animals (Fig. 1). Electron microscope radioautography showed .that
the silver grains were localized to the hiéhly info}lded ba:sal cell membral\le
(Figs, 5 and 6). Grains were aln;ost completely absent over ‘the control kid-
ney (Fig. 2). Grain counts per cross-sectioned distal com}oluted tubule
obtained from radiocautographs of experimental and control animals of cales-
tonin 1, ca,Ee,i,tomn‘ 72, caleitonn 3 and ca/?,c,(/tom;:t-bPTH experiments showed
a d%c;ease in counts ranging from 1.7 to 4.8 fold (Table VI). Thlis, these
basally disposeé grains along thé¢ distal convoluted tubules represented ~

v

specific, high affinity and- low capdcity binding sites for calcitonin.

In addition, the ascending limb of the loop of Henle in the outer

S

medulla, demonstrated radioautographic reactions on the basal aspect of

‘ cross sectioned tubulés. Electron microscope radioautography showed that

the silver grains were localized to.the moderately infolded basal cell mem-

v

brane. Grain counts per cross-section of this portion of the uriniferous
tubule obtained from calettonin 1, cabeitonin 2, calectonin 3, and caleito-

nin-bPTH experiments (Table V), showed a marked decrease in counts ranging

from 2.7 to 5.2 fold. Thus, these basally disposed grains along the ascen-

-

[

( ding 1imb of the loop of Henle also represented high affinity low capacity
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specific binding sites for calcitonin. L
T A very light radioautographic reaction was related to the basal agpect
of the descending limb of the loop of Henle in the cortex and in the outer
medulla of the kidney. Since the distribution of grains was identical in
the experimental a}ld in the control animals, and quantitative analysis did

not show any significant decrease in counts .per cross-sectioned tubules of

" ealedtonun 1, caleitonin 2, caletonen 3 and caleifonin-bPTH experiments

(Table IIT), it was ¢toncluded that these grains representéd nonslpecific

binding. This was also true for the thin limb of.the loop of Henle (Table
\

"IV). ¢ B

In summary, only a limited portion of the uriniferous tubule has been

shown to contain high affinity receptors for the hypocalcemic hormone 1257-sCT.

®

This portion consists of the segments of the uriniferous tubules identified

as the ascending limb of the loop of Henle and the distal convoluted tubule.

1

" AN

Bone ‘ C o

Bone tissue obtained from the calvaria, alveolar ‘bone of the maxilla,
and from the epiphyseal plates of the humerus and the tibia were examined.

; .
In experimental animals (Figs.7, 9, 11, 13, 16, and 19) prominent labeling
was present over multinucleated osteoclasts and over mononuclear.cells and
cell fragments of uncertain identity. However, clearly identifiable osteo-
blasuts, Dsteogtes, chondrocytes and bone marrow cells were unlabeled.‘ In .
" 1

control animals, no grains were found over any cell types (Figs.8, 10, 12,

14, 17, and 20).

1

. zone 9f vascular invasion of the humerus. (Fig. 19) and tibia (Fig. 9), and

in the area of the bone at the epiphyseal surface of the cartilage plate
e —

~
[

Oslteo_clasts, from calvaria (Fig. 13), alveolar bone (Fig. 16),
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!

. i \ )
of the tibia (Fig. 7), were heavily labeled predominantly at their peri-

_phery. Quantitative analysis was done on two regions of the tibia in

\ 3
1igﬁt microscope rad{®autographs of. caleitonin I,J calestonin 2, and

caleitonan 3 experiments. Grain counts per unit area of. the tissue on
- 3
the epiphyseal surface of the growth plate showed that, in the experi-

-

mental réts, the counts vslere significantly hi%her than in the control
(Table XI). Grain counts over the indiyidual osteoclasts from calvaria
(Table III), alveolar bone (Table VIII), ep\iphysaal plate of humerus
(Table IX) and tibia (Table X) confirmed that, in the experimental rits,
the cells were significantly more labeled than in controls. The controli‘

values differed by factors ranging from 2.4 to 9.1 times. It was con-

cluded that the grains on the cy‘?c))plasmic membrane of osteoclasts repre-

sent specific binding to high affinity, low capacity receptor sites for
' I

calcitonin.
Electron microscope examination of the cell fragments demonstrating

» .
labeling permitted them to be identified as portions of osteoclasts. The
’ BN
morphological features included multiple nuclei, an &bundance of mitochon-

dria, a sparcity of rER, and clusters of ribosomes, lysosomes and vesicles

containing hydrolytic enzymes. The cells often showed the characteristic

ruffled border and a clear zome containing only granular material. With
» N -

the electron microscope, most of the radioautographic grains were positioned °

on the cell membrane, either near the basal part of the cell, that portion

away from the bone surface (Figs. 22 and 23), or in the region of vesicles

\

and vacuoles (Figs. 24 and 25) or in the clear zone (Fig. 25) as well as

over all of the cytoplasmic processes (Figs. 22, 23, and 24) of the os-

—

teoclasts. No silver grains were seen over the surface of the cell

which is thrown into numerous complex folds producing the ruffled 'borgler

I

of the active cell. In order to '

[
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(v verify the position of the\ silver grains, counts 1n electrgn micrographs
. | . - -
wei'§ made by placing a 230nm radius resolution boundary circle around each
‘grain and recording the structure withir\; the circle. Of the 84é grains ‘
‘éounted, 68.6% were related to the cell membrane of ‘the osteoclasts. 'Thisj‘

. (¢l value 1s similar to tbat previously shown by Bérgerou et al., (1977), for
insulin receptors <;n hepatocytes. ° . /
_The calostonin 5 experiment was designed to determine the nature of the
labeled "mononuclear cell' which was usually located in the c'f;nnective tis-

) .Sue' space between b}ood vessels and fully differentiated osteoblasts. In Vo
this experiment, botthhe expgrimeﬁtal and the control animals were injected
with 3H-th'ymidine one hour pri_or to sacrifice. It had previously been shown
by Young (1962) and Scott (1967) that one hour after an injection of

/ 3H-thynf1dine, nuclear la’p:eling is ,invariably]‘xconfined to a cell similarly
( loéated ‘and assigned to a bone ﬁopulatlon cle{ssically ‘described as osteopro-.
genitor c'ells. O;teoclast nuclei are never labeled at that time. In the
present study, it was first assumed t}'xat the "mononuclear cells' labeled
with calcitonin could either be osteoprogenitor cells because of their
morpholo%y ar;d location or portions of osteoclasts w}}icp appeared mononu- |
cleated because of thé pla\ne of section. The latter interpretation was
étrenghtened by the-lack o\f nuclear labeling of these cells with 3H-thymidine

in radioautographs at the light microscope (Figs 9, 10, 11, 12) and electron ,

microscope levels, . J N
¢ \ \ N, :
RADIOAUTOGRAPHIC CONTROLS OF BINDING SPECIFICITY

Injection of an Excess of the Cold Non Analogous Bovine Parathyroid Hormone

( ' When 1251-sCT was injected with a large excess of unlabeled and unrela-
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ted hormone as in the caleifonw-bPTH experiment, no change in distribu-
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tion or number of silver grains was observed over any tissue when compared

. with radioautographs from rats irfj ected with 1257-sCT alone (Figs.13 to 21).

Figure 13, 16 and 19 were obtained from experimental animals injected with

th;s same amount of 1251-50’[‘ mixed with an excess of col;d _sCT. Finally, fi-
gure:; 15, 18 and 21ﬁwere also from a control animal which had ‘been injected
with the same amount of 1237-s(T, mixe'd this time with an excess of the cold

unrelated hormone bPTH. There 1s no qualitative difference between the radio-

.autoéraphs obtained from the experimental animal (Figs.13, 16 and 19) when

compared with the ones, obtained from the control aglimal injected with cold
bPTH (Figs.15; 18 and 21). The bPTH did not compete with the 1251-sCT for
occupancy of the receptors, thus demonstratirfg the specif/icity of the bind-

ing.! This yas substantiated by grain counts recorded in Tables II, III, V,
VI, VII, IX, and X where no significant decrease in binding of the 125I-sCT

was detected in the control bPTH animal.

InJectiE)n of Isotopic Sodium Todide

“ \
Radioautographs from tissues of rats injected with NalZ51 showed no
silver grains over bone cells or basal aspect of the ascending limb of the

.

loop of Henle or.the distal convoluted tubule.

) \
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DISCUSSION N

[ [
Two major hormones, parathyxroid hormone and celcitonin, ‘are known to have

opposing effects on the level of serum calcium (Milhaud and Moukhtar, 1966) and :
\ e

consequently on the regulation of bone homgostasis. In this study, 12510dide

-

labe/led salmon calcitonin was prepared utilizing a method known to preserve its
‘biclogical activity .(Marx et al., 1972 ald 1973; Goltzman, 1980). Indeed, ‘
intravenous injection of this hormone depressed the Plasma calcium 1e\;e1[ in a ‘
dose dependent manner which was identical to that given by the unlabeled hormone

(Fig. 29)‘. . This labeled, biologically active hormone was used in a radiocauto-

graphic study to localize the in vavo binding sites for calcitonin in suspected

]

target tissues involved in calcium regulation. In control animals, ,the simul-
taneous administration of an excess of unlabeled calcitonin, T;ut not of unre-
lated hormone produceda competitive inhibition of the specific saturable sites.
Consequently, a comparisor\l‘of radioautogfaphs obtai;led from the experimental |
animal with the ones obtained from the control animal ;permitt€dthe determination
of specific binding sites in accordance with principles similar to the in vitho '
receptor binding studies. The outstanding advantages in the present method are |,
t‘he use' of an 4n vivo sysr‘%m where none of the normal phys'rolpgic Processes are
disturbed, and the use of radioautography to locate the source of radioactivity.
This technique allows for the resolution of labeling to individual, histolo-
gically identifiable cell types in any targeét tissue, including bone.

- "Identical results were obtained with 125§—sCT in separate procedures
. ‘ :
involving four experimental and f(our control rats. The presence of radio- |

B N
‘

.activity in all animals was confirmed by the nonspecific binding over the

4 - \
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proximal convoluted tubules seen in the kidneys of all experimental and

-

control rats (Table II). Thus, the absence of Il'adioactivity from specific
binding sites in the control animals could be attributed only to competi-

tive inhibition. | In the experimental animals, the presence of labeling on
identical c\ell typ?s, in 19cation$ as remoT]ely s‘eparated as calvaria, alveo-
larlbone of t}}e incisors, the humerus and the tibia, confirmed the relia-

bility of the tracer methodélogy for sﬁ)ecific binding%ites, Parallel stu-
dies were designed to further assess the specificity of the binding. In
the Cwﬂcctomn:BPTH experiment, the injection of the unlabeled parathyroid

,

hormone with* the labeled calcitgpin did not reduce the ‘number of silver

-«

grains over thé specifically labeled cells/of bone and kidney. However,

grain accumulations were's‘eér’\ over the luminal aspect of the proximal con-
voluted tubules, similar tp the nonspecific binding shown in the accompa-
m’inlg experimental animal of this experiment which };ad been injected with
the 1abe1eci calc{tonin./'When labeled iodide was injected alone, no radio-
Lautographaic grains were observed over the nonspecifi; binding sites of the

v

proximal convoluted tubules, indicating that the nonspecific binding seen

- ! ' 1
" over these tubules is not due to the resorption of free iodide but to resorp-

tion of iodinated polypeptide molecules. ‘

Because[ of the known effect of calcitonin, the presumed target tissues,

\ .

. bone and ki%nvesflgated together with a variety of other tissues
in a search Afor any other possible sites of action. ‘

|

Bone

No specific-binding for 125I-sCT has been shown on either osteocytes

or osteoblasts. This seems to rule out the possibility of calcitonin being

v \

involved in osteocytic osteolysis, a process proposed by Bélanger (1969),

.
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1 \’, ’

nor does it favor the hypothesis that hypocaﬂcemia could be the result

'

of an increasedbone deposition by the osteoblasts.

Results shéwing §pecffic binding of caléitonin by all osteoclasts
lof the body confirmed gpe data obtained from adenylate cyclase studies
and {n vitrno specific binding studiés. These studies have clﬁimed that

specific receptors for calcito&in are present in cellular or membrane

=

preparations derived mostly ﬁfom rabbit and rat tibia or calv?ria. The

' }
disadvantage of these types of studies is that the preparations do not

|
result in pure populations of cells and, therefore, it is impossible

to attribute the binding to any given cell type. Thus,, the results must

often be expressed in very general terms. ,

Marx et al.. (1972), have shown reteptors for calcitonin in bone

P

though biochemical stgdies involving the activation of adenyléte cy-
clase and «n vifho competitive binding assay with 125I—sCT?. In one
study, (Rodan and Rodgn, 1974), bone cells isolated from calvaria were
treated with both thyrocalcitonin gnd parthyroid hormone. Because the
effect of the two hormones was additive, it was postulated that these

hormones acted en " bone cells ' and presumably on separate sites. A

~ more recent study (Goltzman, 1980), demonstrated an increase in cAMP in

| a preparation of membranes from cells of ‘rat calvaria upon treatment with
human calcitonin.

The above experiments are supported by the presént work since speci-
125, .

fic binding sites for I-sCT have been demonstratgd on a bone cell iden-

tified as an osteoclast,

-
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Additionally, the presence of specific sites forlcalcitonin related
to this cell agrees&with a study done on osteoclasts
(Raisz, 1967) which showed that calcitonin intefereswith the action of \
pafaﬁﬁ}roid hormone by preventihg the development of an extensive ruffled
border. This is also substantiatgd by n vitho cell cultﬁre studies done
by Kallio et al. (1971), who found striking changes in the ruffled borde;,
loss of éyfoplasmic coafing from beneath the ruffled membrane and actual
separation of the resorbing cells froﬁ'the resorbing surface, after treating

their cell cultures with calcitonin. From these data, they suggested

I N R

that inhibition of bone resorption by caléitonin was directly related to a
rapid responée of the ruffled boxger and, as a consequence, their study *
supported the hypothesis that calcitonif acted by inhibiting osteoclastic
bone resorption. They predicted that it was unlikely that the initial ac- —
tion of cqlcitonin was on the ruffled border, becahse of.its,c}ose adheren-
ce to the bone surface, and it was possible that thé Qinding of the hormo-
ne to

recepi?rs would be' on those' surfaces of the osteoclast which were ex-

posed to the extracellular fluid. The actual localization of the binding

sites as revealed in the present study confirmed the latter hypothesis.

1 -

Indeed, specific binding sites for 125I--sCT were observed all over the,

cytoplasmic -membrane of the osteoclasts with the exception of the membrane \

125I-sCT dn the osteo-

of the ruffled border. The membrane distribution of
clasts also suppgrts'the ultrastructural and histochemical results'of Lucht
(1973). He reported that aftgf intravenous injection of calcitonin, osteo-
clasts showed an absence of ruffled border, an absence of phpsphatase in

the extracellular space between cellyand bone, a decrease in the number of

'

oo
large vacuoles and no local accumulation of vacuoles in the cytoplasm. He

l

also' reported -an increase—inautophagosomes, all of which-suggested inhibi-

tion of bone resorption by osteoclasts,
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Taken together, these data: allow us to propose a somewhat more ela-
borate hypothesis concerning the action of calcitonin on the skeletal sys-
tem. It seems clear tlhat .calz:itonin‘acts on bone by interfering with blone
resorption. To do so, it would first bind to specific receptors on the sur-
face of osteoclasts. As‘.a result of the hérmone-receptor binding, adenylate
cyclase would be activated and would bring about a cellular increase in cAMP,
This could indirectly interfere with the formation of the cytoplasmic coat'mgL

beneath the ruffled border described by Kallio et al. (1971), and therefore -

lead to the disappearance of the ruffled border.

Kidnéy
This radioautographic study has s specific receptors for calcitonin
on. a specific portion of the urinifercus tubule of the kidney, namely the
- ) / .
ascending thick limb~of the loop of Henle and the distal convoluted tubule. -

It 1s tempting to speculate that the presence of hormone receptoxrs in this

|
i

ségment of the uriniferous tubule implies a functional role for calcitonin

in the kidney. This disagrees with the generally held opinion that the ma-

jor, if not the only, effect of,calcitonin is that of inhibiting bone re-

N

sorption. This supposition also disagrees with studies which éould not
assign an active role to the kidne\y in obtaining the hypocalcemic effect.
The present results, howev;er, do support more recent data obtained
from in Uitho studies of adenylate cyclase activation and specifié binding
assay, which strongly gjeégest“ the presence of specific receptor sites.for
calcitonin in kidney é\e;mbrane preparations (Mark et al,, 1972 and 1973;
Goltzman, 1980). Unfortunately, these experiments have been performed on
kidney homogenates or on purifiéd membrane -fractions obtained from the

corte%, outer or inner medulla of the kidney. Since each 'z'one contains

different functional segments of the nephron, it has been impossible to lo-
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-distribution of specific binding sites for
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calize the precise site of binding of the hormone. The results reported

in this thesis have been partially verified by‘a physiological study done/'?/

by Chabardés et al., 1978. This study invelved a microj:echnique which
allows enzymatic measurement on single, well-defined, segments of the ne-
phron. Generally, their results showed no significantly consistent ac- -
tion of sCT at the proximal convoluted tubule, 'the descending and the thin
limb.of the loop of Henle 1n rabbit and ﬁice. However, in mice, they re-

o

ported a positive action on the ascending limb of the loop of Henle and on.

the 'dist‘«\al convoluted tubule in all experiments.
Finally, Ardaillou (19753) used the in vifno specific binding assay for
125L-sCT, coupled with adenylate cyclase stimulation; to show that calcito-

nin stimulated renal adenylate cyclase in some segments of the nephron, na-

" mely the thick 1imb of the loop of Henle and the initial part of the distal

convoluted tubule. The results presented in this thesis agree with that.
1251-SCT in tﬁe kldney.

In conclusion, th? radioautographic 1ocali,zation 4n vavo of the recep-
tors for the hypocalcemic hormone calcitonin has permitted the resolutio;l
of the coﬁ\troversy concerning the identity of the bone cell involved in

the action of the hormon‘e. It is clear from this study that calcitonin acts
on the osteoclasts, most likely by inhibiting blOIle resorption, thereby con-
tributing to lowering the amount of extracellular calcium availal;le for en-
trance to the blood. /Thi\s method has also identified the exact §egment of
the nephron acted upon by calcitonin, namely',; the ascending thick limb of
the loop of Henle and the distal convoluted tubule. Furthermore, the me-

thod has demonstrated for the first time that there are specific binding

sites for calcitonin in‘ the subfornical organ ‘of. the brain (Figs- 27 and 28).
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C The current opinion is that the hypocalcemia induced by calcitonin p

R g | AR R SRS
-
.

R TN

is achieved only through the action of calcitonin on bone. This idea :
. . ’ 5 . i

- has been weakened by the results of the present experiments.
\ | 1
Indeed, since specific binding for 1257_sCT has been demonstrated ‘

!
in bone, kidney and brain, it is tempting to presume that all of these

R R

tissues are actively involved in the/hypocalg\emic effect of calciton‘in. :
What remains to be determined is if they act in concert to bring about

the calcium lowez;ing response. However, the binding of hormone to tis-

sues could equally mean that, in addition to, its hypocalcemic action,
calcitonin may be involved in other physiolegic processes that are still

unknown. ~ *
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i : Table I Protocol of the five An viVv0o experiments with l251—salmon calcitonin in male Sherman rats
1 w - N ; . -
1‘ | - cpm X 106 i ) -
, Experiment Animal injected Specific Activity g "Hot" sCT ug "cold" sCT
! - Weight in g per 100 ul ucijug , :
. Cakcitonin-! Experimental 109 90 562.5 .144 -— :
! Control g 108 70 - N .112 50 .
Calcitonin 7 Experimental 100 82 645 .119 -
- _ ° Control 110 - 81 . . .118 50
i N .
CazEC/('/tOVLf,(VL 3 Experimental* 96 255 712.5 / 326 - \.
.C Control* 94 255 . .326 125 :
Caleitonin-  Experimental 92 200 737.5 : . .246 — :
bPTH Control (sCT) 84 200 737.5 - _-246 125 .
Control (bPTH) 88 200 737.5 . $246 ——k% !
° B - - . R
; Caleatonin- Rat 1&1b 90,90 23.4- - 712.5 .028 . EEN
. Ca-Lowerring Rat 2a,2b 75,80 234 712.5 ) .281 -— .
. activity Rat 3&,3b - 80,80 ) - - - .03 -
| Rat 4a,4b 84,78 S - - .30 i
\ Rat 5ayBb*h 80,75 - - — - . - : ;
4

l * These animals received 125 uci of 3y - thymidine (methyl 3y ; New England Nuclear; :
t Specific activity 20 Ci/mM) 1 hr prior to injection of calcitonin. )

** The control animal received 125 Mg of cold bovine parathyroid hormone (bPTH).

' i *** Normal rats injected with 2% BSA (bovine serum albumine-Tris 0.05M pH 7.5).
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Table - II  Grain counts* per cross sectioned proximal convoluted tubules** in experimental and control

rats injected with 14°I-Salmon Calcitonin

Experiment

Caleitonin 1
T Caleitonin 2

Caleiftonin 3

Caleitonin-
bPTH

*

/ *k*k

Experimental
Control

 Experimental
Control

Experimental
Control .

Experimental

Control (sCT)
. Control (bPTH)

VORISR Y

Total grains

4815
5509

6662
10583

7947 ¢
13332

22022
22446
14708

s

-*¥* 50 tubules counted in gach rat,

Mean grains
per tubule

96
110

113
213

159
261

440

448
294

tSD

52
62

37
55

59
29

“113

117
107

£SEM

15.9
16.6
15.2

Counted in light microscope radiocautographs exposed for 7 d;ys.

L2k Kk

-
;

001 **%*

. 001 ***

LO*%kR

001 ***

In each experlment the experimental value never exceeded the control _except when bPTH was
.  used to compete with the 1251-scT.
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Table IIT Grain countg* PEr cross sectipned descending limb of the loop of Henle** in experimental and

control rats injected with -~ °I-sCT :
Mean grains | -
Experiment Total grains per thbule~ - *gp *SEM P -
Caleitonin 1  gxperimental 1013 - 20 - 11 . 1.6
Control - 846 17 12 1.7— L 2%k
. .- - - N \
Caleitonin 2 Experimental 3416 . 68 } 20 2.9 .
Contlrol . 3277 - 66 18 2.6 SOFEK
. i ) ) )
Caleitonin 3— Experimental 518 10 C 7 1.0 B
Cont)ol — . 487 ~-. 10 7 1.0 ! . B¥*x
Caleitonin-- Experimental 783 15 10 1.4
bPTH Control (sCT) . 910 18 9 8.8 L2%%%
Control (bPTH) 734 14 6 6.2 JoXEX
4 Py .
* Counted in light mﬁicroscépe radiocautographs. . -
’ 2

** 50 tubules in each rat.

#** In each experifment, the experimental value pever exceeded significantly the control value,
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Caleoitonin
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Table IV

Experiment

. khk

-4

Grain counts* per cross sectioned thin limb of the loop of Henle** in experimental and control

rats injected with 125I-sCT
4

~
Mean grains .
Total grains per tubule . #SD ASEM P

1 Experimental 103 2 2 0.3

Control - 123 2 2 7 0.4 9Fkx
2 Experimental 389 8 4 0.6

control 570 .11 7 1.0 SOl xx%
3  Experimental 171 3 3 0.4

Control 164 3 1 0.2 LBXRk

—. .

Counted in light microscope radioautographs. -
50 tubules in each rat. - .

-

In each experiment, the experimental valie rever exceeded the control value.
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Table V  Grain countg* per cross sectioned ascending limb of the loop of 'Henle** in experimental and
. contxol rats injected with 14°I-sCT.
© ¢ s z
! o a
o . is . Mean grains : ) B
Experiment Tota} grains per tubule £SD *SEM P -
Caleitonin 1 Experimental 2093 42 7 1e 2
- Control 475 9 7 1 RO R -
’ Caleitonin 2  Experimental 4370 87 . - 27 4 .
L Control 1667 33 18 s 2 ~ 001 %** ) &
] - ©
Caleitonin 3 Experimental ‘815 . 21 8 .1 ‘
- Control 205 4_ > 4 .6 .001**>
L. - > Cakaitonin- Experimental 2868 57 ¢ 1. 3 )
P b bPTH ) Control(sCT) - 598 12 12 7 .5 .00L*** -
Control (bPTH) 4580 92 92 3 001 *** ~
* Counted in light microscope radicautographs.
! ) ** 50 tubules in each rat. .
*#*% In each experiment, the experimental value exceeded the cdntrol value. When bPTH was used to
compete with 125I-sCT, the binding was increased by a factor of 2. s )
- -— ° a A ‘(. ~
’ -
\ N
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Grain counts* per cross sectioned distal convoluted tubules** in exgerlmental and control

2

k)

Mean gralns
per tubule

34

7
41
24

61
- le

171

41
173

AN

o

- ' T -
o - )
Table VI
. _rats injected with 1231 -Salmon Calcitonin
Ve Experimeﬁt . Total grains
- Caleitonin 1  Experimental — 1708
- = Ccontrol 382
- Caleitorin 2  Experimental 2055
Control 1202
)
Caleitonin 3  Experimental 3072
Control 823
5y . Caleitonin- Experimental —8575
bPTH Control (sCT) 2029
S ° Control (bPTH) 8665
”?: TT * Counted in light mlcroscope radioautographs.
o < 1]
** 50 tubules counted in each rat.
i *k*
was used to compete with the 1251-scT.
¥
2
b
- L ———-:—o—hwm“" T A L e S ot W i TR e 6D

-

+SD +SEM °
13.6 1.9
7.2 1.1
‘19.5. 2.8
13.6 1.9
28 4.0
10 1.5
63 8.9
14 2.6
65 9.2

W s

<

~

p-

LO0L***

LO0L***

001 * %%,

L001*** "

-T2

In each experiment, -the experimental value exceeded the tpntrol value except when

cold bPTH
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Table VII Grain ‘counts* over osteoclasts** from the calvaria in experimental and control rats injected
- with 1251-scT LS . - o
- . - ) o '
A _ . kA .- ) .
- Experiment Total grains Mean grains/osteoclast +5B £SEM P - -
i Calceitonin- . Experimental 4352 T 174 49 10 )
. bPTH Control (sCT) 620 25 8 2 .001*** .
LI Control (bPTH) 5052 . 202, - 58 127 L1xex
Lo * Counted in‘1light’microscope radioautograpps. -
** 25 osteoclasts selected for egual size of approximately 1000 ;'Lmz.
K ¢ ' ‘ )
‘5‘ L *** The experimental value exceed the contrel by a factor of 6.9 but hot when bPTH was used to com-
.- ; .o pete with the 1251-scrT. , )
V i *kkk Alsi the’@cains over the cells conhted in each rat. ) ? - . )
-7 T ) a . . B -
. . . | ' . )
:
( -
< - - N .
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Table VIII

Experiment
Caleitonin

Caleitonin

Caleitonin-
bPTH

* k%

*kkk

/
Grain counts* over osteoclasts** from the alveolar bone in experimental and control rats
injected with 14°I-sCT .
4 , * k%% - . -
Total grains Mean grains/osteoclast £SD #SEM P
?  Experimental 861 34 14 3
Control 332 13 ' 6 1 001 %**
3  Experimental 1014 40 23 | 5 .
Control - ™~ 318 13 13, I 77 .001%** A
" Experimentdl ~/ 3265 ) > 131 26 5 - .
Control (sCT) 542 N 22 9 .- 2 .001***
Control (bPTH) 5434 : N 217 55 11 001 ***
I

Counted in light microscope radioautégraphs. . T

A minimum of 25 osteoclasts selected for egual size of approximately 1000 /,Lmz.

‘The experimental value exceeded the control value by factors of 2.6, 3.0, and 5.9. When bPTH

was used to compete with the 1251-sCT, the ‘binding.of 125I-sCT was increased by a factor of 2.

All of the grains over the cells counted in each rat.

e

Cele wuhsi

—h

e mg e

PTOU

Loeaty st e

B e e

[ N

[STTSFIPIE

PRUHPPEIRY YAV S



ES

"Table IX Grain counts* over osteoclasts** at the metaphyseal surface of the proximal growth plate of

the humerus in experimental and control animal injected with 149I-sCT
. , , KEk .

Experiment ﬁ_ Total grains Mean grains/osteoclast 3D £SEM P
Caloitonin 3  Experimental 1734 — 89 28 6, )

Control 181 7 6 1 . .001***
Caleoitonin- Experimental 4905 196 - 61 12 -
bPTH Control (sCT) © 814 - 33 19 4 L001%* %

Control (bPTH) 4882 ) 195 ] 65 13 .8k

) [ N
el 3 - .
* Counted iA\light microscope radioautographs. o

- . 2
** A mainimum of 25 osteoclasts selected for egual size of approximately 1000 zm .

*%%  The experiméptal value exceeded the control value by factorsof 9.1, 5.9 except when bPTH was

used to comp%te with the 1251-scT. -

- *kk* A1) grains onr the cells counted in each rat,
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Table X  Grain counts* over osteoclasts** at the metaphys$8i of the.proximal tibial growth plate. in
; experimental and control rats injected with 12571 -Salmon Calcitonin
: . - * %k kA T
Experiment Total ‘grains Mean grains/osteoclast *sSD 1SEM P
‘/
Caleitonin 1 Experimental 2612 52 24.8 3.5 - -
; Control 966 19 . 12,2 1,7 .001%*** s
‘ / y . .
Caleitonin ?  Experimental 2322 46 18.8 2.7
- Control 268 B 19 8.4 1.2 sO01***
Caleitonin 3  Experimental 4390 88 I 43.2 6.1
Control 651 L 13 / 9.4 1.3 .O01***
1 , =
; Caleitonin- Experimental 6990 . 280 / 99.9 20
| bPTH . . Control (sCT) 1070 Y /| 17.6 3.5  _001x*x
Control (bPTH) 7320 293 / 53.9 11 LExER
: . -
| ( ; —
i ~
| * Counted in light microscope radioautographs. R
s ** A minimum of 25 osteoclasts selected for equal size q/f approximately 1000 ,Umz. -
*** The experimental value exceeded the control value by factors of 2.7, 2.4, 6.8 and 6.9 respecti-
vely except when copld bPTH was used to compete with the 1251.gc7,
M *kk*k B

All the grains counted over the cells in each rat.
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Grain counts* over the tissue on the epiphyseal surface of the proximal tibial

A T

-

AW T - o

s
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Table XI growth plate
in experimental and control rats injected with +142I - Salmon Calcitonin
(Z 2
. * kkk 2
Experiment . Total grains Mean grains/3000 um~  *SD +SEM P v
Caleitonin 1 Experimental 6588 132 55.7 7.9
. Control ~ 1342 27 15.0 2.1 L00L***
Caleitonin £  Experimental . 4581 - g2 41.7 5.9 .
Control 2513 N 50 20.9 3.0 .001***
L . ) - i *
Caleitonin 3  Experimental 9862 197 82.8 11.7
. Control 1047 21 10.5 1.5 L001***
<
* Counted in light microscope radioautographs. .
** Grains were counted in a strip comprised of 50 rectangles layed across the epiphyseal surface
of the plate. Each rectangle measured 100 pm lony by 30 gm high, This value represents all the
grains counted in the 50 rectangles. .
*** The experimental value exceeded the control by factors of 4.9, 1,8 and 9,4, respectively in the
- 3 experiments. ‘ -
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FIGURES AND LEGENDS




%
24

PO

“\
o
+F
G
i

v i
s‘q;,iq,v

bl
bv

cc
' cart

ct
[cv
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m
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pct
rc
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va

FIGURE LEGEND- ABBREVIATIONS

_bone \

brush border ) \
basal lamina ‘
blood vessel

bone

calcified cartilage
cartilage

cytoplasmic process
connective tissue cell
pinocytic coated vesicle'
clear zone

dense body

distal convoluted tubule
endothelial cytoplasmic process
Golgi

lysosome

lumen '
mitochondrion

mixed spicule

nucleus

uncertain identity

osteoblast ~

osteoclast

osteocyte '
broximal convoluted tubule
renal corpuscule o : ,
secondary 1ysospme

vacuole
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Figures 1 and 2 K?'.dney cortex from an experimental (Fig. 1) and a
control animal (Fig. 2). Radioautographs of 0.5 Jjo thick Epon sections

exposed 14 days. X .680,

\
\

Figure 1 Numerous silver grains are present over the cytoplasm of proxi-
mal convoluted tubules (pct). These grains are localized at the junction
between the brush border and the apical cytoplasm. Distal convoluted

tubules (det) are labeled preferentially over their basal surface. Renal

\
corpuscles {RC) are unlabeled,

.

Figure 2 Silver grains are present over identical locations within the

-

proximal convoluted tubules) (pct) of the control, thus indjicating that the -
. ‘

labeling is nonspecific. These heavy accumulationsof silver grains presu:

mably represent pinocytic uptake of labeled hormone from the urinary filtra-

te, Dista\l cofwoluted tubules (dct} are almost completely unlabeled

indicating that the basal surfaces of these tubules possess specific

x

binding sites for calcitonin. RC, renal corpuscle.
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i ‘ Figure 3 and 4 Electron microscope radioautographs from kidney cortex

‘

# of experimental animals.

. )
* .

N
1

- -

Figure 3 Proximal convoluted tubule showing ‘the-location of the

: nonspecific labeling at the\ luminal aspect of the cells. The labeling
v is found at the base of adjacent microvilli of the brush border (bb), over T
small pinocytic coated vesicles (cv), or at the periphery o arger vacuo- \Y

I
'

les (va). Exposed 80 days. X 30,000. m, mitochondria. - .

Figure 4 Proximal convoluted tubule showing a similar location of the
1 nonspecific labeling. Again, grains are found over small vegicles (ev),
and closely related to the izeriphery of larger vacuoles (va). Exposed

80 days. X 30-000. bb, brush border; m, mitochondria.
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Figure 5 Electron micrograph of the basal aspedt of the distal convo-

luted tubule (dct) from the cortex of an experimental animal showing silver

grains associated with the deeply invaginated cell membrane.

]
No silver

grains were seen over the membrane of the proximal convoluted tubule (pet).

\ / A
The arrow heads indicate the basal lamina of the adjacent tubules. Expo-

sed 80 days. X 30,000.

G, Golgi; m, mitochondria. -

en cp, endothelial cytoplasmic cell process;
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, Figure 6 Electron micrograph of the basal aspect ‘of the distal convo-

luted tubule from the cortex oi the kidney of an experimental animal

showing specific binding associated with the deeply invaginated cell mem- ’

brane. The; arrow heads indicate the basal lamina and the arrow, a tight

junctiori between two adjacent tubular cells. Exposed 80 days. X 30,000.

cp, c€ll process; db, dense body:; Lu,lumen; m, mjtochondria.
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Figures 7 and 8 Epiphyseal surface of the cartilage growth plate in
experimental (Fig. 7) and control animals (Fig. 8). Light microscope

radioautographs of 0.5 jm thick Epon sections exposed 14 days. X 680.

t
, |
,

\

Figure 7 The narrow space between the bone of the eplphyséal cavity and

the -cartilage of the g‘rowth plate (cart) contains capillaries (bv),

: ' /s
osteoclasts (oc), osteoblasts (ob) and connective tissue cells (ct), some
of which are presumed to be osteoprogenitor cells. In the experimental
rat silver grains are found over osteoclasts (oc} and cells of uncertain
identity (o). Electron microscopy revealed these to be ‘fragments of laheled
_ccosteoclasts. Osteocytes seen within the bone, osteoblasts on the bOné
surfaces and chondrocytes wifhin‘theA cartilage plate are not labeled.

The asterisk (*) indicates cells labeled with 3H—th;.':nidine injected one
hour prior to labeled calcitonin. These cells, showing thymidine labeling,

are not labeled by calcitonin and are presumed to be connective tissue cells

4 . .
(ct) with osteoprogenitor potential. cc, calcified cartilage.

Figure 8 Similar region in the control animal shows a scattering of
silver grains which are not localized to any of the cell types.
bv, blood vessel; cart, cartilage; ob, osteoblast; oc, osteoclast; ocy,.

-

osteocyte.
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Figures 9 and 10 The zone of yascular invasion of the proximal tibial

epiphyseal growth plate in experimental (Fig. 9) and control rats (Fig. 10).

Light microscope radioautographs of 0.5 um thick Epon sections exposed

14 days.. X 680.

\

| %

Figures 11 and 12 The zone of vascular invasion in the proximal humerus
. / - /

of experimental (Fig. 11). and control animals (Fig. 12). Light Flicroscope

“ ‘

radioautogiaphs of 0.5 um thick Epon sections exposed 14 days. X 680.

Figure 9  Below ‘the zone of hypertrophic chondrocytes, osteoclasts (oc)

are often seen along thé remnants of cglcified ‘cartilage. These cells

show numerous silver grains over the periphery of their cytoplasm. Connec-

tive tissue cells (ct), labeled with 3H—thymidine (*) indicating their

125

osteoprogenitor potential, are not labeled with I-calcitonin. Fully

\diffexrentiated osteoblasts (ob) are not labeled. bv, blood vessel asso-

- s . . |
ciated with vascular invasion of chondrocyte lacunae. .

Figure 10  Silver grains are absent over all structures in the section,
except for 3H-thymidine labeled nuclei of connectivia tissue cells presumed

to be osteoprogenitor cells (*). bv, blood vessel. o e

Figure 11  Labeled osteoclasts (oc) are seen at the surfaces of calcified

cartilage and mixed spicules. Osteoblasts (ob) are unlabeied. by, blogd

. vessel; *, 34thymidine labeled cells.

Figure 12 Similarly located osteoclasts (oc) in the control animals are
not labeled. Again, only 3H-thymidin’e labeled cells (*) are seen.

'bv, blood vessel; ob, osteoblast.
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Figures 13-21 Light microscope radioautographs of 1 ym thick Epon |

- sections from tl:;/mﬁa(xorbén ‘kiPTH(1~34) experiment. Ex’posed 7 days. X600 - [

@

'\Figures 13, 16, and 19 obtained from the experimental animal; calvarié (Fig.13),
alveoiar bone (Fig. 16}, and zone of mixed spicules (ms) of the metaphy- !
seal surface of the proxim\al epiphyseal plate of the humerus (Fig. 19).
. All the osteoclasts show silver grains predominantly localized at their

periphery. The osteoblasts (ob) and other cells are unlabeled. b, bone; !

bv, blood vessel.

v

'

\
‘ W

Figures 14, 17, and 20 obtained from control animal injected with 125I-sCT

and an excess of cold sCT; calvaria (Fig. 14), alveolar bone (Fig.17), and )
zone of mixed spicules (ms) of the metaphyseal surface of the proximai plate of

the humerus - (Fig. 20). No silver grains are found over the'osteoclasts

(oc). b, bone; ob, osteoblast.

Figures 15, 18, and 21 obtained from the control animal injected with ‘
125I-sCT mixed with an excess of cold bPTH; calvaria (Fig. 15), alveolar
bone (Fig. 18), ‘and zone of mixed spicules (ms) of the metaphyseal surfa-
ce of the proximal epiphyseal plate of the humerus (Fig. 20). The silver
grains over the osteoclasts, ha;fe hot been disialaced‘ by t}}e excess) of cold

unrehted hormone demonstlrating the spéciﬁcity of the reaction. b, bone;

ob, osteoblast.
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Figureg 22 and 23 Electron mi\cr05cope radioautographs of portions of
osteoclasts—from experimental rats.—There portions are away from the bone
and the calcifie\c‘l cartilage of the mixed spicules. They contain nuclei
and a variety of cell ‘organellesr. In both figures, the silver grains are
related to the cytoplasmic membrane and cytoplasmic processes (cp).

Figure 22 Osteoclast from the epiphyseal aspect of the proximél epiphy-
séal plate of the humerus.. It contains an irregular nucleus (n) ,' a

Golgi (G), mitochondria (m) ,I—and a variety of dense bodies idenfify as

lfsosomes (L). Exposed 80 days. X 30,000, !

Figure 23 Osteoclast from the epiphyseal aspect of the proximal epiphy-’
seal plate of the tibia. The cytoplasm contains well develop?d Golgi (G),
mitochondria (m), and a variety of dense bodies identifiied as primary

lysosomes (L), or secondary lysosomes (sL}. Expoéed 80 days. X 30,000. .
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Figures 24 and 25 Electron mitroscope radioautographs of portions of
osteoclasts from the epiphyseal aspect of the'proximal’ epiphyseal plate
of the humerus of experimental rats showing silver grains related to the

membrane over the region of vesicles and vacuoles and over the clear

o

I

.zone (cz). = : ;

' ¥ ~-

. \

\
Figure 24 Portions of adjacent osteoclasts from the epiphyseal aspect

of the epiphyseal plate. These osteoclasts are covering bone (b) and

contain a variety of vesicular profiles some of which are coated vesicles(cv)

and dense bodies of lysosomal nature (L). The silver grains are found on "

. the cell membrane adjacent to the bone and related to cell processes (cp).
|

X 30,000. v

:

Exposed 80 days.

Figure 25 . Most of the field is occupied by a portion of an osteoclast on

a piece of calcified cartilage (Cé) . It ‘contains the region of vesicles

»

4

and vacuoles, mitochondria (m) and a variety of lysosomes (L). The silver

grains are related to the cytoplasmic membrane adjacent \to the calcified
. ' ( :
cartilage and clear zone. Exposed 52 days. X 30,000., -
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Figure 26 Electron microsgope radioautograph Qf a portibn of an osteo-
I“'\

.
v

clast (oc) from the epiphyseal surface of the epiphyseal cartilagenous

, plate of the an experimental rat. This micrograph shows silver grains

related to the numerous cytoplasmic cell processes (cp) and to the various

vesicular profiles among which are some coated vesicles (cx\?’) . This por-

|
tion of the osteoclast contains numerous mitochondria (m), and dense

G o

4 bodies some of which, ,are lysosomes (L). It'is closely related fo\ a blood
¥,
- . vessel (bv). Arrow, lamina limitansg CC, calcified cartilage; B, bone.

Exposed 52 days. X 30,000.
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Figuljes 27 and.28 Light microscope radioautographs of 4 um thick péraffin

%

sections of the body of the subfornical organ of the brain.

; ' ; Figureu 27  Obtained from the ‘experimentz;l animal. The heavy radioauto-

L .

i graphic reaction seems to be predominantly 'sit'uat’e'd around the blood )

2 vessels, Ex‘pgsed 4 weeks. X 170. (* ), third ventri\cle.

: Figure 28 Obtained from the control animal. Few silver grains are pre-

[é sent as a result of the competition between the excess colri sCT with

] - the °1251-SCT f;:r the occupation of the specific receptor sites. Exposed
four weeks. X 170. (%), th’iré ventricle.
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