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ABSTRACT 

1 

.. 

, ' 

Radioautography was employed to, visualize the Â-n. V-tvo bi!ldirig of .cal'!. 
, ' 1 

citonin to r~ceftorS.yin .rat tissues. Two minutes following intravenous inj ec,-

tion of bioÎogically act1ve 12SI-iialmon calc''ü êm in , free horm6ne wa!? pepa­

rated n:tom bound ho"'rrnone by intraca~'diac p,erfusion 'with lactated Ringer',s 

followed by fixation with 2.5% glutaraldehyde. Various tissues were rèmo-

ved and processed for, l ight and ele.ctron microscope radioautography. These 

were compa:r;ed to tissues removed from animaIs which received identical: arnounts 
J " \." 

of ~d hormone with a large exces.s of unlabeled calcitol'!in. Among 'the 

tissues investiga'ted, ·kidney, bone and brain demonstrated ,labeling. • . / 

In kidney, most sllver grains were \J.occ1ted over vesicles below :the .... ~ '. . 

.. ,: brush border of cells o:Ç the praximal çonvoluted' tûbules:. These grains were 
,.., 1 ... .. , tI 

still present after simuitaneous 'injection of 'excess unlabeled hormone and . " 

most llkely represented Iow affinity nonS'pecific ·bmding to sites invol~ed 

with ingestion ~nd degradatiQn of hormone from the urinary filtrate. In i' 
contrast ,~'grains Iocalized to the basal surfJces of t;he ascending thick limb , . 
of the' loop of Henle and the dist~l convoluted tubule ceIls ;~ere significan-

t1:r lTeriuced in nurnber in coIftrol ~ni~als and represented high a f:Ë mit y , spe­

cifie binding sites for the hormone. In bone, specifie binding sites were 

'. found aIl over the cytoplasulic" membrane' of the osteoeillsts but not on th'e ' 

ruffled border. Thes~ labeled cells were 'located at resorption shed exami-

J' 

.. 
ned in calvaria, in alveolar bone,/and at the metaphyseal surfaces of th'e 

epiphyseal plate of the humerus and tibia. Specific binding sites for t<he . 

\hormone wère also found in the subforntcal organ of the brain; a site of . 

binding not previously reported in the lit~rature. This demonstration of 

the localizat~on of l~~l-calcitonin :<,1'1. .6.,(;fu provides a" new an~ sensitiv~ 
approach forsttlaying the int,eraction of .cal~iurn regulatihg hormones with 

their' target cells. 
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TIR!! A PART 

Nous avons utilise. la logique de l'essai pour sites d~ liaison de 

Ihaute speéificité et les techniques radioautographiques afin ,de ~isua­

Iliser les récepteurs de calcitonine 'dans les tissus du rat. Deux' minu­

tes après l' inj ection intraveinepse de l ',hormone marquée à i' iode l2~, 

ti' hormone non-liéé' a été s'éparée de l' hormone liée aux tissus par une 

p~rfusion intracardiaque amorcée avec une solution de Ringer suivie par 
\,\ ' 

là !jolution fixat ive. Les tissus d' mtérêt ont été disséqués et prépa-

r~f pour la radioaut?graphie au mic~oscop!'l opt ique et électronique. Les 

radioautographies obtenues de ces tissus ont été comparées à ce~les de 

. l' ~nimal de contrôle auquel on avait inj eeté une ,quantité identique d 'hor­

mone marquée, mélal).gée à un~excès d'hormone non-marquée, de telle façon 

que dans cet animal il y ait compétition entre l'hormone marquée et l"'hor-. . . 
mone non-marquée pour la liaison des récepteurs de haute affinité . . 

'(' ' .... l " 

Dans ,le rein, la plu~rt des grains' radioautographi'ques sont situés 

au-dessus des vacuoles jyste sous la bordure en brosse des cell\ües des 

tubes contournés proximaux. Puisque ces grains n'ont pas été Jéduits en 

nombre par l'llljection s'imultanée d'un excès de l'hormone non-marquée dans 

. l' animal' d~ ~ont:r61e, ils r'eprese~t~n't proll,ableinen~des sites, de liaison 

de basse affinité d'ingestion et dè dégrad9-tion de l' ho~one provenant du 

filtrat glomérula.ire. Au contra;ire,' les grains que i 'on a ... observés sur la 

" , 

, . . \ 

-
0

6 

~ 

(') .J r 

.~ 

1. 

~ 

surface basale des tubes contournés distaux ont été réduits en nombre de 

manière s ignificat ive dans l'animal de contrôl e~ et repr~sent ent donc de~ , 
!5ite,s de liaison-de h~ute affinité.;, Dans les' tissus osseux, le? sites 

/' 

de liaison de haute affinité et spécificité ont été localisés sur la mem-

brane cyt~plasmiqu~ de l' ostéoclaste. Les grains radioautl'graphiques ne 
1 _ , ' 

se trouvent pas associés à la membrane cytoplasmique de l' ostéoclaste· for-

mant la boraure striée. Finalement, des sites de haute affinité ont é'té 

démontré$ dans 1 f organe subfornical du ~erveaw. ( 
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INTRODUCTION 

The body. through ~t~en4ocrine system, conum,micates information 

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

., ,< ... 

stream, 'which delivers them indiscrimi~a~ely to target and non-target tis­

sues. Th,e target cells contain specialized moleèules, called receptors, thp.t 

bind th~ hormone and subsequently mediat'e i ts cellular action. The recep-
1 

tors vary in their cellular localization, in the/post-binding tran~fer of . 

• 
information, ~nd in the particular hormone they' recogniie. There are three 

o 

I-.=c..========== types of hormon~ receptors: 1. for polypep'tide-hormones, cateëh~s, 

and releasing factors, the specifie receptors are on the external) surface 

of the plasma membrane of the target cells, 2. for steroid hormones the re-

. ) 

'ceptors are found ini tially in the soluble intracellular compartment of the 

ceUs, 3. for thyroid hormones the intrace-llular binding sites are found ln 
1 

the chromatin of the target cells. 

POLYPEPTIDE H0Rl10NE RECEPTOR j" 
': ! 

The ~ype of receptor of concern in this investigation is the JJectptor 
~ . 1 1 

for polypeptide hormones. As previou?ly mentioned, these receptor 1 'f!lre on 

the ce!'l membrane (Cuatrecasas and Hollenbb:g', 1976), and the binding 

site is located on the outside aspect ?f the cell membrane. The receptol:.s, 

have aiso been found in a number of subcellular ~ractions such as G()lgi 
, 

fpction (Bergeron,eta:t.,,19V8), and nucleus (Goldfine et a1., 1976). They 
• 

are predominantly pz:oteins and are intimately: associated wi th me,mb:cane lipids ... 

They May also f-ontain carbohydra.tes. 
,/ 
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It has byen demonstrated that, in certain cases, the interaction of 

pepüdüle hormdne Vii th the xeceptor resul ts in activation of adenylate 

eyclase, a membrane bound enzyme which stimulates ~he conversion of ATP , 

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

senger ln a sequence of events, still to be elarified, whieh ultimatel)'t 

eulmiriates in the appropriate cellular response. In that sequence of 
• , , 

events, the role of the r'eceptor is to distinguish a signal given by a 

3. 

particular compound from a variety of circulating' molécules and to relay 

,this info~;tion ln such a way that the appropriate cellular'response fol-, 
<, 

lows" To recognize the signal, the receptor must show specifici ty, have 
QI 

an affinity for the ha'rmone and an appropriately lower affinity for poten-, 

tially similar 'and misleading signaIs. 
/ 

RATIONALB OF THE IN VIVO SPECIFIC BINDING DETERMINATION 1-

r , . 
'- Affinity is a function of non-co'alent"binding which lnvolves electro-

static interactions including hydrogen binding, hydrophobie interactions ' 

and Van der Waals forc~s, "A simple. way of considering afhnity is to take 

a familiar' system from basic chemistry, name,ly, the formation,of a product 

from two reactants. As a consequence, the binding of horll!0ne(H) wlth re~p­

!or(R) can be simply represent;d as H+ R kl HR. The rate at which this 
, 

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

receptoT [R1, ana therefore, ,the Inherent rate at whieh the hormone combines 

with its receptor is mathematieallY'.equal to kl CH] [R] in which case kl is' 
/' 

the rate constant. The hormone binding is usually reversible; this can be 
i~ 

repre~ented as HR k} H +R and the rate at .which Ulis re#ct.ion<proseeds is 
.< 

mathematically equal to k 2 Dm]. tJ.t equilibrium', the rates are e~uaf Ilnd 

1 
1 

! 
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4. 

therefore k2 [HRJ is equal to kl [H] [R]. The equHibrium d~ssociation con-
1 

~tant (Kd), k2/kl is equal to [H] [R] / [H]. ,The rec1procal is the equili-

'\ brium association constant (Ka), k1/k2 and it is equal to Q-m]/ [Hl IR] ' The 

/ 

Ka is also conunonly refe:rred to aS the affini ty constant, ,and the greater 

this value, the higher the affin1ty. Another way to express the affinity 
" ,~"t .. .' 

. .ulii:iSing the relation Kd equals [HJ~J/ [HRJ. When half of the receptors are 

occupied by t~ hor.rnone, .the Kd is then equal to [H] and in this case the 
\ 

affi~ity is described as the free concentration of hormone necessary to 

half saturate the receptors of a given receptor preparation (Posner, J975), 
, . 

Theref?re, the lower the Kd value, the higher lS the affi~ity. 
/ 

The devrelopment of methÇ?ds for separation and characterization of cel1u­

la1:U components, the preparation ",of highly purif1ed polypeptide hormone, and 

the availability of a simple procedure for i0dination of hormone with high 

specifie activity, enabled the direct study of polypeptide hbrmone-receptor 

" interactions. Above aIl, the technical' innovation developed in 1960 by 

Berson and Yallow in the radioimmunoassay field had a powerful impàct on the 

direct study of these interactions. Although they never worked directly on 

receptors ~ investigators now working wi th peptide hormone receptors have di­

'r~ct1y applied the methods and technical apP,roaches devised by them for 

radioimmunoassay (YaIl 0& ~ 1978). 

The studies indirectly associated with the present work involve the 

~o, fadio~eceptor assay dèveloped by Roth (1973). In this assay, a 

similar amount of membra~e preparation, ideally containing an equal concen-

tratior of receptors, is added to a series of tubes, tog~ther with an 
- , 

appropriate amount 0f labeled hormone capaQle of binding'a1l of the recep-
, Q #. ", . ~ 

tors present ,i~ the prèParation'.. An excess of the unlabeled hormone which 

" 
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competes for the limited number of receptor sites is added to half of these 

tubes' estabÜshing the affinity of the hormone for ïe receptor. ,In 

another syries of tubes containing the same membrane preparation -and the 

same labeled lior~one, structurally dissim1lar cold hormones are added. ' 

Even when present ini'!great excess, these unrel'ated hormones cannot com-
. ~ 

pete with the labeled species, thus establishing the specificity of the 

1 

bindifig. After incubation, unbound hormone is separated from bounq hormo-

ne by clfntri,fugation or filtration of the preparatlOn on a l!1iÏlipore ~il ter. 
" ..... II \1'-" 

Quantitation of labeled hormone bound to réceptor is achieved w1th a liquid 

scinhllatiort c~unter and e:ressed ln disintegrations per mirute, (dpm) , 

In this assay, total binding is defi;ned as the radioactivity retained, in 

the. absence of excess cold hormone, and nonsl(eciftc binding as that radio'- l' 

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

binding 1S ,ultimately obtained by subtraction of nonspecific bmd1ng from 

total binding. The rationale of ,he -<J1 vd:Jr.o receptor as~ay is the founda- \ 

tian for the ~n v~vo specific binding determination achelved in the present 

experiments. Howeve:;-, instead of using two series of test tubes, Gontaining 

equal amounts of receptors, two animaIs of similar weight, sex and straln 
, ) 

are used. 1 Ideally, these rats contain the saIDe number of receptors. The, 
. - l ,J 

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

with an appropriate amount of the labeled hormone; the second animal, refer-
• J . 

red to as the control, is in]ected with the same amount of radioactive ma-
I r 

terial mixedcwi~ of the coLd ho~one which compe~es with the la-

beled species for the limited number of receptor sites. The-specific~ty of 

the .binding can also be demonstrated in the -Lit v-Lvo system,. where the bin-, 

ding 'of labeled hormone will be competi tively inhibited only by unlabeled 

\ . 

( 

\ 
'/ 1 

. (1 
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biologically related hormone and not by unrelated molecules. In the 

il v-Lvo localization study, ~nbound hormone is separated by an appropriate 

technlque involving the removal of circulating material by int~acardiac 
, 1 

perfusion ini tiated wi th a sol ution or lactated Ringer' s. Histology and • 
./ 

, radiofl-utography are used to determine the °localization of the labe~ed ma-

Q. 

~erial. Quantitation of the labeled material is expressed as the ,number of 
, ' 1 

radioautograrhic silver grains aounted over histological s~ctions of equal 

thickness- in equal areas delimited by an ocular grid 

cope. In the -Ln v-Lvo specifie binding determination, 

with a light ~tyos­

the total' bindil1'~ is 

defined,as the gra~n coun, ovèr histological sections çf the tissue ?f the 
',,­

experimental animal and the nonsp,ecific binding is the coun~ over histologi-

'-~l sectïons of the control animal. Quantitatively, the specifie bindin~ 

is~scri.bed ,to structures w1rrêh show a significant degree o:f c~mpetition, 

as, ~YidenCed by a' slgnificantly higher experimental value than the control. 
1 

o ' 

Qualitatively, specifie binding occurs when silver gl'ains are present .civer ' 

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

tures of the control anImal. 

With the -Ln v~o system the nonspecific binding r~flects either ~hy­

sical adherencè of labeled hormone, or absorption to fil ters or test tube's ,., 

employed in the assay. In the -Ln v~yo system, it reflects ph~iOlOgiCal 

adh:r,ance of the labeled horm<ll?e at its degradation Sit~ and a~ion 
,~ , 

• to' ce'lIs' '4fld intercellular spaeeS' anywhere in ,the body where the, circula-

ting labeled~ormone'has a~cess. 
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CALCITONIN 

'" 
Historical Survey 

In 1935, McLean ,and Hasting observed that, in a normal mammalian 

(j)rgani'sm, the const~ncy of the plasma calcium concentration was maintai­
!. 

,ned :in spl~e of wide fluctuation in the intake and e)<cretion of ,this ion, 

and they reported that the level Qf calci~ was one of naturels physiolo-

7. 

1 

~cal constants. Subsequently, It was shown that in the absence of the pa-

rathyroid glands 1 the calcium level fell signfficantly and, as a consequence" 

major attention was directed towards' defining the 'relationship between this 

gland and the plasma c~lcium concentration (Rasmus~en and Pechet, 1970). 

In 1960, Sanderson, Marshall and Wilson ob:erved that, in thyroparathyroi­

dectomized dogs, there was an inability to handle either low" or high ,levels 

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

after they perfused the parathyroid and the thyroid glands together with 

blood high' in calcium, lead tnem to propose that a second calcium regulating 

hormone existed and. that it' was found in the:'parathyroid; In l~ and 1964, 

Hirsh and his colleagues demonstrated the presence of a hypocalcemic factor 

in the thyroid gland and subsequently named it thyrocalc~tonin to distin­

guish it 'f~om calcitonin of possible parathytbid origin. One year làtter, 
il'" • ' " 

Poster (I9~4) demonstrated the presence of calcitonin secreting cells in 
7<' 

, 
the thyroid glands. Perhaps the most conc1\lsi've experiment was madl;:) by 

Care in 1965, ~ere 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-

monstrated that the factor responsible for the hypocalcemia resided in the 

- ' \ 
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thyroid. Finally, it was s~own that extracts of this gland produced a 

fall\in plasma ca,lciurn. 

~ 

It Was probably Baber, in 1876, who Urst reported the existence of 

a d,ifferent secreting ceU in the thyroid and the extensive work of Nonidez 

~ (1932), which lead tOI'\ts identification, should be menÜoned. Iri the sixties, 

I 

" 
the calcitonin cells were identified and their secre~ory fùnction weIl esta-

blished as the result of work invoiving enzymatic and immunofluorescent 

.techniques (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 wi th the se'cretion of cal ci tonin. They 

have aLso been called the clear celis by Stux et al. (i96l), because they 

stain pooly with the periodic acid Schiff reaction, parafollicular cell, 

mitochondrial rich cell, protoplasmic rich cell, ovdid cell, basal granular . / . , 
/ 

cell, bas~l follicvlar cell and interfollicular cell. In 1937, Godwin had 

suggested that the "C" caUs were de ri ved from the ù1timobranchial body de­

veloping from the last pair of pharangeal pouches in the developi'ng embryo. 

During the developing process, the ultimobranchial "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, i t has been sugge~ted thato not aU of the "C" cells migrate 

to the thyroid. 

Structvre of Calcitonin 

ln 1968, po:fcine calcitonin was isolated and the anino .acidt sequence was' 

determined independently by Potts et al.; Neher et al.; and Bell et aL. 

This has,been subsequently ac~omplished for ovine,'bovine, human and'salmon 

f 
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calcitonin. It is now possible to obtain the synthetic, biologically ac­
e 

tive calcitonin hormone. The molecule of salmon calcitonin used in OUl' 

experiment is a straight ~n peptide of 32 residues witn a prol iamide 

1n place of a free carboxyl group at the C terminal and a disulficle bond 

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

large nwnber of hydrophilic sicle chains and the overall molecule has a 

liPOPhlliC character: .Salm~n ca1citonin has beencreported to be 25 to 

9. 

and possibly magneslUm (Bell" 1970) • Evidence in-

dicated that the hormone may function pnmarily as an emergency mechanism 

to control dangerous hypercalcemH. T!üs is suggested by the resul ts of 

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

cium and plasma 'phosphate level was registered, following the inj ection 

OI; infusion of calcitonin into norm,al rats. 

Sinèe the ~owering in serum calcium concentration could be the re-
',,,~ 

sul t of a decreaser entry orl> an increased removal of 

b1ood, ,therefore, the tissues of the body which have 

these ions in the 

:receiv\:d the mo,st 

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

entrance of exogenous calciwn, and the kidney because10f its excretory , \ 

function. ... 

Hard tissue Mazzuoli et al. (19(>6). Aer (1968), and Johnston et al. 

(1966). showed that ca1citonin reduces the urinary excretion of radio-

-_._.........------~-- ...... - ---
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85 4S' active bone tracer e1ements, such as Sr and Ca, pr'evious1y incor- 1 

pôrat~d into bone. They also reported an inhibitory effect of ~ 
calcitonin on calcium rer~ase ln. vIvo and bone metabolism,.-Ln. vilia. 

- 1, • 1 

In 1967, Maclntyre et al. perfused a cat limn with the hypocal'cemic 

hormone and reported an arteriovenous ~ifference ln plasma calcium 
\ 1 ' 

concentratIOn. The acti"n of calcitonin 9n jesorption of bone ha~ been .. 
further substant~ated by hIstologie studies carried out in rat and mou-

se bones by Foster et al. (1966 and 1967). In their experime!lt, the 

o 

examination of bone tissue from animaIs who had received calcitonin ' 
'-

" .-Ln. V.-LVO indicated that the hormone induced morpho1ogica1 changes in 

osteoc1asts. Furthermore, the number of ostbociasts was greatly redu-

ced when compared with the amount found in non-inj ected animalS. 

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

ration? derived from fetal rat 

""""' gnifi'cant raises in cAMP after 
• ) '0 - , 

or rabbit calvaria and tibia, report~i­

addition of calcitonin to the prepar~on. 
, 

Their results suggested the presence of receptors for the pOlypeptie 
" 

hormone. Moreover, Marx and Gal t'zman' s studies were confirmed by ~ v~o 

speciflc binding assay using radioiodinated salmon ca1citonin which ve­

rified the prèsence' of sa.turable sites for the bo;m6ne in their cell mem-

brane preparation. AIl of the above provide enough eviq,ence to support 

the generai opinion th~t calcitonin acts .by decreasing the rate of bone 

resorption. 

The possibi1ity that calcitonin might affect bone formation has been 

investigated, b~t the resultsl are often conflic,ting . 

. ( 

Soft tissue The studies done on the gastrointestinal t,ract suggested 
/' 

that the calcium lowering action is no't achieved through ,this system. This 

.' 
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was shawn by Hunson. et al. (1 96'tJ) , ,who demonstr~ted that 

\ 
~d serum calcium in the rat, even after removal of the intestina 

t~a;~. The additlonal \tudY by Krawitt U96]~ showed that calcitonin 
~ 

)1. 

not affect absorpti"on of calcium from isolated 1pops of the intestine of r ts. 

The 1iterature on the raIe of thff kidney iIf the hypoca1cemic 

, response of calcitdnin is.controversia1. Calcitonin has been reported 
~ -' 

a~~nging about phosphaturia r (Robinson 
~ 

et al., 1967) and also as a 

hormone capable of decreasing the urinary .. excretion of phosphate (Hirsch 

et al., 1964). In 1969, Pak et .al. demonstrated that calcitoni~ 

, incre<ilsed renal cle'à-r'ânce of calcium in thyroparathyroidectomized dogs. 

More recent data from experime~ts carried out by Ma~x et al. (1972 and 

1 • 

1973), and Go}t.zman (1980), inVOlv~ng acilvation of, aqeny1ate cyclase ~ 
9 ~ J:{ /') 

and in vitro specifie b).~ng assay using radiolabeled calcitonlin, 
, (,.," , -

• ~ 1 \ ' 
strong1y suggested the presence of specifrc receptors for calcitonin 

. k"d 'G' .) le f\ 
ln l neys. /' 
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MATERIAL AND METHODS (., \11 

Several experiments have been carried out in order to determine 
- , 

the.~n v~vo specifIc binding for the synthetic polypeptide hormone 

salmon calci tonin (sCT) ,and to establish the exact idénti ty of i ts 
1 

target cells. 

The present thesis will des'cribe the results obtained from three 

experiments' referred to as c.a1.c.,U;omVl. 1, c.a1.c.il.orU.n 2 and c:a.tc..<..:t.orU.VI. 3. 

These experimentso-t;?nsist of straIghtforward ~n v-i..vo sp,ecific binding 
, , 

determination, with a slight modification ih eal~O~VI. 3 experiment, in 
\ . 

whIch the' animaIs were inj~cted with e~ual dos~s of tritia~ed thymidine \ 

13. 

3 ' ' 
( H-tdr) one hour prior to the actual injection of the salmon calcitonin. 

\ 1 1 

In ca.lCA..to~n-bPTH experiment, instead of cold sCT, a different peptide, 

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

specificity of the binding. A fifth experiment, referred to as c.a1.utom'VI.-
1 

Ca loweJL.t!'J.9 ac..:Uvdy, ,was designed t,o 'test the biological inf,egrity of the 
2 '--1 

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

by measuring their effect on plasma calcium levels after intravenbus injection 
1 

",' 

in r.ats. 

IODINATION OF SYNTHETIC SALMON CALCITONIN 

Syntheti!salmon cal'citonin (sCT); approximately 2500mU/p.9, a gene­

rous gift of andoz Co. LTD., Baser, Switzerland, was iodinated with iSQ­

topie sodium i dide (N~ 125 1)\ specif{c activity 17 )Lei/mg, New England 

Nuclear, Boston, Mass., by the Chloramine T method described by Hunter \ 

and G~eenwood. 1962. , 

\ 



" , 

• 

.1 
1 

( 

/ 

< •• 

• 

" 

The stepwise ~odination process involves the fOlloWin!)le ~sotopi):--l4. 

sodillin ,y>dide ,(Na 1251) is first diluted with O. 05M phosphate b!lffer at 

1 125 
pH 7.5 to a final solution èontaining 1 mCi of l per 10)1.1 of O. 02M 

'phosphate buffer at pH 7.5. An appropriate amount of chlorarnine T (sodium 
1 ~ 

saI t Qf N-monochloro-p-toluene sulfonamide) is added to an equimolar sOlu-,. 
tion of Na 125'1 and seT. , , 

The chloramine T'is a mild oxidlzing agen.t which slow~es hy~ 
, \ 1 

pochlorous ad.p. in aqueo4s ,solution. The exact mechal).ism of the iodination 
, ' , 

reaction is not known"but pre_sumabl~ a complex of iodide with the sulfona­

mide is fo~ed in which the iodide carries a positive charge. It is thought 

that by means of an electrophilic substitvtion, the iodide-sulfonamide 

complex reacts with the six carbons ring of the tyrosyl residue in position 

\ 
twenty+ two ~f the salmon, calci,tonin molecule. ~ The iodination i5 carefully 

~imed for a duration of 30 second~ to avoid potential radioactive damage 
& \ 

and t_o prevent sur-iodination. _The reaction is terminated wi th the addi-

tion of sodium metabisul fi te which' quenches the lOnlzation effect of the 

chloramlne T, therefore preventing further iodin~tion. 

A sample of the preparation is used to' determine th'e percent ~ncorpo­

ration of the iso--topic iodide. Trichloroacetic acid CfCA) is added to 

,precipit~te the iodinated sCT, and a gamma scintillation counter (Packard 

model 3002), is used t~\ determine the total épm and cpm contained in the 

pellet. If the percent incorporation is judged satisfactory, the iodina-

ted hcwfmone ls precipitated by the addition' of QUSO G-32 (microfine preci-
/' 0 

_, pi d:tjed s'ïliéé., Quartz. Co.) in a SEMP""'solution (O.2M phosphate buffer 
l ' 

cpli 7.0, 1.2M NaCr, O.O~M ED~A, O.Ol%-merthiolate). The mixture is spun 

at 6000 rpm for approximately two minutes (table"top centrifuge 6).' After 

- \ 
this step, the supernatant, eont-aining free iodide, protein fragments and 

\/' 
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lUllabeled sCT, 'is discarded. 
Zt -' 

Addition of Anion Exchange Resin (AG l-XIO, 200-400 mèsh 

form, Bio Rad laboratoliies, Richmond, California) removes any iodld~. 
1 , 

This is fol~owed by the a"tidition of a mixture of 20% (v/v) acetone .and \1% 

II 

(v/v) acetic acid in orde~'>. to separate the iodi1\ated sCT from the QUSO. This rl, 
mixture ,is centnfuged .fit 6000 rpm for two minutes. The :upernatant con-

- - h 1251 CT - b 1 d d d talnlng, t ,e -s _ 1S su sequent y evat'0rate to r~ess un el' a stream 

of nitrogen and redissolved ln 2.5% (w/v) bovine -serum albumin~in 25mM 

, TRIS-H~l buffer at pH 7.4. Iodination was ~ccomplished immediately before 
- {. 1 

each experiment described. After iodination each bat ch was subsequently 

divided i~to 2 portions, one por~ion was injected anto the expe~imental 

animal and the secorid was used to prepare ,the material injected into tp.e 

control anilhal. In this way, the exact amount of radioacù ve hormone, .wi th '" , 
the Same speClfic' acti VI ty was inj ected into both animaIs. 

ASSE~SMENTOF THE BIOLOGICAL ACTIVITY :OF THE IODINATEQ SALMON CALCITONIN 
~ 

The biological actiVl ty of identicalrly labeied normone has been con-

firmed by three separate procedures. The stimulatlOn of adenylate cyclase • 
\ 

and the ~Yl v-UJw binding assay, have been- previousI'y reported. As -part 

of this work, the .t./'t v~vo ~lasma cal~ium determination was used to assess 

the biological hypocalcemic acti vi ty of the iodinated salmon calci tonin. o , 

/ 

Adenylate Cyclase Stimulation Study. Al though not a part of the' experiments , 
, done -far this thesis, the methodology is gi ven for the saJ<e of com-

pletion. It is currently accep,ted that polypeptide hormones bind to'recep-

tors si tuated on the, piasmaiemma of their targe-t. cells.' The bin~ing of 
\ 

the hormone with its receptor causes the formation of an intracellular 
,/ 
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j ~. 
me'ssenger molecule that stimulates sorne> characteristic biOche1l1.1 

activity of the target cells which bring about the specifie biological 
~ 0 

response. It haS bee~ reported that bindi~g oy.calcitonin '\:0 receptois 

,activates the membrane bound adenylate eyclaseZwhich is .responsib~e for 

the conversion of ATP into cAMP. DAs a consequence, if the hormone i~, 

adoed to a membrane preparation in the pres en ce of ATP, an intreOase in 

of biological acti vit y . 
" 

cAMP ',iS 'ntetpre;;d'as indirect evidence 

S lmon c~itonin-~denYlate cyclase studies involve the preparation 

ly purified plasmalemmE' prèpa:ration from homogenates of renai 
1 

and fetal rat calvaria. The homogenate~ cau be fractionated by 

centr fU&atlOn on suc:r:ose gradients to obtain a ,fraction relati vely free 

of oth r cell components. IThisafs indicated'by a decr~ in specifIc 

n 
of marker enzyme for the contaminants and. arf""increase Ç)f marker 

e plasmalell11lta Electron microscopY"of kioney plasma,... 

lell\lll'i ~ion 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 àbove work, the , 

b1plogical act~vity of t~e synth~tic salmon c citonin (:;CT)and that of 

the Io'tlinated sCT has arati ve studies. The 

çonce,ntration of cAMP has been determine 

amounts of seT and of 12SI_sCT . 

addi tion of increasi~g \ 

a,linear increase in cAMP 

proportiOD\l1 ,to the amount of calci tonin added to the preparation. \ 

Moreove-!~) the overlapping of the graphs obtained from both the '\ll1Iabeled 

~d the label~d m6lecule indicated that the iodin'ated specieJ is 

tinguishablè from the non-iodin~ted calci~onin in actiVating the 

, ançl skeletal adenylate cyc1ase enzyme (Mark et al .• 1972). 

. \ 

i 
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rat renai 
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In this type of experiment, a 
17. 

series ::Jfl salmon cal'citorHn and salmon cal ci tonin analo g9' are tested 

1 , 
against the iodinated salmon calcitonin for uptake by highly purified 

1 

skeletal and renal plasmal1enurra preparatIOns. After a proper time of 

in cub a,ti on , bound hormone is sep"arated from unbotnld hormone and the ~ptake/ , 

of radioactivlty is determiRed with a liquid scintillation counter. The 

resul ts of these competi ti ve experiments are expressed as Dose Response 
) 

curves. Results indicated ,that only"the cold salmon ·calCltonin could com-

- pete with the' labeled molecule to blnd the receptors in the membrane pre­

paration (Mark et al., 1972; Goltzmarr: 1980). 

In this type of assay, the bindlng capaci ty of the ;iodinated species 
"-. ...... 

is expressed as a perCf;;ln t of the total radioacti vi ty added to the prepara-' 
1 • 

tion. The fact that the sCT, but not the analogs, can compete 'with the 

125 CT' h 'f h "1 ' b' hO. d' d I-s lS anot er way to ven y t e S,lml arl ty etween t e 10 Inate 

. and 'othe non-iodinated species and an indirect way of assessing the' biolo-
o 

gical acti vi ty . 

In V..tvo Plasma Calcium Determmation after Inj ectlOn of l2S I _sCT and sCT 

1 

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

iodinated salmon calcItonin when in)ected intravenously caused a decrease 

" in plasma calcium concentrat19n. , In order to verify the -tlt VA.-VO biologi-

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

male Sherman rats ana~sthetized with .1% (v/w) of Nembutal were injected J 
, li l' h 'h 'd' d 125 1 C (' 'f' .. 710 C' /. lntravenous y Wl t eIt er 10 mate -s T- specl lC actl VI ty p. 1 ;.tg; 

6" 6 ' • 
50xlO dpm or 500xlO cpm) or unlabe1ed osCT (.03 f'-g or .3P.g) or buffer 

alone (2.S~ (w/v) bovine serum albumin in 25mM Tris-HCL, pH 7.4). One hour 

after injection, the animaIs were exsanguinated through" the dorsal aorta. 

The cQ1lected blood samples were centrifuged and the calcium concentration 

i 

i . i 
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" 18. 
in the ~lasma fraction was analysed, .using a ... sequential Mul iipl!e Analyser ~ 

with Computer (Technicon Inc.) following !:he metho<Lof Gitelman (1967). 

The animals_ injected wi th buffer alone, served ,as control and showed 
~ 

a plasma calcium concentration of 9.5 mg/dl. The inJection of a dose of 

1'25 C~ .. (50 106 d ) h d " f' f Il' 1 l' I-s ïl contalnlng x pm s owe a Sl~l lcant a. rn p asma ca -

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

~ , 125 
wh en .03 jlg' of sCT was injected. When a ten fold larger dose of I-sCT 

was injected (500xl06 dpm), a greate1,' faU in plasma cal~ium from 9.5 mg/dl I~ 

to 7.5 mg/dl was ~ecorded and was also p~ral ~eled by- a similar decrease 

produced after the injection of ;3 Ag of the' coldo 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 i ts biological acti vi t:y. 

~MAL PROCEDURES . 
For the experiments performed, all animaIs and tissues have been 

=! 1 

treated slmilarlY with few exceptions, In Calcl:toyuYl 3 one ho ur prIor to 

the injection of the radioactive hormonal preparation" both. the experimen-
" ~ 

tal and the control animals,}'Jere injected intraperitoneaUy with '.25 ml of 

tritiated thymidine in aqueous solution (3H- tdr; l-.OmCi/ml; New England 

Nuclear, Boston, Mass.). lri CalciloYUYl-bPTH, a second control animal "was 

injected wi th the normal radiolabel ed preparation mixed this time which an 

excess of 125 Ag of bovine parathyroid hormone (bPTII; 6000mU/p.g; Beckman, 
l, 

Palo Alto) California). 
,l. 

Fi ve minutes prior to the be~inning of the expefiment, male Sherman 

rats weighing 100tlO g recei ved an intraperitoneal i~jection of .1% (v/w) 

Nembu.;tal. Onder mild al\aesthesia, the animaIs were injected through the' 

/ 
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19. ' 
external Jugular vem with the appropriate radiolOdinated preparation 

(Table 1). Once injected, the iodinated preparation was allowed to cir-

culate 2. 5±. 5 minutes. AIllmal s were sacrificed by gtïn'drty; perfusion 

l2±2 ml/ID sec) through the left ventricle, initiated with a 1actated 
- [' " 

Ringer's solution (Abbot Laboratories) for 25±5 seconds in order to wash 
, 

out the unbound and circulating hormone. This was immediately followed 

by 2.5% glutaraldehyde in O.OSM Sorensen's phosphate buffer containing 

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 

f ' .' 4°C same ~xatlve at . 

TISSUE PREPARATION 

Paraffin Embedding 

After gl utaràldehyde perfusion- fixation, the entire brain was dissec-

ted and further trimme,d by removing the tissue Just anterior 'to the -optie 

ehiasm anf the tissue just posterlor to the median e,ninence by coronal cuts 

.with!a razor blade. The dlsselted bralns were l?ost-fixed~ Bouin's Fluid 

for a period of 24 hou~s, washed in severai changes of 50% eN/V) and 70% 

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

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

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

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 ~eriai cross sec-

,tions of 4).l111 thick ,starting anteriorly at the level of the optic chi.a:sm. 

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

. ; left on a hot plate at 47°C ·to allow then to stret-cb and dry. After deparaf-

finization in xy~ene and rehydration in baths 9f decreasing alcohol concen-

, , 
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tration until distilled water, the slides were immexs::Jd for ten minutes 

in hematoxylin., washed in tap water, stained with,Eosin for t~ree minu­

tes, r~nsed in tap and distill~d wat~ and finally ~ried before proces-
........ 

1 • 
s1ng for radloautography. 

Epon Embedding 

20. 

Prior to and after post-fixatlOn, the tissues were waslted in 6 chan-

ges of 10 minutes each with O. SM pho~phate' buffer, pli 7.3. For post-fixa-
I 

hon of the soft tissues, incl uding li ver, kidney and brain, a solution of 

3% potas,sium ferrocyanide - 2% osmium tetroxide (Karnowsky, 1.971) was used 

for ~ period of 1.5 hour at 4~C. Alcoholic ,dehydration was achieved by' 

increasing concentrations ranging from 70% Cv Iv) up to 100% Cv Iv) ethanol._ 
'-~ 

Infiltration was initiated by 3 washes of 10 minutes each wif propylene 

oxide followed by consecutive periods of 12 hours in solutions of Increa-

sing concentrations of Epon 812 in propylene, oxide. After a final 12 hours 
III "" l ' , 

in pure Epon, the tissues were encapsulated and polymerized in an aven for 

48 nours'at 60°C. , 

After polymerizatlOn, the blocks were trimmed and '0.5 pm or 1.0 }lm 

thtck sections were cut wi,th glass knives on a Huxley ultra-microtome for 

lig~1t microscope radioautography. The sections were placed on glass slides 

o 
and dried on a hot plate a~ 80 C. 

For pre-staining wi th iron ,hematoxylin, the slides were placed on a 
, ' o '. , 

hot plate prewarmed ta 80 C, flooded wi th a mordant solution 0 f 5% Cw Iv) 

ammoniwn sulfate for an appropriate amount of time, rinsed in distilled 

water and replaced on the hO~late. In a second step, they wereflooded 

with Regaud' s hematoxylin (1% (w Iv) hematoxylin;' 

1 '. 
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21. 
10% (v/v) ethy1 alcohol, 10% (v/v) glycerine) for a period equal to that 

used for the mordant, rinsed again in distil1ed water, replacedon the hot 

plate, diffe.rentlated with tap water for three minutes followed by a last 
1 

rinse in distilled water and dried on the same bot plate. .. \ 

For electron microscope radioautography, the blocks were trimmed ta 
3 ~ 

the area of interest and silNer-gold lfiterference, co1our sections were cut 
1 

On the same microtome with a diamond knife. 'The sechons were posltioned 

on glass slides previously coated 'with a",solution of 1% (v/v) celloidin 4,n 

isopentyl acetate. Prior to the :r.adlOautographic process, the sections 

were -carbon coated, a step. which fat:illtates the emulsion coating. 

The mmeralized tissues, mcluding upper and Iower incisors, hu~rus, 

and tibia 'w~re deca1cified ih 4.13% (w/v) disodiurn EDTA for 25±10 days at 

4°C, a ;technique described by Warshawsky and Moore (1967). Once dt:calci-

fied, the teeth were sectioned transvers@ mto 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 retnmmed to demons-

tra~ the entire epiphyseal plate and surrounding tissue. The trimmed 
-, 

tissues were 1eft overnight in the buffer washing solution 
0 

(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 infi! trated exactly as 

. in the case ~f the soft tissues', 

RadioautograEhy Both the 4 pm thick par affin sections and the O,S'pm 

thick Epon sections were' cLate~ wi th Kodak NTB2 emulsion and exposed for 
1 

various inte:rvals (copri~a ~d Leb1ond, 1962), For electron microscope 

radioautography, sections were prepared accarding ta Kopriwa (19~3), 
, , 

Aft~r exposure, the e1eétron microscope radioautographs of the soft 

and hard tissues were transferred to Athene electron microscope' grids, 
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The sections on the grids were stained, for 10 ~inutes with Reynold IS 

lead citrate stain (Reynolds, 1963) 1 aftel' treatment with either acetic 
1 

, 1 

acid for qualitative phô:tomicrogl'aphs or isop~ntyl acetate for el'ectl'bn 

'" micl'ographs ta be used 'for quantitation. 

QUANTITATIVE ANALYSIS OF RADIOAUTOGRAPHS 

Kidney \ 

Sil ver gra~ns wel'e counted with the light microscope ovel' proximal 

convoluted tubul.es (TableII) and over distal convoluted tubules (Table VI) 

in the cortex of the kidneys. Silllullal:r:l]ff, but in the outer medulla of the 

kidneys, the counts were nia:.d e-1)V e.-r ---- the descending limb of the loop 

of Henle (Tab1e III)', thin limb of the Ioop of Henle (Table IV), and 

ascending 11mb of the loop of Henle (Table V). -Counts were obtained 
..... 

from similarly exposed radioautographs from the experimental and from the 

control animaIs. The diameter of each tubule was measured in two axis at 

right angles ta each other. The average diameters were calculated and 

compal.1ed among several rats ln experimental and control kidneys. Sirice 

no st~t~callY slgnificant sruz'e differences were found, the counts were 

expressed as gra!ns pel' cross sectioned tubules (Table II : TableY1). 

For quant'itation with th~ light microscope, two analyses were perfor-

med over similarly exposed radloautographs from the experim~ntal and control 

animaIs. Fust, grains were' counted over ,the tissue at the epiphyseal 

surface of the growth plate of tibia in areas of 3.000 }Cm2 delin~ated b.y 

3.!1 '?C U1lar mi:crometer grid (Table XI). Second, the grains were counted over 

c1e.arly 'defined multinucleated cells of an approximately equal size of 

\ 
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1200t200 pm2 as detennined with an oClwlar micrometer grid. The counts 

were nnad~ 'over osteoclasts frol'\l the calvaria (Table VII), from the 

"-alveolar bone around the. rat upper incisors (T~bl~ VIII), from the metaphy-
'l' , 

~\ - r 

seal surface of the proximal growth plat~ of the hum~rus JTable IX) and the 
\ 

tibia (Table X). The silver 'grains related ta o~t~~c1ilis"-iJ'f~èt~On J / 

microscope radioautographs were esti.mated from micfographs at a magnÎ'\\ca- / f 

tion of 30,000 X. Grains were scored as either within"the osteoclasts \ fil 
outside the osteoclasts, or directly on the plasma membrane (or within a ~/ l 

, , 
radius of 230 nm from the grain center). j 
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~ RESULTS 

J 

( 

(: 

RADIOAUTOGRAPHIC LOCALIZATION OF IODINATED SA.LMON CA.LCITONIN (t25 I _sCT) 

1 
1 

Kidney" , 
, 1 

An lntensJ radioautographlc reacti'pn ,was observed over the proximal 

convoluted tubu~es in the cortex fro'm both the experimenta1 (Fig. 1) and 
"-

contfol (Fi.g." 2) rats. Within the tubule,s, the silver grains appeared to 

be loc~ted predominant1y at t~e base o~ the brush border' (Figs. '1 and 2), 

that is, at the luminal"aspect of the proximal convèluted tubules. With 
, 1 ~ 

e1ectron microscopy '(Figs. 3' and 4), the filamentous radioaut6graphic silver 

grains were localized at the base of adjacent microv1l1i, mainly oV,er small 
1 

coated veslcles or at the periphery of larger vacu~les in the area betwefi)n 
1 

the brush porder a~d the supranuclear cytoplasm. When the grains were~ 

found in the supranuclear reglon, they were associated wi th dense bodies 

presumably of lysosomal origin. Since the dlstribution of grains over the 

pr,oximal convoluted tubules was identical in experimental and control ani-

mals and no quantitative decrease could bè shawn· in the number of silver 
\ 

grains per cross .-;ectioned, tubule in the control animal of ca1.c.A;torun 1, 

the reaction 

\ 
and c.a1.c.,{;tonùt 3 ereriments (Table II), it was conclude'd .that 

represented bindj6g of label:d hormone to low affinity, high 

capacity nonspecific bInding' sItes. These sites are probably related to 

'resorption and subsequent degradation of labeled hormone from urinary fil­

trate. This interpretation has been substantiated by the resul ts obtained 

-, after injection with other labeled, polypeptid~s such as 125I-insulin, 

,j 

l' 

" 
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12.SI-prolactil) alld 125 I-parathyroicl hor~one . In' al! cas es the resul ts 

showed the exact same reaction distribution. When Na 125 1 was inJected;' 

no sIl ver grains wer~ found in relation to the vacuoles of the apical por-
'. il 

t-ion of the proximal \onvoluted t bule cells, thus demonstrating that 

radwautograp'hic .rll ver grains 0 r the pr:o\ximal convoluted tubules were 

not the resul ts of resorptio f:tee labeled lodide. 

LA moderate grains was present over the basal aspect 

of the dlStaJ: convoluteq tubules in the cortex of the kidney ~rom experi-

mEfntal animaIs (Fig. 1). El ectron microscope radioautography showed .that 

the silver grains were localized to the highly infolded basal cel! membrane 
l , 

(Figs, 5 and 6). Grains were almost completely absent over the control kid-

ney (Fig. 2). Grain counts per cross-sectioned distal convoluted tubule 

obtained from radlOautographs of experimental and control _animaIs of c.alu-

-torU/1 1, c.aicA.;to YU/1 2, c.aicA.;toYU/1 3 and c.alCA.1:01U.Yl. - bPTH experiments showed - . 
a d1cfease in counts rangmg from 1.7 to 4.8 fold (Table VI). Thus, these 

\ 
basally disposed grains along the distal convoluted tubules represented " 

, 

spec~fic, high affinity ~nd. low capacity binding sites for calcitonin. 

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

medulla, ~emonstrated radioautographic reactions on the basal aspect of 

cross sectlOned tubulès. Electron microscope radioautography showed that 

the sil ver grains were localized ta,· the moderately infolded basal cel! mem-
--, 

brane. Grain counts per cross-section of this P9rtion of the uriniferous 
\ . 

tubule obtained from c..a1CA.-tOrU-11 1, C.a1c);tOIU.I1 2, c..a.tu:tOrU.11 3, and c.alU-to-

l'Ûn-bPTH experiments (Table V), showed a marked decrease in counts ranging 

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

ding limb of the loop of Henle also represented high affini ty low capaci ty 

.' 

/' 
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specifi~ binding sites for calci"tonin. 

A very light radioautographic reaction was related to the basal agpee>-t 

1 

of the descending limb of the loop of Henl'e in the cortex à-nd in the outer 

medullà' of the kidney. Since the distribution of grains was identical in 
Il 

the experimental and in the control, animaIs, and quantitative analysis did 

not show any significant decrease in count~oper cross-sectioned tubules of 

c.aicaOtU-YL 1, c.aiM.:tonüt 2, c.a1.c.don-<.n 3 and c.aicUorUl1-bPTH experiments 
\ 

(Table III), it was toncluded that these grains represent~d nons'pecific 

binding. This was also true for the thin limb of:th~ l'oop of Henle (Table 

" 'IV) . 

In summary, only a limlted Nortion of the uriniferous tubule has been 

shown to contain high affinity receptors fOT the hypocalcl1mic hormone 12Sr-sCT. 

This portion 'consists of the segments of the ,uriniferous tubules identified 

as the ascending limb of the loop of Hen1e and the distal convoluted 'tubule. 

" 
Bone 

Bone tissue obtained from the cal varia, al veolar 'bone of the maxilla, 

and from the epiphysea1 plates of the humerus and the tibia were examined. 

In experimental animaIs (Figs.7 3 9, Il, 13, 16, and 19) prominent 1abeling 

was present over multinuc1eated osteoc1asts and over mononuc1ear.ce1ls and 

cell fragment.s of uncertain identity. How~ver. c1early identifiable osteo-

b1asts, oste0.iltes, chondrocytes and bone marrow cells were unlabeled. 
l, 

In 

control animaIs, no g~ains were found over any cell types (Figs.8, 10, 12, 

14, 17, and 20). Oste~clasts, from ca1varia (Fig. 13), a1veolar bone (Fig. 16), 

. zone of vascular invasion of the humerus 1 (Fig. 19) and tibia (Fig. ~) J and 
1 

in the area of the bone at the epiphyseal surface of the cartilage plate 
r---
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of the tibia '(Fig. 7), were heavily labeled predominantly at their peri-

_ phery. Quantitative analysis was done on ,two regions of the tibia in 

\ \ ~ . 
light microscppe rad.utographs of, calwoJU.Yl. l, ca1.C-t.to~Yl. 2, f-nd 

é.a,tcA;tOYlA-Yl 3 experiments. Grain counts per unit area of. the tissue on 

the epiphyseal surface of the growth plate showed that, in the experi-
, 

mental rats, the count~ were sigmfiGantly hi~her than in the control 

(Table XI). Grain counts over the indilY'idual osteoclasts from cal varia 

(Table III), alveolar bone (Table VIII), e~iphyseal plate of humerus 

(Table IX) and tibia (Table X) confirmed that, in the experimental ràts, 

1 

the cells were significantly more labeled than in controls. ~he control, 

val,ues differed br factors ranging from 2.4 ta 9.1 times. It was con­

cluded that the grains on ~he cy~plasmic membrane of osteoclasts repre­

sent specifie bind1llg to high affinity, low capacity receptor sites for 

calcitonin. 
"-

Ele:ctron microscope examination of the cell fragments demonstrating 
,. . 

labeling permitted them ta be identified as portions of osteoclasts. The 
1 . -\ 

morphological features included multiple nuclei, an âbundance of mitochon-

dria, 11 sPi!~city of rER, and clusters <?f ribos<?mes, lysosomes and vesicles 

containing hydrolytic enzym~s. The tells often showed the characteristic 

ruffled border and a clear zone containing only granular material. With . \-

\ 

the electra"n microscope, most of th~ radioautographic grains were posiÙoned 0 

on the cell membrane, ei ther near the basal part of the cell, that portion 

aW:!3-Y from the bone surface (Figs. 22 and 23), or in the region of vegicles 

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

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

teoclasts. No sil ver grains were seen over the surface of the cel1 

which is thrown into numerous complex folds producing the ruffled border 

of the active cell. In arder to 

""'""'<'.,-----_., ... ~_ .......... _ ..... - . .-.- -
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verify the position of the sllver grains, counts ln el ectrQIl micrographs 

were made by placing a 230nm radius resolution boundary circ1e around each 

grain and recording the structure within the circle. Of the 845 grains 

dounted, 68.6% were related to the cell membrane of "the osteoc1asts .. 
:J 

'This 

val ue lS s imilar fo that prevlOusOly shown by Bergeron e;t al. (1977), for 
\ 

insulin rec~ptors on hepatocytes. 
, 

The ŒCLf..CA.X.OVÜYl. 3 experiment was designed to determine the nature ot the 

1abe1ed 1tmononuclear cell" which was usually located in the éônnecti ve tis-

oSue' space between blood vessels ànd fully differentiate? osteoblasts. In 
, l • 

this experiment, both the exp§lrimental and the control ammal s were inj ected 

with 3H-thyrnidine one hOUT prior to sacriflce. It had prevlOusly been shown 

by Young (1962) and Scott (1967) that one hour after an injection of 

.' 
3H-thy'm~dine, nuc1ear la~;eling is invariably'confined to a cell similarly 

located 'and assigned to a bone populatlOn classically'desc.ribed as osteopro-, 
J' l ~ 

geni tOT cells. Osteoclast nuclei ,are never labeled at that time. In the 

present study, it was first assumed that the 1tmononuclear cells" labeled 

with calcitonln could either be osteoprogemtoT cells because of their 

morpholoW and loè'ation or portions of oste?clasts w~ic~ appeare'd mononu-
\ 

cleated because of the plane of section. The latter interpretation was 
, \ 
strenghtened by the·lack of nuclear labeling of these' cells with 3H-thyrnidine ,. 

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

microscope leve1s. 

\ 
RADIOAUTOGRAPHIC CONTROLS' OF BINDING SPECIFICITY 

In) ect ion of an Excess o'f the Cold' Non Analogous Bovine Parathyroid Hormone 

When l25I-SCT was injected with a large excess of unlabeled and unrela-

'\ , 
1 
1 

~ 
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ted h01~·mone as in the ectf.U;toYUI1-bPTH experiment, no change in distribu-

tian or number of sil ver grains was observed over any tissue when comp~red 
, 

with r~dioautographs from rats injected with 1,25 1-sCT alone (Figs.13 to 21). 

Figure "13, 16 and 19 were obtained from experimental animaIs inj ected wi th 

the s,ame amount of 1251_sCT mixed wi th an excess of cold sCT. 'Finally, f1-
<, 1 ... 

gures 15, 18' and 21 'were also from à control animal which had been inj.ected 

with the saille amount of 12~'t -sCT, mixed this time with, an . excess o'f the co1d 

unrelated'hormone bPTH. There lS no qualitative difference between the radio-

, ' 

,autographs obtained from the expe~imental ammal (Figs.13, 16 and 19) when 

compared with the ones} obtained fr,om the control ~imal inj ected with col~ 

bPTH (Figs.15; 18 and 21). The bPTH d1d not compete with the 125I-sCT for 

\ occupàncy of the receptors, thus demonstrating the speciffcity of the bind-

ing: This !'las substantiated by grain co~ts recorded in Tab"\es II, III, V, 

VI, VII, IX, and X where no significant decrease ln binding of the l25I-sCT 

was detected in the control bPTH animal. 

InJecti~m of Isoto~ic Sodium Iodide 

" ' Radioautographs from tissues of rats inJected wi,th Na 12S1 showed no 

silver grains over bone cells or basal aspect of the ascending limb of the 

100p of hleple or. the distal convoluted tubule. 
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DISCUSSION 

Two major hormones, parathyroid hormone and c~lcitonin, 'aTe kno~ to have 

opposing effects on the level of serum calcium (Milhaud and Moukhtar, 1966) and 
/ 

consequently on the regulatipn of bone hom!,:ostasis. In this study, l25Iodid~ 

labiied salmon calcitonin was prepéllI'ed utilizing a method known to preserve its 

'biological activity, (Marx et al., 1972 atfd 1973; Goltzman, 1980). Indeed, 
• 

intraveI\ous injection of this hormone depressed the I?lasma calcium level l in a 

dose dependent manner which was identical. to that given by the unlabeled hoxmone 

(Fig. 29). ,This_Iabeled, biologically active hormone was used in a radio~uto­

gràphic stu~y to localize the {YI.' VA.VO b~nding sites for cale i tonin in suspected 

target tissu~s involved in calcium regulation. In control animaIs, ,the simul­

taneous administration of an excess of unlabeled calcitonin, but not of unre­

lated hormone p~oduce:la competitive inhibition' on the specifie saturable sites. 
'., , ' 

Consequently, a comparison" of radioautographs obtained from the experimental 

~nimal with the ones obtained from the control animal opermlttédthe determination 
. 

of specifie binding sites in accordance with principles similar to the in v~o 

receptor binding studies. The outstanding advantages in the p;resent method, ar e , 

the use of an ,{.n VA.,VO sys~m where none_of the normal physrologic prpces.ses aTè 

disturbed, and the use of radioautography ta locate the source of radioactivity. 

.' , This technique aUows for th'e resolution of labeling ta individual; histolo-

gically identifiable ceU types in any targèt tissue, induding bone. 
. 

, Identical results were obtained with 12Sr-sCT in separ'ate procedures 
1 \ l' 

involving four expe~imental and ffur control rats. The presence of radio-

,act!ivity in aH animaIs wa.s confirmed by the nonspecific binding over the 
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proximal convoluted tubules seen ln the kidneys of aIl experimental and 

control rats (Table II). Thus, the absence of radioactivity from specifie 

binding si tes in the control animaIs could be attributed on1y t~ competi­

ti've inhibition. In the experimentai animaIs, the presence of labeling on 

identical c~ll types, in l~cation$ as remo1jely separated as cal varia, al veo­

lar bone of the incisors, t;he humerus and the tibia, confirlÎled the relia-
, .J , 

bi lit y of the tracer methodology for specifie binding fites! Parallel stu-

dies were designed to further assess the specificity of the binding. In
l 

the CalU;toYU.Y/.~bPTH experiment, the injection of the unlabeled parathyroid 

hormone ~ith t~e labeled'calc~ln did not reduce 

grains over the speclfiyally labeled cells/of bone 
, 

the number of silver 

and kidney. However, 

g~ain accumulations we~e'seen over ~he luminal aspect of the proximal con-

voluted tubules, similar ta the nonspecific binding shown ln the accompa-' 
( • ..v , ' 

nYinJS experime~tal~animal of this experiment which had been injected with 
, ' - , 

the labeled ca1ci tonin. / When labeled iodlde was injected alone, no radio-

), " 
autograpliic grains were observed over the nonspecific binding sltes of the 

proximal convolù~ed tubules, indrcating that the nonspeci~ic binding seen 
, 

• 1 \ 

, over these tubules is not due ta the resorption of free iodide but to resorp-

tIan of iodinated polypeptide molecules. 

Because of the known effect of calcitonin, the presumed target tiss~es, 
, [ , . . 

bone and kidneY~i~Veshgated toge,ther with a variety of other tissues 

in a search ~ any oth~r possible sites of action. 1 

Bone 

No specific'binding for 125 I _sCT hFlS been shown on either osteocytes 

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

invol vel in osteocytic osteolysis, a proces~ proposed by Bélanger (1969), 
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nor does i t favor the hypothesis that hypocallcemia could be the resul t 
J;' 

of an increasedbone deposition by the osteoblasts. 

Results showing ~pecific binding of calcitonin by aIl osteoclasts 

lof the body con'firmed the data obtained from adenylate cyclase studies 

and ~n v~o specifie binding studi~s. These studies have cl,imed that 
1 

specifie receptors for calcitoAin are present in cellular 6r membra~e 
" 

preparations derived mostly from rabbit and ~at tibia or calvaria. The 
* 1 

1 

disadvantage of these types of studies is that the preparations do not 
1 

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

34. 

t,o attribu,te the binding to any gl·ven ce,Il type. 

often be expressed in very genera terms. 

Thus, , the results must 

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

thtough biochemical st~dies involving the activation of adeny1~te cy­
l 

clase and ~n v~o competitive binding assay with 12SI_sC~. In one 

study, (Rodan and RodaIT, 1974), bone cells isolated from calvaria were 

treated with bath thyrocalcitonin and parthyroid hormone. Because the 

effect of the two hormones was additive, it was postulated that these 
\ 

hormones acted <m " bone cells " and presumab1y on separate sites. A 

more recent study (Golt~man, 1980), üemonstrated an increase in cAMP in 

a preparatio~ of membranes from cells of 'rat calvaria upon treatment with 

human calcitonin. 

The above experiments are supported by the present work since speci­

fie binding sites fo; 12S I _sCT have b~en demonstrat~d on a bone cell iden-

tified as an osteoclast. 

1 
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Additionally, the presence (}f specifie sites for calcitonin related 

to this ce1l agreesl with a study done on osteoclasts 
\ 

35. 

(Raisz, 1967) which showed that calcitonin intefereswith the action of 

pa~atbyrQ~d hormone by preventing the devèlopment o~ an extensive ruffled 

border. This is also substantiated by ~n v~o cell culture studies done 

by Kallio et al. (1971), who found striking changes in the ruffled border, 
, . 

1055 of cytoplas~ic coating from ben~ath the ruffled mem~rane and actual 

separation of th~ resorbing cells from 'the resorbing surface, after trea t ing 

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

that inhibition of bone resŒrption by calcitonin was dlrectly related to a 

rapld response of the ruffled bor~er and, as a ~onsequence, their study • 

supported the hypothesis that calcitonin acted by inhibiting o~teoclastie 

bane resorption. They predicted that it was unlikely that the initial ae- ~ 

tion of calcitonln was on the ruffled border, beeause of its ,close adheren-, , 
• 

ee to the b,one surface, and it was possible that the binding of the hormo-
\ 

ne to recep\ors would 'he' on those sur~aces of the, osteoc1ast which were ex­

posed ta the extracellular fluid. The actual loealization of the binding 

sites as revealed in t~e present stu9Y confirmed the latter hypothesis. 

! 125 
Indeed, specifie bi~ding sites for I-sCT were observed aIl Over the, 

cytoplasmic·membrane of the osteoclasts with the exception of the membrane 

of the ruffled, border. The membrane distribution of l25 I _sCT ~n the osteo-

clasts also suPP?rts 'the ul trastruetural and histochemieal resul ts of Lueht 

(1973). He reported that aft~r intravenous injection of ealcitonin, osteo-

cl?-sts showed an absence of ruffled border J an absence of pn?sphatase in 
1 

the extracellular spaee between celI and bone, a decrease in the number of 
\ 

large vacuoles and nd local accumulatlon of vacuoles in the cytoplasm. He 

1 alsol reported 'an increa,se-hrautophagosomes, aIl of which, suggested inhibi-

tian 'of bone resorption by osteoclasts. 
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Taken together, these data' allow us to propose a somewhat more ela-

borate hypothesis eoneerning the action of calcitonin on the ske1eta1 sys-
. , 

tem. It seems cl!'lar that calcitonin aets on bone by interfering with bone 

resorption. Ta do 50,' it would first bind to specifie receptors on the sur­
I 

face of osteoclasts. As.a resul t of the hormone-receptor binding, adenylate 

cyclase would be activated and would bring about a cellular increase in cAMP. 

This eould indirectly interfere with the formation of the cytoplasmic coating 

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

lead ta the disappearance of the ruffled border. 

Kidney 

This radioautographic study has receptors for calcitQnin 
"-

on. a specifie portion of the uriniferous tubule of the kidney, ~amely the 

/ 
ascending 'thick limb",of the loop of Henle and the distal eonvoluted tubule. 

It lS tempt1ng to specu1ate that the presence of hormone receptors in this 

segment of t~e uriniferous tubule implies a funçtional raIe for calcitonin 

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

jor~~not th'e ~nly, effeet oh ealeitonin is that of inhibi ting bone re-
, 

sorption. This supposition also disagrees with studies which could not 

assi~ an active role to the ~idney in obtaining the hypocalc'emie effect. 
\ 

The present results, however, do support more'recent data obtained 

from ~n v~o studies of adenylate eyclase activation and specifie binding 

assay, which strongly ~est'I the presence of specifie receptor sites ,for 
( " 

calcitonin in kidney ~embrane preparatiors (Mark et al., 1972 and 1973; 

Go1 tzman, 1980) • Unfortunate1y, these experiments have been performed on 
1 

kidney homogenates or on purified membrane ,fractions obtained from the 

cortele, outer or inner medulla of the kidney. Since each ,zone contains 

different functional segments of the nephron, it has been impossible to 10-
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calize the precise site of binding of the hormone. The results reported 

in this thesis have been partially verified br 'a phy'siologieal study done;' 

by Chabardès et a1., 1978. This study lnvolved amicrotechnique whieh 

allows enzymatic measur~ment on single, well-defined, segments of the ne-

phron. Generally, their results showed no significantly consistent ae-· 

tion of sCT at the proximal convoluted tubule, 'the descending and the thin 

limb of the loop Qf Henle ln rabbit and miee. However, in miee, they re-

ported a positive action on the ascentling limb of the loop of Henle and on, 

the -dist\al eonvoluted tubule in all experiments. 

Finally, Ardaillou (1978) used the -Ln vdJz.o specific binding assay for 

l25 I .... SCT, coupled with adenylate cyclase stimulation, to show that calc'ito-

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

- mely the thlck limb of the loop of Henle and the initial part of the dIstal 
, 

convoluted tubule. The results presented in this thesis agree wi th that. 

-distribution of specific binding sites for l25 I _sCT in the kldney. 

In conc~usion, thi radioautographic localization ~n v~vo of the recep­

tors for the hypocalcemic hormone calcitonin has permitted -the resolution 

of the corltroversy conceming the identi ty of the bone cell invol ved in 
\ 

, 'r. 

the action of the hormone. It is clear from this study that calcitonin acts 

on the osteoclasts, most likely by inhiblting bone resorption, thereby con­
J 

tributing to lowering the amount of extracellular calcium available for en­

trance to the blood. 'This method has also identified the exact segment of 

'" 
the nephron acted upon by calci tonin, namely, the ascending thick limb of 

the loop of Henle and the distal convoluted tubule. Furthermore, the me-

thod has demo!Î'strated for the first time that th-ere are-specifie bj.nding 

sites for calcitonin in the subfomical organ of~ the brain (Figs· 27 and 28). 

, 
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The current oplnion is that the hypocalcemia induced by calcitonin 

is achieved only through the action of calcitonin on bone. This idea 
.j • 

has been weakened by the results of the present experiments. 

Indeed, since specifie binding f?r 125 I _sCT has been demonstrated 

/ 
in bone, kidney and brain, it is tempting to presume that aIl of these 

l ", 
tissues are actively involved in the hypocalcemic effect of calcitonin. 

what remains to be determined is if they act in concert to bring about 

the calcium lowe~ing response. However, the binding of hormone to tis­

sues could equally mean that, in addition to, its hypocalcemic action, 

calci tonin may be invol ved in other physiologie processes that are still 

unknown. 
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Table l Protocol of the five ~n v~vo experiments with 125I_~almon calcitonin in male Sherman rats 

cpm X 106 '. 

Experiment Animal injected Speciflc Activity jJ.g "Hot" sCT )lg "cold" sCT 
Weight in g pero 100 ft1 pci/pg 

0. 

CaLc...{;to rUn - t Experimental 109 90 562.5 .144 
Control • 108 70 .112 

-; 
CCLt0Lto Mit 2 Experimental 100 82 645 .119 

Control 110 81 .: .118 

CCLtcA..-to Mit 3 Experimental* 96 255 712.5 / ./326 ~ 

c 
Control * 94 255 .326 

CCLtcA..-to MIt- Experimental 92 200 737.5 .246 
iJPTH COI?-troi (sCT) 84 200 737.5 .246 

Control (bPTH) 88 200 737.5 ;246 

CCLtWOMIt- Rat l~lb 90,90 23.4· .. 712.5 .028 
Ca-loweJÜng Rat 2a,~b 75,80 234 712.5 .281 
a.ctiv-Uy Rat 3a,3b ~ 80,80 

Rat 4a,4b 84,78 
Rat 5aô)"5b*** 80,75 

* These animaIs received 125)LCi of 3H -thymidine (methy1 3H ; New England Nuclear; 
Specifie activity 20 Ci/mM) 1 hr pr}or ta injection of calcitonin. 

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

*** 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 se~tioned proximal convo1uted tubules** in experimenta1 and control 
rats injected with 125I - Salmon Calcitonin 7 

". Mean grains 
~ 

Total gra-ins Experiment per tubule ±SD ±SEM P 

Cai.cLto nin 1 Experimental 4815 96 52 7.4 
" Control 5509 110 62 9.0 .2*** 

Ca1..cUo n<..n 2 Experimental 6662 113 37 5.2 
Control 10583 213 55 7.6 .001*** 

c-atc.-Uo Mn 3 Experimental 7947 159 59 8.2 
Control _ 13332 261 99 14.1 .001*** 

ca1..cuo n<..n- Experimental 22022 440 -113 15.-g 
bPTH Contro1(sCT) 22446 448 117 16.0 6 .9*** 

Control (bPTH) 14708 294 107 15.2 .001*** 

* Counted in 1ight microscope radioautographs exposed for 7 days. 
/ " 

** 50 tubules counted ~n each rat. 

*** In each ~periment, the experimental value never exceeded the contro1.gxcept when bPTH was 
used ta compete with the 125I-sCT. ' 
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Table III Grain counts* per cross sec 
control rats injected with ned descending 11mb of the 100p of Hen1e** in experimental and 

I-sCT \ , 

Mean grains Experiment Total grains per tùbule~ 

Cde..Uoru..n 1 ~perimenta1 1013 10 
Control 846 17 

Cdc..Uo ru..n 2 Expe!imental 3416 68 
Control 3277 66 

1 

Ca1.c.Uon.-Ut 3- Experimental 518 la 
Cont 01 ~ 487 . , la ) 

Calc.Uol'Ûn- " EXPE;!rimental 783 15 bPTH con~~ol (sCT) 910 18 
Cont ol(bPTH) 734 14 

~ , ., 

* Counted in light microscope radioautographs. 
( " 

** 50 tubules in each rat. 

:tSD 

11 
12 

20 
18 

7 
7 

10 
9 
6 

:tSEM 

1.6 
1. 7-

" 2.9 
2.6 

1.0 
1.0 

1.4 
8.8 
6.2 

p 

.2*** 

.9*** 

.8*** 

.2*** 

.6*** 

~** In each experi~ent, the experimental value ~ever exceeded significantly the control value. 
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Table IV G~ain count:s* thin limb of the loo~ of Henle** in ex~erimental and control 

rats injected 

Experiment 

Ca..f.u.torU.n 1 

Ca..tc.-Uo.u.n Z 

Calc:.Uon-in 3 

/ 

Experimental 
Control 

Experimental 
Control 

Experimental 
Control 

X-SeT 
-:r--

Total grains 
~ean grains 
per tubule, 

103 2 

123 2 

389 8 
570 11 

171 3 
164 3 

* Counted in light microscope radioautographs. 

** 50 tubules in each rat. 

"'-

±SD .±SEM P 

2 0.3 
2 0.4 .9*** 

4 0.6 
7 1.0 .0;\.*** 

3 0.4 
l 0.2 .8*** 

<:5 

/ .w. 
*** In each experiment, the experimental va~e rever ~ceeded the control value. 
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Table V Grain count~* per cross sectioned'ascending limb of the leep ef'Henle*~ in experimental and 
control ra~s injected with 125r-SCT. 

j' Mean grains 
Experirnent Tata;!: grains per tubule :tSD :tSEM P 

C a.lc.-U:.O yùn Experimental 209! 42 - 16 2 
ContJ;ol 475 9 7 l .001*** 

CalcUorUl1. 2 Experimental 4370 87 27 4 
Control 1667 33 18 .. 2 ,.001*** 

Ca.lc.J.;to IUn 3 Experimental 815 21 8 l 
Control 205 4 4 .6 .001*** 

, Ca.le-U:orun- Experimental 2868 57 18_ 3 
bPTH Control (sCr) 598 '12 12 .5 .001*** 

Control (bPTH) 4580 92 92 3 .001*** 

* Counted in light microséope radioautog~aphs. 

** 50 tubulêS in ~ach rat. 
'\? 

*** In each experiment, the experimental value exceeded the côntrol value. 
compete with 125I-sCT, the bin~ing was increased by a factor of 2. 
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Table VI Grain counts* per cross sectioned distal convoluted tubules·· in experimental and control­
rats inJeçted with 1251 -Sa1mon Calcitonin ~ 

'-

Meéln gr~ins 
Experiment o Total grains per tubule ±SD ±SEM' P' 

p • 

C~c.UoMn 1 Experimental 17 OS- 34 13.6 1.9 
Control 382 7 7.11- 1.1 '.001*** 

CalcUo Mn 2 • Experimental 2055 41 19.5 .. 2.8 
Control 1202 24 13.6 loS .001*** 

-, 

Calc.-U:o Mn 3 Experimental 3012 61 28 4.0 ~ 
ControI' 823 16 10 1.5 .001***-

Calc.Lto n-<.n- Experimental C3575 171 63 8.~ 
bPTH Control (sCT) 202~ 41 -l4 2.d .001*** " 

Control (bPTH) 8665 173 65 9.2 .9*** , 
{'< 

"-
* Counted in light ID~croscope radioautographs. 

, 
** 50 tubules counted in each rat. '\ 

, 

*** In each experiment, .the experimental value exceeded the ~ntrol value except when cold bPTH 
was used to compete with the 125I-sCT. -
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Table VII Grain'counts* over osteoclasts** from the'calvaria in experimental and control rats injected 
with lQ5I-sCT ~ 

**** ~ 

Experiment Total grains Mean grains/osteoclast :!:Sf) :!:SEM p 

Caic.-Uon-in- ~J2erimentai 4352 174 49 10 
bPTH .. Contro1..Ls CT) 620 25 8 2 .001*** 

Control (bPTH) 5052. 202._ . 58 Il .1*** 

* Counted in'light'mi:roscope ~adio~utograpbs. 

kT 25 osteoc1asts se1ected for eg~a1 si~e of approximately 1000ftm2. 

*** The experimental value exceed the contrçl by a f~ctor of 6.9 but hot when bPTH was useCfto com-

,1 
'\ 

pete with the 125I - sCT • . 

**** Al\ the/~ains over the cells connted in eacn rat. 
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Table VIII Grain counts* over osteoclasts** from the,alvealar bane in experimental and control rats 
injected with 125I - sCT 

Expèriment **** Total grains Mean grainsjosteoclast ±SD ±SEM p 

CalcA;to yû:'n Z Experimental 861 34 14 3 , 
Control 332 13 6 1 .001*** 

Ca.-tc.Lto Mn. 3 Experimental 1014 40 '23 5 
Control - ~ 318 13 13 / ï ' . . 001*** 

Ca..lc.,U:o Mn.-
M 

Experimentàl J 3265 5 131 26 
bPTH Control (sCT) 542 22 9 - 2 .001*** 

Control (bPTH) 5434 217 55 11 .001*** 

r 

* Counted in light microscope radioautographs. 

-** A minLmUffi of 25 osteoclasts selected for egual size o~ approxiIDately lOOO)Um2. 

~ 

f 

*** 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 I25I-SCT, the'binding_of I25 I - sCT was increased by a factor of 2. 

**** Al1 of the grains over the ceIIs counted in each rat. 
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growth late of . Table IX , Grain counts* ov~r o§teoc~asts** at the ~e~aphyseal surface of 
the humerus in experimental and control animal injected with 

**** 
Experiment Total grains Mean grainsjosteoclast ±SD ±~SEM P 

CaR..c.uo MrL 3 Experimental 

Control 
1734 

181 
69 

7 
28 6 

----' 
6 1 0 .001*** 

~ , 

CaR..cA.:to Mn- ExJerirnenta1 

Corltrol (sCT) 
C~ont.rol (bPTH) 

4905 

814 
196 

~3 

61 12 -.. 
bPJH 

* 
** 

*** 

**** 

~ 

19 4 .001*** 
4882~ 195 65 13 .8*** 

\ 
Counted i~ light microscope radioautographs. 

~~\ 

t . ~ 2 
A m~nimurn ~ 25 osteoclasts selected for egual s~ze of approximately 1000)Lm • 

~he experim~ntal value exceeded the control value by factors of 9.1, 5.9 except when bPTH was 
used ta compete with-the 125I - sCT . 

\ 

AIl grains o~r the ce11s counted in each rat, 
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Table X 

.------.. ---... ..,--.... ......... 
/ 

/ ,.-..., 

Grain counts* over osteoclasts** at the metaPh;s~~L of the. proximal tibial growth plate, in 
ex erimental and control rats injected with 12 l -Salmon Calcitonin 

**** Experiment Total'gra1ns Mean gra1ns/osteoclast ±SD ±SEM P 

Ca...e.e-LtoruJ;J. 1 Experiinent<;t1 2612 52 24.8 3.5 

. Control 966 19 1 12.2 1.7 .001*** 

Cat~onln 2 Experimental 2322 46 18.8 2.J 
Control 968 19 8.4 1.2 .001*** 

Cal~onin 3 Experimental 4390 Se 43.2 6.1 
Control 651 13 9.4 1.3 .001*** 

1 

CalcLtonin- Experimental 6990 280 1 99.9 20 

,-, 

bPTH.- Control (sCT) 1070 42 1 17.6 3.5 .001*** 
Contrè'l(bPTH» 7320 293 1 53.9 Il .6*** , 

* Countéd i: light microscope radioautographs. / ' . 

~ ** A minimum of 25 osteoclasts selected for egual size J~ approximately 1000)Lm2. 

*** 

**** 

.. 

, ' r', 

The experimental value exceeded the control value by factors of 2.7, 2.4, 6.8 and 6.9 respecti­
vely except when cpld bPTH was used ta compete with the 125I-SCT. 

AlI the grains count@d over the cells in each rat . 
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Table XI 

'~ ... 

Grain counts* over the tissue on the epiphyseal surface of the proximal tibial growth plate 
in experimental and control rats injected with I2S! - Salmon Calcitonin 

Il " ,~ 

**** 2 Experiment Total grains Mean grains/3000 pm ±SD ±SEM p 
" 

Cdc.Uo MYL 1 Experimental 6588 132 55.7 7.9 
Control 1342 27 15.0 2.1 .001*** 

Ca.lc.aoiUl1. 2 Experimental 4581 92 41.7 5.9 
Control 2513 50 20.9 3.0 .001*** 

Caic.i.to Mn 3 Experimental 9862 197 82.8 Il. 7 
Control 1047 21 10.5 1.5 .001*** 

* Counted in light microscope radioautographs. 

** Grains were counted in a strip comprised of 50 rectangles layed across the epiphyseal surface 
of the plate. ~ach rectangle measured 100 pm long by 30)Lm 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, respectiyely in the 
3 experiments. 
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FIGURE LEGENp,ABBREVIATIONS 
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brush border 

basal lamina 

blood vessel 

B bone 
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cart cartilage 
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connective tissue cell 

pinocytic coated vesi'Cle 
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Figures 1 and 2 Kfdney cortex from an experimental (Fig. 1) and a 

control animal (Fig. 2). Radioautograph~ of 0.5 pm thick Epon sections 

\ 
\ 

exposed 14 days. X ,680. 

Figure 1 Numerous silver grains are present over the cytop1asm of proxi-

mal convolllted t~bules (pet). !hese .grains are localized at the junction 

,\ between the bru~h border and the apical cytoplasm. Distal convoluted 

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

eorpuscles C~C) are unlabeled. 

\ Figure 2 Silver grains are present ove'r_ identica,l locations wi th in the 
1 

proximal convoluteq tubules \ (pet) of the control, thus indicating that the ' 

labeling is nonspecific. These heavy accumulations of sil ver grains presu! 

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

te, Distal convoluted tubules (dct) are almost comp1et~ly unlabeled 

indrcating that the basal surfaces of these tubules possess specifie 

binding sites for Clillcitonin. Re, renal coipuscle. 

• 

- -~ 

Il 
) 

\ \ 

- - --~-- ...... ~-.. 

) 

~ 1 

j 

! ) 



\, 

. , 

• 

. " . ", 
.. ," " 

~, 

• 



~j' 
L' 
" 

'; . ' 

~ l ' ' 
• ,,~, , • ~ - '-"lI 

1 

, \ 

\ 

Figure 3 and 4 Electron microscope radioautographs from kidney cortex . 

of experimental animaIs., 

Figure 3 Proximal convoluted tubule showing ith&~ location of the 

nonspecifie labeling at the\ luminaI aspee>t of the eeUs. The labeling 

is found at the base of adj acent microvilli of the brush border (bb). over 
-~ 

small pinocytic coated vesicles (cv) J or at the periphery ~ v~cuo~ 
les (va). Exposed 80 days. X 30,000. m. mitochondria.. ' 

Figure 4 Proximal cbnvoluted tubule showing a similar location of the 

nonspecific,labeling. Again. grains are found over small ve~ic1es (cv), 

and closely relàted to the periphery of ,larger vâcuoles (va). Exposed 

80 dâyS. X 30,000. bb, brush border; m, mitochondria. 
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Figure 5 Electron micro~raph of the basal aspect of ~he distal convo-

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

1 
grains associated with the deeply invaginated cell membrane. No sil ver 

grains were seen over t~e' membrane of the proximal convoluted tubule (pct). 
\ ( \ 

The arrow heads indicate the basal lamina of the adj acent tubules. Expo-

sed 80 days. X 30,000. en cp, endothelial cytop1asmic cell process; 

G, Golgi; m, mitochondria. ' 
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Figure 6 Electron micro~raph of the basal aspect 'of the distal convo-

luted tubule from the cortex 01-- the k~dney of an experimental animal 

showing specifie ,binding associated with the deeply invaginated cell mem-

brahe, The: a'rrow heads indicate the bas al lamina and the arrow, a tight 

junction b.etween two ndjacent tubular cells. Exposed 80 days. X 30,000. 
, 

cp .. ct!l1 process; db, dense body; Lu.l~en; m" m~tochondTia. 
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Figurês 7 and 8 Epiphyseal surfac€ of the cartilage gro\~th plate in 

experimental (Fig. 7) and control animaIs (Fig. 8). Light microscope 

radioautographs of 0.5 )llIl thick Epon sections exposed 14 days. X 680. , 

Fizure 7 The narrow space between the bane of the eplphyseal cav~ty and 

the ~cartilage of the growth plate (cart) contains capillaries (bv) , 
/ 

osteoclasts (oc), os~eoblasts (ob) and connective tissue cells (ct), sorne 
1 

of which are presumed to be osteoprogenitor cells. In the experimental 

rat silver gr;iins are founçl over osteoclasts (oc) and ceUs of uncer~ain 
, -

identity (0). Electron microscopy revealed. these to be fragments of lt~0.1-ed 

:',;..:..osteoclasts. Osteocytes seen wi thin the bone, osteobl asts on the bone 

surfaces and chondrocytes wit:hin the cartilage plate are' not labeled. 

The a.sterisk (*) indicates cells labeled wi th 3H- thY:;lidine inj ected one 

hour prior ta labeled calcitonin. These cells, sho~ing thymidine labeling, 

are not labeled by calci tanin and ar.e presUJne-d te be connective tissue cells 

~ 

(ct) with osteoprogenitor petential. cc, calcified cartilage. 

Figure 8 Similar region in the control animal shows a scatt.edng of 

dl ver grains which are not localized to any of the ceU types. 

bv, blood ves,sei; cart, çartilage; ob, osteoblast; oc, .osteoclast; ,?cy,_ 

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

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

Light microscope radioauto8raphs of 0.5 J.IlIl thick 'Epon sections exposed 

1 

14 days. 0 X 680. 
\\. 

1 

Figures 11 arld 12 The zone of va'scular invasion in the proximal humerus 
,1/ 

of experimental (Fig. 11), and control animaIs (Fig. 12), 
"\ 

Light \icr~scope 
\ 

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

Figure 9 Below -the zone of hypertrophie chondroeytes, osteoclasts (oc) 

ar~ often seen along the remnant~ of crlcified cartilage. Th~se cells 

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

tive tissue eeUs (ct), labeled with 3H-thymidine (*'J indicating their 

osteoprogenitor potential, are not labeled with l25I-calcitonin', Fully 

l ,differentiated osteoblasts (ob) are not labeled. bv, blood vessel asso-

ciated wi th vascular invasion of chondrocyte lacunae. 

Figure 10 Silver' grains are absent over aU structures in the section, 
1 • 

except for 3H-thymidine Iabeled nuclei of connectiv~ tissue cells preswned 

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

Figure 1,1 Labeled osteoclasts (oc) are seen at ;the surfaces of cal cified 

cartilage ,,?d mixed spicules'. Osteoblasts (ob) are unlabeled. b~ 
vessel; *, ~-thymidine labeled cells. 

Figure 12 Similarly located osteoclasts (oc) in the control animaIs are 

not labeled. Again, only 3H-thymidin'e labeled ceUs (*) are seen. 

'bv, blood vessel; ob, osteoblast. 
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Figures 13-21 Light microscope radioau.tographs of l ).IDI thiék Epon i 

"-., 0 

se~tiJ>nsJrom ~ÏI~nbl.,'):PrH(1-34J experiment. E~posed 7 d~s. X-60"-O-.--

'\Figures 13, 16, and 19 obtained from the experimental animal; calvaria (Fig.13), 

a1veolar bone, (Fig. 16)1 and zon~ of mixed spicules (ms) of the metaphy-

seal surface of the proximal epiphysea1 plate of the hl.ll-:Jerus (Fig. 19). 

AlI the osteocl~ts show silver grains predominantly localized at their 

periphery. The osteoblastS (ob) and other cells are tmlabeled. b, bone; 

bv, b100d vessel. 

Figures 14, 17, and 20, obtained from control animal inj ected ~i th 125 l -sCT 

and an excess of cold seT; ca1varia (Fig. 14), alveolar bone (Fig. 17) • and 

zone o:fi mixed spicules (ms) of the metaphysea1 surface of the proximal plate of 

the humerus (P-ig. 20). ~o silver grains are found over the'osteoclasts 

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

Figures 15, 18, and 21 obtained from the control animal injected with 

l25I _sCT mixed with an excess of cold bPTH; calvaria (Fig. 15), alveolar 

bon9 (Fig. 18), 'and zone of mixed spicules (ms) of the metaphysea1 surfa­

ce of the proximal epiphyseal plate of the humerus (Fig. 20). The silver 

grains over thé osteoc1asts, have net been displaced' h.y the excess of cold 
~ J 

1 " ~ ~ 
unrehted hormone demonstrating the specificity of the reaction. b. pone; 

ob, osteoblast. 
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Figurc~ 22 and 23 flectron m~crùscope radioautographs of portions of 

----~-o5tcoelastg from expeLÎmclltal rats. There portlons are a\~ayfrom the banc 

and the caleifieà cartilage of the mixed spicules. 
1 

They contain nue lei 

and a yariety of cell 'organelles. In both figures, the ~ilver grains are 
, 

relatcd ta the cytoplasmic membrane and cytoplasmic processes (cp). 

Figure 22 Osteoclast from the ep~Zct of the proximal epiphy­

sêal plate of thc_ hume rus .' It contains an irregular nucleus (n), a 

Golgi (G), mitochondria (m), and a variety of dense bodies identify as 
1 

lysosomes (L). Exposed 80, days. X 30,000, 
\ ' 

Figure 23 qsteoclast from the epiphyseal aspect of the proximal epiphy-O 

seal plate of, the tibia. The cytoplasm contains weIl developed Golgi CG), 
. \ 

mitochondria (m), and a variety of dense bodies identifiied as primary 

lysosomes CL). or secondary lysosomes (sL) . Exposed 8.0 days", X 30.000. 
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Electron microscope radioautogr'aphs of portions of Figures 24' and 25 " , osteoclasts from the \ epiphyseal aspect of the 'proximal' epiphyseal plate , r 
1 

of the humerus of experimental rats showing silver grains related to the 

membrane over the region of vesicles and vacuoles and over the clear \ 
,zone Ccz). 

. \ f F1gure 24 Portions 0 adjacent osteoclasts from the epip~yseal aspect 
r: 

of the epiphyseal plate. These Qsteoèlasts are covering bone Cb) and " , 

contain a variety of vesicular profiles sorne 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). 

Exposed 80 daYs. X 30,000. \' 

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

a piece 'of calcified cartilage (CC). It 'conta,ins the region of vesicles 

and vacuoles, mi tochond:da (m) and a variety of ~ysosomes (L). The sil ver 

grains are related to the cytoplasmic membrane adjacent Ito the calcified 

cartilage and cl.ear zone. Exposed 52 days. X 30,000. , 
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Figure 26 Electron micros~ope radioautograph ~f a porti~n ~f an osteo-

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

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

related ta the numerous cyt~plasmic ce11 processes (cp) and 'to the various 

vesicular profiles among which are so~e coated vesicles (cv). This por­
\ 

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

bodies sorne of which rare lysosomes (L). It -'is closely related tO, a blood 

vessel' (bv). Arrow, lamina limitan~ CC, calcified cartHage; B, bone. 

Exposed 52 days. X 30,000. 
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Figures 27 and_ 28 Light m~croscope radioautographs of 4 -pm thick paraffin 

section; of the body of the subfqrnical organ of the Drain. 

\ 

Figure 27 Obtained from the experimental an.imal. The heavy radwauto-

graphie reaction seems to be predominantly 'si tuated around th~ blood 
1 

vessels. Exp?sed 4 weeks. X 170. (* ). third ventricle. 
\ , 

Figure 28 Obtained ~rom the control animal. Few silver grains are pre-

sent as a r,esul t of the competi tian between the excess cold sCT wi th 

. 0125 0 • 

the I-sCT for the occupation of the specifie receptor sites. Exposed 

four weeks.' X 170. ("). th'i rd ventri cl e • 
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