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PREPACE,

This thesis coniains a report on ¢uperiments
desigued and caxrvied out by the author to fulfill the
recuirements for the degree of Dockor of Philosophy in
the Faculty of Dentistry, University of Sydney, The
author was a reseprch astudent, supported by the National
Health and Medieal Resegrch Council of Australia, in
the Department of Patholegy, University of Sydney.
Without the support of the Council and the permission
of Professor T, Magarey (Head of Department), this

work would not have been done,

My warmest thanks are Offered to Professcr David
Camexon, a respected researcher and a sindere friend:
without whose Insplration and encdouragement nobhing
would have heen started, let alone achieved. David

Cameron, I thank you,

My regards are offered to Profensor CQleland who
helped mich in my approach to scientific thinkings to
Dr. John Gibbinas for his friendship, his advice, and
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hig unnerving capacity to make one re-cxamine almost
SYVOrYy progequre. 9o anothor good frxiend, Dric Smythe,
vdthont your it would bhove talion twice os long, I
should like to thanhk Dy, ke Moudhton {Animal Cenetics,
CoB8aToR,0.) vhe vas a tremendous help in resolving my
proalems with column chromatography. Alse, I wish

O -ac}mmzl edge the help of EBelen Sturmoy particularly,
apd of Jerdy Wills and Vendy Forcdham: without their

assiztance X would hawve seon less of my vifo and

- €haldren,

Lastly, my love and thanks to Claire, my wife,
andg Patricl, Hichael, Petor, Eatherine, and Richard
Lor putting up with a2 husband and fother during the

trials and tribulations azsocisted with this nroliect,

Relig O'GRAIY, B.8HC. B.D.B. {(Hon).
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INTRODUCTION,

The metabolism of bone cells is controlled, in
part at least, by the lovels of various hormones in
the circulation, Pavathyreid hogmong (PYH) is one of
thope hormones, and fts relatlonahip to bone cell
netaboliom is the subiject of this thesis. It is a
Low mpoleonlar weldht, basic probein, ILrecuently referred
€0 as a polypoepbide, that is synthesisesg and secreted
by the parsthyroid glands. This hormone is also
involved with the kidney (Albright and Ellsvorth, 1929)
and the small intestine (Rasmumsen and De Imca 1963) but
the major interest for the present work is its lgvolvenment
with bone,

The existence of the pavathyroid glands was flrst
noted by Sandstrom (1880) who described the extornal
parathyroids in man and later Kohn (1885) discoverad
the interpal paxathyroids, In 1908, MacCallum and
voegtlin showed that parathyroidecstony had an offect on
the concentration of calcium in serum. The fivet
physiologically mééma exbracks £ron pavathyroid glands

were isolated independently by Hanson (1324) and Collip
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(1928),

Once these orude hormone preparvations becsme
availabley experimental work designed to look at the '
affects of thiz parathyroid substance boedan to abgorb
the offorts of a nuber of investigators. By 19829,
Albright snd Ellsworth had demonstrated that an injeotion
of parathyroid gland extract was followed by

(2} & rise in gerum caloiun

(b} & yise in unrinary exeretion of calcoiun

(e} & £all in serum phosphorus

(d) 2 wise in vrinary excvetien of phosphorus

Alzo, they demonstrated that parathyroldpctomy was
followed by ; "

(a) = fall in sewxum ¢alcium

(k) =2 £all in urinazy excretion of caloium

{c) & rise in serum phosphorus

(4} =a £all in urinary excretion of phosphorus

Fron that tine until the present, theve has been
a good deal of discussion as €0 whetheyr the kidney o

bone is the major target organ for parzsthyrold hormonc




(PTH) in the control of serum caledum, but this
arogument ds irrelevant o the present discuansion vwhich
concerng PTH and bhones What was lmportant concerning
these enrly vesults was the fact that it was possiblo
to relate the parethyrold glande fo the bony skaleton,
Products of these glands were capsblie of ilncreasing
the amount of calefun in both blood and urine, so
where did this caleium come from? Bone was rocognised
as the major e¢aleium containing tiseue in the body and

wag the logical choice Ffor further investigation.

At this stage, on the assumption that the parse
thyzoids stimulated loss of calolom from bone, people
began to look fov svidence of bone destruckion afier
the administeation of parathyroid estract. In thase
Investigations, the dsteoclasts received puch atbention
ag these were the cells considered to ba involved in

the procoss of bone resorphion. In 1931, Jaffe et. al.
stateds

“pecaleification i the only astablished specific
effect of parathyroid hormone on bong, and the
regorpbion is gemerally evidenced by the presence

of enlnrged haveraslan canals or by lagunae




containing ostaeoslasts on the poriosteal and

cendosteal suriacos of bone®,

Also Jaffe et, al. were able %o induce bone lesions
in eyperinuntal aﬁimalﬁ which presented the éssential
features of osteitis Librosa cysticsn {w:sn‘ Recklinghaunen's
disgase) in varying degrece of soverity, depending on the
relation of the pava éhwmme dose to the calelum inbake
and duration of treatment with parathormone {(Jaffe sb, al,
1931, 1932: Bodansky and Jaffe, 1932},

By histological methods, Selye (1942) and Ingalls
abs 8le (1943) showed incoreased osteonlastic resorption
after breatment with parathyroid hormone, Perhaps of
pove significance in the present conbexd, these oipoers
iments demongstrated that similay changes occurred in
nephrectonised animalsy, suggesting that the hormone
might affect bone divectly, One of the most convincing
demonstrations that the pavathyroids secreted pemething
that had a direct action on hone was repoxted by Barnicob
(1948}, He transplapted parathyroid glands of ten day
old mice to parickal bone from the same animal and




grafted them to the gorcbral hemisphere of a littor
mate., Aftor lO0-14 days, very active bone rosorption,
acemipanied by osiwoalasts, was otourring on the @ﬁma
of the bone graft under the attached pavathvroid, In
some specimens, new bonc deposition was ocourying on
the oppomite surface of the bohe graft, vhile in others
perforation of the bhone had ovcurred. He carried out
similay experiments replacing the parathyvroids with
pituitary, thyroid, adrenal or cartilage tissue but in
none of these d44d local bone resorption scour, Baraicot
also made the cbservation that, sinte the ventral region
“f the parietal imna of o ten day old mouse contained
few oateoclasts, and since all of these cells sppeared
¢ be absent in his two day old grafis, the numevrods
ostepelasts at the site of hﬁm mampiziﬁn in later
stages must have been newly differentiated, In othey
words, he suggested that the parathyroids stimalated

the differentiation of milti-mucliear ostenolasts,

The work of Chang (1951) supported these vesulis
and there was reasonable evidense that fhe munber of

ogteoclasts wae incretsged by the action of parathvvoid

normong, An extension of this view was that the




hosmona stimilated release of ealelum o the cizculntion
via gstegclasia, However, doubt has been expressed
that these cells nre important in the mintte 0 minute
ragulation of serum cialoium, (Belanger, 1965: Talmage

o, ple, 1965),

in 1950, Hellor e, al., reported changes in bone
cells of oxperimental animals that had received tosic
doses of parathyroid extract, In the mat ther e was
omsiderable doptruetion of osteotyies, mErked Incroase
in ogkeoclasts, but selatively livile destruction of
ostecblastes. In pupplies there was ppickically no
desteuction of oBteocytes, only & modoerskte incsrease in
ostedslasts and death of most of the ostechilasts. They
gtated that there was no microsceopically visible evidenco
of phadgogyiosis in ohteoclasts and that theiy role in

bone resorphion wis based on presumpbive evidence,

From the middle of the 1950%sz Geillard hasz been
mach involeod in the study of bone and perathyroid hormonce
in organ culture., In his early work he used pavietal

bone and in 1959 he reported that osteoclasts were not
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found in these explants encept when parathyrvid-hermacne—

has been present in the culture medium,
From this work he concluded s
1} *HNo significant lysis of bone matrix has ever
heen found without giant osteocizsts in ¢lose
contact with, or in the ismediate vicinity oFf,
£he "dissolving areas™,"”
2} “Parathormone isg indispensablc for coreating
the conditions Eavouring the survivad, the

formation and the funciioning of osteocclasts.®

In 1361 he reported results of experiments in which
he had cultured radii from mouse enbryos. As with the
parietal bone cultures, he noted in thege that parathyroid
extract (PTE) induced the formation of muitinuclear

osteoclasts that were involved in the digssolution of

bone matrix.

It iz fairly well accepted then that osteoclast

nunbers rize after stimalation by parathyroid hormone,
but where do these cellsz come f£rom, snd are they the

result of a direct effect of the hormone? They might
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axvise by dlvisicon of pre-euisting ostosslants or

Exom the undifferentliated ¢all pool eikhor via
coalesconce of mononuclear cells or via suocessive
nugleary divisions without oytoplasmic division, The
autoradiographic evidence of Younyg (1962) suggestoad
that they arose by the conlescence of “mteﬂpmganiﬁw "
¢allis. The studies of Owen snd Binghanm (1967} indicated
that the injection of parathyrold extract into rabbits
resuited in increased RNA synthesis in both cstenclasts
and preostacclasts, Thege workers clagsified ostcow
progenitor cells as eithar prevstecblasts, on the
pericetenl) aurface of the developing fomuv, or prow
seteoclasts If they were on the endostenl surface,., The
incrensed nucleie acid synthesis was apparent only in
the cells on the endostenl purfave, suggeshking a direck
atimslatory effect on the cells destined o become
vsteoclasts, It iz probable then thadk ostoeoclasts arice

by goaleseence of nmononucliear cells,

Also, thoy described an apposite effect on those
calls responsible for bone matriz formation » that is

docreagsed uptake of radioacktive RNA precursors in ostooe

blagts and in preostecblasts, Purther, they demonctrated
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that thase ¢olls hod undergone deleterious moxphological
¢ hanges znd they atbkribubed these shanges to the effect
of parathyroid emtract, Some years earlier, evidence
+hat PR influenced ostechlasts was presentaed by Gaillaxd
(1959, 1851) when he noted the disappearance of typical
estedblasta in cultured pavietal bipe and radius when
the medium contained PPE., Also, from his work on the

mﬁ ~ givoine (1961), bhe suggested that

incorporation of
PR dnmpadred the ability of ostedblasts to syntheplse

collagen long befure histological changes in these cells
becams evident, Other experiments (Talmage gk, al, 1963)

%«vmmlim as a collagen precursor showed that

uging
parathyroid hormone suppressed the ability of the
satechlaste o lay down bone mateix, The e¢ffegts of
iptraperitomeal injections of PIE into rvate on the f£ine
steacture of bone cells in the Libia were reported
(Cameron et. ale, 1967), The ostedblaste showed the
grestest altevation., Thelr mitochondria were swollen
and exhibited dense gramiles, Ribosomes were separated
" Erom the membranes snd both rough and snosth endoplasmic

roticnlum systems were digstended. Thay noted no change

i the oeteoclasts in the material gtudied, These resulis

woere, in line with earlier work in ¥liro (Gaillard 1865,
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unpublished electron nivroyvaphs of Bcherft) when radii

which had been incubsted in vitro with one U mi >

of
PUE, showed & losg of riboponmes and a reduction in tho
amount of endoplasmic rebiouluwn in the ostechblants as

compared to gontrel bone incobated without PYE.

At this stage of the discussion, 1t appears that
parathyrold hormone may be involved in the regqulation
of osteoviasts, ostecblasts and of undifferentiated bone
ecolls, the latteyr &iﬁaé being referrecd Lo as opheo-
progenitor ¢ells {(Young, 1962) or preostetblasts ox
prevstatciasts {Owen and Bingham, 19675,

The osteotyke is the only bone cell type that does
not appeay in this list, but 4L has not bHeen disreqarded,
An awittemplh has been pade to sepirate osteooytes into
more than oho group of wells (Belanger at. al,, 1963).
in chicks, rats and dogs, small osteocyten wers predeoninant
noay formative bhone surfaces, These cells were surrounded
by organic mateix of high density as demonstrated hy
alpharadlography. Isvgor, nore mature osteooybes,
iovated further from formabive surfaces, were strrounded

by bone matrix of much lower density. Alsg, toluidine
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hive stuining of pectilons indicated areus of mobaw
ehromagia surrounding the larger, more mature oshoo
cybes. tﬁeimgém 1965), This was intorpreted as
indieating areas of bone containing accessible sulphated
medpolysaccharides or, suprossed anothoy way, areas
whexe hone mineral hed beon removed, These aroas
coineided with avcas of rarefoction on alpheradiography,
By hdstochemical methods he demonstrated allkaline
phosphatase and protesse metivity over these lavger
patedevies gather than over the smaller cells, Frowm
thege results, he suggosted that mature osteooyten were
engaged in bong rooowption in normal tissve and that this
mechanion was epbavacd by 8 variety of factors inciluding
pavathyrodd harmons,. Belenger enlled this mechanism
"ostedlysis® and he suggenied that the ostegoyhe was

the dmportant coll in the minute o minute reauintion

of perun oaloium.

These eoncepty roucived Durther suppett (Talmage
g, aly, 1965) from enporvinents that showed the failure

By o 32? redently depopited in hone,

of PTH ¢o affoct
whcress radioactiviey admninistared two vesks befors the

experiment was relessed by the action of PTH. Thoge




12

rooults wore intorproted to pean that parathyzold
hormone-dndueed aaloium chilization occurzed in mature
bone ather than in reconily formed bongy that is away
Erom sitos of soteoclootlc activity. Organ culbure of
montse wadil, done by Talmage in Gaillarvd's loboratory
{'i’amisa Sk, nly, 1965) ; phowed that psteccytic lagunae
ore dorgar in bhonod that héd boon incubntod with POR
than in the contxalateral bones uscd as controls, At
the wltrastemotural lovel changon were found in the
oobosoyten of the ibin pimilay o thuse mentioned above
for tha estochlasts. (Comoxon vbe al., 1867). These

vhangon wore for loss marked thon in the ostocblasts,

The simplest way o swaeriss a4t this polnt would
be o ooy that parathyroid hormone has been implicated
in the regulntion of a1l bons cell typos, that it
apparontly stimelotes dfferent responsos in different
ll types, and that very little ig Lnowm aboul i

siboelluiay mechandem of askion.

Prom the time thoi pn aotive epbrich was goctvoered
Zrom porathyroedd glands in the 1920%'s until the prosont,

a dreat deal of affort has gone into preparing 8 pure
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stvols of parathyrold hormono and cshuarnctorising ite
composition and structura, The original smethod of
Collip (1925) for preparing drude exbracis of the
parabthyroid giands involved the use of hot hydrochlorie
aoid, More recontly Rocmusgen and Cradg (1961) demone
skraked Hhot the uge of hot hydrochloric soid or hob,
8050 neetic acld for the initial dissociation of PTH Lronm
other constituents in bovine parathyroid gilands resulied
in partinl hydvolysis of the howmone, Aurbach (1959) intze
cduced an ontrackion procedure enploying phenol ingsbead
of hot acid, and Rasmugsen et als (1964) used a cold
HOL/mrenfoystoine solution, Both of these technigues
apparontly overdame the hydrolysis prdblem. Rusougsen
and Craiqg (1962) introduced gel £iltration on Sephadex
&850 into the purification procedure, Aurbach and Potts
{1064) anlee need G50 but they found that Sephadex GO0
wao more efficiont for Fractionacion OF parathyroid gland
extracts, Many other procedures wers used in the chay
acterisstion of the hovmone including eounber current
disteibution, ion cxchange chromabogenphy, paper
chropatograrhy, sgbhoreh gel alectrpphoresis and poly-
aceylomide gal clegbraphorpsis.




There is goneral agreement now that at least the
bovine parathyroid hormone has beon oompletely charace
teriged, Brower apnd Ronan {(1870) rzeoported the aming
acid seguonce of parathynoid hormone recovered Lrdn
entzacks of bovine pagathyroid glands, Ik is a single
¢hain polyvpeptide containing 84 amino ;wms r» Giving it
& molomalar welight sround 10,000, The molecule has an
t-torminnl alanine and o O-temminal ylutaminer it contalns
two mothionine rasidues but no aysteine, Xt is a basic
probein with nine Iveine residues and five arginines:
five of the sleven glutamie residues and khres of the

nine pspartics acve apides,

Porsine POH has also bedn isolated and partially
charasterised, (Tdtbtledike and Hawker, 1966, and is
eimiloy in gize Lo the hovine tatevial,

Omoe the andng acid seguenpe of bovine parathyroid
hormone was eostablished, Potts et, al., (1971b) began
making Sragnents of the neolecule by the technigue of
peptlde synthesis. Thoy synthesised a thirty four amine
seid peptide that corresponded 0 the Nterminal 34
anmino acids of bovine PIFH  Thic £ragnent was bislogleally




active,. A 1-29 f-torminal fragment produced by didute
acild tyeatment of bovine PTH had ackivity comparsblo
o tho I-34 oynthobde smolomile, (Pobis gh. al. 1971a),
Phe Fekerminal alanine was essential fov activity and
fhey osuggooted that ¢he minbmon frogment requived for
biclogleal activity ocoupiad a continuons Soouonce Lrom
ropidue 1 {ala) to & point botweon residue 20 (org.)
and 29 {glw). Tho aobivity of these Sragments was
greater in vitro than in wive, so it is possible that
tho carboxy ferminsl ond of PTH may provide some sork
of protockive Sunction in the cloulaticn, IL may e
of interest to note that the aebive portion of the PIH
mglecule ig similar in size to enleltondn,

Symthoetic peptide synthesis is 2 vexy powerinl
techuigue with tremendous potenbial in the field of
molacular blology, but it has oply recently besn applled
to parathyrold hormone {Pobbs, ok, al,, 1871b). The
older and move £rcaovomily xeported methods Lo synthas-
iging parathyroid hormone have utilised the in vitro
inoubation toclnloues of organ and tisoue oulbure.
(Qaillard, 189Gl Radss, 1963y Roth and Ralan, 1564, 19667

Rainz et. nl., 1965: Momilton and Cohn, 1969: Au b, ol.




197Gy Shorwond ot als, 1970, 1971 Iortdn ob. ol
18713,

L% was shown thot both the sooretory activity of
whe pargkhyroid glandes and the ofifeck of PYH on hone
couldd bo domonstrated in tissue cultmre {(Godllard 1961).
The offect of varying concentrations of caloiwn in the
witure modis thon rooeived & groat denl of atbention,
Radsz (1963}, wedng chick and rat parathyroid glands,

showed thot deercosing the {€a°") cauncd an inorease in
Sy oyboplammic/ouclicony volune while it had no effoot

on thyrold, hidney or lung. Also, using bic in vigro
ppady Cochniione, he deponntrated £hat the snount of PR
gecraied in eulture vagied inversely with the {ﬁaaﬁ‘i of
the medivm. Roth and Raisz (1964, 1966) published
witwastruebural studics of rat parathyreid giands euposed
wg whrying concontrations of caloiun over varying time
periode up o a rmanbom ©F 96 hours in culture, Bricfiy,
thay showed an dnverse relationghip bebveen the étﬁeﬂ%}
of the medinm and tha degees of organdisation of the
protoinssynthoebic and Golgl gopplewes in the parathyroid

eellu, FPurthor evidence (Ruloz cb. nl, 1968) indicated

that the rate of upkake of radicactive REA and protein
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procugooRs, and the xoto of soerction of radicuctive
Protcin inkd the moedium vas invorsely volated to the
(ca®* } of the modiun, Uptohe of vadiouctive smino
aedds by bovine pavathyroid gland: slicos in ouliurs
was poported (Hamilton and Cobn, 196%) but thoy wem:
uhnple o domonstrate the presende of PIH in the pedium,
This was not ourprising as thedy mothod of ticouo prow
paration was far move disruptive than othor methods
enploying whols glands, Sherwood gi. als (1970, 1971)
suggested that parathyrold hormono in the cireulntion,
or seerated in culiure, was of lower moleonlar weight
than that oubraetod fron bovine glands o from glands
in tisewe culturc, 7They suggoctod that o prohormons
t@ﬁ{# synthetised in the ¢oll and that this was modificd
bofore seorction. Pobbs ek, al, (1971 &) dioputed this
and cuggested thnt the anallor moleounle Found in +he
eizeudstdon or in ealture modivm was the result of
hpdrolyois thot had cocurred after soorokion, This
cdojection vas baced on immmological technicues and the

cuopbion romnined open at the tipe of Endoorinology 1971,

ALY theoo proan culiture media have included sorun
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paoducts In gone foom op othere Wallo morc prozoin
coerction probably occurs undor thoso conditions, tho
gorun sonbont ;gmaﬁ' a formidable probles in tho
subsegquent. puvification of any M from the culturs
modivm. aAu et, al, {1970).had hoon using antibodion

e bovine PTH az a Sinal purification gtop in tho |
rocovery of zat parathyroeld hormone froon Erhobtions of
culbure mediug that had boon mubiooted Lo choampbographic
procefures. Ik may vet prova possiblc 4o pocovor pure

FiB by this moethod,

Fron the mavevinl reforsed to obove, it is cbhvicusly
possible o mhle wadicnctive parathyrold hovmons by an
organ culture techndoue (Balss b, al.. 19657 3u ok, sl.
970} Tt must klso be possible $o retovor 4 pure,
labelled, moloculor specios which would {hen bo vezy
uwpeinl in the gsemrch $or whers parablvwreoid hornome
Bindg £o its tawdet cells. This Mnovicdge regarding
binding sites iz vitel o a full wderstnnding of

parathyroid hormone funchion.




XXX,
IV,

Vil.

vIIL,

k4

19,
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T. PROPARMTICH OF PARATHYROTD GLANDS POR CULTURE,
Porathyrold glands were obhialned from adult albino

ratoe. Aninaln wore hilled by & blow on thoe hend and

who thyrold ldbeg wore romoved aseptiloally and placed

in culturs medium, With stainless steol razor blades,
| thyroid tmmé van diggocked away £rom the pavathyroid
glands wndor a diszecting microsoope, After gently
washing in culiwrs medium, 4~B parathyreid glands wore
piaced on a Millipore filter {0.45 wmicron, 11 mm, diame)
sipported on stainlesy steel gauze in o Faloon organ
criture dish (Cut. Wos 3D10)s Approvimately 0.9 ml, of
medivm was sufficlent o heep the tissue wet withoug
submerging 1k,

A {:’-" Bl X “ LA

a)l Uowmal caledum modium,

The medivm wood was BME, Booal Medium (Bagle) baced
on Sorlets snlés propared from dry povder (Gibes). The
caleium concontration of this nedium was 7.2 mad (1.8 nM).

b} Loy calaoium culiturs medium,

Thic was biced on Barle's balanced palt solution
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excopt that the ¢aleium copcontration was only 1.8 mow
{045 mm » Aming acids, cofactors and other matabollies
were added so that the final culture meditn appronimated
a lowy caloium version of BME,

¢} Radicactive mediun

Low caleium medium was made up but the normal
¢ cmplement of anine acids was omitted, Instead, anino
. aclds, uniﬁ&mly‘ labelled with Hf: {Amerghai ¢ Proteln
14 o

{(U) CFB-28), were pdded to i:mﬁ# med i
3

hydrealyaate
in smounts varying from I-5 ul ml ~. ‘The specific ackive
Lo of these amino selds was 52 mC per m Atom of carbon.
Cold dryptophan was added o xeplace that destroyed
by soid hydrolysis of the radicackive protein Srom
vhich the Ma aming aclds were obtained, Cold glutamine
was added to conform with the composition of Eagle's
mdivm,

d) Concentrated mediam

BME, was made up at four times the nomal conoey-
tration, This medium wan used, after regovery of pdra-
thyroid hormone from glass ampoules by dilube aeld, o
provide a vehicle for the hormone which approximated

normal Bagle's medium,
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A11 aulture medis wore oterilized by Millipore
filteation and stoved at 4°C in glans boktlen, All
media contalned sodium éﬁiﬁﬁtﬁ onate at 2 g, 1"1 to give
a physivlogieal pR whon eguilibrated with 5% ﬁﬂg « HBLY .
culiure media contained pendoeillin 3¢ 100 units m:!.“zg
This was the only antibiobic useds Some quitures wers
suppliemented with 20% horse serum {Comonwealth Serum
Laboratories, Melbourne, Aust.,) or with bovine serum
albunin (L mg mi™t), (Sigma Chemical €o., St. Louls,

UsBabia)ds

Ovaan culbures wore maintained at 3?% in an oven

s aturated with wakery vapouy, and flushed gontinuously
wWith a gas mixture containing 70% air, 25% omygen, 5%
carbon dioxide. Parathyrodd glands were inovbated for
perisde ranging fron one to fourteen days. CQulbure
mediun waz replaced svery one, twd or three days duwving
thig time, MNedium recovered from the cultures was
Eractionated by gel filtration cither flmmediately after
vomoval or after storage at -~70°0 for a short pericd

of time, When the cultures were terminated, the glonds
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were fized for histological examipation.
IV, EXAMINATION OF CULTURE MEDIS

a) Gel Eiltration @

Modium from gland cultures was chromatographed on
Sophadex G50 nmedbum in a2 ¢dlumn 1.5 x 100 am. long. The
maximm sample load was 1,5 ml, The buffer used to
develop the colunm was 0,2M ammonium asetate/acetdie
a oid (NHAAo/HAR), pH 4.6, The £low rate through the
@ slutn was 20 ml, E&mﬂz} Fractiong were ¢ollected on

an KB Ultrovac ot 4.9 nl, intervals.

Material recoversd from G50 wag rechromatographed
o Sephiadex 625 fine in a oolumm 1.8 % 30 ems  The
developing buffer was either 0.2M ammonitm acebtabe/
acetic acid pH 4.6, oy 0.1% acetic soide The flow rate
& heatgh the ooldmn was 12 mid, m"""’z‘ andl the fraction
sige was 2.3 ml, per tube.

A1l gel £ilbration wasg ¢arvied oul at éﬂer
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The effluent from Sophader oolumns was monibtored
at 280 nm in a dual bemm Isco Awd ul*wayiama anslvaes
{path length 0.5 cm) and the resulting graph plotted

by 8 recoyder.

Alicuots of c¢olumn fractions m&ﬁ exanined for
radiosactivity in & Philipe liguid scingillation
analyser (LSA). Samples were pyepared for counting by
ene of two maethods f

1) 0.4 nl, alicguots of fractions were dried on

glaes £ilter papor and placed in & geintillant
~sokubion conbaining 0.4% PPO, 0,002% POPOD
in tolunens,
2} 0.1 ml, alicuots of frachions wore suspended
in one parg Triton X100 to two parts of the
above toluene seintillant (Patterson and Greene,

lﬂﬁﬁiw

The external standard channels ratio facility of
the Fhilips LSA wag unsed to conpute deccapositions poy
minute (DPM's) antomatically.

e

Practions recovered £rom colunmm chromatography
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wore placed in 20 ml glage ampoules and Iyophlliped,
Buffer salt was remwed from these pomples by roedisoe
olving them in distilled water and furiher freene
deying. This procedure was repeated until all the buffer
aalt was rvemoved, and recuired a botal volume of water
abowt threo tives the volume of the opigingl buffer.

b) Paper chromatography

Materdal recgovered from colums chromabography was
exanined by ascending paper chromabography using Whatnman
No. 4 paper and Nebubanoliacetic aaidiwater (25:6:25)

ax the solvent systom, Samnples, dissolved in dilute
acatic aclid, were applied to the papesr in wvolumes
ranging from five to twenty five microlitres,; the
diameter of any one spob being restricted 0 5 mm, After
the sauples were dried, the paper was pinned in the

£ orm of a cylinder and placed wvertleally in a large Jary
Twenty five ml. solvent was then added carefully to

the bottom of the dar, webkbting the base of the paper ag
pyvenly as posgible, When the solvent front had travelled
abouk £ifteen om,, the paper way removed from the jar and
deied in 3 Dume cupbosrd, Once dry, the paper wags spraved
with Ninhydrin (Nyphydrin spray « Sigms Chemiecal C0es)s

o At was out into small pleces and examiped for radio-
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mﬁiﬁiﬁﬁa by limiid peintillation apalynis,
&) 'z‘:m exchange chromatography
. The wompoaition Of frnctions recovercd Lrom gel
filtration wae examined by both anion and cation
exchange chromatography .,

Anion exchange op Sevhade:r DEAR, AZE was carried

ent ixn small colunns (0.6 x 8 om), sek up in Pasteuxr
pipeties, snd eguilibrated with 0.1 N BCl: Samples,

d isuolved in 0.1 ¥ HCl, were loaded onto the dolusng,
and ten column veiunmes of 0,1 K HCL were waghed theough
and collected, The gsolulion used €0 wash these columns
was then changed to 0.2M Tris « BCL, pH 5.0, and a
farther ten column volumes collected. The content of
radiocackivity in the fractions was then neasured by
addifg 0.1 ml, aliguoba to the Priton X 100/toluene
sointillant and counting these in the liguid seintille

ation anslvaer,

Cabion exdhange opn Dowesx 50 (Bulphonic acid groups)
was also enploved, The same procedure was used as for
anion ewchange chromatography except that the indtial
solvent wag 0,05 M acetie acid and ‘ﬁha £inal buffex
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vae 0.2 M amnonium acebate/acetic acld (pH 4.6).
d} Disc olectrophoreais on 15% polvacrylomide gel,
The composition of Lroctilons recovered from gel
filtration was examined hf dise elestrophoresis on 15%
polyvacrylamide gol. This technigue was based on the
work of Reisfeld e, al, (19%62),

Stock Solutions,

B N KOH 48,0 ml.
B Ac (Glacial) 17,2 ml,
Tetramethylethylenedianine

(Leemed) 4.0 ml,
HE{} to make 100 ml,

Be N KOH 48,00 ml.
Hae {glacial) 2.87 ml,
Taemed 0.46 ml,

4 acryviamide 60,0 g,
methylene bisscrvianide 0.4 q.

Hﬁﬁ o make 100 ml.




28

Dy Acerylanide 10,0 ¢
methylens bisacryiamide 2.5 4

3 Ribofiavin 4.0 myg.
ﬁgﬁ £o make 100 ml.

Tray Buffer (pH 4.5

ﬁ =alanine 33ed
HiAa {glacial) 8,0 nl,

Bzﬁ to make 1 litye
The following working solution were

prepared from the stock solutions:

Sinall Pore Solution: :(pH 4.3)
1 part A

2 parts C
I part H,0
This solution was mined before use with sn equsl
volume of a freshly prepared solution of ammonium
parsulphate (0,28 ¢./100 ml.}s This vesulted in a

solution containing 15% acryviamide.
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Lardge Porc Solution (pR ﬁ.é)
1 part B
2 parts D
1 pagt B
4 parts Ezf;}
The gels wore set up in glass tubes (7.0 om long
by 0.5 on. internal dismeter) shbood vertically on xrubber
stoppers to glose the ands, Small pore solution {(0.85 ml)
was pipetted in, overlald with 0.1 ml, distilied water
to give n flat surface and polymerised for thirty
mintes ander an infra«red lamp. After polynerissbion,
the water was removed and then large pore solution (D.15 mi)
was added above the 157 gel., This was overlaid with 0.1 ml
waker and polymerised for thirty minutes of uléraviolet |
light., PFPollowing rempval of the water and the rubber
gstopper, the glase tubes containing the gels were set
wrtically in the uppey ¢lectrophoresis tray such that
the upper ends Just protruded above the base of the upper
tray while the lower portion of the gels just dipped |
into the bota-alanine buffer in the lower tvay, Samples
{10-40 micrelitrez) dissoived in beta-alanine bugfer

containing 5% sucrose and pyronin-gamma were placed on




top of the large porc gel. Pyronin-gammn wias included
o o teacker dyc. The sucrone was presont £o provent
loan of sample whon buffor was added to Lhe uppor tray
e oover the gels, Ble¢trophoregis was carried ouk

at 6«8 me~anp per tube with the upper slectrode the ancde
and tho lower one thoe cothoda. When the tracker dye
neared the lower ond of the gel, current was disconncoted
and the gols vere renoved with 7% avotic aeid in
syringe with & long needle. Thore was insufficient
protein in the somplo o stain by nomal noethods so the
geles weres sliced in ¢ross geckion ak 1.5 mm. intervals,
solubilised in 30% hydrogen’/perowide at 50°C overnight
{(Young & Fulhoret, 1965) and the rodicactivity measured
by liguid seintillation in the Triton X 100/toluene

aseintillant,
V. DETECTION OF BIOLOGICAL ACTIVIIY,

Both in vivo ond in vitro technicues were uead ko
dotegt parathyroid hormone activity.

a) In Vive

Albine rats welghing about 100 ¢, were used, They

were thyroparathyroideckomieed and then maintained on
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a2 gtandard diet. AaAfter three days, blood was removed
by cardiace puncture, the test solution (0.5 nl.)
injocted intraperitonealliy: and a Hirther blood sample
removed gix hours later, Blood samples, noxmally
about 0.3 ml., weve cenirifuged to rvemove the cells,
and the plasma valeium was measured by atonic absorption
spectrophotonetiy ueing a Belss PHO 11 spectyophotomoter.
Hoparin was used 4o prevent eoagulation. A rise in the
- plosma caloium concentvation over the six hours was taken
as evidence of parathyroid hormone activity.

b) In Vitro

in thig system the neasure of biclogical activity
was the ability of a gample to ptimalate removal of
caloiuwm from the shaft of » two day old rat radius or
ulna duming twenty four hours incubation in vitro. The
contraiateral bone of the same animal in an equal volume
of the same medium, minug the test sample, was uased ag

the control.

Bone for these tests was chiained aseptically from
apdmals anaesthetised with a lethal dose (8 mg.) of Newbute

al injected introperitopeallys Stainlens steel razor

hlades were used Lo trim away muscle and connoctive
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tissue, and to obtain egual sized pieces of tissue
from the mid-shafts of the bones. The tissues were
kept moist in Bagle's méﬁium and tissue prepavation
was carried out with the aid of a binccular dissecting

micTrosScope.

Incubation medium for control cultures consisted
of three parts 10 3ﬁ HCL to one part of the concentrated
medium referred to in part II {(d). Freese~dried samples
From column chromatography were redissolved in 10 321 BCL
and mized with concentrated nedium for test cultures,
For some of these incubations bovine serum albumin was
incorporated in the mediuvm at one mg,. mi. -1 s Cultures
were terminated after 24 hr., the bone f£ized for histo-
ingical examinat i@ﬁ and themedia kept for calcium
determinations. anti-bovine PTH gamma globulin {supplied
by . Britton, Dept. of Pathology, Universiity of Sydney)
was used in some of these cultures to biock the hormone
- aokivity. In these latter cultures, the samples were
incubated for 60 mins. with the antibodies before addition

of the bone shaft., Conditions of incubation were the

same as for parathyroid glands.
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In o omall numbor of cuporimonts bone shafts were
Lacubated with parathyrold glands oy in whole modiam
in vhich parathyroid glands had been cultured previously.

Plagma and modium galoium concentrations wore
measured by atomic sbhbsorption spoctranphotometry at

423 mm in an aiy/acebylene flame,

CaC0, (dehydrated) 0.2500 g.
Radld 3,3900 4.
REL 00,2860 q.
H,0 to a finzl volude of
L litxe
() gCaleium blank
Nacl Be390 g,
RKCL 0,286 g,
(¢) Oxmine solution
4 g, oxine 1 . in 1% agaetic acid with

wetting agent,

All water used to make these solutions was delondsed,

distilled water, The oxine solution was uged as the
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diluvont gor proparing the set of calaium ctandards,

All test solutiony were diluted one in twenty with

oxine solution. This dilutlon brought tho test solutions
within the range of the standard curve (0.0 €0 0.5 mg.®
Weolte galelunm}, The standard curve was linear opver

this range,

The resuity of these tests were arrapnged into two
groups, caleium concentration of control (¢,) and test
{3:23 foedias Theso groups were treated ns two populations
and subjected to a t~tost with the sid of a computer.

The Bull Hypothosin was thot there vas no ﬁigniﬁmmiz

difference bobtween the two graups.

Vi. BINDING OF RAT PARATHYROTD HORMONE O RAT BONE
Porathyroid hormene, produced in oxgan sulture Lroom
radisoctive anino aoida, purified sand roconstitubed in
Bagle*s medium, as desceribed sbove, was incubated with
bone for pervieds of time £from ten to ninety minutes,
Conditions of incubation were the same ap For parathyroid
gland cultures, Bone speoidens were recovered from Hwo

day old rats. Parlebol vay most froguently the bone of

choice and way prepared in pleces sbout 2«4 mm, SOUATC,
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in o smaller punber of cuperiments long-bono picces

were enployed,

Aftor the period of ingubation, the bone was
removed and fixed for amutoradiography, and the incubsation
medivm was nubseguently examined for hormone sotiviby

by the ip vitro detection syptem described above.

Gamma globulin reforred to above was uzed in one
expexrdinent o block the hinding of rat PIE o bone,

1

. Bone was also incubaoted with % amine asids €0

see how rapidly they zZeached the interxior of bone cells,

a} Plzation,

All tispuen were fixed in 3% glutaraldehyde in
0. 1M cagodylate buffer for a minimus period of one hour,
Tissues were then washed in a few changes of buffer and
post-£ixed in osmiun tetroxide ﬁfm: one hour, Exceso

cgmiuvm tetroxide was removed by three dhanges of CagQ«

dylate buffer,
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b} Dhydeation

Tissues were pubneveed for ten minutes in each
of 30%; 50%, 70% and 207 ethanol. This wag followed
by 4 w 15 min, in 1004 A R, cthanol followed by 4 » 15
min. in 10055 AJR, acetone.

¢} Inflltration and embedding

After the last wash in acetone, the tissues were
placed in a 50% acotone' 5054 sxaldite mizture for 12

hoors on 2 otor o assist Infilitration of the resin.

Araldite is an cpoxy resin prepored as followss

Arvaldite base (¥ 230) 98 e
DOy (BY 964) 32.8 1.
MIA (BY 206) 17.8 g.
D 30 {(Hy 960) 1492 g

Theae chomicnls were mizad for 1%-2 hours and

gbored in a freezor unkil reaguired,

Aftor 12 hours in seobons/araldite, tisoues were
transforred to 1007 nroldife nnd hopt svernighh at

3?% in 4 vacuum oven nt 100 mm Ha, praessure, Lo vomove

any acctone xetuined by the tissucs, Following this,
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tissues were tronsforzed to frogh sraldite in rectangular
cubedding wells, and the ropin polymoriscd for 24 hours at
45% goliowed hy 48 henrs ot 60%,

d) Sectioning and staining of tissue for light
MICroseopy .

Thich zectione (0.8 nmicron) were mat with glaas
knivos on o Buxley, n Porter-Blum MT 1 or an IXB ultra-
tome,  Soctions wero transfevred to n drop of dlstilled
wator on a clean glase slide, dricd down and then
sioined with 1% toluldine blue in 1% sodiun carbonobe,
Photomicrographs wore taken with a Zeiss Photonioroscops,

- &) fogtioning and staining of tissue for electron
microscuny.

Thin sections (500« maaﬁf} for elevtron microzcopy
ware cut on a diamond knife on a Buxley microbome. Sections
wvere picked up unsupported, on acid eleaned, 300 mesh
copper grids,. They were stained with uranyl acetate
{2 min,) and lead citrate (2 nmin.). Dlectron micrographs
were taken with » Sicmen's Bimiskoy l.

. WI:': » aﬁmmxmgg:u

-

This technisue was used to demonstrate whoro vam
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was localised in bono, Sections of undecsslcified bone
(0.5 mderon thick) wexe dried down us £lat as possible
onto specially ¢leaned glass slides, Ilford K5 emulsion,
giluted 1:3 with distilled %tm* wag used o coabt these
xliden, 8ilides wore dipped inbto the emlsion and allowed
o dry in a vertical position, thes sllowing a £airly
thin layey of emuleion over the sections, Thoase preb-
avatlone were then exposed to a wet oxidising environment
for three hours o mininise backgeound {(Caro et, al, 1962)
This was done in light-tight MoIntosh and Pildes Jars,
and at the end aﬁ three hours, the environment was
changed to a dry, reducing akmopphere (8ilica gel, dry
nitrogen). Slides romained in these Jars ander N, for
the durstion of the oxposure time, The period of
eXPOBNLG, l.0. fyon dipping the slides to developing
the emulsion, was within the rvéange 2«4 weoks. The
development time was & nip, using Kodak DI9B dovelopey
at 17°¢, f7his was followed by an acid stop bath (15
Hhe) £or 30 sec, and then 5 min, in Ilford Bypem vapid
fiﬁﬁfq- The slides were then washed for 10 wmin, in
tap water, the enulsiobh toughened dn 105 forpalin Low
15 min.,; followed by o fuxtheyr 10 min, washing in water,

Tha pections were than stained with 1% toluidine biue
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conboining 19 cedium carbhonuto,

IX. CGRAIN QﬁW$$

Doveloped silver grains in the auntoradioygraphs
vera counked over the different types of bone oclls
and over areas of bono matrix, Background grain counts
wore mades over areats or ammldibe adjacent o the tissues,
These backgreund counte wexe used as controls and they
wore made over aveas of avaldite eguivalent in size
o the arean covered by the bispues. Grain counbke were
dong dlreckly, with the sid of nilowvdscops rather than
£rom photographic prinks, and represented Hotal gradne
over complete sections. The ability Yo reocognisoe silver
graine was aided by the use of o Nomawshi phase intopw
forenee optionl system {(Nomarski, 1955}, Hy this
synten ik was possiblec o énsure thak the silver graing
were lying in a8 plane nbove the plane of the tissue

g eotion.
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. DARATEVROID GLAND CULTURES

Rat porathyrodd glands wers maintained in culture
£or tine poricds ranging Lrom Hno Lo fourtesn days., The
majordty of onltures wore tormipated belwaen two and
fve dayve, At the ond of the sulture porded, glands were
£ined for hi gtological examination and tthe nedivum was
analysed o moleoulos that had beon scoveted during
the pericd of incubation, Some siz hundred parathyreid
glands were uied in thoese apxpewiments - & few wave
incubated in media contalning horse sorum, o¥ bovine
serun albumin but the majority wero ompooed Lo media
from which seorun additivos wore spocifically excluded,

A total of three hundeod and geventy glinds were inoubw

atad in lovw onloiun medinn,

The presance or sheende of serum in the media did
not appear to alter the histologicsl apposyange of the
parathyrold cells, Bowover, from tho aspect of PUH
geercition, glands incubuted without seun did not peorste
very much afboyr the fivsk weeks Aun ok, 8d, (1970}, vho
vaed agoxum in thelr culbures of ¥ob parathyzrold glonds

roported high levels of seerction up 0 the end of the
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peaond vook of incdbntion,

At tho level of the light micoroscope, the majordity
of cultured glands appesred o be very healthy., In
mosk of thom it vas difficult to £ind evidence of
necrosio of parathyroid cells,. However, some glands
showed grots neorosdn ot the porviphery which was most
probably couned by carcless handiing during removal
from the animal ond prepagation for organ culture. In
these labtter cases, the fevaationntion patiern obtained
Evem gel Ziltration of the tuliurs modiom wan diffevent
to that from henlthy onltures, and this material was not

wed in subsecuent expepinents.,

Pigures 1 - 3 ave photomicrographs of pagathyroid
glands which had been vultured for oneg, five and pine
Gys regpectively. Flge 1 and 2 sre of glands aultured
in normal Bagle's medium while the third gland (Pig. 3)
was cultuxed in low calediwn medium, Bach of these tissues
wag chyviously healthy and gave some indication of the

pucesss of the ordan culbure syshen,

By olactron micrpscopy, cultured parathyroid glando
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wore similar o tiscue which had heen fixed inmediately

after vemoval f£rom the animal, The muclei were
irregular in shape; and the bulk of the heterschromatin
wag arranged around the inper leaflet of the nuclear
envelops, with a spalley guantity dispersed throaughout
the maucleus, Sucleoll were frequently cbserved. The
eytoplasm of these ¢ells was rich in mitochondrin and
many cellis bad a well developed Golgi complex. Another
prominent feature of the ovitoplasm was the émaanuﬁ

of large nubers of rlbosomes, These were arranged
mainly in clunps xarhiclf; did nok aﬁgaaw Lo be membrane
bound, Endoplaspic reticulum was prosent only Lo a
timited extent and zibosowmes were mlways atbtached to it.
Thiz wough endoplasmiv reticulum was somewhat more
developed in cells that had been ouliured in the low
caloium media than in those from pormal Bagle's medium,
but there were always fuar move ribosomes that apposred
to be unattached to meunbranes,

Pigures 4 and B depict glands that had besn culiured
for 5 days in Bagle's medium withoot gevum. There is

little rough endoplosmic reticulum, mitochondria are

common and secondary lysosones are prominent (Pidg. 4. ).
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Theno lysosemod bodien are mors comuon in culiured

Hooue, and theiy pusbers appear #o inorenss as thoe

wricd of inomibatlon is Increased. After elght daye
incubation (Flg, §) in a similar medium, the cells appese
little difforont, The rough endoplasmic reticulum is
posgdbly less prominont but it is nobed thok lipid
droplots are increased in number, aAccumlation of
lipid is a foabure of most of the glands, parbticularly
the longer form culeures (Figoe 6, 13-18), and is an
indication of some change in the mobisbolic pattorn,
Cells in organ culiure are probobly hyporie as onyvden
can reagh them only by diffusion in tho sboonce of
droulating spythrooytes, and this could account for the

inerooged 1ipid accumulabion.

Figurves 7 ahd 8 show eells £rom three day culiures
whore the medium vas nowal Baglets, mapplenented wvith 20%
horse serun,. There 2re no gross merphological differencos
betwann the cclls in these pictuores and thone inh all the
others of this sdaries, Bven though serum in the ouliure
medinm may ald the seerciion of PIH in organ culbure (Mu

r

et. al. 1970) it does nobt appear o Be necessary €0

maintain the integrity of parathyroid cells, otk least
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in thoge pelativoly short kevim culiuaros,

Tho remaining oleckron micvographs {(Figs 9-18)
a:m?; 0f parathyroid tisgue that had been cultured in low
calaoium (1,8 ngH) medivm without any serum additives,
Althoudgh most of the ribosomes atill appear to be une
aktached to menbranssz, the rough endoplasmie robiculum
iz more highly developed that in celles cultured in media
containing more caleium (compare PFigs 9-18 with Plgs 4~8),
A wore marked difference botween these groups is the grenter
prominence Of the Golgl apparatus in cells in the low ‘
ealaium ovlitures (Fige 15, 16, 18). Both of these

chaeryabions are conslobont with the greator secrction

of PTR by parathyrold gqlands in culture with low

caledum medium (Raler o, al, 1965). The plasma mesbranes
of adjeining cells showed a marked degres of interdige
itetion. Thin feature was more marked in cells from
lover caledum onltures, as reported carlior by Roth

apd Ruise (1966). However, the highest caleium concon-
tention in the prosent experimonts was less than 2 oM
which moant that all those cultures lay in the low

caledum range ss outlined by these workers, Because of

@ ads, the variation in this featuro of the plasng




menbranes was legs marked than in the othor exporiments
referred to. AaAnother feature of the cell gontacts was

the presence of desmosomes, which were noted in all

tisaue, irgespective of the culture mediwm,.

These results indicate that rat parathyroid glands
may be maintained in organ enlture without grave oytoe-
Logical effects, and that, by morphological oritexiz,
the vells are capable of synthesizging and secoreting

protein or pelypeptide molecules,

II. COLUMN CHROMATOGRAPHY
Fractionation of parathyroid gland eulture medium

on Sephadex G50 produced the following resulis @

(a) Only one UV « absorbing peak was found cone~
sistently. The material in this peak was a mixture of
small molecules below the fractionation range of G50,

It conta ined aminoe acids, niacinamide, wibof iavin and other
low molecular weight substances from the oviginal medium,
plus any small molecules that may have been released by
the parathyroid glands. In the column systeom used, thig
peak eluted at sbout 150 ml. efflucnt volume., Bven when

the most sensgitive scale of the Isco analyser was

employed, no definite peak could be Found within the
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fractionation range of this column when the sample wad

parathyrold gland culture medium.

A second UV - absorbing peak was found in those
few runs whem the sample of medium contained either
horse serum Or hovine serum albumin., This peak eluted
in the void volume of the column, corresponding to

about 60 ml, effluent volume.

Farther characterisation of thie column system was
achieved by employing bovine pancreatic ribonuclease
{Signma) as a marker protein. Like parathyroid hormone,
thig molecule is a basic protein, and with z molecular
weight avound 13,500, it should elute just ahead of
the hormone. When ribonuclease was run on G680, two
peaks were found. The first, at around 90 ml. was

witiiln the fractionation range of the Sephadex. A
smaller peak followed at shbout 150 ml., corresponding to
the low molecular weight substances referrved o above.
This latter peak probably contained byeakdown products
of ribonuclease. From these results it was predicted

that parathyroid hormone would probably elute at a

volume of some 90«100 ml.
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(b) Fractions from parathyroid gland culture
medium that contained Qarbon ~ 14 were then examined

by liguid scintiliation analysis. Three consistont,

radloactive peaks were found (Fig, 19). The first and
smallest one appeared in the void volume at about 60 wl
effluent volume., A second, larger peak at sbout 100 ml
was within the fractionation range of G50. The third
and largest radioactive pesk appesred at 150 ml, coine
eiding with the UV « absorbing material mentioned sbove.
The radioactivity in thiz last peak was associsted with
unused aninoe acids in the mediuln and possibly small
peptides. These three peaks consistently appeared in
wxactly the same positions for any one particular c¢olumn,
Because of the low temperature and pH involved, it was

possible to use the same col for months a2t a time,

r
—d L4
A

The second radicactive pesk, eluting in 2 position
just after that for ribonmuclease, was subsequently
shown to contain parathyroid hormone activity. In
support of these results, highly purified bovine
parathyroid hormone (Wilson Lab.) was run on the same
column, Although the ﬁamible contained insufficient

rotein to monitor at 280 nm, bioclogical activity was
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demonstrated at an effluent volume squivalent to tho
second radicactive poak from parathyroid gland culture

medivn,

III, HOMOGENEITY OF THE GSO SECOND PEBK.

The second radioactive peak from G50 wag exemined
further to aassess its purity.

{a) Sephadex G625

First it wag run on Sephadex 825 f£ine (1.5 x 30 c¢im)
at 12 ml h:é'*li When the eluting buffer was Q.,2M WE,
AC/H Ac¢ (pH 4.6), all the radiocactivity eluted in the
void volume {23 ml) (Fig. 20). This demonstrated that
the QSB peak was not contaminated by small molecules
and that radiolysis was not 2 problem, at least with

materisl up to two weeks old.,

Dilute acetic acid was olso used in this system,
because other workers in the field have dong so, (Au.
et, al, 1970), However, further fractiopation of the
second radioactive peak wag not achisved,

(b} 3Ion exchange chromakography

Secondly, it was examined by ion sxchange chrome

atography. Scparation of different moleculor sgpecias
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in the G50 peak was not achleved by anlon exchange

on Scphadex DEAB, AllL the radicactivity of the gample
was aluted with the HCL., The subsecgquent treatwent of
these columns with Tris buffer produced no radicactive
material (fig., 21). Zdguid scintillation anualysis of
the Sephadex at the completion of these runs indicated

that no radioactivity zremained bound to it.

wWhen a cation exchanger (Dowex 50) was used,
radiosctive molecules from the second G50 peak were
bound to the resin and no radioactivity eluted with
the acetic acid wash, Development of these columns with
the 0.2 M N, Ac/Hae buffer resulted in the digplacement
of all the radioacktivity from the resin. {(FMig. 22).

(2} Paper chromatography.

Thirdly, the G50 material was examined by asconding
nhpexr ﬂhﬁmatcgtaﬁhyg and compared with highly purified
bovine, -~ PTH (Wilson Lab.). The bovine prepawvation
wag inhomogeneous, Sume of the sample remained at the
origin:, while smaller molecules nigrated with an RE vsiue
of 0,55, The latter probably consisted of bhreakdown
products of the hormone, .The sanplce of rat protein
£rom the G50 gecond peak romained st the origin. tone

of the radicactivity migrated up the paper,
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(d)} Polyacrylamide gel elactrophoresis
Pourthly, it was examined by dise electrophoresis
in 15% polyacrylamide gel,

The results available from this technique (fig. 23)
suggested that the 650; second radionctive peak was
probebly hoamogeneous., Great difficdlty wag encountered
in preparing samples for electrophoresis because of the
minute gquantities of PIH that were svailable and the
necassity to apply them in small volumes to the gels.

The samples used in this serles contained only picogram
guanptitles of radioactive PTH and only one set of
resulits was mtaﬁ,m&; In this instance, tho radiocactivity

wag restricted to one section (1.5 nm slice) of the gel,

IV, DETECTION OF BIOLOGICAL ACTIVITY

(a2} In Vive

Thie technicgue was discarded after am £1fty
animals were used because the results were at Best
inconsistent and at worst confusing. The in wvivo
method is useful for microgram guantities of hormone,
but does not appear to be gensitive encugh for the nan-

ogram cuantities aveiloble in thesce experiments.,
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(b} In witro

This method was devoloped to vield conzistent
results with the small guantities of PTH that were
recovered from parathyroid gland culbuse media cone
taining no serum additives., In this systow the soasure
of biological activity was the abllity of & gample %o
stimelate removal of caloium from the shaft of a two
day old rat vadius or ulng during twenty four hours
incubation in vitro with 0.9 ml of mediun., The con-
tralateral bone of the came animal in an egual volume
of medivm, mimag the test sample, wos used as the control,
It muat be emphaslised here that these exporiments were
carried out merely to detect calcium mobiliming ability
and not ag an assay related Lo unike of activity of

bovine PTH or of any other standard.,

The fixet few oxperiments in this geries wore
exploratory in nature. Bone shafés were incubated in
the presence of parathyreid gisnds, and also in media
with which glands had heen cultured previously. These
tests indicated that the glands were secreting some
calaivm moblilizing substance and that this effcct was
greater wvhen the glands Jhaez been cultured in low caloium

mediun. This second eifect supported the raesults of
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Roise et. al., (1965) who reported mgé&m

media stimulated rat parathyroid glands in culture.

Boecause oOf these resulis, low caloium medis were used

for all subsequoant eultures of parathyroid glands,

Once the in vitro testing system was established,
it wan employed in o dotailed examination of reconst-
ituted fractions recovered from column chromatography
of parathyreid gland culture medium, The only area of
the G50 eluate that exhibited calciuvm mehilizing ability

was that associated with the second radicsctive peak.
This activity war still demonstrable afieyr the material
had been rorun on 825 and recovered from the void volume
fraction. The results of thirty-seven tests are shown
in Table l. The caledinm concentrotions of the control
media were pooled {(mean 4.67 mg%, stendard deviation
1.04) as were those of the test media (mean 5.66 mgi,
standard deviation 1,11), These two populations were
mibjected to a ¢ test and the value of ¢t was found to
he ~3.,9301, On these results, the probability that the
Hull HBypothesis {i.e. that the test values were not
significantly greater fhan the control values) was

correct was < 0.001., Therefore, the caleium concepne
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trationg of tost media werce gignificantly sbove those

of control medin.

Bighly purified bovine PTH {(Wilson I=b.) was
teated in the in vitro system after the hormone had
heen chromatographoed on 650 and recovered from the some
position of the elution pattern as the rat naterial.
Similar statistical treatment of these results {(Table
11} indicated & mean c¢oloium concentration of 5.55 mog%
for control media (standard deviation 0,1732) and 6.55 mygsb
for test media {standord deviabtion 0.2646) with a ¢
value of «6,3245, and a p<0.001. 7These resulits supported
the hypothesis that the G50 zecond radiovactive peak

referred Lo above wags rat parathyrolid hornone.

To enhance this olaim, damma giobulin from a
rabblit that had been stimulated by highly purified
bovine PTH was incubated with the rat hormone for an
hour before the addition of the bone shaft, no variation
in the caleiuwn concentrations of control and test media
was demonstrable after the subsegnent 24 hour incubation..
Prom this, it was concluded that antibodies to bovine

PPH orons react with rat PTH,
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The G50, scecond radioactive peak, reocovered
Erom rat parathyrold gland oulbure medium, with the
ability o mobilize caleluwn £rom bone, will now be

roferred to as rat parasthyroid hormone.

V. ESTIMAPION OF THE AMOUNT OF RRCOVERED PTH

It was estimated that the PTH recovered from
i £ m&ti@ﬁ: Was in nanogran guantities. Unfortunately,
there was insufficient pure protein for it to be weighed,
bul an ecstimation was made, based o the prcobable degree
of incorporation of radigactivity. Obviously, when
the parathyroid glands were put intds organ culture,
they conkained cold amino acids., The culture medium
contained coid glutamine and tryptophan, but the rast
of the added anino acids avai MXE £0 the cells were
uniformliy labelled with 1&&. Therefore, PTH synthesised
and sscreted in culture, particularxly after the first
day, was probably heavily lzbelled with radioactivity,
Farthez, rat parathyroid glands 4o not appear o store
FTH {Cameron 1968}, smo that secreted in culiture probably
represented newly synthesised protein, The activity

14

of the ~ € protein hydrolysate added to culture media
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was 52 m C per m-Atom of Carbon, Carbon - 14 was

added o culture media atk I-5 u ¢ mlﬂz', If overy

14!‘: from this source, then the

anount of PIH with an activity of 1%35 DPM would be

carbon aktom in PTH was

approximately 17 panograne. In the experimental
system, the yvield of radicactive PTH from 103 ml, of
parathyroid gland culture medium, fractionated on G50,
varied £rom ii}&wlﬁg PPM. If this amount of recovered
PITH was jabelled totally with carbon -~ 14, this anount
of radigactivity would represent approximately 1,7-17 ng.
PTH. However, cunlture media contained cold glutamine
anG tryplophan as well as the 14{: anmino acidsy also,
the glands added o culiture vontained cold amino a2cids,.
Therefore, the amount of rat PTH containing :{ﬁs DPM
would be greater than 17 ng, but it would still be in

nanocgram rather than microgram amounts,

Vi

AUTORADIOGRAPHIC LOCALISATION OF RAT PARATHYROID
HORMONE IN RAT BONE.

In developed avtoradiographs grains were present
over omtecblagts (Figs. 24, 25, 26, 28} and osteo-
progepitor cells {Figs. 25~2B) as classified by Young

{1962). A smaller number of grainswas also found over
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ootegoyvites (Fig. 25), caloified motrisx and super-

ficially placed macrophages {Fig. 27). The distribution

Auvtoradingraphs Ei'.*‘ hone which had been ipcubated
with PTHE fm: ten ninutes were technically very poor,
the background being very high. Despite thim, grain

coanty were attenpted and it was decided thal 1littie
radicactive material had bound to the tissus in thiyg
time, However, no conclusions were drawn from these

anperiments.,

After incubation times of thixty and siznbty minuten,
grain counts over tiosue were considersbly sbove Dacke-
groand, and it was f£rom these results that the conclusions

presented in this thesds were drawi.

The location of silver grains overy tissue was
gimilar for both the 30* and 60* incubations {Tables
114, 1V). Radiocactive PTH (total activity 50,000 DPM)
ugsed in the 60° incubation was recovered fxom the
second radiocackive peak of G50/ This material was

dissolved in 9.9 ol. medium and the tissuce incubated




58,

with it was tohen from the contral part of a paxietal
bone of a fwo day old rat. The PTHE used for tho 30°
incubation {2 mimilar spount of radicactivity) was
initially £fractionated on G50 and then rechromatographed
on G625, Port of this material was incubated in a
separate dish with gahmaglebulin, roised against bovine -
PTH, before addition of parictsl bone,. The bone £or
thewe intnbations was taken from an area of two day ¢id
yat paricetal bone clese 0 the lateral suture line and
it contained & much larger perventage of osteoprdgenitor
il than 'h’fmt ueed £or the 60' incubation.

The PTH remaining in solution at the end of the 60°
incubation was tested for calciuvm mobiliszing ability,
At the enﬁ' of thisz second incubation the calcium
concentration of the test medium (8.3 ng®) was 24%
higher than that in the control medium (6.7 mg¥lr ie
the parietal bone had been exposed fo biclogically

active, radioactive parathyroid hormone,

In autoradiographs from the 607 incubation, Table v,
1552 grains were counted over 1,012 cstechiasts out of

a possible 1960 ostecblastsr i.e,. 527 of the ostecbiasts




59.

woere Iabelled with an average of 1.52 grains per cell,
1869 grains were ¢oanted over 1350 osteoprogenitor cells
it of a possible 2800 much cellsy i.£. 48.3% of the
ostenprogenitor celly were labelled with an average of
1.38 graine per oeil, 138 grains were counted over 97
osteocytes wt: of a possible 420 cellsy i.e. 23% of the
osteocytes were laballed with an average of 1,22 grains
per cell, Also in these autoradiographs, the number of
grajins pexr unii area of bone matriy was approximately

double that of the background.

Of the grains counted over ostecblasts and osteo~
progenitoy cells, 75% of those over the former and over
S90% o€ those over the latlter were locaked very ciose Lo

the peripheries of these cells.

In the experiments mentioned above where paristal
bone was inovbabted for 307 with radicactive PTH plus danma
qlohulin, the grain count over cells did not appear to .
be above babkkground but the astoradiographs were not as

good technically and little welght was put on them,
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AT

Caloiunm mobilizing tests for xat PTH

€27} (mgh)

Bel

ﬂmﬂ {‘Ki) Tent m} - ﬁ!:rm (13 Test: mzi

Ju? L 5.0 fiad
346 LaB 5.0 5.8
Iul ‘ L Dad Ded
3.6 4.1 5.8 Gl
5.8 9.8 Cud
Sl Ja? Jus Gia 7
3.3 3.7 3.5 Se3
4 8.3 3.5 %8
Had % 35 5.2
B8 6.6 3.4 4.9
5.2 BB 3.0 4,0
50 6.0 3.1 4,2
58 Gl B3 Tl
Deld 6.0 5.3 75
Seid 6.0 -

5.4 6,0 GG D2
5.8 G5 P 4 Se9
Pl Cad 52 5.6




mean of xl ~ &,8%30 nean of x, = . 6568

standard deviation skandard deviation of X,
of Xy 1.0815 o 3,.3107

£ 3

=3:9301 degreos of freedom 72 p< 0,001




TABLE 1l.

Calcium mobilizing tests for hoveine PTH

(ca™") (mgw)

control (x,) test (x,}

Bl Hald

5@:4 ﬁ:ﬂtﬁ

51&% &#ﬁ

LeB 5.3
oean of 3y %5500 nesn of :zg $5. 5500
standard deviation of Ry standard deviation of

b4
t  6,3245 degrees of frecdom - $.0000 p<9,001



TABLE 111

GRAIN COUNTS RAT PARIETAL BONE
60 MIN. 14C-PTH 14 SECTIONS
Osteo~ Osteo~ OQOsteo- Macro- Matriyx  Back-
blasts cytes progen- phages ground
itor
cells

NUMBER OF GRAINS
1552 118 1869 176 267 249

% OF TOTAL COUNTS

37 3 44 4 6

TABLE 1V,

GRAIN COUNTS RAT PARIETAL BONE

30 MIN. lQC—PTH 12 SECTIONS

Osteo- OsteD~- Osteo~ Matrix
blasts cytes progenitor
cells

NUMBER OF GRAINS
618 63 - 1192 126
% OF TOTAL COUNTS

25 3 52 6

Back~-
ground

314

14




TABLE V,

Autoradiography {60 min. incubation)

total no of vells

pahets Qsteo~ Osteow-

blasts oyvtes progenitor
cells
1960 420 2800

% of cells labelled

paten~ osted~ ﬂsﬁ&&»
blasts cvbes

total no of labelled &
gells

osteg- Ostet oOstep-
blasts coytes prodgenitor
cells

1012 97 1350

no. of grains/labekked
caell

osteg~ gated- asten-
i}laﬁﬁﬁ cyites  progenitor
| ﬂ&llﬂ‘

1.52 1.22 1.38





