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DISCUSSION,

The major aim of this project was o provide
experimental evidence that parathvroid hormone bound

£o bone cells,

The reason for examining this aspeck of bone
function was that parathyroid hormone had been shown
to be involved in the metabolism of bone (see Inkrod-
ucktion) but there was no evidence that the hormone
interacted divectly with bone cells. COver the past

forty or £ifty years evidence hag been accumulated which
ﬂﬂggﬁaéeé that PTH could be invoilved with ail bone cell
types {ses Introduction) but until it could be proved
that the hormone actually bound to any cell btype, any
theory proposed for its mechanism of action at the
wlinlar or subcellular level had to be presumptive.

Therefore, the rasults 0Ff this projsct were considered

o be essential for a full understanding of parathyroid

hormone function in the metabolism of hones

To fulfill the aim of this project it was necessary

£o obtain a parathyroid hormone preparation that :
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had been bicsynthegised and secreted,
was biologically active,

was chemically pure, and

was heavily labelled with radioactivity.

it was decided Lo use bone and PTH fyrom the sane
species because it is likely that there are variations
in the amino acid seguences of PTH nolecules £rom

different species,

It was decided to uwse PITH that had been biosyn-
thesised because, at the time of starting this project,
the gtmacture af PTH from any species was not definitely
Enown. The amino acid seguence of rat PTH has still
to be determined.

It was decided o use secreted PIE because it was
not known whethey the hornone was seoreted in the same
form as it was synthesised {Sherwood et, al. 1970; Potts

et, al. 1971 al.*

It was necesgary o show that the PTH wag biologically

active because if it were inactive it would probably
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have a different conformational structure and/or a
different state of oxidation and it might react

differently with its target cells,

It was necessary o use a radicactive hormone
preparatien that was chemically pure, or else the

agutoradiography wonld be nmeaningiess.

It was neceagary &0 produce hormone molecules that
wers heavily labelled with radicactivity to have any
hope of localizing them in bone by ankoradiographic

1R 3F K g 3t

It had been reported that rat parathyreid glands
pynthesissd and zecreted PIH in organ culbture {(Raiasz
et. &l. 19657 Au ¢t, al. 1970}, =0 the technigque of

organ culture wag used in the experiments reported here.

As the PTH uged h&r& was radioactive, it wazs cbvious
that it had been synthesised during the period of oulture,
when the glands were exposed to radiosctive amine acids.
Also, it was concluded that the PTH used with bone had

heen secrebed during the period of culture and was not
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the result of cellular disruption. This #ﬁnclﬁaiaﬁ
was based on the resulis of a thorough histological
examination of all glands after they had been removed
from culture, As was to be expected, all cultures
were not 100% successful and cell death, ﬁﬁnﬂmﬁ by
the loss of intracellular components, occurred in some
instances. The media from these unsuccesaful oculitures
contained a greater range of radicactive polyvpeptides
than media from healthy cultures. This was probably
canged by the action of hydrolyviic enzymer, releasged
by the digrupted cells; on radioanctive molponles that
had been zecreted by healihy cells,. Alsg, cell death
would bave allowed the release of partially synthesised
proteins and of complete molecules that otherwise may
not have been destined for secretion. When pedia from
these cultures were fractionated on 650, the usual,
single peak in the frackionation range was replaced
gither by szeveral xadioactive peaks or by a broad peak
exhibiting one or more shoulders. These results indic-
ated that such media contained a greater mumher of
molecular specigs, within the molecular weight range
1,580-30,000, than media from healthy culiures and that
it would not be profitable to try to sepanate PTR from

such a nixture, AaAccordingly, material £rom these
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media was discarvded and nover used with bone fox
gubgconent antoraciagraphiv.

The culiure maﬁitum unped in the initial incubations
wae supplomented with 209 horse scorum, becanuze organ
caliture methods always secmed to include serum odditives
of sone Lkind, This gystem zeemed to work very well
in that the glands appeaved o be hedlthy by histol-
egical criteria and hormone activily was demonsirsble
in the culture mediunm, It was very difficult Lo
ooparate the PIH £fron gll the other molecules that
were progent, and it was obhviouns that tho serum was the
couse 0f this problem. To overcome this difficuliy,
parathyroid glands were incubated in a zinmple medium
that contained no serum additives., (It vas interesting
to note that the Rochester group {(Au et. al., 1970)
lovered the serum content of the media from 509 to 54},
The absenee of serum £roam the medium probably resulted
in much lover vields of PTH, when compared to results
of .other workers (hu ot. al. 1970 Moxtin ot. al. 1971),
but it proved to be a more satisfactory technicue as
it made possible the recovery of PTH in pure form. The
glands appearced to be healthy, morphologically, and

the cells synthesiseand cecreted BPTH so, oplft
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frorn the iniltizl cultures, glandn wore incubated

without serum additiven,

Under the conditionz of these oxperiments, only
one molecular species, similar in size o PIH, was
recovered Lrom cultuare medium, Thm nolecules had
been newly synthesised and had been secreted by the
wils., Other investigators {Raizz cot. al., 1965 Au et,
ale, 1970¢ Licata ebt. al.e 1972 ..} recovered more
than one type of mulecule {similar in size t£o PTH) from
parathyroid glapd culbture medium,. These glands were
aitured with sernmt and it may hove been that the sermm
gided the secretion of z greater range of moleoules
by the cells. On the other band, these workers appar-
gntly did neok look && all their material bistologically,
=0 they couid not have been certain that cell disruption
nad mot oecurreds In support of the evidence in thisg
thesis, primary column chromatography of media (£free
of serum additives) from human parathyroid adenoma cell
cultures (Martin 1971) produced PTH that was pure by
polyacrylamife gel electrophoresis,

~

Carbon ~ 14 was used to label the parvathyroid hormone
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heecaune this did not increase the mumber of gtoms in
the noleoule. Also, the label counld not be lost without
digruption of the moleoule, and this could readily have
been detevted if it had crcurred. It was thonght that
radicoactive PTH protuced in this manper world more
closely resemble natural PTE than i‘.f extra atoms {(SG.9.
13 11} were used o label thoe horwone. The amino acids
veed were uniformly isgbaelled with M'*{“.: in an attempt to
preduce 8 nignly radicactive protein for @ize with
sutoradiography. The incorporation of so much radio-
activity probably increased the possibility of radiolivsis,
but chranatography on Sephadex G625 indiosted that the
molecules ware stable for at least w0 weeks when stored

In 1962, Rasnmusscen and Craig reported the use of
Sephader @50 for primary column chromatography of
parathyroid gland extracts. 7The samples appliced to
these columng vere very heterogencous. and subseguent
vork {(Aurkach and Potts, 1964) iandicated that 6100 was
more sultable at this gtage of the purificetion proceure,
G100 has also been used £or column chromatography of

parathyroid gland culture media containing sorum proteins
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{Au ot. al., I970). However, the samples froctionated
by colunn chromatography in the work reported here m:m
more homogeneouis than thoge reforred o above, and
Sephadex G50 offerad the nost suitebhle fractionation
range, then parathyroid gland culture medium, free

of serun additives, was subjected to column chrinmat-
ography on 650, only ong peak was found in the fractionw
ation vange, the material in this peak wes gsimilar in
size €0 PTH, and it exhibited calcium - nobilizing
Hility. The material which eluted in the void wolume
of the 650 colunn did not appear £o have PIH activity
and its molecular weight was probubly 3n excegs of

thirty thousand. Itg nature was pobt exanined further.

The ion exchange chromatography was based on the
advice of Dr. L.G. Raisz (personal comunication) whose
team at Rochestey had found & carbohydrats contalining
molecule which ran with rat PTH on Sephadex. In one
of their revent papers {Licata et, al.. 1972 . ) they
described the incorporation of D-glucosamine into mac-
ronoleculen by rat p&mﬁ:ﬁymﬁd glands in tissue o l;:m:m
then mediugn from these culbtures was examined by Sephadex
divomatography, one of the sugar containing nolecules
contaminated the rat PTH, Wher this mixture was subijected
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£0 anion exchange chronatography on D,EALE, Sephadex,
the sugar containing compound was retarded at low ionice
strength while the PIB VWas not. When a8 cation egchanger
{carboupmethvl cellulose) was ased, the PTH was retarded
ok low salt conventrations while the lobelled sugarx
was nobt. The authors were not certain whether the
sugar containing protein had been secreted by the para-
thyroid cvelis o whethery it had been ldberated into the
ciiture medium by disruption of some of the cells,
Unfortunately, they did not examine the glands histor
1oginally after the cyliures were Wﬂaﬁ&m in my
experinents, it was not possible, by either anion ox
sation exchange chromatography, to separate any other
radicactive molecules from the rat PIB recovered from
the second radioastive peak €rom gel filtration of serum-
free parathyroid glemd culiure medium, Thare are at
least three explanations which may acoount for theee
copflicting results, Fipst, Licata et, al., {1972) vsed
5% heat inactivated serum £rom thyroparathyraidectonized
rats in their culture nedium, and it may be that
parathyroid glands secrete & wider range of malam,l;s
under these conditions,. Secondly, all the glands used

in the sernmn~fres cultures were examined histologically.,
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Evidence of cellular disruption usually paralleled an
albered elution profile on G50, and such material

wag digearded. This would indivate ¢ell death as the
reason Lo the appearance of the sugar molecule in the
medium. Thizdly, Dr. Raisz {personal commmnication) said
that the labelled glucosamine was readily incorporated
but that labelled amino acids did not show up in the
molecule £ill some time later, suggesting that there

was a ot of preformed protein svailable. Undew the
conditions of the serun-free ounltures, It iz possible,
but snlikely, that new protein woi eﬁia; for the sugar-
containing molemies were not synthesized. In a recent
papex, Rakagami
emploving electron microecope antoradiography on rat

ek, al, {1971) reported experiments

parathyroid eells, They interpreted thelr resulits as
suggesting that carbohydrate may be incorporated into a
prohornone malecule or that a ceabohydrate molety may be
involved in the secretion of PTH,. If£ their interpret-
ation is correct, then it is possibie that carbohydrate
is agsociated with PTH before secrotion, but not

secreted with it.

As mentioned in "Results®™, the polyvacryliamide work
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must bo rogardoed as a proligpinary study. Howevor,
these resulis were certainly suggestive that the

soecond radicactive peak from G50 was honogoneos, and

- they veceived support from Martin {(3971).

The work with Sephadex 825 and paper chromatos
graphy wao done nainly o lock for contamination of the
Fre by small molecules or for evidence of radiolysis,
These methods indicated no ivhomogencity of material

uged Foxr auvtoradicgraphy.

Thorofore, within the limite of the technigpes
uged, the rat PPH dncobated with rat bore for auto-
radiograpghic purposes was svbstantially pure, The
only indication of inhomogeneity of the second G50
radicacktive peak ooouirred with ﬁatmtial recoverad £rom
giand culture medium which had been ineubated with
disrupted parathyroid tissue, Fhenevey this situation
ardse, the material was discarded and was not uzed with
Long,

vYarious methods have been used £or asshyving pardw

thyroid hormone activity (Mupson, 1961; Raisg, 19637
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Boeropon et. al. 1963: Counton ot. al. 19465; hmer 1963:
Poxoons and Robinzon 1971 ;;iﬁ? ib}. In the cuperimonts
reported here there was no attenpt ©o assay the anount
Of rat PTH that was recoversd: all that uvas reguixed
was a simple, rapid technique which could be used to
dotect calcivm-mebilizing ability. Indtially, an in
vive technigue was tried but did not scem Lo be
spnsitive enough for the guantities of rat PYE that
lere recovered. This left ip vitro technicues: using
@ither radiocimmunoassay or some type of organ culbure

- Oof bone. The latter mothod was chosen for ito gim-
plicity and because prgan culiurce technicuecs were well
cgtablished in this lsborstory. Also in the inberests
of simpl it:ii:.y, the technicue deseribed above was used
in prefeyence to the use of és{:& and exbryonic bonc
(Raise 1263). As vas pointed out corlier, no attompt
wag made to relate the activity of rat hormone to other
PTH preparations, because the large number of experi-
ments reguired €0 sob up an assay vas outside the scope
of €he project. Althcugh the nunber of cuperiments vas
small the second radioactive peak from €58 consistently
stimuloted the vemoval of calcium from bone in the in

vitro oystem and the calcium concontrations
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of test media were substantially above those of control
media {(Table 1), OFf great importance were the resulis

of those eoxperiments where tho rat protein had been
incubated with antibodies to bovine PPH before addition

of the bone shatft. In these cases, the caicivm mobiliging
ability of the xat giat&in was blocked, and this was

a strong indication that the protein was actually

parathyroid hormone.

Dnce a reliable system for the synthesis and
purification of bioclogically active rat PTH had been
established it was necessary to introduce the hormone
0 bone and then to try and localise its binding sites.
If the very small guantity of hormone available had been
injected into an animal it would have been diluted out
s0 much that the &hancesj of Finding it again would have
been remote, Therefore, it was administered to bone

in vitzo.

The next problem to be svercoae wag the choice
of a technigue that would zhow what type of bone cell
was associated with the radiosctivity. Bone cells can

be classified by thair morphology and their relationship
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£o the caleoificd natris., There is no successful method
for separating bone cells from matrix and then dividing

them into various types. Thersfore, it seemed necessary
£0 use & morphological method, and autoradiography was

the obvious choice.

The times of incubation of radicactive PTH with
bone were chosen arbitrarily and these tives could not
be related to the in wvivo situstion because of the lack
of circulation, and other differences, in viire. The
aim was to allow sufficient time for the PTH to Bind
£0 bone, but not to leave it 50 long that the hormone
coild be broken down and the radioactivity spread around
non specifically. Autoradiographs were done with bone
that had been incubated for ten minutes with PPH but the
regulits did not suggest that any radicactivity had been
bound to the hone. Incubation tines of thirty and sixty

. hinutes were sultable because the bone cells bound
radioactivity, and as the lzbelling patterns were
similar in both these instances, it was presumed that
hydralysis of the hormone had not occurred., Auntoradio~
graphs were done with bone that had been exposed to

radicactive amino acide to see how raplidly they were

incorporated. After an incubation of only four
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minatos, these small moleonles were taken up by bone
cells and silver grains were found overiyving the protein
synthesising areas of the ¢ells, From these resulis it
vwag concluded that the auntoradiography, which showed
graing at the ceil periphery, demonstrated the binding

of PTH and not itz breakdown products to bone cells.

After incubation, the tissue was fixed and then
erbedded in araldite. Thiz method of cmbedding was used
bacasuse it was possible to cut very thin sections of
tissvue and thus o inmprove the #&sﬂiuti on of the system
{the thirm&r the gsection used, the better the autoradio-
graphic resolution {Caro ct. al., 1962),. Aftcr these
results were presented nt “Endoorinology 19717 {(G'Srady
and Cameyon}, Dr. B. ¥odicek {Dunn Nutritional Laboratory
Canloridge, IEngland) suggested that the resclution with
M'ﬁ was not good encugh for this Lype of work., However,
Dr. Mauvreon Owen {M.R.C. Bonc Rescarch ILzboratory,

- Churchill Hospital, Oxford, England) whe has used auto-
radiograrhy a great deal, disagreed with Dr. B, Kodicek.
She stated, afier the mecting, that the resolution of
14

¢ in 0.5 micron mections was at least as good as that

for EH in 5.0 micron sections, Also, a detailed study
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by Salpeter and Salpeter {1971} demonstrated that

1$ﬂ was suitable label even for high resolution auto-

radiography.

Over all, the use of }'4{: in very thin tiscue
sectiong is considered €o he suitable for autoradio-
graphy and the claim ic made that rat PIE binds to osteo-
blasts and to osteoprugenitor celis in rat parietal
bone, Purther, fthiﬁ bifiding ococtirs close ko the surfaces
of the cellsy that is, it iz wery likely that the hormone
is bound to the plasma menbranes. These resulis were
interpreted to mean that the cells had specific binding
sites for PTE and the fact that the grain distribution
was similar whether the bone had been incubated for
thirty or sixty minutes indicated that the hormons was

fairly strongiy bound.

The silver grains located over csteocytos were
viewed with some degree of suspicion. They may have
been caused by beta particles emitted from the radiow-
active PTH but on the other huné they may have represe—
ented non-specific grains coused by uneven distribution
of emulsion over the transition area from calclified

makrix to osteoncyte. Purther work may clarify this
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dilcrma, or avtoradiograophy may not boe o suitoble
tochnique for the localisation of a radiocactlive tracer
near the perdiphery of an osteoevic. Hovover, these
resulte o not proeciude the posgibility that PTH may

have an offect on ostegeoytes.

Ag pointed ont by Profecssor D.H. Copp {(Depaxrtment
of Physioclogy, University of British Columbia, Canada)
at Endocrinology 1971, the ogtecclast waso prominent by
its abscence from these rosulitsy: ¢he morc 80 hegause pany
workers would have had it as the prime candidate Loy PTH

binding, Thore was a gimplc anower €0 thio guestion and

thot was that osteoclants were rare in the areas of parietal

bone goed,. Although & couple of osteoclasts were found
underlying silver graing, no conclusions could be drawn
fyxon this materizi. BAn attempt to clarify the position
pf the osteonlast with regard o PTHE haz bein nade uging
tipsue xich in these cells (2 day Ffrachure cailus) but
positive results hove not bheen achicved., It is guite
posciblie that ewisting osteoclasts nre unaffected by
parathyroid hormone:; that the hormonal eEfect is to
stimilate other cell typss o form now ozitcoclasta,

Howover, if the osteoprogenitor cells bind PTH, and AL
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these cellp coalosce to form ostegclaosts (Young, 1962),
it ncems 1ikely that osteoclasts wonld otill be capable

of binding the hormone unless the projecked plasna
merbranecreceptors are altcered on thoe formation of the

militinncleate cell,

It iz apporent that PTH binds o the poriphery of
at lcast Ltwo types of bone cell, I’:sat# what ic the sign-
ificance of this? Uhat effect does the hormone have on
these cells at the molecular level, and, i¥ PTH causes
diffvrent o=ll typen 5 react differently (Uwen and
Bingham, 1967), is this because of the initial reaction
betwsen hormone and coll? It is pussibic that the
initial bigding of PTH ic the same, Iut that differsnt
raeaotion seguences oxe seb in motion in different bone

eell types.

It recend years, regearch workierz have been concenw
trating on the relationchip of PTH to the adenyleyclase/
cyelic AMP gsysten {Wells and Lioyd, 1967, 3269: Chase et.
aley 1967, 1970y Vaen, 1968;: féhﬁhﬁ&z ety 3l., 1969, 1970;
Melson ot. al., 1970: Rasmussen, 1970, 1971). adenyl

cyvelase is a plasma moombranse bound enzyme which converts
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agonosine Lriphosphate {(ATP) to adenwad
nenophosphate {eyelic Al®). Ancother cngyme, cyclic
nuclootide phosphodicotorase, found in $ho particulate
and soluble fractions of the cell, cntalyoes the hydrolysis
of oyclic AP to adenosine 5' -~ monophosphate, and this
enzyme is inhibited by theophylline. The relationship

of thisc systcm to hormone action wos suggastoed by
cutherlond and Ball {1958) vhon Thoy reporied that cyelic
2"#&? mediated the effects of epinephrine on liver phos-
phorylase., Since thalt *tmg people have boen examining
adenyl cyclase activity in pelation to & variety of
hormoncos. The theory is that ap increased ooncentration
of oyclic AP affecis other cellular procesges such as
activation or sceretion of euzymes, active franspore of
ioas across cellular meoxbranes, or ralcase of other
hormones., Activation of the particular systom ianvolved
causes the phyvsiological responses atirdbuited o the
nhorroone (Aurbach et. al. 126%h), In 1967, Tclls and
Lloyd reported that in rpks parathyroidectemnised Lo
four days, a single injection of theophylline (120 mg
‘%:gﬂl} caused o repid, marhked, and relabtively long-lasting
cvelation in serum caleivm,. Thoophylline also ratarded

+he £all in perun calceium vhich followzd parathyrcld-




79,

cobory. Biloteral nephrectony did not zlior the effect,
suggesting that the drug did not depopd on & renal
action for its hypercalesemie affect. Taoy conciuded that

dnee theophylline altered the mebtasboliom of gvelic amp

in many tisoucs, oyelle ABP might be involved in the action
Of FIH, Also In 1967, Chage znd Auvbach donmonstrated

that the administraiion of bovine PIH coused an increased
renal excrotion of oyolic 3P in rats, In 1970, Aurbach
ang Chase, Chace and Auzbach, and eleoon, Chage and Burbach
roported 2 varioty of findingsz. PIE stimulasted the
farpation of cyelic AP Dy renal tubunles in vitro. They
prophred homogenaton of fotal rat calvaria and measured
the rosponee of adonyl cyclase o o varicty of agents.

FIE stimulated this engyme vhile caleitonin apparently

did not and in turn the ongyme vas inhibited by calcium.
Thay propared homogenates of brain, hourt, spleen,

thyroid, adrenal cortox and isolated ndipore tissue cells.
PIH had no effect on ovelic AMP produckion in these
tissues. Again in vitro, they used calveriz isolated

fron full term rats. Addition of PTH to these cultures
caused a marked iporease in ﬂ}*ﬂl;ﬁ AP withlin one minute
and was masimal in five minutes, The rosponso was a
direct function of the l1og concentration of BPTH £rom 0.1

tao 1,0 ug ml”l¢ Addition te these cultures of corti-




cotropin, thyrotropin, gluwengon, ingulin, lutoinising
hormone or growth hormone had no effert on adenyl
cyclate activity., BEpincophrine alszo cavsed a rise in
eyelic AP buat this offect could he blogked by proprane
picl. The PTH effcck was not blocdked by this agent.
These workers inbterpreoted thoir resulis as suggesting

that oyclic AP my be involved in the action of PTH,

it seems possilile then, that oyolic AP nay be
involved in the subpellular nechanism of action of

parakthyroid hormone. Even i the ocyelic nuclieotide
does mediate the action of parathyroid hormong, does the
latter stimulate aﬁ@yi cyciase directly ox is the
enoyme One or more steps repoved from the initial
rezetion? The resulis of Parsong and Robingson {(1971a)
were interesting because these workers have produced
very convincing evidence that the indtial effect of
parathyroid hormone in verious species is a £all in the
level of sermm calcium, Iﬁ previous reporis, this
effect had been attributed to %5&33&13&%:1 on of the PTH
by ealeoitonin. This is no ionger tenable znd the
gariiest cbhserved offect of PTH in vivo is a fall in

gerum calcium. This effect was interpreted to mean that




thoere wao an inflax of calclium into cells ©f bhone ﬁu:;ing
the £irst five o ten minutes after oéminictration of
PTH in vivo. Thic initial loso of calociun £rom the
circalation wounid then boe followed by tho zemoval of
galotwn £rom cmseors tlooue as reflectod by an incoreage

in noram ogloium,

In summary at this point, the sction of PIS on
bone calls ip probabiy dlovolved in tho xore-mombranes
movement of caloium ifons, perhops involving ndepyl
eyelase. ‘The action of PIH on ion tranglovntion is
likely to be related £o the hypercaloacnic effcoct of the
oramone, dul despite attconpts ko relato 290, on lﬂiﬁmf
adenyl cyclasce and bone {Rasmussen, 1970; Rasnussen
ct. unley 1971}, the imporiance of adenyl oyolase and
cyceiic AP in the sciion of BH iz still chocure. In
fact, uwntil the presont résuwlis ware repurfed (O'Grady
and Cameron, 1971} there was no evidence that PTH inter~

acted directly with bone cells.

The evidence presented in this thesis demonstrates
that PTH is bound by bone cells, that ibv iz bound on,

or olose to, the periphery of such cells, and that it
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remains bound for a considerable period of tine, This

knowledge supports the ideas that PTH moy be directly
invelved in ion translicocation across the plasms merbrane
angd that adenyl coyclase, a plasma mombrape. bound
cenZyme, may be directly involved in the action of PTH
on bone vells. It is hoped that the resulis reported

here will coptribute te a fuller understanding of

parabthyroid hormone function.

CONCLUSIONS.

Using the techniaues described above, it has proved
possibie Lo biosynthesise rat parathyroid hormone that s
1} is in the scoreted form
2} is substantially pure

3} containg a covalently bound, internal,
radioactive lobal

4} haz biological activity, that can be blocked
by antibodics to boving P, and

5) is strongly bound to ostecblasts and osteo-
progenitor cells 3in rat parictal bone.
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Pig., 1.

Pig, 2.

Photomierograph of a 0.5 micron
section of raot parathyroid gland
enlitured for one day in normal
Eaglets medium,

2460

Photonmicrograph of a 9.5 micron
saction Of parathryoid gland
caltured for five davs in normal

Bagle s nodium.

X 460







Ficte 3« Fhobomicrograph of a 0.3 mdoron
gection of parathyroid gisnd
saltoured for nine days in low

crlciins nedium,
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Electron micrograph of parathyroid
issue cultured for £ive days in
normail Fagle's medivm., Nobte the
presence of lysoesomes, free ribow
gomes, active mitochondria (one
in undergeing division), a2nd
interdigitating plasma menmbranes

with degnosoneg,

X 15,000
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Fige He Blectron micrograph of
parathyroid tissue cultured
for five days in pormal Bagle's
mediun., This tissue came from
another gland in the same oulinre
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¥ i—.g* G

- Bleckropnmicrograph of para-

thyroid tissue cultured for
eight days Iin normal EBagle*s
medivm, KRote the sccumulation
of lipid Groplets which are
more evident in these ionger

term oniibures.

% 13,00
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Fide 7»

Elactrommicorograph of paras
thyroid tissue cultured for
three doys in normal Eagle's
medinn supplemented with

20% horoe gerwn,

¥ 15,000
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Blectronmicorograph of para-

thyroid tisstue beated Iin &

similar manner to that in

Fi§¢ 2w

X 15,000
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Fig. Y.

Blectrommicrograph of para-
thyroid tissue cultured for
two daye in low alcium

medivm. A few lipid droplets

and lyszosomes are nobed, More

rihosomes are megbrane bound than

in the previous pictures,

X 11,000
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#iqg. 10, Blectronmicrograph of para-
thyroid tissue treated in 2
similar manner o that in

?ig* .t

X 11,000
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Fig. ii,

Ficte 12.

Blectronmicrograph of & groap
of parativroid cells cultivated
for two days in low calcium
medium. Note the rough endo-
plasmic reticulum, particularly
in the cell at the base of the

picture.

X 9,000

Bliectronmicrograph of parathyroid
tisgue cultured for two days in
low calcium medium. Note the
gecondary lysoscges 80 Commuon

in the cultuared celis,

X 11,000
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Pig. i3« A low power electropmicrograph
of parathyroid tissue cultured
in low caloium medium for six
days, Ripid droplets and
gecondary lysosomes sne very
preainent and the empftm:‘
patitern of plasma membrane

contacts can be seen,
X 4,000
Pig. 14. Blectromicvrograph of parathyroid

tigoue which had been brested
similarly ¢o that in Fig. 13,

X 16,000
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Fige, 15, 16, These are elmﬁmierwhﬁ
of parathyreid tissue cultured
for gixz daye in low valciuvm
madium, The Golgi complexes
are well developed and there
are an appreciable nunber of
membrane bound ribosones,

X 11,000
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Figs. 17, 18. These are electronmmicrographs
of parathyroid tissue cultured
For six days in low calcium
medium, Fig. 18 shows a very
large Golgi complex and in both
pictures, the plasma membranes
run a particulariy tortuous

ORI E,

X 18,000
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Fig. 19, Graph showing the elution

pattern of radicactivity from

parathyrpid gland culture
medium fractionated on
Sephadex G50 {1.5 ® 100 cnm).
Peak 1 corresponds to the void
uvolume of the columny peak 2
(PTH} lies within the Fract-
iopation range: peak 3 repres-
- ents a coliection of small

molecules,
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Fige 20. Graph showing the elution
pattern of rxadi aﬁnﬁiﬁty whern
peak 2 (Fig. 19) was run on

Sephadex 625 (1.5 x 30 om).
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FPige 21s

Pig.,. 22«

Graph showing the elution

pattern of radioactivity

when peak 2 {(Fig. 19) was
TUn On an anion exchange

resin {Scphadex DEAE).

Graph showing the elution
pattern of radicactivity

when peak 2 (Fig. 19) was

run on & cation exchange

resin {(Dowex 50).
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Pig. 23. Graph showing the pattern
of radicactivity whernr pesk
2 (Fig, 19) was exanmined
by slectrophoresis on 15%

pelyacryiamide gel,
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Figs. 24. Autoradiograph of 0.5 micron
section of Z2-day old rat parietal
bone which had been incubated with
14{.;*92‘3 for one hour, The section

shows calcelified bone matrix with

adjacent ostecblasts, Developed
silver grains are seen over the
pervipheries of am of these cells.

The cytoplazm of one ostecblast is

outlined by some gix grains,

X 3,200

Fidge 351. Autoradiograph of a 0.5 micron
section from the periosteal surface
of rat pariectal bone. Silver grains
are shown over an ostepcyvie, ovrer
ostechliasts adjacent o the bone matrix,
and over oglteoprogenitor calls Iying

further from the matrix.

X 2,400







Autoradiograph of a 0.5 micron
ﬂﬁ’sﬁ';i on o rat parietzal bone
which had been incubated with
Ié&—-i".m for one hour, Silyer
grains are shown over osheo-
progenitor cells and ovexr
estecblastse, One vsteoprogenitor
cell shows four developed silver

grains even in this thin section.

x 3,600







?ig“ 23*

Avtoradiograph of a 0.5 micron
gection of parietal bhone., Silver
graing are shown mainly over
oztecprogenitor cells. One
superficiaily placed cell, prdbably
a macrophage, shows a couple of

grains.

X 2,000

Avtoradiograph of a 0.5 micron
section of parietal bone which
had been incubated with 14&*9?1’&
for une hmﬁ Silver grains are
evident overostecblasts and over

ostecprogenitor cells,

X 2,100
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